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P R E  FA C T;, . 

The \;L’orh17s columbim I3xposition was the cause of‘ bringing together representa- 
tives of many depastnients of human industry from nearly every section of the globe. 
A very important feature of its organization was  a VVorld’s Congress Auxiliary, of 
which Hon. C .  0. Bonney was president. Tlirougli tlie mediuin of this bureau, and 
upon its invitation, 8 number of persons coiinectctl with the fishery interests availed 
themselves of the opportunity to organize f~ cvmgress for the discussion of the various 
subjects relating thereto, which met October lG, 1893, and continued in session for four 
days, delegates from many countries being present. Its success far esceedod the 
anticipations of its promoters. Papers vere read on various. fishery topics, eliciting 
in many cases considerable debate. As ivas expected, the same subject gave rise 
to the expression of widely divergent views, particwlarly as to somo phases of tho 
cowniercial fisheries, which clearly clemonstrated that :I fair conclusion on any of the 
subjects discussed can be reached only after careful consideratlion of all the views 
presentecl. Indeed, many earnest stutlents of the fisheries are cautious in espressiug 
positive convictions on sonic of the subjects in  controversy, owing to inadoyiiate 
hiowledge on many points. 

The papers here ,presented, being the views of representative inen qualified by 
experience and study to speak upon the subjects tr@ated, must-necessarily be of great 
practical worth. I11 giviiig tliern in this form the U. S. Fish Commission does so with 
the idea of furnishing the general public inuch valuable information concerning tlie 
fiShQry industry, and not for the purpose of indorsing or disapproving the opinions 
expressed. 

MAI~SHBLL MCDONALD, 
Commissioner. 

11s 
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WOKLD’S FISHERIES CONGRESS. 

1.-REPORT OF THE SECRETARY OF THE GENERAL COMMITTEE. 

Eon. MARSHALL MUDONALD, 
U. S. Commissioner of Fisk and .Fisheries : 

SIR: The World’s Congress Auxiliary of the World’s Columbian Exposition of 
1893, having extended an invitatioil for the assembling iii Chicago, during the period 
of the Xxposition, of persons interested in the various departments of huinan activity 
in all countries, R number of persons chrtl’ged with duties, either directly or indirectly 
associated with the fisheries mid fish-culture of the United States and foreign coun- 
tries, concluded to ntilize the opportunity thus presented by establishing a Fisheries 
Congress. 

The preliiniiiary meeting was held in Chicago 011 April 25, 1893, a t  which were 
present Hon. Marshall McDonald, I T .  S .  Comniisfiioner of Fish and Fisheries; Dr. G. 
Brown Goode, Assistant Secretary of the Smithsonian Institution, in charge of the 
U. S. National Museuin j Prof. S. A. Forbes, director of tlie Illinois State Laboratory 
of Natural History, and Dr. Tarleton H. Bean, assistant in charge of the Division of 
Fish-culture of the U. S .  Fish Commission and representative of the Commission at 
the World’s Columbinn JSsposition. 

On motioii of 1)r. Goode, Marshall McDonald was elected chairinan and Dr. T. H. L. 

Bean secretary of  the general committee on orgaiiization, Dr. Goocie and Prof. Forbes 
constituting the other members of the committee present. Upon Dr. Goode’s motion, 
seconded by Prof. Forbes, Mr. T1:. C .  Blackford, of New York City, Oapt. J. W. Collins, 
uhief of the Deptirtinent of Fish and Fisheries a t  the World’s Columbian Exposition, 
Mr. R. E. Earl], and Mr. N. K. FItirbaiik were proposed as additioiial menibers of the 
generid committee. A resolutio~i was passed providing khat three menibers should 
consti$iite a yuOMT1 for the tr:\11~i1ction of business. 

Many naines of persons iiiterested in  the objects of the Congress were propofled 
for membership in the advisory conncil. The list included leaders in science, .the 
tialieries, and fish-culture, in the United States and other countries. 

The members of the general committee then outlined a provisioiial list of topics 
suitable for the occLtsion. The Rynoprsis presented included : 

, 

The Ailministrattion of the Fisheries ; 
The Methods Employed iu the Capture and Utilization of Fishery Products; 
The Relation of Scientific Investigation to the Fisheries :Lnd Fish-culture; 
A Generad Inquiry in to the Subjwts of Fish-culture and the Preseut Uondition 

of the World’s Fisheries. 
F. C. H. 1808-1 1 



2 BULLETIN OF THE UNITED STATES FISH COMMISSION. 

The chairman appointed Dr. G. Brown Goode, Prof. S. A. Forbes, Capt. J. W. 
Collins, and Dr. T. H. Bean a committee to prepare a program of subjects appropriate for 
discussion; after which the committee adjourned, subject to the call of the chairman. 

The president of the World7s Congress Auxiliary (Hon. Charles C. Bonney) was 
advised of the preliminary steps takeii by the general committee, and notices were 
sent to the persons named informing them of their selection by the World’s Congress 
Auxiliary for the duties mentioned. Those who accepted the nomination to mernber- 
ship upon the general committee were Marshall McDonald, G. Brown Qootle, s. A. 
Forbes, E. G. Blackford, Tarleton H. Bean, and R. E. Earll. 

The second meeting of the general committee was held in the office of the U. S. 
Fish Commission exhibit at the World’s Fair, June 19, 1893. At  this meeting the 
secretary of the general committee was requested to draw up a preliiiiinary circular 
defining the nature and aims of the Congress. A discussion of this circnlar was 
entered into and a draft of the main subjects was prepared by the committee. 

The third meeting was held in the office of Mu. E. G. Blackford, Fulton Market, 
New York, July 30,1893. At  this meeting additions were made to the list of members 
of the advisory council, and the secretary was appointed chairman of a local committee 
of arrangements, with power to select two other members from the general committee, 
these members to make all of the necessary arrangements for tlie meetings of the 
Fisheries Congress. As the range of topics suggested a iigtural division into five 
sections, it was proposed to select chairmen for these groups of topics, and the fil- 
lowing persons were nominated to act as chairmen : 

Section 1 : Fishery laws and regulations, Dr. William M. Hudson, Hartford, 

Section 2 :  Science in relation to the fisheries mid fish-culture, Dr, G. Brown 

Section 3 : Methods employed in the capture and utilization of fishery prod- 

Section 4: Fish-culture, Hon. E. Q. Blackford, New York City. 
Section 5: The World’s fisheries, Dr. Tarleton H. Bean, Washington, D. C. 

All of these persons accepted the nomination and assisted in the collection of 
papers to be read at the meetings. It was afterwards, however, found expedient to 
combine Sections 3 and 5, and Dr. Smith served a,s chairman during the session 
devoted to these groups. Meanwhile the president of tlio World’s Congress Auxiliary 
assigned to the Fisheriei Congress a place on the program of the agricultural con- 
gresseg and fixed upon the week beginning October 16 as the period for holdiug the 
sessions. 

The fourth meeting of the general committee was held in the office of the U. S. 
Fish Commission exhibit, Jackson Park, 011 Septcmber 24. There were present 
Messrs. E. G. Blackford, S .  A. Forbes, axid Tarleton H. Bean. Mr. Blackford acted 
as chairman of the meeting. Arrangements for the hour and date of the meetings of 
the Congress mere assigned to the secretary of the general conmittoe, but, uyoii 
motion of Prof. Forbes, an evening session was decided upon for October 17. The 
subject of a fish banquet was informally discussed and was deferred until the meeting 
of the locd committee at the oflice of Mr. A. Booth, of Chicago, on Monday, Septem- 
ber 25. Prof. Forbes was appointed a committee to make the arrangements for such 
meetings as might be necessary to be lielcl in the World’s Fair Grounds. 

Conn. 

Goode, Washiugton, D. C. 

ucts, Dr. Hugh M. Smith, Washington, D. C. 



WORLD’S l~W3T-IERIES COKGREBS. 3 

The fifth and last meeting of the committee took place in the office of the U. 8. 
Fish Commission exhibit on Thursday, September 26. Tliv followinji persons were 
present : E. G. B1 ackford, A. Booth, D. E. Cameron, R. Xi. Earll, George F. K L ~ z ,  aid 
Tnrletori 11. Bean, several members of the advisory coiincil having been invited to 
meet with the committee to complete preparations for the Congress. Mr. Blackford 
acted as chairman. 

The secretary read the list of pepers‘promised for the Congress. The arrange- 
ments for the meetings were anuoiinced by the chainnau and the subject of the Ash 
binyuet W i l S  discussed by Messrs. Blackford, Booth, Oameron, Kruiz, and others. 
The chairman appointed the following committee to arrange for the banquet, end tlie 
committee was given power to act: Messrs. A. Booth, 1). R’. Cameron, R. Edward Earll, 
George F. Hum, and Tarleton 13. Bean. The cliairiiiau was also requested to s o t  with 
this committee and consented to do so. The oommittee on invitations, consisting of 
Messrs. Booth, Harll, aud Beau, IVAS then appointed. Tho qiiestioii as to the time to 
be devoted to the reading aud discussion of papers was considered, rml it was decided 
to leave this matter to the ooirti~ol of the cliairman of the Congress. 

As soon as tlie general coininittee was regularly orgitnized the  following prelimi- 
nary address \vas sent to members of the advisory council, and other persous whose 
cooperatioo iu the work of the Congress T Y : ~  desired. This was acco~npariied by a 
letter from the ohairman of the committee inviting pasticipation in the objects of th0 
Congress and contribiitions to the series of articles : 

THE WORLD’S CONGRESS AUXILIAHP 01.’ THE WORLD’S COLUMBIAN EXPOSITION OF 1893. 

3 { President, Charles C .  Uonnoy; Vim-President, Thomas U. Bryan; Tressiwcr, Lyiniin 3. Gage; 
SocretnrioH, Beiij. Unttormorth and Clarence E. Young. 

1)EPARl‘Ml~NT 01” A ( ~ K I C I ’ L ~ I ’ l Z I B . - ~ ~ I ~ ~ ~ ~ K A I ~  1~IVLYION OB IUSCI AND H’ISIIICRIES. 

Preliminary ~tddrexe of tlke (:enet’d Conwbittes on a E’isherieo Coibgrssa ita oonrieotioir with the ll’Wld’8 
Colwnhbiaiz 13qiooitioii. 

In  accordance with the plaus of the World’s Congross Auxiliary of the \vorld’s Columbiau Expo- 
sition, arrangements have been made for an Inter uationid Con&pss of lWr8OllN iiiterosted i n  fishcries 
and fish-culture a t  Chicago, commoncing October 16, 1893. 

Tho term fisheries, for the purposes of this circnlar, is intended to include every form of life in 
the waters of the globe which is now, or has been, tho object of iudiwtry, consiilered in  all its rela- 
tions to  associated life. l%h-culturc is nudcrstood to refer to  the iiicreaso and distribution of 
economic forms of aquatic life. Fisheries and fish-culture are intimately waociatud with various 
departments of science-historical, physical, social, :md political-and it is proposed to  discuss them 
with reference to  such association. 

Thus the deliberations of tho Congress will (‘over a wido riinge of subjevts, which rnag be siig- 
gested under the following subdivisions : 

1. Fishery laws and administration of the fisheries, comprising: (a) state laws; ( b )  interstate 
reguhtions ; ( 0 )  national laws ; ( d )  international law aud internibtion81 equity. 

2. The sciences in relation t o  fisherios and fish-cnlture: ( a )  biology; (1)) physics; (e) chemistry; 
( ( 2 )  geography; ( e )  olimatology. 

3. Methods of capture, utilization, and distrihntion of fishery produots. 
4.  Fish-culturb: (a) private; ( b )  pnblic. 
6. The world’s fisheries. 
The committee in this general way presents an outline of’ the proposed nature of the Congress, and 

suggests below a series of topics which i t  deems suitable for discussion. Additional themes will be 
ftirnished with the assistance of members of the advisory council, and are retinested from persons who 
receive this oiroular. 



4 RULLETIN O F  THE TJNITED STATES FISH COMMISSlON. 

. 1. FISHERY LAWS, ETC. 

The necessity of placing oyster-planting grounds other than natural beds under private ownership 

Should government, state or national, farm the waters t 
How shall we deal with the purse-seine and pound-net fisheries S 
Why transportation companies should aid in  the distribution of fish. 
The utility and results of legislation for the ocean fisheries. 

and control, i n  order to  secure the largest and most reguIar protlnc.tion. 

?. TEE SCIENCES IX RELATION TO FISHERIES, El'(:. 

The scope, aims, methods, and apparntiir of economic aquatic biology. 
The system of life in waters. 
The purpose, plans, and uses of D station for marine researi~li. 

The obligation of governments to proseciif,e 1n:Lriue rose:~rcli :mil deop-se:i, osplor:Ltfions 
A program for a model lake survey. 
A program for a model survey of a river sgsteni. 
The migrations of fishes. 
The distribution of economic fishes. 
The aquarium j its installation and management. 

'I'lie olrligation of govcriiment tto innin- 
tain such stations. 

3. METHODS O F  CAPTFRE. ETC. 

Description of methods and apparatus employed in the fiHherie8. 
Influence of methods upon abundance. 
Improvements in fishing vessels and apparatllH. 
Economical value of marine products. 
Preparation, care of, and manilfacttire of fishery products: (a) the market fishery; (7)) refrigeration; 

( a )  drying fish; ( d )  salting fish; (e) canning industry j C f )  ntilietition of &ins ncnd other pal'tH o f  
marine objects-furs, whalebone, soiindu, ambergris, oil, oto. ; ( ! I )  fish gn:mo. 

Transportation of fishery objects and products. 
The utilization of new and waste products of the fisheries. 
The question of bai t  and bait preservation in  the offshore fisherins. 

4. FISH.CULTURE. 

A review of fish-culture i n  Europe aud in North Amrrica. 
The scientific foundations of fish-cnlture. 
The present state a n d  principal defects of scicntific fish-culture. 
General conditions involved i n  stocking new and restocking depleted waters. 
Comparison of methods employed in  padking and transporting fish ova. 
Cheaper and better food for rearing fish. 
The conditions determining whether to  plant impregnated eggs, fry, or fingerlings. 
The methods and results of artificially breeding food for fish. 
Comparison of methods in oyster-culture in the  United States and in foreign countries. 
The need of a government oyster-cultural station. What should be its general plan and arrangement ; 

what it may be expected t o  accomplish in the way of example and instructiou. 
The relative d u e  of artificial propagation, and regnlatiou and protection i n  maintaining the lobster 

fisheries. 
The necessity of affording propcr instruction to  stndents i n  fish-cultnre. 
Fish-culture as applied to  t h e  maintenance 01' regeneration nf the ocean fieherics. 
Economic resiilts of acclimatimtion of aquatic products. 

5. THE WORLD'S FTSHERIES. 

Review of the  world's fisheries. 
(a) The mollusk fisheries (squid, oyster, pearl, clam, abalones, sctnlloli, poritVillkleE, snail, unios, 

(b) The sponge fishery. 
( a )  The, orlistaceen fishery (lobster, crab, shriiup, prawn, cr:~ylisll, eta.). 
((E) The amphibians and reptiles (frogs, turtles :tiid terrnpinrr, :illigators, rltc-.). 

etc.). 
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(e) The mammals (whalcs, porpoises, seals, walruscs, otteri, cte.). 
( f )  The fishcs’ (cod faiuily, herring family. mackerel ftsmily, the Scim)~idm, tlie mullets, tlio s;l;lmon 

family, the perch-like fishes, the Sili~rilridar, the pikes, the carps, the sturgeons, the eels, sharkti, 
skatcs, etc.). 

Fishery statistics in general. 
The relntion of fishcries to  civilizatiou. 
The relation of the fisheries to  the navy and tlie merchant marine. 
The fishermen; their physical and financial condltions and the ineans for their improvement. 
The duty of the general government in the  matter of a fisheries iutelligenco service. 
The question of the desirability of establishing techoiod training mhools for fishermen. 
Fishermen’s associations, unions, libraries, etc. . 

MEMBERS PROPOSEI) FOR ADVISORY COUNCIL O F  FISHERIES CONGRESS. 

UNITED STATE& 

Hon. J. T. Morgan, Alabama. 
J. I). Redding, San Francisco, Cal. 
Leon Sloss, San Francisco, Cal. 
F. R. Callicotte, Denver, Colo. 
Gordon Land, Denver, Colo. 
Prof. 8. I. Smith, Pale College, Now Haven, Conn. 
Prof. A. E. Vcrrill, Yale College, New Havon, Conn. 
Dr. W. M. Hudson, Hartford, Conn. 
Prof. W. 0. Atwater, Middletown, Conn. 
Hon. John W. Foster, Washington, D. C. 
Prof. Theo. Gill, Washington, D. C. 
Dr. C. 31, Merriani, Wnahington, D. C. 
Dr. T. C. Mendenhall, Waahington, D. C. 
Hon. J. Sterling Morton, Washington, 1). C. 
Richard Rathbun, Washington, D. C. 
Dr. Ifugh M. Smith, Washington, D. C. 
Hon. F. M. Stockbridge, Washington, D. U. 
Eon. Samuel Fowler, Washington, D. C. 
Commander Z. L. Tanner, U. S. N., aommanding U. S. P. C. 

Ron. Edwiu Willits, Washington, D. C. 
A. Booth, Chicago. 
N. Rowe, Chicago. 
Prof. C. 0. Whitman, Chicago. 
Dr. S. P. Bartlett, Qninay, 111. 
J. Fry  Lawrence, Louisville, K y  . 
Prof. Leslie Lee, Brnnswick, Me. 
Charles G. Atkins, East  Orland, Hc. 
Prof. W. K. Brooks, Baltimore, Md. 
W. L. Gilbert, Plymouth, Mass. 
Prof. Alexander Agassiz, Cambrirlgo, Maas. 

steamer Allatroan. 

E. A. Brackett, Winchoster, Mass. 
Judge A. B. French, Boston, Mass. 
Clnrcnce B. Mitchell, President Bostoii Pi ah Bureau, Boa. 

Ur. Joel C. Parker, Grand Riipida, Michigan. 
Prof. Jacob E. Reighard, Ann Arbor, Mich. 
H. M. Garlicha, St. Joaepb, Yo. 
E. B. Hodgc, Plymouth, X. H. 
Col. Nicolas Pike, Brooklyn, N. Y. 
A. N. Chency, Glcns Falls, N. Y. 
James F. Annin, Caledonia, N. Y. 
Dr. Bashford Dean, New Pork City. 
Edward P. Doyle, New Pork  City. 
Gcorge B. Grinnell, New Tork City. 
L. D. Huutington, New Pork City. 
William C. Harris, New Pork  City. 
Charles F. Imbrie, New Pork City. 
Prof. John B. Moore, Columbia Collcge, New Pork City. 
Robert B. Roosevelt, New Pork  City. 
Roland Rcdmond, New York City. 
Prof. H. F. Osborn, Columbia Collegc, New Pork  City. 
H. B. Vinccnt, McConnelsville, Ohio. 
H. C. Ford, Philadelphia, Pa. 
Prof. John A. Ryder, Philadelphia, Pa. 
Prof. Edward Linton, Washington, Pa. 
A. M. Spangler, Philadelphia, Pa. 
Daniel T. Church, Tiverton, R. I. 
Ron. Riohard Coke, U. S. Senate, Wimhington. D. C. 
C. F. Orvis, Manchester, Vt. 
Hon. W. C. Squire, Washingtou, D. C. 
Pbilo Dunning, Madiaon, Wis. 

ton, Maw. 

Dr. H. Bormeiater, Buenoa Ayros, Argcntino I l c ~ ~ o b l j ~ ~ .  
Dr. Franz Steindachner, Viennit, Austria. 
Prol. Van Bcnodcn, Brussels, Belgium. 
PresidenL Soc. d’Pisciculturc do Bolge, 13russuls, Uclgiuni. 
Sir Chiirlca Tupper, Ottawa, Canada. 
Samuel Wilmot, Othwe, Canada. 
Dr. W. Wakeham, in  charge of Canadian l~ialierice Proteot- 

ivo Servioe, Ottaw&, Canada. 
Dr. G. A. MacCallnm, president Ontario &’ish and Game 

Commission, Dunnville, Ontario. 
Dr. C .  F. Liitken, Copenhagen, Denmmk. 
Dr. C. S. Joh. Petersen, Copenhagen, Denmark. 
prof. T. H. Huxley, London, England. 
Prof. William IT. Flower, London, England. 
R. B. Marston, London, E. C., Englmd. 
Sir John Lubbock. London, England. 

Prof. E. R J I ~  Lnskester, Oxford, Englibuil. 
Dr. Albert Gunther, London, Englancl. 
Sir Edward Birkbcck, Norfolk, ICnglmid. 
W. Oldham Chambers, Norfolk, England. 
C. E. Fryer, England. 
Spencer Walliolc, England. 
Dr. Oscar Nordqvid, Hclsingfors, Binlarltl. 
Dr. Andre-Jcau Malmzren, Uleaborg, Biuleud. 
Prof. Isadoro GoofTroy SL, Hilaire, Pnrie, Franco. 
Prince of Monaco, Paris. France. 
Dr. Ldon Vaillant, Paris, France. 
Prof. Alphonae Milne.Edwards, I’nris, Frnnoe. 
M. Raverot-Wattel. Paris, France. 
Prineo von Hatzfcldt, Berlin, Gorniany. 
Dr. Eiwl Miibins, Berlin, Germany. 
Mar von deui Bornr,Berneuohon, Germany. 
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MEMBERS PROPOSED FOR ADVISORY COUNCIL OP FISHERIES CONGRESS--Continued. 

FORE1QN-COlitili l i e d  

Dr. Bran7 Hilgenilorf, 13rrIin, CerluiLna 
Prof. Ernst Haaukel, Jena, Germany. 
Sir Thomas BrMIy, Dublin, Ircland. 
Prof. A. C. Eziddon, Dublin, Ireland. 
lZev W. A. Green, Dnblin, Ireland. 
Dr. Antonio Dells Vnlle, Modena, Italy 
Piof. P. Dodwlein, Palermo, Italy. 
Dr. Anton Dolirn, Naplc8, Italy. 
Commendntore Enrico Hillyrr Giglioli Irlorence, Italv 
Prof. A. Targioni Tozetti, Florence, Italy 
Dr Decio '\Tinaignerra, ILomr, Italy. 
Dr. K. Mitsnkuri, l'okio, Tapfl~i. 
R. Ito, Hnkodute, Jrqian. 
C. Sssaki, Tokio, Jibpan. 

%nor E. Cliaruri, Superintendent of Fisheries, Mexicro. 
Prof A. A. W. Hnbreoht, Utreoht, Netherlands. 
Dr. P. P. C. IIoek, Heldler, P?etherl:&nds. 
Itev. M. Harvey, St. Johns, hTowfoimdland. 
Sir Ambrose Shea, St. Johns, Newtoiindlanil. 
Prof. Edward Payson Itamsay, Commissioner d' ~ ~ ' I ~ I I C ~ I H H ,  1 Dr. Bilip 'I'rybom, Stookbohn, Sweden 

' Dr. A. R M ~ L ~ I U ,  Gotoborg, Sweden. 
I'rof. Geo. 0. Sftrs, Christiania, Norway. ' 1 Prof. F. A. Sniilt, Stockholm, Swedeli 
Prof. Ilobert Collet, Chrietienia, Norwny. , 1)r. A x e l  11'. Llimgtnr~n, Lilldal, S\\ wle~i.  
A. Landmark, Clrristiania, Norwnj (lnspevtov I i r I ~ ~ n ~ ~  I h .  3' A. Pori~l, MorgrR, Swit.mlLiid. 

8. A. J%iiolr, Bergen, Xiira I ( ! .  

Frederick M. Wdlem, Norway. 
I Calif. G. M. Dannevig, Nom ey. 
1 Dr. Nioolas Borodine, Fish Conimia8ionor for Urd District, 

Constant, Uralak, Russia. 
7)r. (hoar voii Grimm, St. Petersburg, ltuseia 
S. nermnstain, St. Potcrsburg, Riissin. 
Prof. Ovs,j:bnnikotf, Lnperial Aciidemy, St. Petersburg, 

I Ur. Alexis Ifstroumoff, Sebnstopol, Itnssin. 
C. St:icp W I L t N O n ,  Groat Yarniotith, Srotland. 
Prof'. J. C Ewnr t ,  Xdinbiirgh, Scotland. 
Prof. W. C. N~*Intosli, St .  Anclrervs, Srotlnnd 

I k  Fiilton, Sei. So(-retnry Fisheries lloanl Edinburgh, Scot. 

Itiisnia. 

1 

1 ~ r . ~ o i u t  I\lurmp, Rcliitburgh, scotlall(1. 

1 Prof. I<:. E. Prince, Ottawri, Cmnda. 
~ Sir J G. usit land, Howietonn, Scotland. 

Prof, Alfred Dugbs, GiiansJnnto, Mexico. 1 1il1111. 

J. .J Arinisk~d,  Solway Fishery, Dnmfries, Scotland. 
Lient. CoL,F. G. Sotn, Spriin. 
DI ltuilolf Lunrlberg. Stockholni, Sweilvn 

N. s. Wnlea, syi1ney 

Bialieries). 191 C:ul \royt, Geneva, Swifmrliind. 
1 W ,  Saville-Eeut, IIobnrt Town, Tasnisniu. 

In view of the vast a i d  widespread interests dependent iipon the  fisheries throughout the world 
and of the iiifluenoe exerted upon the maintenance of fishery Iig rationel fish-culture, the assietance 
and hearty coiiperatiori of men in all countries to whom these subjects nppeiil is greatly desired. The 
advantages to  be derived from the prosencc in Chicago of manifold sources of iuformation and eompari- 
h011, h t h  froin oxhibite end from represcntativo menJ should bo fully utilized, end will undoubtedly 
1o:itl to  substantial public benefit. The committee aims to  scouro by further correspondence eddresses 
upon the foregoing and related subjects for presentation ;It the meetings of the Congress. 

111. IMclNmALD, ChairmanJ 
1' .  s. Commindonev Fiah and Ziiehoriep. 

TARLIWON H. BEAN, Smvtary. 
S. A. ~~'ORRICS. 
N. li. FAIRHAXI,, 
DR. G .  BROWN ( ;ooi)~,  
A. BOOTH, 

lt. E D ~ A R I )  I':ARI,L, 
EVGENIC G. ]BLACKFORD, 

C o i t w i i t / o i ,  qf /lie lP'iJvld'* Coiriivcsxr, .4 tcailiavy on n Iliahevie8 Cot4gres.3. 
~ ~ ' O I ~ J , I > ' h  C O N ( i I l E B f 4  J[EAl)QUAItTICRS, 

Chicago, Aiqtitrt, l&W. 

LETTER OF T H E  CHAIRMAN O F  T H E  GENERAL COMMITTEE. 

U. s. COMiWISBION OF FISH AND I"IE3KF,RlsS. 

Arreiigemonts have heeu made for an internationel Cougress at Chicago, commencing Octoher 16, 
1893, of persous interested in fisheries and fieh-cultiiro, as annonncred in the  preliminary circular ofthe 
general committee, :it copy of which is inclosed herowith. It is the earnest desire of the committee 
that you will prepme an address upon ono of the  subjects suggested in the circdarJ or upou some 
other related topic within the scope of tho oocmion, and present it in person a t  one of the meetings of 
the Congress. 
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If you are unable to be present i t  i s  hopcd that  you will seud t o  the chairman of this committee 
an address to  be read 'at one of the regular meetings, advising hixi as early as practicable as to the 
title of the article, in order that  a preliminary program of papers inriy be issued with little delay. 

Very respectfully, yoiirs, 
MARSIIAI~I. MCDONALD, 

Ck a.iwnan. 

While the preparations for the Fisheries Congress mere going 011 tliu commis- 
sionem of fish and game of the New En&iml States decided to hold a conference in 
connection with the Uommission of the United States a t  Chicago dm.ing the meek 
fixed upon for the sessions of the Fisheries Congress. The United States Commis- 
sioner of Fish and Fisheries was invited to  act as chairman of the conference, and, in 
pursuance of lLis duty, he appointed Mr. E. A. Brackett, of Winchester, Mass., chair- 
man of a committee of organization. Comiiiissioner McDonald sent out the following 
invitation to  members of the. Stake commissions : 

I J .  s. COMhllSSION O N  &'ISH AND $'IBH&RlES, ~ U d l i 9 1 ~ l O U ,  1). c. 
DEAR SIR: In compliaiice with the request of'tlie commissioners o f  fisheries of tho New England 

States, I have the honor to invite you to i~ couference of the United States aid State comuiissioiiors, 
to  be held a t  Chicago on the 18th of October, 1893. This date is fixed by reason of the fact that  the 
World's Congress of the Fisheries mill then bo in session, and the commissiouers will have the oppor- 
tunity of also attending the sessious of this body aiid participating in  the proceedings. It is desirable 
that  topics which are to be brought up for discussion at  the conference should be mnounced i n  
advance, so that  those desiring to participate in the discussions mag have the opportiitiity for due 
consideration and preparutioii. 

I shall be glad to  have yon indicate topics appropriate for discussion, sending the seme to Mr. E. 
A. Brackett, commissioner of fiflheries for Maasachnsotts, a t  Winchester, Mass., whoin I have requested 
t o  act as chairman of the  committee of orgmization of the couference, associating with him such 
other membcrs of the State commiwions as he may find most expedient. 

Very respectfully, 
MARSHALL MCUONALD, 

U. 8. Comniicrsioner of I W i  aicd &ii~1~8ri t .8 .  

Chairmail Brackott appointed the follomiiig commissioners to act with him on the 
committee of organization of the eonferuoce, arid invited them to meet a t  the office of 
the U. S. Fish Commission exhibit in Chicago on October 17: 

E. W. Gould, Searsport, Me,; Jno. W. Titcomb, Rutland, Vt.; W. P. Antlrus, 
Minneapolis, Minn. ; Joseph D. Redding, San Francisco, Gal. j E. 13. Vincent, McCo11- 
nelsville, Ohio; N. C. Prickett, Ravenswood, W. Va.; S. M. Bronson, Connecticut; 
Dr. J. T. Wilkins, Bridgetown, Va. 

Xis letter of invitation follows : 

CoiwnioNwi~cAL*riI ob' MABBACIIUBITTB. 
{ Department of Fishorios and Ganie.-Co~nn~isaiollurs: 

Edward H. Lnthrop, Springfield; lsaittli 3 Edward A .  BraokoLt, Wiuohoator; 
C. Young, Wolltleot. 

WINCIIE~TER, MASS., -, 1599. 
UEAB SIR: In compliance with the request of U. S. Commiesioner Marshall McDonald, 1 have cou- 

eentud to  act ae ohairman of the committee ou organization of the conference of commissioners to be 
held at Chicego, October 18, notice of which has, I understand, been sent to  you. It will greatly assist 
in the organization to know who are to  be a t  the meeting. Will you, therefore, kindly inform me 
whether you intend to  be present P 

Suggestions of topics for discussion should be sent to  me as early as possible. 
I have the honor to be, yours, truly, 

E. A. BRACKETT. 
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Chairman Brackett ;~Iso issued the followiug list of topics for c~iisideration at  the 

DEAR SIR: I inclose :L list of the' topics thus far received for oousicleration at the Conference of 
Doubtless nlany other sub- 

It, is thc: desire of U. S. Comuiiseioiicr M c l h i i d t l  that the conference should 

conference : 

Commissioners of FisherieR and G:uiie, to be held at Chic:igo Oot80ber 18. 
jects will be suggested. 
bo :i free arid friendly clisciission of it11 illattors contloctod with the work of' the commissions. 

The futute ofl~*ish-rultiire on tho I'acitic Coast 
The Cod alltl Hcilibli+, In,lustriuH oftlie l'npur ....................... ..........J oserw I). IIEDUINQ, California. 
- 

Advisability of j~hcil lg Black lhYs in StrmiIIH with Trollt. ......................... .WM. C .  >IURDOC'K, California. 
Tho Rise and Drcliiie 01 tho Piahinp Indnatry of the (>it.;rt LakC.8 ................. E. B. VINCENT. 
The Fishing Industry I J ~ '  Lake Erie, paat and priwnt 
Interstate Laws for t h o  bcttrr l'rotectioii of Fish alii1 Gains. .  .......... 
Proteatimi, especially of the I,nrge Giuiie.. .......................................... IT. 1'. AN1)ltUS. Iowa. 
&st Methods of L'rolactioi!--iiy voliriiteer or adaricd acniiw? ............... 

.......................... .Col. C. M. KEYES. Ohio. 
......... .T. J. GRIGGS, Iowa. 

Statutory limit n.l to longth of l%h-whetli6r beat form ol' l'iwtectioli or not ....... Jo'iN ''7' "tTcoa'n~ Vermont* 
In  atoeking Public 'Wntors with Fish urtifloiully hatched, atwliat age ia it  iiioat desira- 

ble to plnilt then1 1 . .  ............................................................... E. A. BRACKETT, MnE8achUsett& 
The relation of tlie Govrrnineiit to tlie niaintenanco of Fiahcriea. ..................... Br. JOKL C. PABKER, Michigan. 

What Fish are most profitablo for Pond Culturcx, for holrre UNB, iu iiilnntl Stntm? ...... N. C. PlIxrKETT, West Virginia. 
Effert of Fisli POI~II(\R n i d  Wnm on oiir p r e ~ ~ ~ i i l  mid 1ii'~i~]iivtive Food-iialiw.. ...... .Dr. J. T. WILKIXB. Vireinia. 

E. A. BRACKI~TT, 
Clmivtnait Co)imittee of Organisation. 

On October 0 the general committee began the distributioit of its provisional pro- 
p l n  containing titles of addi-esses and ptipers wbicli had bee11 received at that time. 
A: c ~ p y  of tlie program follow&: 

CONGRESS ON FISH AND FISHERIES. 

In  accordilnco with the preliminary address of thid rolumittee :L Congress of persons interested in 
tht: fisheries and fish-culture will hi3 held uiitler tho aiispices of the World's Congress Auxiliary, at the 
9rt Palace, Michigan aveniie aiicl Ad:inis street, Chicago, bcginiiiiig October 16 arid continuing until 
the program of addresses and papers is exlaueted. A conventioii of fish commissioners of the various 
States will also be held in the same place, in associtition with tlie Fisheries Congress, on October 16. 

The following provisional progmrn contains the  tit,les of :dillreuses a i d  papers whioh have, up  t o  
this time, been furnished to the coiiimittw to be road a t  the sessions of the  Congress. 

I'ROVISIOh' TAL I'ROGRAM. 

Ititerrelation of the Genersl Go~rcriiiiieiit, t Iiu State, rind the Individual: Dr. Joel C. Parker, Grand Itapide, Miah. 
Tho Aasimilation of the FiHhorp L a w s  of the Gre:lt, h k r s :  Dr. 0. A. MacCallnm, Fiah Commissioner, Dunnville, 

The Decrease of Pish in Aniarican Wiltets und nonie 01 the U&IIWH: Mr. A .  M. Spangler, PrerJident Fish Proteotive 

The Relation of Scientific Rrsudrc.h to Xi~ou~iiiiic I'lobIellia: 1)r. G Browri Goode, Director U. S. National MuHeum 

Biological lieeearch in rehtion to the Piehonur, : Prof. J. A. Jtytler, Profesaor of Comparative Embryology, UnirerRity 

The Investigation of Rivers and Laken with reforenco t o  the Fish Xnrironment: Dr. B. W. Erermnnn, U. S .  Fi8h 

Preliminary Account of the Plankton Investigation for tho Michigan Fish Commission on Lake St. Clair: Prof. J. E. 

The Origin of the Food (Jf Mariiio Aiiiuuila. Prof. W. K. Brooks, J O ~ I I H  Hopkina Unirursity. Baltimore, Md. 
On tho Food of the Menhaden : Prof. JanieH I. Peck, Williania College, Williamstown. Mae .  
On the Pcliiglc Frtuna in Connection with Fish Growth: Prof: W. C. McIntosh, St. AIidreW8, Scotland. 
Atmospheric and other Influences on the Migrations of Fishes: Mr. J. J. Armiatertd, PrOPietOr Of SblWay Fiahery, 

The Correlation of Land riiid Water in  relation to Food Siipiily and Agrirultnre: Prof. W. 0. Atwstor, Professor of 

Oba0I'V&tionB Concerning Fish Pnrnsitee : Prof. Edwin Linton, Washington and Jefferson College, Washington, Pa. 
The Aquarium: Prof. S, A. Forbes, Director of' State LabCJI'rttory of Natural History, Champaign, Ill. 
Utilizing tho Giant ICelli of tho Northwoat Coast: Mr. Janres G. Swan, I'ort Townsend, Wash. 
Methods of securing Herrings. Smelt, aird Siwlinea at Port Townsend : Mr.  Jnmm G. Swan, Port  Towweend, Waah. 
Tho Sardine of Pugst Sound, and tho Methods of' Preserving it in Oil: Mr. James G. Swan, Port Townsend, Waah. 

- Ontario, Canada. 

Association, Pliiladelphia, Pn. 

Washington. 

of Pennsylvania. Philadelphia. 

Cornmission, Washington, I). C .  

Reighorci, Profe'eHaor of' Auinial Mor[ihology, University of Xichigan, Ann Arbor. 

Dnmfries, Sootlanil. 

CliemiHtry. Weslcysn University, Middletown, Couu. 
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A Iteview of Fish-culture in Europe nnd North Alnerirn: Dr. Nicolns Uorodino, Fish Commissioner, Uralsk, Itusnia. 
On theBisliea which hnve been D e d ~ p ~ l  at the Marine Laboratory, St.Andrews: Prof. W. C.McIntosh, St. Andreme, 

On the General Question of FishHatching (Marine) : Prof. W. C. McIntosh, St. Andrew& Scotland. 
History and Method8 of Whitefidi Culture: Mr. Frank N. Clark. U. S. Fish Commission, Northville, Mieh. 
The Culture of Sturgeon intlie United States: Dr. Bashford Dmn, De1)artment of Biology, Columbia University, New 

Methods employed a t  Craig Brook iu rearing Young Snlmonoitl IGheH: hlr. Cliarles G .  Atkins, 0. S. P”i6h Commis- 

Propagatton of Black B a s  in Pondn : Mr. Willinm B. Page. U. S. Fhh Conimi~sion, Neonho, Yo. 
The Past, Present, and Future of 0yater.Culture in Georgia: lk. A. Oeniltw, Saviinnali, Ga. 
The Methodsof Deepwater Oyster.Culturc: Henry C. Rowu, New Hnwn, Coun. 
Habits and Development of the Amerioan Lobster, and their Rraring ~rpon its Artificini Pmpagation: Dr. F. E. Her- 

Fisheries of Japan: Mr. Sakaye Sawatari, Coniniissione<of Jnpniiese Fislieriua -riciatj . 
Fishiug iu British Guiana: Mr. J. J. Quolch, Conmissioner of l%ritisli Gniann. 
The Fisheries of Canada: Hon. L. Z. Jpncas, Quebec. 
Statistics of the Fislieriw of the United States: Ur. a. M. Sinitli, U. S. Fish Comnhsion, Waahiugton, D. C. 
Fish Indnetriea of the Pacific Coast: Mr. Joaepli D. Rodding, Bish Co~nmissiouer. Smi Frucisco, Cal. 
Fur  Seals from nu Bconomic Standpoint: Mr. d. Stanley.nrown, IVnshiugtcn, D. C. 
The Exhibit of Pearls a t  the World‘s Colnmbian Exposition : Nr.  George 3’. Knnn, Jackson Park, Chicago, Ill. 
Foul Fieh and Filth Fever8 : Dr. J. Liiwreiire-Hniniltou, Brigliton, England. 
A Plea for Pishery Folks’ Tochnical Education : Dr. J. La\\~ronoe-Hiimiltou, Brightoa, Englnnd. 
These papers will either be presented by the  authors in person or will be read by title or abstract 

only, and i t  is expected that  all of the articles will iifterwards be published in  full. Afterthe reading 
of the addresses opportunity will be given for their formal disci~ssiou. The committee requests that  
persons who desire to  send additional titles, or who require fnrther iuformation about the Congress, 
address the Secretary of the general committee, Dr. Tarleton 13. Bean, IJ. S. Government Building, 
Jaokson Park, Chicago. 

Arrangements are now being completed for :MI internlttioiial fish banquet for the members of the 
Congress, the State fish oommissioners, and invited gnests on the evening of October 17. 

Sootland. 

Pork  City. 

sion, l a s t  Orland, Me. 

riok, Adelbort College, Cleveland, Ohio. 

MARSHALL MCDONALI), Chakwaa.  

8. A. FORBES, 
A. BOOTH, 
EUGENE G. BLACKFORI), 
G. BROWN GOODE, 
N. IC. FAIRBANK, 
R. EDWARD EARLL, 

‘PARLETON H. BRAN, Secretary. 

Conw,ittoc of the World’s Cutigrees d tbxi l iary  on a Congress on B’ialieh arid ~idle&3.  

WORLD’S CONGRESS HEADQUARTERS, 
Chioago, October I ,  18iW. 

I’itles of papeis continued to arrive, and the filial progrm I V ~ S  iiot rcndy for dis- 
tribution until the sessions of the Oongress were opelied. The f‘ollowiug is il complete 
list of the papers presented for reading illid publicatmion : 

PROGRAM OF THE CONGRESS ON FISH AND FISHERIES. 

SECTION ~.-FISIIERY LAWS AND REGULATIOXS. (Dr. Williein itf. 1~11dson, ohrtirmon.) 
Addrcss of the  Chairman of the General Committee: Hou. l\.larsliall McDonald, U. S. Conmissioner of 

The Assimilatiou of the Fishery Laws of the Great Lakes: Dr. 0. A. MacCalliun, Fish Couimissioiier, 

The Decrease of Fish in American Waters aud Some of the Causes: Mr. A. &I. Spangler, President Fish 

The Sea and Coast %isheries : Hon. Dauiel T. Churoh, Tiverton, R. I. 
Our Ocean Fielies aud the  Effect of Legislation Upon the Fisheries: Mr. J .  M. K. Southwiok, Fish 

The Past, Present, and Future of Trout-Culture: Mr. W. L. Gilbert, Plymouth, Mms. 

Fish and Fisheries, Washington, D. C. 

Duunville, Ontario, Canada. 

Protective Association, Philadelphia, Pa. 

Commissioner, Newport, R. I. 



10 BULLETIN O F  THE UNITED STATES FISH COMMISSION. 

SECTION %-SCIENCE iiv RELATION TO m l r :  I ~ I S H I ~ K I E S  AND FISH-CUI.TUIIE. 
(Dr. George Brown Goode, Chairman.) 

The Relation of Scientific Research to Economic Problems: Dr. George Brown Goode, Director I J .  S. 

I3iological Research in re1:ition to  the I%sheries : Prof. .John A. Ryder, Professor of' Comparative 

011 the Infliience of Light on the Periodical Depth Migrations of'l'elegic Animals: Dr. Jacques Loch, 

The Investigation of River8 and Lakes with reference to the Fikh Ihvironment: Ur. Barton W. 

Some Plankton Studies in tho Great Lakes: Prof. J. If. Rcighard, Professor of Animal Morphology, . 
Habits and Development of the American Lobster, and their Bearing iipoii its Artificial Propaga- 

The Origin of the Food of'Marine Animals: Prof. W. K. Brooks, Johns Hopkiiis University. 
Atmospheric and other Influences on the Migrations of Pishcs: Mr. J. J. Armistead, Proprietor of 

The Correlation of Land and Water in Relation to Food Supply and Agriculture: Prof. W. 0. 

Observations Concerning Fish Parasites : Prof. Edwin Linton, Washington and .Jefferson College, 

The Aquarium of the  United States Fish Commission at the World's Colulubisn Expositiou : Prof. S. 

Description of the Fresh and Salt Water Supply aud Pumping Plants used for the Aqiiarium: I. S. K. 

Observations and Experiments on Saprolepia infesting Fish : G. B. Clinton, University of Illinois. 
Report on a Pariisitic Protozoan observed on 'k'ish in  the Aquarium: C. W. Stiles, PIi. D., Department 

On the Food of the Menhaden (Illustrations by lantern slides) : Dr. James I. Peck, Williams College, 

National Museum, Washington. 

Embryology, TJniversity of Pennsylvania, Philadelphia. 

University of Chic*ago, Chicago, Ill. 

Evermann, IJ.  S. Fish Commission, Washington, 1): C. 

IJniversity of Michigan, Ann Arbor. 

tion: Dr. F. H. Herrick, Adelbert College, Cleveland, Ohio. 

Solway Fishery, Dumfries, Scotland. 

Atwater, Professor of Chemistry, Wesleyan University, Middletown, Conn. 

Washington, Pa. 

A. Forbes, Director of State Laboratory of Natural History, Champaign,, 111. 

Reeves, U. S. N. 

of Agriculture, Washington, D. C. 

Willi amstow n , Mass. 

SECTION Q.--FISH-CULTUIIE. (Mr. Eugene G. Blackforcl, Chairman.) 

Addross of tlic Chairman, Eugene G. Blackford, 80 Fulton Market, New York City. 
A Rcview of Fish-Culture in Europc and North America: Dr. Nicolaa Borodine, Fish Couimissioiier, 

Some Notes about American Fish-Cultufe : Dr. Oscar Nordqvist, Inspector of Fisheries, Hclsingfore, 

Fish-Culture in Michigan : Hoyt Post, Esq., Fish Commissioner, Detroit. 
Methods Employed at Craig Brook in  Rearing Young Salmonoid Fishes: Mr. Charles G. Atkins, U. S. 

History and Methods of Whitefish-Culturc: Mr. F. N. Clark, U. S. Fish Cornmission, Northville, Mich. 
Propagation of Black Bass in Ponds : Mr. William F. Page, U. S. Fish Commission, Neosho, Mo. 
Notes on the Hatching of Sturgeon: Dr. Bashford Dean, Columbia University, Now York City. 
The Past, Present, and Future of the Oyster Industry of Georgia: Dr. A. Oemler, Savannah, Ga. 
The Methods of Deepwater Oyster-Culture: Mr. Henry C. Rowe, Now Haven, Conn. 
What We Know About the Lobster: Mr. Fred Mather, Cold Spring Harbor, N. Y. 
Breeding Natural Food Artificially for Young Fish Artificially Reared: Mr. A. N. Cheney, Editor 

Shooting and Fishing, Glens Falls, N. Y. 
Fish-Culturul lnvestigations at the St. Andrew8 Marine Laboratory (under the Fishery Board for 

Scotland) : Prof. W. C. McIntosh, M. n., LL. I)., F. R. s., Membgr of the Fishery I3oard for Scotland. 
Description of the Marine Hatchery at Dunbar, Scotland: Ur, T. Weluyss h l t o n ,  F. H. 8. E., Super- 

intendent of Scientific Investigations, Fishery Board for Scotland. 

Uralsk, ltussia. 

Finland. 

Fish Commission, East Orland, Me. 
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SECTION 4.-THE C‘OMMICRMA I. F I S H E R I I ~ ~ .  (Dr. Hugh M. Smith, Chairiuan.) 
The Maintenance and Improvomeiit of the American Fisheries : Dr. Hugh M. Smith, U. S. Fish Com- 

mission, Washington, D. C. 
Foul Fish and Filth Fevers: Dr. J .  Lawrence-Hamilton, Member Royal College of Surgeons (Lon- 

don) ; Licentiate Royal College of Physicians (Edinburgh) ; 30 Sussox Square, Brighton, England. 
Reforms and Improvements Niiggested for tho Fisheries of Great Britain and Ireland : Dr. J. Lawrence- 

Hamilton, eta., 30 Sussex Square, Brighton, England. 
14’ishing in British Guiana: Mr. J. J. Qixelcli, Commissioiicr of‘ British Cruiana. 
The Fisheries of Canada: Ilon. L. Z. Joncas, Quebec. 
The Fishing Industry of Lake Erie, P:ist and Present: C. M. IEeym, Sanduslry, Ohio. 
The Fishcries of the Virginia Coast: Dr. J .  T. Wilkins, Fish Commissioner of  Virginia. 
Notes on the Lrish Mackerel Rsheries : Rev. W. S. Green, Office of Irish Fidieries, Dublin, Ireland. 
The Southern Spring Mackerel Fishery of the Uiiited States: Dr. H. M. Smith, U. 8. Fish Commission. 
The Past and Future of tho Fur  Seal: Mr. J. Strmley-Brown, U. S. Geological Survey, Washington, 

Notes on the Fieherjos and Fishery Indiistries of Puget Sound : .James G.  Swan, Esq., Port Townsend, 

Fish Nets; Some Account of their Constriletion and the  Application of their various Forms in the 

Statistics of the Fisheries o f  the United States: Dr. Hiigh M. Smith, U. S. Fish Commission. 
The Exhibit of Pearls at the  World’s Columbitin Exposition : Mr. George F. Kim&, New York City. 
‘ h e  Fisheries o f  Japan:  By tho Bureau of Agriculture of .Japan. 

The formal sessions of the World’s D’i,sl~eries Oongress were opened in Hall 26 of 
the Memwial Art Palace, Chicago, on Monday morning, October 16,1893. The open- 
ing address was made by the chairinan of the Coiigress, Hon. Marshall McDonald. 
During the temporary delay of the chairinan of the first section, Mr. L. D. Huntington, 
president of the New York Fish Commission, acted as chairman ~ > f  the section. 

Dr. G. A. MacCallum’s article was the first paper read. After its conclusion Dr. 
Qoode spoke as to the value of occasions when such papers are brought together. 

Mr. A. M. Spangler, president of the Fish Protective Association of Eastern ‘ 

Pennsylvania, then read his essay on the decrease of fish. 
He was followed by Mr. Daniel T. Church, of Tiverton. Rhode Island, with a paper 

on the seacoast fisheries. After the reading of Mr. Church’s articIe it was discussed, 
along with the essay of Mr. Spangler, by the following members of the Congress: Mr. 
1). T. Church, Mr. E. G. Blackford, Mr. W. H. Bowman, Dr. Jas. I. Peck, Mr. A. Booth, 
Mr. Hoyt Post, Mr. L. D. Huntington, Hon. Marshall McDonrtld, and Mr. Fred Mather. 

The second session of the Congress began at  10 a. in., October 17. The general 
chairman, Hon. Marshall McDonald, made the opening address, after which the chair- 
inail of the meeting? Dr. Q. Brown Goode, followed with an address on the “Relation 
of Scientific Rese,m!ch to Economic Problems.” 

The first paper on the program, by Dr. Jacques Loeb, was entitled “On the Lutlueiice 
of Light OD the Periodical Depth Migrations of Pelagic Animals.” It was discussed 
by Dr. Herrick, Hon. MarMhall McDonald, and Dr. Goode. 

Prof. B. W. Evermann read an essay on the 641nvestigation of Rivers and Lakes 
with reference to  the Fish Environment.” 

Prof, J. E. Reighard, of the University of Michigan, gave an oral preliminary 
account of the Plankton Investigations for the Michigan Fish Commission on Lake St. 
Olair. This paper was discussed by Prof. Evermann, Mr. Fred Mather, Dr. Goode, 
Mr. A. Booth, and Mr. W. H. Bowman. Mr. Mather’s remarks related to the strainiug 
capacity of towing nets, and Mr. Booth spoke of the eeects of whitefish planting. 

D. C. 

Jefferson County, Washington. 

American Fisheries: Mr. C. H. Aiigiir, New York City. 
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The last paper on the program, r e d  by I h .  F. IC. Herriclr, of Atlelbert College, 
related to the ‘6 Habits and Development of the Rmericaii 1,obster ilud their Bearing 
upon its Artificial Propagation.” The discussion of this palier was entered into by Dr. 
Hudson, MY. Church, Mr. Mather, and Mr. A. W. Harvey, Fish Commissioner of New- 
foundland, &. Church stated that ia;my youug lobsters are deliberately killed by 
lobstermen, who crush thein 011 the gunwale of the boat. Mr. Harvey spoke of the 
good results of plaiiting lobsters in Newfoundland, and stated that he expects to turn 
out 1,000,000 youiig lobsters next year. 

The evening session begaii a t  8: 25 in Hall 4 of the Art Palace. A t  this session 
the speakers were introduced by Mr. Eugeue G. Blackford. Mr. 3. Stanley-Brown, 
of Washington, D. C., delivered a lectnre on t,he “Past and Future of the Fur 8eal,” 
and was followed by Dr. James 1. Peck, of Williams College; Williamstown, Mass., 
with an address on the “Food of the Meal~aden.?~ Mr. Blackford made some remarks 
suggested by the lecture of Dr. Peck. Both ofthe evening lectures were well illus- 
trated by meaus of lantern slides, the lauterii and the attendant having been kindly 
furnished to the Congress, without expense, by the McIntosh Battery and Optical 
Company, of Chicago. 

On Wednesday, October 18, the general chairman introdnced the chairman ‘of 
the meeting, Dr. Hugh M. Smith, of Washington, D. C., who delivered an address on 
the 6‘ Maintenance of the Fisheries of the United States.” 

Mr. A. A. Adams, of the Americau Net sild Twine Company, of New York City, 
read a paper on ( 6  Fish Nets; some Account of their Const,ruction, and the Application 
of their various Forms in the American Fisheries,?’ by (3. H. Augur. 

Dr. H. M. Smith followed with a paper entitled “Statistics of the Fisheries of 
the United States.)’ 

A paper by Mr. James G. Swan, of Port Townsend, Wash., on the “Sardine of 
Puget Sound,), was read by the secretary, Dr. Tarleton H. Bean. 

An article on the ‘ I  Spring Mackerel Fishe~*y,~) by Dr. Hugh M. Smith, was then 
presented to the Congress. In the discussion which followed, Mr. Blackford, Mr. I. C. 
Young, of Brookline, Mass., and Commissioner McDonald took part. 

Prof. W. 0. Atmater, of Wesleyan University, of Middletown, Conu., closed the 
session with an address substituted for his paper on the program for the 18th, on 
the “Correlation of Land and Water to Food Supply and Agri~ultnre.~’ 

Tho fourth session of the Congress opened at 10:30 a. ILL. on Thursday,’ October 
19, Mr. E. G. B1:tckford presiding at the meeting. 

After a brief address by the chairman, a portion of I h .  Oemler7s paper on $he 
(‘Past, Present, and Future of the Oyster Industry of Georgia” wa8 read by I)r. Bean. 

This was followed by the article of Mr. Henry C. Rowe, on the “Methods of Deep- 
water Oyst~r-Culture.~~ 

Dr. Hudson made some remarks on the ownership of oyster-grounds, the Con- 
necticut system being cited as particularly favorable to the growth of’ the industry, 

Mr. Booth spoke of the iriconvenience of oyster-growing in Marylmd and Vir- 
ginia, because of the difficulty of acquiring titles to grounds by private parties. Mr. 
Swxrtz also engaged in the discussion, and Cornmissioner McDonald referred to  the 
benefits arising from private ownership of certain grounds, into which part of the 
discussion Mr. W. H. Bowman and Mr. A. Booth also entered. 

- 

* 



WORLD’S FISHERIES CONGRESS. ‘ 1 3  

Mr. Fred Mather read an article entitled “What we Know about the Lobster.” 
In the discussion of this paper Mr. Chase, Commissioner. McDonald, and Mr. Hunting- 
ton participated. Mr. Blackford and Mr. Mather adso entered into it, mid Dr. Hudson 
referred to the outrageous practice of killing young lobsters by fishermen. 

The paper of Dr. Bashford Dean on the “Culture of Sturgeon in the United 
States 77 was read by Mr. Blackford. 

The sessions of the Congress were closed on Thursday night with a fish banquet 
in the banquet hall of the New York State building in Jackson Park. s This banquet 
was participated in by members of the Fisheries Congress, the Conference of State 
Commissioners of Fish and Game, and their invited guests. Hon. T. W. Palmer pre- 
sided and delivered the opening address. The other speakers of the evening were 
Hon. Carter H. Harrison, mayor of Chicago; Messrs. Andrews, Bowmanjand Breslin, of 
New Pork; C:ommissioner McDonald, Mr. J. J. Quelch, Commissioner of British Gui- 
ana, and Mr. John Foord, Secretary of the New York Commission to the World’s Fair. 

Following is a complete list of the members of the World’s Fisheries Congress, 
including some members of the advisory council, whose names appear also in the 
preliminary address of the general committee : 

LIST O F  MEMBERS O F  T H E  WORLD’S FISHERIES CONGRESS. 

Mr. A. A. Adams, Americaii Net imd Tyine CO.,  

Mr. W. P. Andrus, Minneapolis, Minn. 
Mr. J. J. Armistead, Solway Fishery, DumfrioN, 

Mr. Charles G. Atkins, East Orlanil, Me. 
Prof. W. 0. Atwater, Wssleyan University, Mid- 

Mr. C. H. Augur, American Net and Twine C O . ,  

Dr. S. P. Bartlett, Quincg, Ill. 
Dr. Tarleton 13. Bean, Washington, D. C. 
Mr. William Bird, Fish Commissioner, Fairmont, 

Mr. A. Booth, Chicago, Ill. 
Dr. Nicolas Borodine, Uralsk, Russia. 
Mr. W. FI. Bowman, Fish Commissioner, Roches- 

Ron. E. G. Blackford, New York City. 
Mr. E. A. Brackett, Fish Commissioner, Winches- 

Prof. W. I<. Brooks, Johns IIopkins University, 

Mr. J .  Stmley-Brown, Washington, D. C. 
Mr. W. R. Callicotte, Fish Commissioner, Denver, 

Mr. 1). R. Cameron, Chicago, Ill. 
Mr. E. A. Chase, Tacoma, Wash. 
Mr. A. N. Cheney, Glens  fall^, N. Y. 
Mr. Daniel T. Church, Tiverton, E. I. 
Mr. Frank N. Clark, Northville, Mioh. 
Mr. H. F. Cook, Beatrioe, Nebr. 
Dr. 13ashford Dean, Columbia College, New York. 
Mr. Edward P. Doyle, No. ti3 Broadway, New York. 

New York City. 

Scotland. 

dletown, C o w .  

New York City. 

Minn. 

tdr, N. Y. 

ter, Mws. 

Baltimore, Md. 

Colo. 

Mr. R. Edw:Lrd Earll, Washiiigton, D. C. 
Ilr. E. Ehrenbal~m, Holgoland, Germany. 
Prof. Barton W. Evermann, Washington, I). C. 
Mr. E. J. M. Favallini. 
Mr. Richard E. Follett, Lime Rock, Conn. 
Prof. S. A. Forbes, Champaign, 111. 
Mr. 13. A. Gill, Weshington, I>. 0. 
Dr. (;. Brown Goode, Smithsonian Institution, 

Rev. W. A. Green, Ilnblin Castle, Dublin, Irelantl. 
Nr. Charles S. Grifflth, Port Richmond. 
Mr. T. J. Griggs, Fish Coinmissioner, Spirit Lake, 

Mr. David G. Htwkney, 1”isli Commissioner, Fort 

Mr. Edward Hemilton, New York. 
Dr. J. Lawrcncn-Hamilton, No. 30 Sussex Square, 

Mr. Robert llamilton, Greenwich, N. Y. 
Mr. L. G. Harron, Washington, D. C. 
Mr. A. W. Harvey, Fish Commissioner, St. Johns, 

Prof. Francis H. IIerriok, Adelbert College, Cleve- 

Dr. 1% illiain M. Hudson, Hartford, Conh. 
Mr. L. D. Huntington, Fish Co~nmissioner, New 

ltochelle, N. Y. 
Mr. L. D. Huntington, jr., New Rochelle, N. Y. 
Dr. Ephraim Ingals. 
Mr. Alox. Jones, Woods Holl, Mass. 
Col. C. M. Keyes, Sanduskg, Ohio. 
Mr. Cfeorge F. Runz, New York City, N. Y. 
Mr. G. W. Langford, Fish Commiesiouur, IIavana, 

Washington, D. C. 

Iowa. 

Pliiin, N. Y. 

Ijrighton, England. 

Newfoundland. 

kind, Ohio. 

111. 
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Maj. J. Fry Lawrence, Louisville, ky. 
Mr. R. E. Lewis, U. S. Fish Commission, Washing- 

Prof. Edwin Linton, Washington and Jefferson 

Dr. Jacques Loeb, University of Chicago, Chicago, 

Dr. G. A. MacCallum, Fish and Game Commis- 

Hon. Marshall McDonald, U. S. Commissioner of 

Mr. H. D. McGulre, Portland, Oregon. 
Prof. W. C. McIntosh, St. Andrews, Scotland. 

ton, D. C. 

College, Washington, Pa. 

Ill. 

sioner, Dunnville, Ontario. 

Fish and Fisheries, Washington, D. C. 

Mr. W. de C. aa*venel, U. S. Fish Commission, 

Mr. Henry C. Rowe, New l%m Conn. 
Prof. John A. Ityder, University of Fewsylvanis, 

Mr. Frank R. Sammie, Stratford, Conn. 
Mr. Sayake Sawatari, Commissioner of Japanese 

Mr. J .  M. Schaedler, Aspen, Colo. 
Dr. Hugh M. Smith, U. 8. Fieh Commission, Wash- 

James G. Swan, esq., Port Townsend, Wash. 
Mr. Christian Swartz, Shellfish Commissioner, 

Washington, D. C. 

Philadelphia, Pa. 

Fisheries Society. 

ington, D. C. 

town, Maw. 
Mr. Hoyt Post, Fish Commissioner, Detroit, Mich. 
Mr. AntonPreglcr, Irving Park, Cook Coiinty, Ill. 
Mr. N. C. Prickett, Fish Commissioner, Rwena- 

Mr. J. J. Quelch, Commissioner of British Gniana. 
Prof. J. E. Reighard, Ann Harbor, Mich. 

wood, W. Va. 

Mr. H. B. Vincent, Fish Commissioner, McCon- 

Mr. Samuel Wilder, Rochester, N. Y. 
Dr. John T. Wilkins, jr., Fish Commhioner, 

Mr. W. C. Williams, New York City. 
Mr. I. C. Young, Brookline, Mass. 

nelsville, Ohio. 

Bridgetown, Va. 



2.-ADDRESS OF THE CHAIRMAN OF THE GENERAL COMMITTEE ON T H E  
WORLD'S FISHERIES CONGRESS. 

BY MARSHALL McDONALD, 

United States Commissioner of FisA and FislLm*es. 

As the reprwentative of the general committie intrusted by the president of the 
World's Congress Auxiliary with the organization and conduct of this Fisheries Con- 
gress, it becomes my pleasant duty-personally i t  is my grateful privilege-to extend 
to you, in behalf of tlie committee, a cordial welcome and to invite the representatives 
of foreign iiations who may be here present arid the State commissioners who are 
charged with the administration of State fishery interests t o  active and earnest par- 
ticipation in the discussion of the various questions, which will have forcible and 
skillful prmentation in tlie papers to be read at, the diff'erent sessions of the Congress. 
A like cordial invitatioil is extended tto all who, by reason of their immediate and 
personal relations, their experience, or their knowledge of fishery matters, are inter- 
ested in the objects for which this Congress convened. 

The program of the proceedings which you have before you ?vi11 indicate clearly 
the range and scope of the deliberations of' the Congress, as well a8 the diversity and 
complexity of the va,rious problems which iiecessarily arise in seeking a rational and 
fruitful administration of fishery interests. 

By reference to the list of papers contained ill the prograni you will find that no 
important question relating to the fisheries lins beeii ignored or neglected. 

The administradion of the fisheries, the methods and the influence of methods on 
production, the relations of the fisheries to science and to economics, their conserva- 
tion and regeneration by artificial methods, and their present status and conditions, 
all have careful and deliberate presentation from different standpoints. 

These different addresses, and the discussion growing out of them, will, I trust, 
be fruitful in bringiug about a consensus of opinion in reference to the important 
questions relating to the administration of the fisheries, and in reference to which 
there should be concurrence of' views and coiicert of ;tction t40 secure the results we are 
all striving for. 

I am disposed to think that in this country we have relied too excl~isively iipoii 
artificial propagation as a sole and adequate iueam for the maintenance of our fish- 
eries. The artificial impregnation mid hatching of fish ovsand tlieplanting of fry have 
been conducted on a stupendous scale. We liavo been disposed to measure results 
by quantity rather than by quality, to ostimibte our triumphs by volume rather than by 
potentiality. We have padd tm little attention to  the necessary conditions to be ful- 
filled in order to give the largest return for a given expenditure of effort and money. 

The argument that underlies and justifies fish-cultural methods, aud which has 
built up and liberally sustained our State and National Commissions, is that tlie per- 
centage of' survival under artificial iuetliods is so largely incressed that by listtching 

16 
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but a small proportion of the total egg supply in any given field we may equal or 
surpass the results froin natural reproduction iq the same area, even when nature's 
methods are not contravened and rendered abortive by the methods of the fi8heries. 

Our methods in this respect are the methods of the farmer. From an acre of 
ground he harvests.20 or 30, or, under the best conditions, 40 bushels of wheat. He 
sets aside .1 bushel for seed, and the rest he may safely exchange for the necessities, 
the comforts, or the conveniences of Me. This 1 bushel, sown under proper conditions 
of tilth and fertility (either natural or supplied), is a sufficient guaranty of the future 
harvest. 

It is the same in our fish-cultural operations. By our methods we give to a small 
percentage of fish ova the potentiality of the entire reproductiori under unrestrained 
natural conditions. 

111 the same measure, therefore, as we enlarge the means for artificial propagation 
may we ease or release our restraints upon the commercial fisheries and permit a 
larger catch without apprehending a deterioration of our fishery resources. 

We mutit not, however, be uiimhdfU1 of the fact that the prosecution of the fish- 
eries, without reasonable and necessary restraiuts, is sure in the end to make adequate 
reproduction by: artificial methods inipracticahle bay obstructing or shutting off the 
sources of egg supply. Protection, therefore, and reasouahle regulatioiis as to the 
times and methods of fisheries is just as essential for the maintenance of our fisheries 
as is the largest measure of artificial propagation. The two are intimately and essen- 
tially related and interdepontlent; esch implies the other; both niiist concur and have 
equal consideration in devising a rational and fruitful adininistration of our fishery 
inte. .sts. 

W e  should, I think, keep alw:%y~s in viev that the object of publjc fish-culture is to 
assure the utmost utilization of the resources of o w  waterfl and to permit the largest 
production that. can be aucomplished without deterioration or impoverishment. We 
should insist upon whatever measures of protection or regulation may be found.neces- 
sary to accomplish this end. On the other hand, we should be careful not to embarrass 
or harass the enterprises of our hardy and adveiiturous fishexinen by restraints that 
are not deerly necessary tu :wcomplish the wid in view. 

The general topic for this, the opening session of our Congress, relates to the 
administration of tlie fisheries, to the nieasures of protection and regulation that are 
necessary to  increase or maintaiu the supply and to prevent deterioration. You will 
have presented to you the weJl-considered conclusions of men well qualified by expe- 
rience and prominence to coinmarid your thoughtful conHideration. Permit me to 
express the hope that our deliberations will bring about a consensus of opinion which 
will find expression hereafter in a code of fishery regulations which will be not only 
effective, but generally acoeptablc. 

The gentlernan who will preside over the sessions of tlie Congress devoted to the 
administration of the fisheries is well known to you personally or by reputation. He 
has been imfluentially and progressively identified with fish-cultural advances ever 
since the economics of tho water have attracted public attention and interest. He ia 
to-day at the head of the oyster commission of the State from which be comes, arid is 
at once the author and administrator of the policy of the State in reference fo its 
oyster-grounds. , This policy has in teri  year8 increased fourfold the oyster production 
of' Uonuecticut waters. 



3.--THE ASSIMILATION OF THE I FISHERY LAWS OF THE GREAT LAKES. 

BY G. A.  MAcCALLUM, M. D., 
Fish Coni missione~, Ontnrio , Canaa'a. 

The immense expanses of water lrnowii as the Great Lakes aud situated between 
the Uiiited States and Canada, or more properly between the United States aud 
Ontario, have beeu, siuce the earliest times, among the best fishing-grounds iu tho 
world; indeed, Lake Erie has beeu juaged by coiupeterit observers as having been 
at one time probably the best-stocked fish area known. Owing, liowever, to careless, 
excessive, and waste,ful fishing, that which at  one time was thought to be an almost 
inexhaustible source of wliolesome fisli food is rapidly ceasing to be a profitable 
fishing-ground, and if the eiiterprise of the governments of the two nations consti- 
tuting their boundaries had not erideavorod to keep up their stock by propagation 
aud planting, it is idmost certain that the time would already have arrived when the 
supply of commercial fish derived from tliese Great Lakes would be very limited. In 
Canada students and observers of tliese fisheries have not beeu slom in attributing 
the rapid decline to the fact that few, if my, of the American States horderink Jon the 
Great Lakes, and uiidcr whose coiitrol the lams mgula,ting the fisheries exist, have 
euacted a close season tluriiig which time talle fish may be allowed to reach their natural 
spawning-beds to deposit tlieir spiilwn as nature intended they should, this mode in 
former years haviitg been fouiid amply sufficient to Iceel) those great bodies of water 
teeming with maguificeii t fish. 

It can harely be conceived that a nation so advariced in thought slid all that 
pertains to the best laws of modern life as tho United States should have thus far 
overlooked so important a factor iii keeping up a supply of an article so valuable in 
the oconomy of the iiation. 

It may be stated wit,liont fear of ooiitradiction that the United States are to-day 
doing a greater work in the to1er:bbly new twt of pisciculture thatit siiy other nation 
in the world, but why thcy should iJllO\V the iiiain factor in tha reproductioii of fish life to 
be neglected is iiicompreheiisible to i~li11y scientists. Take Lake Erie, for instance, 
mid we wiIl grant that the fishermen of the day have reduced their basiness to a fhis 
ar t ;  they have, by close observation, defincd,the spawning and feeding grounds of the 
different fish, also the tiiues or swasoi~s whcii the diEfirent kinds of fish, through their 
iiistinct, migrate to those great breedina-grounds-migr~te in myriads. Eihving 
determined this, is it not surprising that they should be allowed to spread out their 
engines of destruction aiid take in uulimited numbers fish-each represeiiting thou- 
sands of its kind, if allowed to live and deposit its eggs as nature intended i t  should? 

It may be truer that  fishermen aud dealers will argue that it is oiily during the 
spawning mmon that  them fish can be taken in paying quantities, but that is no con- 
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sideration when the preservation of fish life for future &merations is to be provided 
for. It certainly is high tiuie that the diiferent States bordering 011 the Great Lakes 
sliould enact laws providiug a close season at  least for the great cominercial fish- 
the salniouidz. I n  no other way can the inevitable be long delayed. Alt~liongli 
krtificial culture and plaiitirig of fry is one of the greatest works of the age, tlie re8toc:k- 
iiig of these depleted waters can not be acconiplislied by these alone. 

The U. S. Fish Commission in one of its recent valuable reports states that- 
In no other country in  the world are there fewcr regulations ant1 restrictions in regard to  t h o  

fisheries of the country, yet i t  would seem that, in view of the  condition of the fisheries, some clecidetl 
restrictions and regulations should be enforced if the industry is not to be abolished. 

The same report says: 
There is, however, a plea for the interference of the Government in certain cases, in  regard t o  

the fisheries that  belong to  the rivers or are iiear the shore, and, thereby, more specially related to tho 
adjacent Commonwealth. Nearly all civilized nations have looked with more or lens care after their 
interior or river fisheries and quitu a number of the States of' the  American Union have their own 
special enactments on this subject. 

This is true of the States which border 011 the Great Lakes, but as regards the fish 
which form the staple of the great fisheries of the internatioual maters--the salnionid:c, 
as the whitefish, salmon trout, and herring-they have little or no regulation or close 
season, as will be seen from the following synopsis of the laws of those States : 

Wisconsin: No close season for salmon trout, mhitofish or herring; and trout, pike, bass, ani1 
maskinonge may be taken and sold during spawning seawn from any other waters than the 
inland waters of the State. However, i t  is provided that  whitefish, and salmon trout ii i i iat  
be stripped when taken and the spawn and milt mixed in a pail and the mixture tlirowii 
overboard--a very inadequate provision. 

Minnesota: No close season for salmon trout, whitefish, or pike; close season for herring frorii 
November 10 to  Deoembor 10. 

Illiaoicr: Though situated on Lake Michigan and not on international watera, this State has no 
close seaLioii for the Great Lakes, but has a close 8e:tson from .July 1 to April 1, i t B  rcgardfi seines 
for waters mliolly within its boundaries. 

Ohio: Close season from June 15 to September 15, hut none for whitefish or tront, albeit theg do 
not allow nota to be placed on the reefs in Lake Erie. 

Pennsylvaniu: Close season for speckled trout and salmon from August 1 to  April 1; also for 
l a k r  trout from October 1 to January 1, and for bass, pike, and pickcrel between January 1. 
and Jnnc 1 ; but  this does not apply to Lake Erie, although no netting whatover is allowed 
within a mile and a half of the shore. 

Nezu Pork : Close season for salnion trout, landlocked ealmon, and lake trout in  inland waters 
from October 1 to March 1 ; also a close season for black bass, Oswego bass, maskinongo, 
and pickerel from January 1 t o  .July 1. BesideH ot8hor apecia1 laws for special waters, i t  
will be observed that  there iH no close seasoil established for either whitefish, salmon trout, 
or herring i n  L'ake Erie. 

Mici~igun: Close season for inland waters for the dnionid;r. from September 1 to May 1, but 110  

close season for whitefi~h, tialmon trout, or herring in the Great Lakes. 
Thus it mill be seer? that, ahile there are State laws regulating fishery interests 

of inland waters, none of them, with one or two exceptions, have any restrictions or 
regulations wliatever pertaining to the great international waters which lave their 
shores and furnish 80 important an article of coinmerce. The fidi are left to shift for 
themselves arid to be at the mercy of large moneyed fishilig coinp:mies, whose only 
interest and object is, of course, to make all the money they can out of the industry, 
regardless of the length of time it may last or of the interests of posterity. Now, if' 
we turn to the country bounding these great lakes on the north and examine its laws 
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for the protection aiid preservation of this most importaut and valuable industry we 
find that, fouiided up011 the close observations of men appointed froiii time to time to 
study the habits of the different fish, certain close seasons, corresponding Lo the 
breeding season of each species, have beeu established, during which the fish iiiiiy, 
nnmolested, have access to their spawning-beds. Thus, for the most valuable (:oiii- 

iriercial family, tlie sahiionid~, the month of November lists been set aside, during 
which time they shall not be caught nor sold; for maslrinonge and bass April 15 to 
June 15 ia the close season; pickerel, April 15 to May 1.7. 

These laws are carried out vigorously and are found to be iii the interest not only 
of the fishermen but also of the masses. True, the Canadian fishermen do a good 
deal of grumbling in some localities where they can see-their American cousins fishing 
during the whole tinie when they have t o  hang up their nets. I t  is human ilature 
and not to  be wondered at. They invariably assert that they would be perfectly con- 
tent to abide by the laws, which they say t h y  know to be reasonatble and proper, if 
there were similar regulations on the United Status shores; in  a word, if there were 
an ~‘assiiiiilation” of the fishery laws of the Gre;Lt Lakes. 

Of course it is well laiowii that there are difficulties iii tho may of accomplishing 
this uniformity of laws, inasiiruch as in Uanaala the control of tho international waters 
is vested in the Dominioil Qovernment, while with our neighbors t h o  control is vested 
in the diEereiit States;, a t  the same time 110 separate State can enter iuto a treaty 
with a foreign country-that right being reserved to the Federal Government; neither 
can Canada, which is a colony, form a treaty with another country, for by our Consti- 
tution that right is reserved to the British Chverument. 

However, iio onc would s;i,y that tlie iiiatter is impossible; indeed the agitation 
which has tadieu place within the last two years is alreirdy bearing fruit, for the Dom- 
inion Govern~nent and the Uuitod States Go~~eriiinent have sliown their appreciation 
of the work by appointiiig two experts to make inquiries upon all’tlic subjects urged 
by us. A t  the risk of being consitlprotl egotistical, we claim the credit for the incep- 
tion of this idea and of instituting this agitation by bringiiig into existence those 
conferences which have come to be linowii as the Internatioiial Fish and Game Con- 
ferences, the history of which is as follows: 111 the autumn of lS90 1 was intrusted 
by the Oiitario Government with the presidency of the Ontario Fisl! aiid Game Corn- 
mission, appointed to inquirc’into the condition of the fish mid game of the Province 
and to suggest means for its prol)i~g:~,tioii aiitl preservatioii. We iliado extensive 
inquiries tl~roughorit tlie Province i ~ ~ d  then naturally tnrued to the great States to 
the south of us to inquire into tholaws aiid rcgulatious req3ectiiig these subjects and 
luckily found Now Pork State codifying its fish and game l i ~ ~ s .  We first asked if we 
could confer with its cnmmission, which was very courteously granted; in fact, the 
codification committee procu~-ed u delay in reportiirg, on purpose to confer with the 
Ontario commission, and a date was fixed for a meeting. 

Then wo couceived tho idea of qxtending the representadiion a t  the meeting, and 
we wrote to the gdvernors of‘ tho different States bordering 011 the Great Lakes asking 
that each one send a reprosentative to meet with 11s to discuss the advisability of 
procuring a uniformity of tlie fish and game laws of tlie States aiid provinces bordering 
on the international waters. The idea was at oiice accepted and almost everyou; 
promised to send a representative. Ws luut  in New Yorli: at the Fifth Avenue Hotel 
on October 12,1891, Canada ibnd several of the States being represented, the Federal 
Government also sending Dr. Hugh M. Smith, of the U. S. Fish Commission. tlis- 

* 
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cussion of the situation took place and a committee was appointed, representing the 
bordering States, to meet at Rochester, November 10,1891, where the subject of secur- 
ing uniform legislation in the two countries was to be discussed, together wit11 other 
interesting subjects. This was a very successful meeting, and the more the idea of 
uniform fishery laws for the Great Lakes was discussed and thought of the more i t  
commended itself to those interested as being desirable. 

The next of the international meetings was held in Hamilton, Ontario, December 
9, 1891, and this meeting also was largely attended, and a great deal of interest was 
evinced in the discussion of the assimilation of the fishery laws of the two countries. 
The last meeting was held in Detroit on December 81 aud 22 of 1892. This was a 
very importaut meeting, and was largely attended by representatives from all the 
States interested, as well as Ontario. The Dominion commissioners, appoint8ed to 
make inquiries concerning the Ontario fisheries, also attended and took part in the 
discussions, as did a number of large owners of fishery interests. The result of this 
ineeting was that certain important resolutions were adopted. These were as follows : 

1. All small fish, and those unfit for food of all kinds, when taken in  nets sbould be replaced in  
the water where taken alive, and that  fishermen should not be allowed to  take such fish on shore nor 
expose them for sale. 

2. Thatho  string of pound nets used i n  the lakes shall extend more than 4 miles from shore. 
3. That one-half par t  of all channels between islands and elsewhere where fish migrate to  spawn 

shall be kopt free from nets of all kinds a t  all sensons. 
4. That all whitefish taken of less than 16 inches in  length and all salmon trout less than 2 poiinds 

in weight shall be immediately returned to  the waters where taken and shall not be exposed for sale. 
That all herring less than 8 inches in  length and all wall-eyed pike less than 12 inches in  length 
shall be returned t o  the waters where taken and shall not be exposed for sale. 

5. That the month of November i n  each year be made a ~ O A B  aeason in a11 the Great Lakes for 
whitefish, herring, and salmon or lake trout. 

6. That in the judgment of this conference there should be a close season for black bass, and that  
such season should be betwecn the 1st of April and the 15th of June, and a11 kinds of fishing, including 
spearing, should be prohibited in  the close season. 

Your committee wonld fiirtler recommend tha t  all perfalties fixed for violations of any laws that  
shall be enacted shall be made not only to  apply to  those who take fish, but  also t o  all perRoiis who 
buy, sell, transport. or have the same in  possession. 

It may be seen from this that  some real work has been done by these international 
fish conferences i n  laying out what work is to be done iu the future. One thing is 
admitted by all-that our joint fisheries in the Great Lakes are rapidly on the decliue, 
and that it is absolutely necessary that some steps be taken, and at  once, by those 
legislatures interested to prevent, by enacting judicious laws and regulations, the 
failure of this most valuable heritage. It is plain from tho evidciice of the best 
authorit,ies that  the same close season will apply to all parts of these great waters, as 
there is very little variation in the time of spawning of the salmonidre, tlie most 
important commercial fish of the area. Canada is perfectly willing to abide by the 
close seasons, which are already embodied in her law, if the different States bordering 
on these waters will enact and enforce the same laws, or such as may be agreed upon, 
which must conduce to the improvement of the fisheries. It would add greatly to tlie 
prospect of securing such legislation if this large and influential Congress should see 
fit to rebmmeud, by a suitable resolution, the adoption of the resolutions pa,ssed a t  
the Detroit meeting December 21,1892, and thus further t h e  movement for procuring 
uniformity of' the fishery laws of the Great Lakes. 



4.-THE DECREASE OF FOOD-FISHES ' I N  A h k R I C A N  WATERS AND SOME 
OF THE CAUSES. 

BY A. M. SPANGLEK, 
President of the Pennsylvania Fish Protective Association, Ph:'/ad@hia, Pa. 

In  :b country like ours, tiuy question relating to the general increase or diminu- 
tion of wholesome food, of whatever kiud, possesses or should possess interest for 
all. Our food resources are so vast and so varied that me are apt to regard them as 
almost inexhaustible, and heuce iuauy are less careliil of them, less disposed to be 
economical in the use of them, and iuoro likely to indulge in their abuse thaa were 
they more limited. Under tlie influence of such belief, our great forests are rapidly 
disappearing, millions of acres of once fertile lands have been cropped to irnpoverish- 
ment and turned out to await nature's recuperative influeuces; the buffaloes, once 
almost countless in numbers, have beeu practically exterminated; game animals and 
birds are steadily becoming inore aud inore scarce, aud inany otlier of our natunsl 
resources have either been coinpletely oxlmusted or greatly diminished by the belief 
in their inexhaustibility, or rather by the wastefulness arid prodigality which, nufor- 
tuuately, are to be classed among our national characteristics. 

Among the many source8 of wholesome food supply that have suEered, that of 
cdible fish may be mentioned DS specially prominent. While, to a great many, such 
811 assertion wonld seem to lack verification, it is readily susceptible of demonstration j 
iiconfirmatious, strong as proofs of holy writ," abounding in every direction. 

Taking a map of the United States and noting our many majestic rivers, sonie of 
the largest in the world j the thonsands of lesser magnitude and their innumerable 
minor tributaries, all capable of maintaining an immense amount of .tis11 life; our 
cbaiii of unrivaled lakes, equaling seas in area, with t,he many others of lesser note, 
and our thousands of miles of sea, gulf, and bay cowts, it may well seem incompre. 
hensiblo, to those who have never given t'he subject serious thought, that vi th  such 
extensive and varied waters there could be a possibility, eveii, of 8 scarcitr of food- 
fish, either present or prospective. What adds to the incomprehensibility is the fact 
that within the memory of many now living, those sbrearns, lakes, and coasts, almost 
mitliont exception, teemed with food-fishes. Some of them are still prolific in that 
respect, but it is a deplorable truth that a very large proportion of them-those 
inland especially-have beon either almost entirely depleted, or their productiveness 
so diminished as to practioally amouut to depopulation. If reliable statistics of the 
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fish products of American waters fifty years ago were procurable, and compared with 
accurate statistics of the salne maters today, the discrelmicy would be startling. 

That this alarming c~oiidition of our fishery resources has not been permitted to 
escape tlie attolition of some of our more tliougl~tful people is evidenced by the fact 
that every State aud Territory haviug ally such resources lins enacted laws for their 
protection and preservation, and twenty-one of tliein have one or more hatchery 
stations for the purpose of providing, by artificial means) young fish for the restocking 
of the depleted streams. These ivell-meant endeavors to arrest further diminution 
have, unfortunately, been only partially successful. This failure has been Iiirgely 
disippointing, for great resiilts were expected fi-oln tlie carefully framed aaid very 
stringent statutes, as well as from the distribixti6ii of ~iiillioils of young fish ai~~iually 
from the State hatcheries and froiii the natioiid hatcheries under the control of t h e  
U. S .  Fish Commission. Thobe hatcheries, natioiial m C I  State, have, under competent 
supervision faithfully and effectively carried O I L  the work of artificial propagation, and 
their products have been judiciously used in  restocking. 

An idea of the extent of their operatioils will be glealied from the following sta- 
tistics of the propagating and distributing operations oi’ the hatcheries of the State 
of Pennsylvania : 

Shad ....................................... 
Brook trout. ............................... 
Salmon. .................................... 
Lake trout ................................. 
Landlocked A m o n  ........................ 
Black bas8 ................................. 
Carp ....................................... 
Grass ba88.. ................................. 
Whituflsh .................................. 
Wall-eyed pike ............................ 
California tront.. .......................... 

Total ................................. 

i 
-__._ 

Species. ~ 1890. 

- 

- I -- - ___ I 
e., 457,000 
2,508, 000 

186,500 
170,400 
3,895 
5,679 
1,325 

11,770,000 
40, GOO, 000 

523,500 

64,250. 299 

............. 
9,000,000 
3,200, 000 
300,000 
175,000 ........... 

ti, 000 
6,000 
2,000 

30,000,000 
05,000,000 

522,000 

108,211,000 

10,303,000 
2,094,900 

94,000 
168,000 
40,000 

840 
4,525 

10,100,000 
13,545,000 

508, GO0 

43,467,865 

........... 

1891. I 1892. I 
i I ___-- 

1x1 connection with the foregoing statistics it inay be stated that tlie product of 
the Delaware River increased froin $80,000 in 1881 to over $500,000 in 1891. The 
value of the fishery production in Erie, tlie only lake fishery port of l’enrisylvania, 
illcreased from $65,000 in 1885, at which time the whitefish hatchery was first started, 
to $500,000 in 1892. It is therefore clear that the failure referred to can not be 
attributed to remissness 011 the part of those having supervision of the hatcheries, 
though probably the output and difitribution from those in Pennsylvania were larger 
than those of most of the other States. 

To what cause or causes, then, are to be charged this nonfulfillment of expecta- 
tion in regard Bo the results of such extensive propagation arid restocking? Except 
in :I few caws, we have nothing to indicate that tlierc lias been any marked increase of 
fish products or that the generally prevailing decreme has received any material check. 

I propose now to briefly consitler some of the inany C B U H ~ S  that lieve contributed, 
in R greater or less degree, to the ruductioii of the food-fish supply, beginuing with 
those that have served most largely to render the fisliery laws so nearly nugatory. 

First among them, is the widespread lack of comprehension of the vastness of the 
fishery interests of this country-their real money value. The long-continued and still- 
prevailing barrenness of so many of our waters is regarded by the majority as a natural 
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result, something to be accepted its iiievitable and therefore remediless. This i dw is 
especially prevalent aauong those of the present generation who, having never been 
familiar with tlie former prolificness and having never given tliouglitful cotisideration to 
the subjects of artificial breodiiig and judicious restockiiig with subsequent protection, 
conclude that attempts a t  replenishnient will prove futile. Having iiever known 
what is meant by fresh-fish pleiitifulness, they believe, or profess to believe, that money 
and eEort spent for food-fish increase are simply money and effort wasted. They fail to 
compreheud the possibility of checking the decrease and of supplemeiitiug it with such 
aii iiicreiueiit as will repopulate and restore productiveness, regarding it as a chimera. 
They have failed to grasp the idea that such restoration would add iiiillioiis to the 
value of the' country's resources and enable theiuselves and thousands of others, who 
have never kiiown the luxury of partaking of fish taken from honie waters, an oppor- 
tunity for tlie enjoyment of such a treat. 

Another very prevalciit idea is, that tho fish in public waters are the inlierent 
property of the people, and may be takeii st all seasons, wherever fouiid stud by mhat- 
ever means. Fish protective laws are therefore naturally regarded by persoiis holdiug 
those opinions as positive infractions of populsr rights, arid as such, not only entitled 
to no respect, but should be resisted. To arrest a violator of tliom is looked upoii as 
an outrage, and the oBcers of'the law who cause such arrests are oousiderecl tyrants. 
Although it is the sworii duty of wardelis, magistrates, and constables to have ad1 
offelidem against fishery statutes brought to justice and punished, it needs not the 
saying that such sworn duties are rarely performed mid that infractions being thus 
winked at  by the authorities, the laws are brought into contempt. 

Pollutiow of streccms.-Another and a very prominelit cause is the pollution of 
streams. Fish of all other living creatures liave il detestation of impure water. It is 
the elemeiit i u  which they live and iiiove ~ i u d  have their being. hi the order of nature 
tho water in which a fish is brought into existence is adapted to that tish's life. To 
assunie any other coiidition of things would be an iinpeaclimeiit of tlie wisdom of the 
Creator. This, of course, applies to wetere in their original condition, before civili- 
zation with its many oontaminating iiillueiices intruded upoii theiu. Naturally, tliere- 
fore, wlien the sawdust from sawmills, tlio refuse from gas woi'ltci and tanneries, the 
sewage from cities and towis, the deleterious drainage from maiiufaotories, the pimp- 
ings from mines, etc., are deposited in or allowed to  flow into strealus, the result must 
either be the poisoning of the fish or the driving of tliom to more congenial waters, 
and tlie aoiisequeiit depletion of' those streams iii which they would have lived and 
niultiplied hid they been permitted to do so without molestation. 

Ahuost without exception the Bdliery lams of the Ststes are eniphatic in their 
prohibition of' such contamiii:itioii, but it is a fact established beyond all controversy 
tliat the instances in whicah the poliibition has been respected have been very rare 
iiideed. lnstead of regwding the waster-courses as sources of liealtli to huuiaii beings 
as well as to fish, they itre doomed fit places ,of deposit for rioisoiiie and noxious 
materials of whatever kind that can be most conveiiiently disposed of through their 
agency. 

Umt)ts.-The erection of (lains in s t ream frequented in their seasoii by aiiadromous 
fishes has been generally exteriniriative of sncli fislies iu the waters above S L W ~  

obstructioiis. A great iiiany of tlie dams iiow in existence were built years prior to 
the enactiiient of fishery laws prohibiting such structures, except with a certaiu 
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proviso. That proviso is, tliat the owners of dams that obstruct the ascent of fish 
shall place in each a fishway or fishways, so constructed as to affoi-d ready passage- 
way for anadromous and other fishes, whose habits iiiclirie them to ascend to the 
upper waters of the s t r e h .  The peiialty for the violation ofthis statute is heavy, but 

' like so many of the other,fisliery laws, i ts  comiriands are more honored iii tlic breach 
than in the observance. 

The hurtful influences of tliese ol)structioiis, where the 1iIW in regard to them is 
not respected, can readily be iiimgiiied. Bveii where there is c:oinpliaiice the compen- 
sation is geiierally only partial. A pr~tctical illustration of this is found in the Sus- 
quehanna River, which once abouiicletl for several lr~iidred miles of its length with 
shad, which for size and quality were uusurpessed. A dmi  was erected across that 
river at the towu of Columbia, aiid tliereafter the preseuce of' shad in the waters above 
it became almost unknown. :?lor to its erectioii your speaker saw more shar' caken 
a mile above its location a t  a single haul of a seine tlisti were afterward caught in the 
river northward in any eiitire seasoil. This coriditioii of tliiiigs prevailed until the 
State fishery commissioners, soiiie six or seven years ago, ordered the plac,ing of several 
of the latest improved fishwnys in the dam. Since then some shad have beeu taken 
in the upper waters of'the river, but it is questiousble whether, even with these added 
facilities for the ascent of sliad, the ailnuel product bas beeir materially increased, 
though better results a ie  confideiitly auticipated j but there is little room for hoping 
that the former noted fecundity of the Susqiieliaiina will ever be restored. 

Pi& buskets.-Iii tho Delaware and Sixsqueliaiina rivers, and in nearly all of tlieir 
principal tributaries aud doubtless iu many other rivers of rapid flow, fish baskets 
have been aiid still are to be found, than which it is impossible to conceive of any 
device more destructive t o  snadi-omons and migratory fishes. Through the energetic 
eff'orts of the Peiirisyl vania State fishery coiumissioiiers, they have been very nwarly 
exterminated in the first of the two rivers named. Those baskets with their diverging 
wing walls, which obstruct the progress of the young fish seaward, compel them to 
seek passage at the point where the walls converge and where the basket' is placed. 
Instinctively, the fish press onward aiid are often takeu. by thouearids in the deadly 
trap. Instances have been known in the upper Delaware, where so many young shad 
were intercepted in fish baskets-of course, perishing there-that farmers hauled them 
away by wagon loads, using tiiem for fertilizing purposes on their fields. 

It bas been estimated that before the interfcrence of the State authorities as many 
yoling shad were destroyed through the agency of fish baskets each season as twice 
equaled the entire catch of mature sliad in the Delaware. 

Pyke or hoop .nets.-Scarcely less destructive is the fyke net, which corresponds 
in character and intent with the fish basket, but because of the shortness of its wings 
is adapted only to smaller streams. Placed a t  the mouth or in the narrow channels 
of minor streanis, i t  commands the entire passageway, and of course captures every- 
thing in the shape of a fish that attempts a descent. 

The fyke net, like the fish basket, is strictly prohibited by law, but being portable 
it is readily placed iii position at convenient times, and as readily removed and hidden 
away, if there is reason to anticipate a visit from Fny of the authorities. Detection, 
even if intended, is therefore difficult. 

Betterton, at the mouth of the Sassafras ltiver, OIL the eastern shore of Maryland, 
a few years ago was celebrated for the size, quality, aiid quantity of its white perch. 
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Four or five hundred, aggregating nearly as many pounds, were not 1 ;,unusual single 
day’s catch for two hook-and-line fishermen, but the fyke was introduced by the com- 
mercisl fisherman! aud to-day the inaii is lucky who succeeds in capturing two or three 
dozen of less than half a pound weight each. 

A natural supposition would be, that meii who earn their living by fishiug would, 
‘on the score of self-iiiterest alone, endeavor by all inc3:iiis in their power to prevent 
the fish products of the waters iu which they ply their vocation from dncrease. 
Generally speaking, the reverse of this is tho case. In the ikinediate viciuity of the 

’ Betterton waters, perch used to be taken iu small-meshed seines in large quwiities, 
thousands of othsr fish, awl especially young perch of unsalable size, being captured 
with tliem. Instead of being returned to tho water, as they should and readily could 
have been, those unmerchantable fish were dumped u1)on tlie beach to die; furnishing 
tempting feasts froni day to day to bnndreds of hungry buzzards. These facts are 
given for the purpose of illustratiiig some of the ;mny fish-exterminating methods 
practiced in thousands of places. 

Explosives.-Another illegal, unnatural, and most indefensible method of killing 
fish is by the use of explosives, such as dynamite, giant power, etc. The placing and 
exploding of a dynamite cartridge in  a pool of’ mater means not only the killing of 
the larger fish, but not iinfrequeiitly of hundreds, somethies thousands, of smaller 
ones. The de+d fish rise to the surface, the larger oiies being secured while the much 
greater iiuinber of smaller ones are borne away by tlie current. This reprehensible 
way of killing fish receives special inention iu the restrictive laws of nearly every 
State; but dynamite cartridges aid other explosives hre so readily obkained now, so 
easily hidden from observation, and require such little preparation for their illicit use, 
that it is almost impossible to detect the guilty parties j therefore their employment 
for fish-killing purposes is much greater than is generally supposed. 

The foregoiiig are some of the leading causes of the decrease of food-fishes in 
Alnerican fresh waters. There are numerous others of minor importance individ- 
ually, but in their aggregate producing a vast amount of injury to fish life. Among 
them may be named the little respect which is paid by hook-and-line fishermen to 
the ‘iclose times”--the Reason when the fishes to which they specificdly apply do 
their spawning. It is a fact, not as generally understood as i t  slioulcl be,)that fishes 
Of ccrtain kinds, possibly all, when in a gravid condittion take‘ the bait much inore 
readily than a t  any other period, and much more readily than the males. An adult 
female taken a t  Ruch a time means the absolute destruction of from five hundred to 
one thousand germs of fish life; in some varieties, many more. How many gravid 
fish are taken every year can not of course be even conjectured, but from tho numbel: 
of poachers the total must run into a great many hundreds of thousands. This is 
hhe more to be deplored for the reason that the killed germs would have been nat- 
urally spawiied and, through the instiiict of the parent fishes, in locqlities bettor 
suited to the wants of the young fish and where thcy would have better protectioii 
and thrive better than artificially piopagated flay, plhnted in waters assumed to be 
suitable, but which in fact may be the least adapted to their safety and growth. 

The ‘ I  pot hunter ” is another deadly eiiemy to fish increase, as he counts a11 as 
fish his hook captures, whether they be fingerlings or pound weights. Instead of 
returning to the waters the small and worthless fish, he gives them place in his creel 
inorder that  the.oount of his catch may be swelled to,its utmost proportions. Such 

The glory of Bker ton  has departed. 
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small ambition possesses many who would like to be deemed sportsmen, but whose 
rightful designation is ‘‘ pot hunters.” 

Is it remarkable, then, iu view of tlie many causes inimical to fish life that have 
been named, together with the still more extended catalogue of minor ones, that there 
has been a constant decrease of food-fishes in our inland waters, resulting in many 
cases in entire extermination? 

SALT-WATER FISHES. 

-Turning from fresh-water to salt-water fishes, i t  is a question with many-some of 
them scientists of the highest repute, who have given the subject attention-whether 
there has been a decided diminution. However that may be, there are some facts, 
serving to show a teulporsry decrease a t  least, t h a t  merit consideration. 

It is well known tlisit migratory fishes-the herring and the mackerel for in- 
stance-suddenly appear or disappear a t  various points arid intervals along the 
coasts, the caiises of their appearance and disappearance alike lacking satisfactory 
explanation, some observers attributing the latter to continued tempestuous weather, 
others to the temperature of the water; but there is, I believe, no general agreemeut 
on the subject. 

$here are other varieties of coast fishes whose sudden comings are as mysterious 
as those of the herring or the mackerel, but whose departure is more gradual, aud 
whose first plentifulness is not repeated in the subsequent year. Some tweney years 
ago immense multitudes of croakers suddenly swarmed along the coast of New Jersey. 
Although constant residerits of near Southern waters, they were entire strangers to 
the oldest Jersey fishermen. What specific influences caused their presence in such 
countless numbers has not yet been explained. They were readiIy taken in any 
desired quantities with hook and line. They reappeared the following summer, but 
in sensibly diminished numbers, tlie diminution continuing from year to year, until 
to.day they are only occasioiially captured. The cause of their gradual disappear. 
ance is as much a mystery as their sudden first arrival. 

Squeteague or Wca;lrfisl~-Thirty or forty years ago the coast of New Jersey and 
its estuaries fairly teemed with squeteague or weakfish, but year by year their 
numbers have been steadily decreasing. There was a time, which extended through 
a number of years, when such it thing as scarcity of that favorite fish was unknown. 
The decline was specially noticeable last summer. A season of like scarcity is not 
remembered. Very few were taken in the estuaries, savein May, when they appeared 
in sparse numbers. A large proportion of those taken were captured in pound uets, 
wcirs, and with seines, the mqjority of them being in a gravid condition. It was 
ypecially noticeable that the spawners eagerly took the bait ofliered them by hook-and- 
line fisliermeii, the inalcs persistently refusing it. 

That the killing of so many gravid fish tlius early in the season for years previous 
had the effect of curtailing their iiuinbers in subsequent seasons can not he questioned; 
but, the curtailment was not sufficient to account for their steadily increasing scarcity. 
That it was A contributory cause must be admitted, and for that reason restrictions 
upon early spring fishing for them should be made part of the laws of New Jersey. 

By some close observers last SC:~SOD’R decline was attributed to the attacks of the 
bluefish, which no doubt had something t o  do with it, but that they were a priucipal 
cause is refuted by the fact that, during the period referred to, bluefish had decreased 
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in about the  same ratio. The almost entire abseace of squeteague in the estuaries, 
their usual haunts until ready to migrate southward, is thought by some to have 
been due to the scarcity of their usual food supply, resulting from the intensely cold 
weather of the previous winter, and there is some reason in the opinion. But, as will 
presently be shown, there are other deeper-seated and farther-reaching ca’uses. 

BZue$&.-Abont sixty years ago, after a long abseuce, bluefish appeared in great 
schools along the Jersey coast. Then, as ever, they displayed the same insatiable 
voracity that has earned for them the appropriate designation of unmitigat<ed butch- 
ers.” They iiicreasecl in numbers with each succeeding se;i,son until about twenty 
years ago, wheii their plentifulness seemed to have reached its climax. T t  is on record, 
about that time, that  in a single day one fisherman, lisntlling three lilies, caught 265 
in Barnegat Bay; the day following, 261. It was not unusual for a iinrty of two or 
three to take as many hundred in six or eight hours fishing. But, like the squeteague, 
they have steadily lost numerical strength. They itre rarely seen now in Barnegat or 
any other of the bays on the coast. More of them were taken iii :I single season then 
than have been caught cluriiig the whole oftlie past ten years. 

It would be hazarding little to assert tbhat the number of bluefisli on the coast for 
the past decade, as compared with that of twenty years ago, is ten to one in favor 
of the latter. It has certainly not resulted from 
trolling hooks, nor from pound nets 01’ weirs. It can not be reasonably charged to a 
lack of food, AS the bluefish is such a11 expert hunter aitd such an indiscriminate 
feeder that even though its iiienliadeii resoiirws have been largely reduced, there are 
other sources of supply upon which i t  can draw, tlie kind or quality being seemingly 
of trivial importance, provided there is enough. Naturally, less aggressive food-fishes 
are prominent among those that suff’er from its attwks, and here we have another 
contributing cause to the prevailing scarcity of the edibles. 

The MedLaden.-The menhaden can not properly be classed among the food-fishes, 
though there are some that give them They, however, play 
such a conspicuaus part in the subject urider consideratioil that they demand special 
attention. A prominent writer on ichthyology says of them: 

It is hard to surmise the menhadon’s place in nature; swrtrmiug in waters in countloss myriads; 
swimming in closely pecked unwieldy niasses, helpless as flocks of shoep, near to the surfaco atid at 
the mercy of every enemy; destitute of iiioans of defense or of offense, their mission is unmistrtkably 
to be eeten. 

That paragraph was written some ten years or more ago, and is as true in every 
esseutial, save two, to-day as when it was penned. One of the exceptions is that of 
the 6‘  countless myriads.” There are still great nuiiibers of inenhaden along the coast, 
but few compared with their former extraordinary abundance. The second exception 
i8 that “their mission is uumistakably to be eaten.” While they are still the IieIpIess 
prey of all the larger carnivorous fishes, another use has been fourid for them. They 
have formed the basis for a great industry. Millions of capital are invested in it, 
and, like many other American enterprises, i t  has beon aid is being prosecuted with 
such energy that a few years more of like effort will warrant the assertion that au 
approximation to extermination will be‘the result. Already the deoreolse is so marked 
that a number of the vessels employed have been withdra,wn, the scarcity this sehson 
having rendered their further use unprofitable. This diminution hss not been the 
result of one of those sudden and inexplicable fluctuations that cliaracterize the 

Why this remarkable decrease 9 

place a t  their tables. 
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movements of some of the migratory fishes, but, as will presently be shown by reliable 
statistics, has been a natural sequence to the unrelenting warfare waged upon them. 

No other industry of’ the country has evoked a greates amount of unsparing con- 
demnation. ’ Public indignation has been righteously arrayed against it, though up to 
this time it  has not taken on the concentrated form essential to a proper recognition 
of the abuse. A convent!on of reprcseiitstive men from several of the seaboard States 
has been called by a large number of prominent citizens of New York, for the purpose 
of considering the cause or causes of edible coast fish scarcity. What will be the 
outcome of that convention remains to be seen, but the fact is noteworthy that it will 
be the first regularly combined movement having for its object the correction of an 
undeniable evil. 

Ordinary familiarity with the subject and a little thoughtful consideration will 
convince every unprejudiced mind that the time for the correction of this great public 
wrong has come, and that further delay in regard to the righting of it can hardly be 
looked upon as less than criminal. 

The great original abundance of‘ the menhaden is one of those wise provisions of 
the Creator for the maintenance of certain kinds of edible fish life. The shark, the 
swordfish, bayonet-fish, and other of the larger  corsairs of the aea ” indigenous to 
the Atlantic coast, satisfy their ravenous appetites by indiscriminately slaughtering 
and devouring inenhaden and, when opportunity oflers, edible fish also. Why those 
large carnivom are thus provided for, and what are their special uses, are questions 
that need not be considered now. It would be ridiculous, nay, almost sacrilegious, t o  
assume that each one has not a mission to perform, whatever that mission may be. 
Then again, the larger of the carnivorous food-fishes, as the striped bass, squeteague, 
bluefish, pollock, cod, bonito, and others, are the deadly enemies of the menhaden, 
feeding mainly upon them, in their season. These menhaden-eater$, finding their 
natural food supply diminished, prey upon each other, the stronger and more agile 
overpowering the weaker, and all of them devouring the smaller edible varieties 
when opportunity offbrs. 

When the number and voracity of the larger carnivora of the coast are consid- 
ered, the amount of food required to support them and the readiiieBs with which they 
capture it, the number of fish destroyed by them in consequence of the increasing 
scarcity of menhaden can best be understood by. the steadily decreasing edible coast 
fishes. The opinion of the writer already quoted, that the mission of the menhaden 
is “uiimistakably t o  be eaten,” is undoubtedly correct, just as would be the cleclara- 
tion that the mission of the carnivorz of the sea are to be the eaters. But for the 
carnivora+ the sea would have long since been a vast pest-pool, so great is the fccun- 

They, the carnivorae, devour so many of them that such inju- 
rious riiul tiplication is prevented, and food-fish protected from their deadly assaults. 
But, when menhaden fishermen interpose with their purse nets, nature’s equilibrium 
is destroyed. If i t  be asked why the menhaden did not multiply to  a hurtful extent 
prior to the establishment of the fisheries that have been so rapidly depleting them, 
the answer is, that nature’s laws are inflexible and not always readily explained. 
She permits no infractions of them without revenging herseIf, though, as in this case, 
her penalties are not always imposed oil the transgressors, but on innocent parties. 

. dity of the menhaden. 
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That the menhaden supply. is being exhausted needs not the saying. Those who 
were familiar with the coast waters twenty or thirty years ago and are familiar with 
them nom will bear testimony to the fact that during the period referred to it was 
an extraordinary occurrence if, in sailing through them only for the distance of a 
mile, vast schools of menhaden were not encountered. A paper before me, furnished 
by at leading menhaden fishery proprietor, states that at times his boats have steamed 
800 miles along the coast without taking a single fish. Such facts speak for the.m- 
selves. This acknowledged scarcity, whatever may be said to the contrary by the 
menhaden fishermen, can not rightfully be classed among the fluctuations which mark 
the movements of such migratory fishes as the mackerel, the herring, and others. . 
The decrease has been gradual, keeping even pace, in inverse ratio, with the increase 

fisheries, and showing conclusively that if theFe were ten times as 
n the coast waters twenty years alga as now, as there undoubtedly 

1ng off is justly chargeable to the purse net. The injury already done is 
not. however, remediless. If the purse net mere entirely forbidden by law, or its use 
placed.uuder judicious restrictions, the damage thus far caused by  it might in time 
be repaired'by nature's restorative processes, but as long as the present system is 
tolerated there is no room for hope of such restorstion. 

It ie a striking coincidence that the decrease of coast 'fishes began to mani 
itself about the time when menhaden fishing first assumed formidable proportions, 

ept abreast with the work of extermination until, as has dready been 
has been a, growing decrewe of edible fishes, which, as far as inside . 

are concerned, amounted, during the past summer, to praotioal extermi- 
oreover there never were so few meuhaden taken. 

' 

There is another evil conn 
formidable purse nets, which are usu 
capture not only menhaden, but great 
separated from those valueless for foo 
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witnesses mho would show that bluefish, squet 
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fish are captured by them and utilized as stated. 

facts they will appear pleiisibl 
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iful. Therefore, t 

ful of their interests if, iustead of sending 
nets to the New York markets 
should send them to their fact0 
That would be poor economy if the food-fishes ta 

10 cents a, pound, 
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named; but, for several very conclusive reasons, they could not. It was forgotten 
to bementioned that menliaden fishing is mainly carried on duriug the suminer montlis 
wheu edible fish are most plentiful and very perishable; that  the average time con- 
sumed in a fishing trip is from three to six days, some of them exceediug the loirgest 
period; that the menhaden boats rarely, if ever, carry ice in sufficient quantity to pre- 
serve, for any length of time, any food-fishes that may be taken; that of all places in 
wlrich food-fish should be kept, a noisome fishing boat, with its putrefying, unsavoq- 
contents, would be the last, and that even if thcy were not tainted by such surround- 
ings their sale in New York, under such circumstances, is prohibited by law. These 
plain facts completely abolish that line of defense. 

Again, it was argued during the discussion that, with two or three exoep$ions, 
the edible fishes of the coast are of the bottom varieties, and, therefore, readily escape 
from the nets. In  answer to this most preposterous argument it is only necessary to 
state that, generally speaking, the bottom of tlie sea where menhaden fishing is done 
is nearly as smooth as a floor. Never, or verv rarely, is purse-net fishing attempted 
in water approximating even to 100 feet in depth. The heavy leads carry the net to 
the.  bottom and keep it there. With those leads dragging on the smooth bottom of 
the sea, the idea that fish, startled by their approach, mould attempt to escape beneath 
thein is simply an absurdity. A fish of any kiud startled by the approach of the 
leads seeks refuge by fleeing fronr insteacl of toward them, and naturally rises toward 
the surface. Being intercepted on its course upward by the meshes of the net and by 
the closing of the deadly purse below, escape is rendered impossible. 

Another favorite argument is tllat the source of menliaden supply is inexhaustible. 
It is the identical plea that was offered by those who exterminated the buffalo; by 
those who den ndetl the forests of Pennsylv;tnia, Michigan, the Southern States, sild 

who are now carrying on their destrnctive work in  the great forests of the Pacific 
States. The s:hnon supply oiily a fern years ago was declared inexhausfible, but 
grim experieirce has tleinonst*rated tlie f'dlacy of such belief. The Colunibia River, 
once the most celebrated sdmon stream in the world, lias bee11 robbed of its fruitful- 
ness, and the Frazier Itiver supply is rapidly being reduced to a like condition. In 
order to protect Alaskan rivers from similar depletion, the Government is appealed to 
for the enactment of' rmtrictive laws. 

.In this age of greed mid of ingeaions devicw there does not appear to be any 
natural re8ources for which there is :L market, and the marketing of which will afford 
a profit, that can p~operly be oonsidered inexhsustible, and the menliaden supply is 
certainly not an excuption. 

In  view of snoli cogent and iinprcgnable facts, is it, surprising th:at the food-fishes 
of the coast north of Chesapeake Bay are decreasing? In the Delaware Bay, about 
8 miles above Capc~ May, are the '' dr~m-beds, '~  once the finest of fisliiug-grounds. 
Squeteague ant1 drum formerly nboundetl tliere in  their season in such quantities that 
hand-line fislierinen iiearly snpplied the  Cape May market with them. The men- 
hadenitex jnvaded tliose beds with suo11 efleot that, fishc?rmcn no longer visit tliem and 
meet mccess. 

New Jersey made :I, vigoi.ous egort to abolish the hurtful industry, but its legisla- 
tive enactincut was deo1;brecI nnco~istitutio~i;tl. Another effort to secure its abolition 
by Oongremional action met with failure. 

. 
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Pound nets.-Another device, injurious in the highest degree to food-fish plenti- 
fuln~sq along the seacoast, is the pound net, which of late years has assumed most 
formidable proportions and which threatens to become still more destructive. Not 
only have those nets increased immensely in size, but they have multiplied to an exterlt 
that certainly calls for legislative interference. 

These destroyers of edible fish are placed as early a,s April and, as they extend 
a long distance into the sea, intercept tens of thousands of migratory fishes on their 
way northward. Most of the captures are of spawning fishes, and are mainly sea 
bass and squeteague, though many otlrer varieties are taken. The nets are continued 
in position until fall, when the young fish spawned northward of them commence 
their southward journey. As those young fish generally keep near the shore, they 
become the victims of the nets, in which they perish by hundreds of thousands-it 
would not be exaggeration to say millions. That some concentrated and determined 
effort has not been made to either define the seasons when they can be employed or, 
what would seem to be more advisable, forbid their u,se entirely, is surprising. They 
exceed menhiden fishing in their injurious effects upon edible-fish life. The damage 
to the edible-fish supply hom Sandy Hook to Albemarle Sound has become &o marked 
that a combined effort is about to be ma,de to induce Congressional legislation that 
will afford the much-needed relief. 

SOUTHEBN COASTS. 

Southern coast waters have, for several reasons, suffered less tha'n Northern. Popu- 
lation is comparatively sparse and consequently the home-market demand for fish is 
limited; the generally prevailing heat of the weather, the scarcity of ice for packing 
purposes, and the lack of sufficiently rapid transportation to the great city markets 
of the North discourage extensive fishing operations. Commercial fishing is there- 
fore an industry restficted to a few months of each year, and necessarily not of great 
extent nor specially injurious to the natural resources. 

PACIFIU COAST. 

The marvelous abundance of Calmon ou the Pacific coast naturally led Go the 
impression that the supply mas inexhaustible. This belief, coupled with their great 
commercial value and the comparative ease with -ithicli they were taken, immediately 
attracted the attentio~~of capitalists. Fisheries were established, carlneries on a large 
scale erected, and tlie work of destruction hegall. For a' number of years the idea of 
inexhaustibility was still entertained, but the inroads made upon the imniense scl~ools 
that periodically came froin the sea to do their spawning in the fresh waters made it 
apparent that unless some restrictions were placed upon fishing operations, and close 
seasons ordered and respected, tlie time would come when, sahnon plentif~~lness would 
cease. Restrictive laws have been enacted in the States and Territories of the coast, 
from Oalifornia northward, but, notwithstanding, each succeeding season clearly 
demonstrates a decrease, which, with the continued c~~or~noua oannitig and packing 
operations, c&n not fail ill the oourse of years to so lessei~ prodnction s s  to render the 
maintenance of these industries upon their present gigantic scale impr'acticable. 

In view of what has been presented, there is no such thing as successful' disputa- 
tion of the fact that from the several causes to whioll reference has been made, and 
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from the many others that readily suggest themselves, the fish products of American 
waters have for years been steadily declining. True, there are some that still give 
evidence of former prolificness, but the number is so small that they are the' excep- 
tions that prove the rule. Manifestly, this deplorable state of our fishery interests is 
due either to the inefficiency or to the non-enforcement of the laws. Nature has hat1 
nothing to do with it, except, to assert herself when her laws have been infracted. If 
waters are polluted, the fish she has placed in them either die or seek purer streams. 
Lffish &e killed during their spawning seasons, she does not supply others to take 
their places during that season. These are some of her revenges. Her work is nearly 
always perfect, and where it fails to be of that character-as far as the maintenance of 
natural 6sh-plentifulness ie concerned-the failure is the result of man's interference. 

It .will not be seriously contended by anyone familiar with the subject that the 
present meagerness of our food-fish supply is due to any legitimate demand for con- 
sumption or to any lack of fish-producing waters. The Chinese proper, with a terri- 
tory not nearly a s  large as the United States, with a populaFion ten times as denae, 
with waters that  will not conqxire with ours in exteht and variety and which are not 
in any sense naturally more productive, for centuries before the discovery of America 
maintained, unimpaired, the fecundity of their rivers, lakes, and seacoasts to an 
extent that enabled them to make fish their leading article of animal-food diet. That 
abund i~~ce  is still maintained. Realizing that the products of their waters must of 
necessity be their principal source of' animal food, instead of-as we have largely 
done-improvidently 6' killing tlie goose tllitt h i d  the golden eggs." they have care- 
fully nurtured the valuable boon, ant1 with the results strtted. 

The i~ i lo~nalo~s  features of the case arc that no people on the globe are quicker to 
appreciate 01' more ready and sager to take advantage of any a i d  every opportunity 
for increasing intliridtml or nat8ional 1trosperity than are the Americans, and that  so 
many of them close their eyes to the dollilr-and-cent value of what could be realized 
from the products of our waters. Were those products a t  this time equal to those of 
sixty year8 ago, and mcrc hhcy mnint:tincd, as they should and readily could be, by 
more stringent legislatioii itt1d by general obedience, the result would be an annual 
addition of millions to our national wealt,li, ant1 necessarily and iiaturally be largely 
promot.ivc of the comfort of the people. Assuming such to be the case, the question 
for serious consideration is whettier, with m y  Ineatis at command, it is possible to  
restore the forrncr productiveness ? lkq~erience lias clearly cleinonst,rated that, save 
in exceptional cases, rnerely restrictive laws furiiic;Ii ito idequikte reinetly for existing 
evils, nor is it probable they ever will. Fe:ir of ~)uiiishment is iiot always an efficient 
agent 111 the prevention of crime, but i t  becomes ~ L I I . ~ ) o w c I * ~ u ~  when public opinion 
stands by as its supporter. Uiitil that selitimeiit has been inculcated up to the 
standard of a full uoinprolicnsio~r of thc iiitrinsic importance-the money value, if you 
please-of American fishery ~~csources, there will be little room to hope for ultimate 
success. That point reached, there will be no need for restrictive statutes. The 
wisdom of gttitl-diiig footl-fi~lie~ against injurious molesta8tion will then come to be 
regarded as :m obligatioti, the faithful discliargc of -which will be demanded by self- 
interest as well as by a ptriotio regard for the getieral .we;tl. 

The starting-point in this campa,ign of education is t,he thorough dissemination of 
the triith that all fish in the public waters of a State tire the property of the State, and 
thut  the takiiig of them, by whatever means the State may prescribe, is a privilege; 

' 

' 
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that the State’s guardianship of its public waters is iiot inteiided as a curtailment 
of iiidividual rights, but an uudeniable prerogative to be esercised for the promotion 
of the public good; and that,  therefore, to disregard its coniiiiands is practically as 
much a uiisdeiueanor as mould be the illicit appropriation of any other State p rop  
erty. While the fish are the actual property of the people, the people have delegated 
to  their legislative representatives the duty of enacting laws for their protection, the 
same as though they were public property of any other kind. To insist upon com- 
pliaiice with restrictive fish statutes is therefore 110 more :LU infringement of popular 
rights than is the law requiring that public moneys sliall be paid over to the State 
treasurer, t o  be disbursed by him only in rigid accordance with legislative enactment. 

This may seem an extreme view of the case, but, practically and thoughtfully con-, 
sidered, it will bear 110 such interpretation. When it  is thoroughly impressed upon 
the public mind, the first and most important step in the direction of restored fish- 
fruitfulness will have been taken. 

Not mdiiy years ago insectivorous birds were regarded as uuisa’nces, or at best 
worthless, except for food. Farmers, in many cases, encouraged their exterminatiou. 
But when their grain fields were devastated, their fruits destroyed, and their incomes 
lessened by noxious vermin they begail to look around for the cause and a remedy. 
It was very readily demonstrated that the enormous increase of crop enemies was 
mainly due to  the destrnctiou of the birds. Laws for their protection vere demanded 
and enacted. Bird slaughter ceased, farmers laid aside their shotguns, the idle 
hunters who traversed the country ill every direction, invading private property and 
indiscriminately killing birds of every kind, were driven away, and respect for the 
laws was insisted upon. To-day the farmers are receiving their reward in the form of 
increased crops of graiu and fruit. It was the aqumetztum ad cruwae*aa?n-the appeal 
to the purse-the potent influence of the almighty dollar, that wrought the change, 
and such would in all probability be the result if people could be persuaded to believe 
that duty to themselves and to the State demands obedieuce to the fishery laws, as 
well as cooperation with the mthoritios in the egorts that are made to replenish our 
waters. 

Allusion has already been iiiade t o  the l a x  inaiiiier in  which magistrates, con- 
stables, and wardens generally discharge their sworn duties in regard to the fishery 
laws. It is a h c t  that will not be disputed that, whether froiii negligence, indisposi- 
tion, or the dread of being looked upon as informers, in not one oase in a hundred &re 
transgressors of those laws called to account, though the authorities whose duty i t  is 
to arrest and punish are fully cogiiizaut of the perpetration of the offenses. A reason 
for this is found in the largely prevalent opinion, already referred to, that fish in public 
waters are the riglitful property of any one who can take them, a t  whatever season 
and by whatever meaus. Officials who hoiiestly discharge their duties are regarded 
as informers, and it does not need tho saying. that the rcile of the informer is a very 
ungracious one, which private citizens are unwilling to play, however strongly they 
inay be inclined to right a public wrong. 

But why should this feeling so generally prevail? There is no such hesitancy 
in respect to other misdomeanors. The sentimoiit is erroneous and mischievous. It 
can not be defended either on moral or legal grounds. A magistrate who, having 
lciiowledge of the perpetration of a misdemeanor, fails to bring the perpetrator to 
justice, rightfully subjects himself to impeachment. Why iiot iii cases of miscle- 

. 
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meanor such as we are considering? It is to this shirking of duty, this evasion of 
sworn responsibility, that most of the violations of the fish-protective laws are due. 
Wherever the authorities have faithfully performed their duties the wrongs have 
ceased. 

Take as an illustration the result of determined official action by the State Fish- 
ery Commission of Pennsylvania ill regard to fish baskets in the upper waters of the 
Delaware. When official notice was given that all fish baskets in that river must be 
removed, there was a general expression of indignation, and the declared determina- 
tion that any and all attempts to remove or destroy them would be rerJisted with all 
the means at conimaiid. The lives of wardens who performed their duties were imper- 
iled, the legislature and the courts were appealed to, but the commissioners, backed 
by l aw and confident that they were simply fulfilling its behests, continued the cru- 
sade until eventually they scored a decided victory. Not a fish basket is to be found 
in that river to-day. Its productiveness has been restored, as already shown, to the 
extent of making it the finest shad river on the continent. This gratifying result was 
accomplished by the simple process of a rigid enforcement of law by the Statc author- 
ities. The benefits to the inhabitants on both sides of the river are so marked that 
not only has oppositioh ceased, but many of those who a t  first were in open antagonism 
are to-day the warmest advocates of the healthful reform. 

This case is referred to for the purpose of showing what can be accomplished by 
determined official action, and also to emphasize the opinion already expressed that 
it only requires a practical illustration of the moncy value of the fishery interests of 
the country to secure almost universal and cordial cooperation in behalf bf fish- 
protective reform. 

Among other efficient agencies that should aiid can be enlisted in this campaign 
of education are fish-protective associations. Already a number have been formed 
aud are in active operation. Some of them have been doing notably good work iu 
behalf of fish-protection, having greatly aided the authorities in the creation of a 
sound, healthy public sentinient. Most of thein have largely assisted in the judicious 
distribution of young fish in waters in their vicinity, and thereafter in protecting 
them. There can not be too many such associations. There is room for thousands 
more, and thousands more would doubtless be organized if the young men were fully 
informed as to their spocific object and the great amount of good that would cer- 
tainly follow energetic action. The effect upon popular sentiment could hardly be 
overestimated; therefore, all possible encouragement should be given to efforts in 
behalf of the formation of such associations. 

Another powerfill auxiliary is the newspaper press. It is not risking much to 
assert that there is not a newspaper of any repute in the country that will not will- 
ingly give the full weight of its influence in behalf of this great work. Such powerful 
support will not be grudgingly given, iior in stinted quantities. Editors will need no 
urging. All that will be necessary will be the furnishing of the facts desired to be 
placed before tlie people in order to insure their publication, with comments that will 
add immensely to their cogency. It would be a libel upon the newspaper fraternity 
of the country to intimate, even, any other course on their part. There is nothing 
partisan in this proposed campaign. Democrat and Republican, Populist and Prohi- 
bitiouist, are alike interested in it, and when conviiiced of' its iininense importance to 
tlie country there will be a joining of h:uids and coiiccrt of action that will be thc 
sure harbingers of success. 
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Let, iiie, by way of recapitulation, cuumerete soine of the essentials to success : 
(1) Tlie inculcation, to tlig extent of a full ooiuprehensioii, of the truth that. 

the fish in the public waters of a State a m  the property of t h t  State, 
and the taking of them, by any means, a privilege. 

(2) That the guardianship of such watters and their f i i tny  inhabitants is the 
sworn duty of the people’s representatives, just as is the guardiaiisliip 
of any other kind of p b l i c  prolierty. 

(3) That the laws enacted in order to n1;eke that guardianship effective :ire 
binding npoii and demaud iiiiplicit obedieiwe from ti 11. 

(4) That i t  is the s~voi-ii duty of sheriffs, inagistrates, coustables, and fish 
wardens, as far as they have cognizance aid jurisdiction, to  arrest or 
cause t o  be arrested and tried, and without fear or favor, any and all 
offenders against the restrictive statutes. 

( 5 )  Tha,t it is a patriotic obligation resting up011 all citizens to aid the author- 
ities in their endeavors to  restore tlte origiiid fecundity of American 
waters, for the reasoii that  such i~estoretion would benefit the country 
aiiiiually to the extent of  nill lions of do1l;m. 

(6) That it is the duty of the people’s ropreseiitatives in Congress to enact 
laws that will ])luc.c the ~ n ~ n l i a d c i ~  and other coilst fisheries under such 
restrictious its will lmwent the edible fishes frolu being so largely slid 
wastefully cliiniiijslipd jit nunibers a s  $hey h a m  been for years past, sild 
still are. 

(7) That artificial prop:Lgetion, jndicious distribution, aiid the thereafter pro- 
tection of edible fishes should be prosecuted to the fullest needed extent 
by every State aiid Territory. 

(8) That fish-protecti\*e associations, beiug potent lielpers in t h e  work of 
rostoring edible-fish fruitfiilncss to our Tvaters, should be warmly encour- 
;tged in exwry State, and the powerful aid of the newspaper press of the 
entire couiitry evoked in its behalf. 

If, after haviug employed these sevorsl means-together with others that will 
naturally suggest thcmselves-for the rcpopulati~ig Amorican waters that have been 
wholly or in part depoplated, there is not decided increase in their fish products, 
fbrther efforts may be regarded as a waste of time and money. But such a result 
shonId not be deemed probable, iior should even the possibility of i t  be for a inoinent 
entertained, 
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5.-THE SEA AND COAST FISHERIES. 

BY DANIEL T. CHURCH. 
- 

Personally I am a commercial fisherinan and have been connected with the fisheries 
from my youth to the present time. It is my belief that fish that livo and spawn in 
tide water are inexhaustible and that no mode of capture yet invented in the form of 
seines and traps is able to make any appreciable difference in the supply. Floods 
and droughts of all tide-water fish aro the rule and the fluctuations would be just as 
marked if man never took a fish from the water. 

Thirty years ago it was claimed in England, as it is in the United States to-day, 
that improved methods of tskiug fish with nets, seines, mid other contrivances were 
diminishing the supply of fish, and the Queeii appointed James Caird, Thomas Henry 
Huxley, and George Shaw Eefevre to iuquire into the condition of tho sea fisheries of 
tlie United Eingdom of Groat Britain and Ireland. Their conclusion, after three 
years’ exhaustive inquiry, was expressed as foIlows : 

We find the laws relating to sea fishories to  be coinplicated, confused, and uusatisfactory; many 
restrictions, oveii of late date, are novor enforccd ; many would be oxtreiuely injurious ta  the interests 
of the fishormeu and of tlic commuiiity if they were enforced, aiid, with respect to these and othors, the 
highest legal authorities are unable to  decide where and in what procise souse they aro operative. 

We advise that  all acts of Parliaiueut which profess to  rugdate  or restrict the modes of fishing 
pursued in  the open sea bo rcpealed, and that  unrestricted freedom of fishing bo perniittod hereafter. 

For tho present we advise tha t  a11 acts of Parliament which profess t o  regnlate or restrict the modes 
of fishing pursued inshore bo repealed, with tho esooptious, purely on grounds of police, of the local 
act regulating pilchard fishing a t  St. Ives, and, for that  par t  of Loch Fyne which Iies abovo Otter 
Spit, of the act prohibiting t,rawling for herring iu Scotlaud. 

It may boiiistructive t o  couvider the  action of the Dutch gowmmciit, tho sen, fisheries having boon 
for throc conturies a mattor of care and prominent intorost in Holland. Their present positiou is 
rcferred to in the following words of the  King’s speech at the opening of tho legislative sessiou of 
1865-66: Tho produce of the fishories, both in sea and river, is most scitisfaotory.” 

Referring to the Dutch fisheries the Eiiglish commissioners state : 
Up to 1857 tho Dutch fisheric.8 were burdouod with many restrictious intondot1 for their pro- 

tection and encouragement. Tho 
plwcos of fishing, the times, tho uots, ~ u d  the tackle wcro all undor regulatious. But tho fishery lim- 
guished aud doclined, and it, \\’as tlotorniincd by tho legislature t o  t ry  tlie offoot of another system. 
A liiw weha passed in  1857 abolishing 1111 restrictions, regulations, and ouactmouts as to  close time, 
trawls, nets, and linos. Evory oue wm loft fro0 t o  fish tlie sea in  auy mode nud at :my t ime 110 doornod 
‘ilrost advaiitagcous, whilo a fisliory coininission was establisliod to  collect tlio stilt istics of tlie varioiis 
‘hhcrios wild roport emnually to tho legi~laturo upon all mrittors affecting tho intorusts of tho fishorios. 

Tho last report of the ooinmission 
diows greator ansioty to  find new mwkets in  foreign couutries for tlie fish thcm thotit tho prospects 
of ail abundant catch. ‘I’lio coiiiiuissiauors coiicoivc theit tho future prosperity of the Ih tc l i  fisheries 
will depoiid on 11 profitiible outlet for tho fish being found by a freer iutercoursc with neigliboring 
collntries. A rcturu is givon of tho numbcrof ves~ols employed in tho liorriug fishcry u t  Schevoniugon 
aUd tlioir anuiiel cntch, which risos froin 94,969,000 in 1858 to 33,536,000 in 1864. Tho csport .of oorod 
herring horn all parts of tho oouutry had risen from 30,919,271 “stuks” in 1858 to  48,698,000 in 1864. 

Tho period within which herrings could bo fished was limited. 

Tfio resnlt has boon a steady errid contiiiuons improvement. 
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In  1870 i t  was claimed that fish on t h e  New England coast were being depleted by 
the use of traps and seines, arid a determined effort was made bythe legislatures of Mas- 
sachusetts and Rhode Island to pass laws to suppress them, but i t  failed, and in spite 
of their use the floods and  droughts of fish have happened with their usual regula,rity. 

During the year 1890 scup were as pleuty as ever known since their appearance in 
1800, aud the following figures are instructive, showiiig coticlusively that for the last 
ten years they have more than held their own with unrestricted trap fishing: 

The number of barrels shipped from Xewport were : 

1882 ........................... ........................... 13,337 
1883 ........................... ........................... 17,507 
1884.. ......................... 
1885. .......................... 17,562 
1886.. ......................... ......................... 25.253 

........................... 1 7,696 1 
I I 1 1887 ...........................I 14;460 

In  1892 tautog wvre exception;blly plenty, and in 1893 squeteague were plentier 

Sam B. Miller, who Iias had over fifty years' experience it1 Fultoii fish market, has 
than ever before known. 

sent me the followiug letter, mlhh is instructive in this oonnection: 
D. T. CHURCH: 

Well, I will say that they 
are very plenty and very cheap. I have 110 recollection of seeing them more plentiful in the last fifty 
years and at the end of the season, for shipping them in barrels. The smackrr began to arrive with 
live ones, until at one time it \vas estimated there were d ive  ill the dock more than 100,000 pounds. 
But they are out :It a much less price than any year for the last toil years. Bluefish and weakfish have 
been through the season very plenty. I never knew weakfish as plenty and as cheap in my time; 1 
cent per pound was considered R gooil price for many (lays, and many tons were sold for less. 

DEAR SIR: Yoiir letter at h:md iisking for inforinatioii about blackfish. 

8. R.  MILLICK. 

From 1870 to 1893 sirnilat, floods and clroiiglits h v e  Iiappetied to  every fish known 
to our coast fisheries. 

The menliadeii fishery, one of tlie iiiosf itii1)ortsnt in the country, is being ruirrid 
by the stringent laws etiforced agaiust it by several of the seaboard States. Millions 
of barrels of meuhadeii have been iu Buzzards Bay this season with fishermen and 
factories idle, because Massachusetts will riot allow tlieni to be taken with nets in that 
bay, resulting i n  disaster to invested capital and labor aud fishermeu depending on 
that fishery for their daily bread; also in a short crop of oil, causing our oil merchants 
to send to Japan for fish oil of an iiiferior quality a t  a higher price. The Maine men. 
haden fishermen had a similar experience in Maine in 1891, causing a heavy loss of 
money, which badly crippled those engaged in that fishery in that State. Last year 
the State of Delaware arrested aud made trouble for the meuhadon fishermen in Dela- 
ware Bay and so did the State of Now Yorlr in the head of Long Island Sound. 

In  the light of tlie above facts I would suggest that  this Fishery Congress recoin- 
mend to the Cougress of the United Stakes the appointment of the head of the U. S. 
Fish Commission, Eugene G. Blackford, and Tarleton H. Bean, to iuquire into the 
condition of the sea atid shore fisheries of the United States, with powers similar to 
those given to the English commission, and liavc them report their conclusions and 
recommendations the same as the English commission did st the end of theirs. 



G.-OUR OCEAN FISHES A N D  THE EFF.ECT OF LEGISLATION UPON THE 
FISHERIES. 

BY J. M. K. SOUTHWICK, 
Fish Cortimissioner, Nezjouf, Rhode Idand. 

No question can arise concerning our fisheries of moreimportance than that relat- 
ing to our ocean fisheries. Of' ocean fishes that particularly interest u s  a t  this tiiiie 
are those that periodically visit our coast arid remain in our waters during the warin 
weather. The taking of these fish has become an important industry, its value i8 far- 
reaching; besides those directly employed, it ramifies into almost a11 departments of 
iiidustry and trade. It stimulates the business of the mechanic, the manufacturer, the 
rnerchant, and has becoine au iniportant factor to  fhe farmer, furnishing an essential 
arid valuable fertilizei. 

Statistics give but a partial idea of the relative value of this compared to other 
industries, for of this braiich for every dollar represented as the product there arc 100 
cents added to the country's wealth; besides this there is a great unlinown quantity 
not accounted for, taken by everybody who chooses that can get a t  tho water. 

Besides the industrial side of this questiou, there is oiie not to be ignored or over- 
looked. I refer to the sport or recreation derivetl from fishing. It amuses the child, 
it affords relaxetion to the professional inan, the merchant, t'he mechanic; everybody 
mho will, may dcrive pleasure from it, and we hold that this should be fostered and 

The fishery is the spontaneous gift of nature to man and is without stint, as iu 
the beginning "the waters brought forth ab~i idant ly .~~ 

In the utilization of this bounty of nature i t  is imporhi t  that we do it wisely. 
It deserves and should have the most thorough investigation and the wisest counsel 
of the students of natural history and political economy. 

The habits of the different species, their varying nuinbers, their absence for long 
Iwiods, their sudden reappearance, their appearance in waters where never before seen, 
ibre interesting phenomena, the eff'ects of iiatural lams but little understood end which 
baffle the most astute student. But of one thing we can be sure, that  the fluctua- 
tions in numbers have ever becn and ever will be a law of tlieir existence. Nor is 
this strange. It would indeed bc strange were i t  not so. Their fluctuations have 
h e n  noticed all along through tlieir history mid were as marked in the past as in the 
lJresent, probably more so. 

In considering this sub*ject of fluctuations it will be well to notc sonie of' them 
more definitely. The scop, the most iiumerous of all our edible fish at present, mere 

' encouraged as an essential to the health, comfort, and pleasure of the people. 
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unknown in our waters oiie huudretl years ago. Siuce that time the bluefish liavo 
been twice absent and were very rare and sinal1 a t  the beginning of this century; 
now they are large and abundant. The past season surpasses all others in the num- 
ber of squeteague. 

. Butterfish have of late become very plentiful; they are to be seen in immense 
schools off the coast and they were but little known in the past. The bullseye, that 
were very plentiful within our iiieiuory aiid totally disappeared for many years, have 
again returned. Tlie Spanish maclrerel, that put in their appearance a few years ago, 
were before unknown to us :uid now w e  getting less and iney again leave us altogether. 

The species iiiost diininislietl in our waters are tlie anadromous fishes that seek 
the fresh upper wLters of our streams. Some of these have been so loug absent, or 
their number so reduced, that me hardly realize they were once abuudaut here. 
Among these are the salmon, shad, herring, aiid bass. 

Since these very radical changes are lrnowii to have taken place before the use of 
improved methods, and iiiasinach ;ts the quautity taken by them is exceedingly small 
compared to the known destructive agencies, the effect could not be worth consider- 
ing. Yet this has been inade to loom up to the greatest importance, and is made to 
vitally affect and involve our whole iiidustrial fishery. 

The question whether sm fislies may or inay not be affected in numbers by over- 
fishing lias been as defiiiituly settled a8 i t  can be, by the most thorough investigations 
of the past, in this ant1 foreign mintries, but the conclusions ' arrived at fail t,o be 
recognized by the local authorities, and inany of tlic States .have enacted laws at 
variance with them. To justify NU& repressive laws, i t  should be made to appear that 
continued free fishing was working an injury to somebody or something, or destructive 
to the fish, and that the injury aEected interests greater than itself. As it is presumed 
that no injury will be suggested otlier than the alleged reduction of the fish, we will 
consider that  only. 

That the fish are being reduced in numbers and that the reduction is caused by 
overfishing are the charges made against net fishing. The reply is, that  fish are not 
beiog reduced; that if they were, i t  mist  bo froin natural causes. Statistics show that 
after fiftyseven years continual use of the 1,urse net in fishing for menhaden the 
largest catch was made in 1884; and, sfter fifty years continual fishing for scul, the 
Rhode Island shipineuts of this fish wei'e swelled from 12,514 barrels in 1882 to 
28,955 barrels iu 1892." The statistics of catches iu European waters go to confirm 
OUT own, and show rather an increase than diminutiou. To this we have the added 
declaration of the most able investigators, both there and here. 

The late Prof. Baird thought in 1871 that i t  was necessary, in order to preserve 
the scup, to restrict in some degree the catches of that fish by traps, but in 1877 he 
stated before the Halifax Cominissioii : 

Very much to my disgust, I must atlniit that the next year, even with all the abundttncc of these 
engines, the young scup mine in quantities 00 groat as toexcced anything the oldest fisherman rcmem- 
bercd. Since thcn scup havc boon very much more abundant than when I wrote my book and report, 

To this tlic reply comes that statistics are riot a true indicatiou of the fisheries; 
that increased facilities have macle it possible to catch even in incrcased numbers. 
We reply that if this is good logic for a year or two, how is it when applied to tho 

*Most of those fish were scup, and the increase probably wholly scup. 
- 
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business continued for a long series of years, as with !he herring fishery of the North 
Sea, the scup fishery of Rhode Island, and the menhaden fishery of our Atlantic coast? 
How long can this increase of fish manifest itself before the arrival of the time predicted 
When they will be totally exterminated? 

Then we are treated to the following argument, from a inemorial sent from the 
towns bordering on Buzzards Bay: 

Tho natural resnlt of soiuiug, even hi the opon sea, is extinction. The same senseless rapacity 
Of man Tvhich has exteriuinated our buKalo, which has destroyed the whale fishory, which is nhning 
to ruin the fur-seal fidiery of Ali~ska, aud which will, if uucheclred by legislation, kill all Mas~a- 
chusetts ga,me in a few yews, has found oven the apparently incshaustible fertility of the ooetln 
unable to resist the assaults of netting. 

The fallacy of this reasoning is too iqq>arerit. It is possible to exterminate one 
form of life arid not equally so another. 

The mammals generate by a slow process of one a t  a time, while the fish propa- 
gate by thousands and millions; their spawn is estimnted from 10,000 to 9,000,000. It 
may be that these mammals may be brought to the verge of extermination, but it ‘ 

does not follow that the rats and mice, the flies, or the mosquitoes may. We wish 
they could, and now were, but we fear they never will be. 
the fish of the sea will never be extermiuated until the Ruler of the Universe puts his 
hand upou them through some one of the iiittural ogeiicies at his command. 

The confidence niaiiifested in the ability OS the fishermen to exterminate the fish 
Would justify a coiitract with them for the extermiuation of the pests that annoy us. 
Since ‘6  by the application of mems to a11 end by ineu, that end is sure to come as a 
Sequence,” according to the reasoniug of these men, the children of to-day may con- 
gratulate themselves that when they are old enough to take their noon nap they will 
hear no buzqing of flies or mosquitoes nor be bitten or stung by these pests of our 
lives. The poor horses will also escape these torments-thiuk of it ye members of a 
Society with a long name ! 

In  view of the evideuce gathered by past investigation and the estiinatcs of the 
destruction of fish .by different agencies, the insects present much better illustration 
of the effect of fishing by inan upon tlie fish than do the mnlmals so often referred to. 
The number of fish in the sea is as far beyond our estiinntion as the insects and can be 
110 more influenced by legislative acts. Most, if not all of them, have at times been 
absent within the last or present ceutury before tho use of new appliances that are 
Colisiciered destructive; hence the clianges were froin c:iuses independent of the acts 
Of mau, and natural causes; besides we have the best of authority for saying that the 
Powers of man are inadequak. 

In tlie consideration of a sub-ject it becomes esseutial to know the experience of 
the past, what has alreadybeen learned concerning it. It would be the estremc of 
conceited egotism to ignore the past and attempt to evolve from our own narrow 
experience aloiio coiiclusions upon R subject like tliat of our fisheries. We therefore 
look to the record of past investigwtiong; we find therc lias been much pationt labor 
and cnreful thought bestowed upon this subject. We should pause loug and look 
carefully before accepting conclusions adverse to tliose arrived a t  after such thorough 
research and investigation. 

We can not, therefore, treat thia subject fairly without quoting freely froin the 
reports of the peat, even though tliey aro.fiqmiliw to all. The Euglish commissioners, 

’ 

And we are quite as sure’ 
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Jarncs Caitird, Thomas Henry Buxley, and George Shaw Lefevre, as able and compe- 
tent men a8 could be found in any country, gave three years to this subject, asked 
and received answers to 61,831 questions, and visited all the important fishing ports. 
From their report in 1866 we find the following: 

Report of fish that were forwarded over four Bvitial~ made. 
Tons. 

1856 ........................................................ 11,714 
1857.. ...................................................... 15,156 
1858. ...................................................... 21,615 
1859 ........................................................ 27,660 
1860.. _ _ _ _  __._ ___. ._ ___. _ _ _ _  ._ - _ _ _  _.__ _ _ _ _  . _ _ _ _  .__. _ _ _  - .  _ _  27,668 

1862 ........................................................ 36,869 
1863 ........................................................ 37,833 
1864. ....................................................... 40,337 

Returns of twelve road8 f o r  three gears. 
1862 ........................................................ 99,724 
1863 ........................................................ 108,721 
1864 ..__ _ _ _ _  _ _ _ _  _ _ _ _  __.. __. -. . - - _ _  _ _  ___. _ _ _ _  _ _ _  - ___. __._ _.__ 122,381 

1861 ........................................................ 33,337 

The figures clearly show an increase continued for these years named, without a 
break,. every succeeding year showing an increase over the preceding one. Of the 
Scottish herring we have as follows: 

Hnrrels. 
For 5 years ending 1844 .................................. 3,039,000 

1854 .................................. 2,983,000 
1859 .................................. 3,026,000 
1864 .................................. 3,372,000 

1849 .................................. 3,110,000 

On the eastern coast of Scotland and England herring just  ready to spawn have been captiired in  
great and steadily increasing quantities every year for centuries, and yet the number of tiorrings is as 
great if not greater than ever. 

The supply of any kind of fish should be peniianently diminished by this grcat and constihiit 
destruction of the breeding fish or the young fry; and yet nothing is more cc-rt:iin than that  in mimy 
cases this apparent uecessity does not exist. In  fact, the  argnmeiit to  which wc refer owes its 
apparent force to  the fact that  i t  overlooks one of the most important conditions of the question. I t  
18 aasunied that  any destruction of fry effected by inan bears a large ratio to the destruction resulting 
from other causes, an essumption which in soveral cases is certainly and is most probably altogether 
erroneous. 

We agrcc with the Royal Commissioners of 1862 in  regarding the :hct enforcing close time on the 
west coast of Scotland as incapable of any justification, and as h:tving been cruelly injurious to  tho 
interest of a large number of fisherinon (LXXS). 

Up t o  1857 the Dutch fisheries wcre burdened with many restrictions intentled for their protec- 
tioii and enconragement. The pl:lccs 
of fishing, tho times, the netb, and the Inckle were a11 under regulations. Hut the fishery lanyuislied 
aid ilcclined, and it was determined by Qhe logislatiire to  try tho effect of :Lnother systoln. A IILW 
w:is passed in 1857 abolishing all restrictions, regulations, and enactments :II to close tiluc, trawls, 
nets, and lines; every one was left free to fish tho scit in any modo and a t  ally tiuic he deemed lnost 
advantageous, while a fishery comrriissioii was established to collect the statistics ot t,hc various fish- 
eries and rcport annually. The l u s t  
report of the commission sliows greater nuxioty to find new markets iu foreign countries for tho fish 
than about the prospects of ail abundant catch. A retnrn is given of the number of vessels employed 
in the lierring fishery a t  Scheveningen nncl their :biiiiiial catch which r i m  from 24,969,000 in 1858 to  
33,535,000 in 1865. Tlic export of cured herring from a11 parts of the coiiutry had risen froru 30,919,271 
stuks in 1858 to 42,698,000 in 1864. 

The periocl within which herring could lic fished was limited. 

The resiilt Jias been a steady and continnous ilnpro\rcment. 



EFFECT OF LEGISLATION UPON OCEAN FISHERIES. 43 
CONCLUSIONS. 

The total supply :f fish obtained opou the coasts of' the United Kingdom has not diminished of 
late years, but has increased, and i t  admit8 of further augmentation to an extent the limits of which 

I are not indicated by any cvidence we have been able to obtain (cvr). 

HECOMMENDATIONR. 

In consonance with the coiiclusioue euumerated above we humbly submit the following recom- 
niendations to Your Majesty: 

We advise that a11 a,cts of Parliament which profess to regulate or restrict the modes of fishing 
pursued in the open sea be repealed and that iinrestricted freedom of fishing be permitted hyreafter. 

The following is from a lecture by H. W. Duff, member of Parliament: 
Is there any ground for the statement wu sometirnes hear that the sea is being overfished? I 

I believe i t  can be proved that our believe investigation will prove that there is no cause for alarm. 
constant fishing has had no appreciable effect in diminishing the niimber of fish in the sea. 

Did time and space permit we would be glad to quote more from the late Prof. 
Baird of the destruction of fish by bluefish and of tlie illcrease of scup, notwith- 
standing the great increase of engines of destruction. Also from our present Com- 
missioner showing that there has been no diminution of the menhaden. 

Of ocean fishes peculiar to our locality none have a more important place than 
the mehlhaden. Although not classed timong our edible fish, they contribute the 
ineans to supply many tables with edible fish and other edibles as well, Their great 
commercial value is in the oil taken from them and the fertilizing quality of the residue 
after extracting the oil. This product has, by the aid of improved methods, built up 
a large and important industry where none before existed; and it appears that none 
mould take its pIace were it destroyed. 

Tlie menhadeu is one of the.wanderiiig ocean fishes that visit all parts of our 
Atlantic coast and often show great abundance at one point and scarcity a t  another, 
madsing a t  certain points in ft way that is phenomenal; but we have not learned that 
a t  any time they were entirely absent from our coast during a sea8on. That such may 
have occurred is very probable, as they were never consitered a very desirable edible 
fish, and very few fish sufficed for all the wants of early times, when no means existed 
of preserving and tho slow methods of transporting practically narrowed the market 
to a very restricted limit near the coast. 

Their use for 'manure-and later, oil aud manure-led to the development of the 
purse net, first from boats, then sruall sloops and schooners, and finally steamers, and 
in the last there has been a great advance over the first. The year 1890 was tho 
culminating point in the history of this fishery iu Rhode Islt~nd. Later years unfavor- 
able fluctuations of nuinbers in our waters or restrictive measures by some of the 
States caused a small catch that if continued would soon destroy perirmnently the 
busiuess. It becomes a very serious question to those who have large iiivestments in 
this industry whether their property can be utilized again in this business, or must be 
sacrificed. 

This particular fishery differs from all others, inasuiucli as tho fish differ in tIioh 
habits aud tlie business can not i v d l  be coiifiued to the 11;~rrow limits of one State. No 
State could profitably conduct the business mholly within it8 limits, owing to the 
capricious movements of the fish. 
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As no diminution occurred before, and 110 increase appears sirice the pmsage of the 
restrictive laws, we hi1 to see ally benefit to those States from the adoption of such 
measures, but a loss to the industries of these States to the measure of their respec- 
tive interest in the business. 

There seems to be a popular idea that legislation is a remedy for all the evils 
relating to the fisheries, when in truth i t  is as impotent to effect the purpose desired 
as an edict of Pharaoh against t h e  pests of Egypt would have been. Repression or 
restriction is asked for, until we have been led to think that fishing was no longer 
looked upon as 8 legitimate or proper occupation. Nor have they stopped a t  legis- 
lative restriction of  the fisheries in public waters, but have restricted the sale of the 
product of one’s own toil upon his own private domain. 

As has been suggested to the Commissioners, if they go too far they will find that 
the people will have no further use for such masters. No doubt something like this 
led the governor o f  New York in arecent message to say of commissioners of fisheries: 

Merely as 
conservators of sportsmen’s interests their official existonce and powera would scarcely be justified 
by the tax-paying public. The S C O p 0  of their rospousibility and the measure of thoir opportunity are 
much wider than is prescribed by any such narrow field. 

In  the fresh-water ponds and streams the fish are very much restricted in their 
movements, and it is doubtless possible to destroy the fishing in them by reckhss use 
of’ means that would be ineffective in the ocean. It appears that. very many of those 
interested in fishes got their experience in the fresh-water fishery, and there learned 
the necessity of repressing reckless methods that were working the rapid destruction 
in the streams and ponds of fish in a manner both criiel aiid wanton. It is not strange 
that with such early experience they are often led to apply the same measures to our 
free ocean fifiheries and sometimes overlook the interests and magnify the evils of the 
industrial sea fisheries. To have any just appreciation of this aubject one should be 
in touch with the fisheries and those engaged in them. 

The inveskigator, not too mucli biased, soon learns to distrust the lrnowledge he 
began with and felt so confident of; and after years of patient research arid earnest 
study lie is not a little chagrined when he sums up his knowledge to find how little 
he knows or rather horn much he does not know. We deem i t  an evidence of progress 
in the investigator when he has learned how little he knows. We have met those 
who knew it all to begin with, but never found such to advance a step. Such Inen 
will not stop to reason or abide the demonstration of facts; they are conteat to con- 
demn all who differ, and, like the old lady, think it strange all such are always in the 
wrong. 

We are also aware that we may 
be taking the least popular side of the question, but it is :L satisfaction to us that 
when we undertook the duties of fi8h commissioner we were pledged to no particular 
measures or inell, and wc trust we shall always be fouiid giving our best service8 to 
the duties dcvolving upon us, but never forgetting that? we are also citizens and are . 
ready to become private citizens as soon as tho public good can be better served. Biit 

. whilc holding the psi t ion we ~vvill endeavor at least to be candid and impartial in the 
discussion of all questions, suppressing 110 facts nor exaggerating any stetemelit to 
advance oiie side or the other of a controversy. 

Their efforts should be directed mainly, however, to increasing the supply of food-fish. 

We are aware of the place they will assign us. 
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The question whether sea or ocean fish may or may not be affected by overfishing 
has been settled as definitely as it possibly cnu be by the ablest and most thorough 
investigation. And to sustaiu the positioii assumed against menhaden fishing it 
becomes necessary to change the classification of these fish from ocean fish to anadro- 
ulous fish. We supposed all had too much confidence in the thoroughness of the late 
Prof. Baird to believe his conclusions mere without warrant, aud before accepting 
conclusions at  variance with his i t  is but fair to give some new data. 

It is certain that the great mass of menhaden never penetrate far beyond tide 
water; that some few sometimes get separated from the main body and cast their 
8pamn when ripe wherever they happen to be, seems possible, and under favorable 
conditions This would prove no rule, but 
an exception. It seems self-evident that if‘ this, the most numerous of a11 our fishes, 
Came in masses into any of our waters to cast their spawn, they would be observed. 
while we would avoid being dogmatic about anything concerning fishes not fully 
demonstrated, we think it safe to say (in the light of all present knomledge) that they 
are ocean spawners and ocean fish, ak much as any other fish that visit our waters, 
and we should feel it idle to contest the point, were it not that two great States have 
enacted laws based upon the opposit’e tlieory. 

Would it not be well before me attempt too much control of thc fisheries of the 
Ocean to learn more of them-a,t least, to know that we are not making matters worse, 
and until then leave it to the allwise Euler of the Universe, who has been their only 
ruler for six thousand years? 

fair show of fish may thus be produced. 

THE EFFECT O F  LEGISLATION UPON THE SEA FISHERIES. 

There bas been much of‘ it both in this and in foreign countries. Either the laws 
have operated to protect the fisheries and beiiofit the people or to harass the fishermen 
Slid crush out theindustry. Which? If any good or salutary effect has been produced 
by it, it ought to be manifest by this time. We challenge its friends to point to om 
instance where restrictive laws over the sea fisheries have benefited the fisheries or 
Caused the increase of numbers of any oiie fish. If it can not be shown to do the one, 
it may fairly be charged with doing the other. 

The effect has been sho\vn to cripple and injure the Dutch and the Euglish 
fishermen, and to work “cruel hardship upon their fisherinon.” Iloes it do less here in 
America? Will their fish and fisheries thrive and flourish only under freedom, and 
OVs under all maimer of restrictive laws9 Is their experience of no value? Have 

learned more than they? Are only we wise? 6‘ Will wisdom die with us 9” Shall 
America adopt the oppressive ~neitsures that they cast off, and under which their 
fisheries languished ? 

The wisdom or statesmanship that leads to the suppression of an industry giving 
employment to a large class of our people may well be questioned, But when it 
occurs at a time when other industries are depresscd it must add to  the class of idlers 
 hose nufibers are already too large aud be fraught with evils that  endanger the 
morals and menace the peace of society. 
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7.-'l"13 PAST, PRESENT, AND FUTURE 0 F TROUT-CU LTURE. 

BY W. I,. GILBERT. 

Probably no business ever enteredeiiito by the people had such flattering prospects 
Of Success and W:LS, iu its uatiire, so fascinating as the artificial cultivation of trout, 
and a t  the same time was so discouraging in the results attained. It was very easy 
to Procure and impregnats the eggs and hatch the trout, but to raise them to market size 

quite another thing, and those who were early in the business well remember 
fine lots of healthy young trout fry hatclied during the winter and placed in the 

rearing ponds in early spring, only to see them die and fade away as the dew before 
July sun. It was, I think, the most discburaging business ever undertaken by 

Many gave it up disgusted, and iiiauy articles have appeared in public print 
prodaiming that trout could never be raised for the market economically. We are 
'low prepared to show that trout can be raised in almost unlimited quantities. 

alone has facilities for raising millions of pounds annually, and this 
is also true of nearly every State north of Mason and Dixon's line. When me can take 

SPriug-fed brook of, say, 100,000 gallons per hour capacity, and which in a state of 
uature did llot produce 50 pounds of trout annually, and by applying scientific meth- 
O ' h  make it produce 20,000 pounds annua,lly, some idea may be formed of the grand 
Possibilities of trout-culttire. 

It mill thus be seen that the artificial cultivation of trout i s  no longer a matter of 
doubt. The business has now passed through the experimental sta'ges, and all that 

in the way of its becoming om of the great industrics of the people is the 
Present arbitrary, unjust, and, I believ e, unconstitutioriad laws of the several States 

deny the'trout-gr ower the right to sell his product in accordance with the 
of the market. If the expansion of trout-culture, so earnestly wished and 

for, is ever to be realized in America this stumblingblock of overprotection 
lnust first be removed. Remove this, legalize the business, grant to the trout-grower 
the Bwne rights and privileges that are freely acoorded to all other citizens and tax- 
PaYers who are engaged in a11 honorable' and legitimate industry, namely, the right 
to Sell their product when it is most needed, and trbut farms will spring up all over 
the country, and this delicious fish will be raised in immense quantities and as cheaply 

Poultry, tllus giving elnployment to individuals, profitable iiivestmeut for capital, 

. 

Incredible as this may seein, it is none the less a fact. 

a delicious food product duriug the winter mouths, wheu most needed. 
41  
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When we take into consideration the vast possibilities of' trout-culture, arid also the 
fact that  the supply of fish froin natural sources is fast ,being exhausted, it seems a 
suicide1 policy for any state or riatioil to pass and still persist in maintaining laws 
which shall in any way interfere with the developinent and expansion of fish-culturc. 

Allow me to say in closing that i t  seenis to me highly appropriate that this Con- 
gress, which represents with such intelligence &id ability all fishing interests of every 
kind of all the nations of the earth, should take the initiative in a matter of such 
vital importance to trout-culture; atid I predict that if its eEorts should be crowned 
with success i t  will receive the thanks of every friend of trout-culture in the land. 



8.-THE ICELATION OF SCIENTIFIC RESEARCH TO ECONOMIC PROBLEMS. 
-- 

BY GEORGE BROWN GOODE, 
Assistaitt Secretaiy of the S?~tithsoninn rmtitutiott. 

Au‘dvess ns Chairnzatz of tht scietzti$c section of the World’s Fishcvies Cortgyess, Cobrtnbiatr Exposition, 
Chicago, October 17, 1893. 

It wollld seein quite unnecessary a t  this period in the history of civilization to 
Plead for the right of sciciice to participate in the disoussion of economic problems, 
Or of any probloins whntsoever which may concern mankind. 

“Natural science is no lollger content with the coli teiriplative attitude which snf- 
ficed for Newton altd Laplace. Science is now concerned with all the personal acts of 
our existence; she intervenes in all irieasures of public: interest; industry owes to her 
its immense prospperity; agriculture is uegeuerated under her fostering care; corn- 
merce is forced to take her discoveries into account; tlie art  of war has been trans- 
forliied by her; politics is I)ound to admit lier into its councils for the governmellt of 
states. Row could i t  be otherwise? Have not mechanics, physics, chemistry, the 
natural sciences, become iiitelligent and necessary agents for the creation of wealth 
by labor? If comfort is more universal, the life of m:tn iiiore prolonged, wealth better 

. distributed, houses more commodions, furniture and clotliing cheaper, the soldier 
better armed, tho finalices of the state more prosperons, is i t  not to the SCiOllCW3 that 
all this progress is dlle? V\Thether we wisll it or not, we must needs accept Science as 
a companion, to possess her or to be possessed by her. If you are ignorant, you are 
her Slave; if yoti :Ire sldled, she obeys you. Tlie future belolrgs to Scierlce; unhappy 
are they who shut their eyes to this triith.”* 

w e  celebrate this year in Ohicago the discovery of America, the eud of the dark 
ages, the birtll of individual frecdom*and of popular goverument. We celebrate ’at 
the same time, it seems possible, the begilining of a new epoch. The mediaeval 
r?nahmice was limited to Europe; ours will ellibrace all the nations of the earth. 

may be that this should be cousidered the outgrowth and fulfillment of that which 
the elid of the middle ages; bu! whetlier we are at the beginning of a new 

movement or the culmination of an old one, the last forty years have undoubtedly 
greater chaiiges in the spirit of men’s thoughts tlisll the four centuries 

had gone before. 
_ _  ___ - _ _ _  - ------- __ --- .-_ ____ - - _ _  - 

*Address of M. Dum:~s, Prcsidout, of tho French Amocintioii for tho Advancement of Scienoe, at 
Fifth Annual M&,ing, Clennont-Terr:lnd, Aiigurrt 18, 1876. 
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The earlier renaissance gave to man the right and liberty to think and act as  he 
in his own judgmeut saw fit. The renaissance of today is leading men to think, uot 
only wlth personal freedom, but accurately aut1 rightly. Far be it from me to assert 
that mankind in general are very much nearer to accurate and jus t  standards of 
judgment than they were four huudred yea,rs ago; but the spirit of today favors the 
untrammeled and searching iuvestigation of every question in which man is concerned, 
the critical coruparison of tlie results of such investigation, and frank intolerance of 
all illogical or unsound theory and :qq>licrttion. This is the spirit of science, tlie spirit 
of uliprejudiced search after truth, and this is emphatically the spirit, of the thinkiiig 
men of to-day in every part of the world. 

Whatever may be the ultimate and full outcome of the forces now a t  work, i t  is 
certain that  a great industrial aiid er:onomic revdlutioil has already taken place, and 
that science is filly recognized as the power by which, in fiiture, the material interests 
of mankind are to be regulated. 

Speaking thus of science, it is not my purpose to include solely that body of pro- 
fessional men who are customarily classified as “,qcientifib Inell.” I use the term in a 
broader sense, with the meaning that every man who applies accurate observation 
and deduction to the solution of any problem whatsoever is in some degree a man of 
science. 

Science is knowledge, nothing less nor more. It i s  needless to add the word 
exact, for knowledge which is not exact is not lruowledge at all.* 

Science aims to be not only exact, but complete, and, when true to itself; never 
attempts to conceal its own shortcomings. 

Scientific methods of work are simply methods based upon accurate knowledge 
of what is already known and due alowance for the uncertainties of the unknown. 

Science implies not only complete and exact knowledge, but accurate methods of 
thinking based upon it. When there are differences of opinion in regard to the solu- 
tion of any scientific problem, there is ‘but one way to arrive at  the trut,h : There 
must be further investigation. This will confirm or set aside the results of previous 
researches and perhaps bring out iiew truths as well. Argument is often unscientific. 
Darwin used little argument in  his ‘‘ Origin of Species”-that woiiderful book which 
has had more influence 011 the thoughts of‘the men of this century than any other irot 
religious or ethical. He marshaled his facts in classified ranks, and after a modest 
suggestion of his own as to what their meaning might be, he left his readers to make 
deductions for themselves. 

Her 
votaries were few, aud there were among them but :b limited number of scholars of 
high ability. Men of energy and ambition found slight, inducement to enter this field 
of activity, for the rewards were manifestly not great, and even opportunities for 
study and the discovery of truth-the greatest of possible rewards-were almost 
entirely wanting. Ecouomic science was in R crude state, and the circle of the sciences 
was limited. The empirical methods of long ago were still very iufluential in almost 
every department of study. 

Fifty years ago the domain of science was much more restricted than now. 

___ - 
’ “ Knowledge,” sups Cordillel Nowmen, ‘‘ is called by the naine of Science or Philosophy, when 

i t  is acted iipon, informed, or impregnated by ~ C ~ B O U . ”  
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Today all has chauggd. Science has ceased to be a pursuit and has become a 
mode of thought, and is an essential factor of, learning in every department thereof, 
liberal or useful. The philologist, the historian, the social and political economist, and 
the jurist employ scientific methods. Every intelligent man uses them in the consid- 
eration of every serious question. 

There are differences of degree in the manner in which individual men are scien- 
tific. Scientific research i~ivolves four processes: (1) observation; (2) the record of 
the results of observation; (3) the classification and assimilation of these results; 
(4) their interpretation, both for immediate use and as a guide for subsequent inquiry. 

While facts may be obseked effectively by any intelligeut man, and may be 
recorded by any person who has been educated to use instruments of precision 
and to write, it is only the scholar who can classify these recordfi, assimilate them, 
and incorporate them with the stores of knowledge already in existence, while the 
man who makes mccessful interpretations must be to some extent a philosopher. 

I had intended to illustrate my meaning here by citiug some iustances of the 
relative importance of these various processes in the consideration of an economic 
Problem, but I am disposed to believe that an illustration of a different character 
will serve my purpose better, arid I quote from Bishop Latimer, in the last qrmon 
Which he preached before Edward VI, of England, in 1530: 

Here, now [said he], I remember an argument of Master More’:, which he bringeth in a book, that  
he made against Bilney; and here, by the way, I will tell yoii a merry toy. Master More was onct. 
sent into Kent to  try (if i t  might be) what was the caiise of the Goodwiu sands and the shelf that  
stoppecl up  Pandwich-haven. Thither cometli Master More, and calleth all tLe country before him, 
such as were thought meu of experience, and men thnt could of likelihood best certify him of the 
matter concerning tlie stopping of Sandwich-hsvcn. Among others came in one before him, an 
old man with a white head, and one that  was thought to be little less than an hundred years old. 
When Master More saw this aged man he thoiight i t  expedient to  hear him Bay his mind in this mat- 
ter (for, being NO old a man, it WUE likely lie knew most of any man in that presence and company); 

Master More called this old-aged rnan unto him, and said: “Father,” said he, “tell me if ye can, 
what is the cause of the  greet arirJing of tlie saiids and shelves here about this haven, the which stop 
it Q, andiio ships can arrive here? Ye are tho eldest man that  I can espg in this company, NO that  if 

man call tell any cause of it, ye of likeliliood can say most to  it, or, at leastwise, more than any 
lnan here assembled.” Yea, forsooth, good master quoth thiu old man, for 1 am well-nigh an hun- 
dred yeare old, and no man here in this company riuy thing near unto mine age.” “ Woll, then,”quod 
Master More, “how say you t o  this iiiatter? Whnt think you to be the cnuse of t’hese shelves mid snnds 
that stop 1111 Sandwicli-hnvenf”  orso sooth, sir,” quoth ]io, ‘11 am an O I C ~  nian. I thiiilc l’enterdeu 
steeple is the C U U N ~ +  of‘ Gooilwiu sail&: for I ani d d  mail quoth he, and I niay remember the build- 
Ing of Tenterden steeple, and I may remember when there was no steeple :It all there, And before 
that Tenterden Rteople was in building there was no manner of speaking of aiiy flats or sands that  
stopt up the haven; rind, tlierefore, I think that  Touterden steeple is the cause of the deetroyingand 
decay 01’ Sandwich-hsvcn.” 

Here is :Ln exnniple of thought which is Faulty in all its processes-imperfect obser 
Vation, substiti1&ii of memory for written records, absolute inability to classify and 
“~Slmilate, and doductions absolutely without relation to the fouudatious on which 
they are supposed to rest. Rad ho lived a t  the present day this rustic philosopher 
Would have wroiigly described himself as a practical man. He would have been in 
error, for nothiilg j s  less praotical than ignoraucs slid poor thinking. 

The most serious obstacle to economic progress is the attitude of a certain class 
Of men who, seemirigly proud of their own limitations in knowledge and training, boast 
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that they are the practical i~ieii, and therefore best qualified to deal with all material 
matters. They ilro our 
heritage ofyears gone by. I n  the famili:w l i ~ ~ g ~ i i g e o f  tlic day they are “back iiu~nbers.” 

The inan truly practical is he who knows the bonudaries of his own liiiowledge. 
With exact and full knowledge, tho treatment of economic questions is simple and 

easy. The American farmer understands Iio\v to raise a full crop of corn or tobacco 
011 rich soil, and if his soil needs stre~~gtlicni~tg,  or his foes and riv;lls in the animal 
or vegetable kingdom become too strong, lie iiiay suiiinion experts in agricultural scieiice 
who know just how to relieve liiui from his foes. 

When, on theother haiid, lrnowlrdge in regiwd to an economic problem is inexact 
or incomplete, it is in the province of scientific ~*esearcli to tietormine exactly what is 
to be done. All the facts, or supposed facts, itiust bo brought together, weiglietl, 
analyzed, and classified. Prejudices, traditions, mil false opinions iriust be eliminated, 
mid a true estimate inlist be made of the fhcts which reinain. A map must be drawn 
showing how much of the field of lri~owleclge lias been traversed and liow much is 
uuknown-a map oorrespoiiding to  that of North America at  the beginning of’ the 
qentury, which our exploring pai’tius liacl when they set forth t o  discover tlis ROUPCCS 

of the Mississippi and tlie western limits of She coiitinent. Then, aided by all 
necessary appliaiices Sor exact investigation and guided by tltc most logical inetllods 
of dediictive reasoning, a series of researches must be begun wlticli tj1t:ill continue until 
a fill1 iuiclerstsliding has been reached, not o d y  of the snbicwt ‘itscllf, but of its relation 
to the lrintlretl problems wbich touch it upoil every side. 

These ~nen  are unworthy of thc uamc wliicli they a8ssuinc. 

This is tlie province of modern science in the cliscussiou of economic questions. 
The arts and industxies of inan are separated naturally iiito two classes. The 

primary or exploitative industries are those by wliicli tho fruits :tnd resources of the 
earth are gathered. The secondary, the elaborative 01’ ~ i i ; ~ ~ l ~ f i \ c t ~ r i i i g  industries, :ire 
those based upon 1 he primary industries, from which n t  id tlirough whicli they obtaiii 
the materials which they elaborate. 

The primary industries stand between inan nntl the bourities of Mother ICarth. 
Without tlieir ibgency lie is like Tantalus of old, and iiot oiie drop or niorse1 ci~n lie have 
to supply his simplest needs. 

Tilt? 1)rimary or exploitative industries are i~rraitged in t h e e  groul)s : Agriculture, 
J! iy~ iq,~,  :md Pidisliery-the exploitatioii of tlic products of tlie eartli’s surface, tlie prod- 
ucts of the interior of the earth, tlie products of the wthters. 

In each of these fields of activity there should be fuller howledge in certain 
definite directions : 

(1) In cietermining the character and  extent of the sources of supp~y. 
( 2 )  In discovering the least expmsive and least wasteful mode of bringing the 

harvest to the co~isu~~icr  or the ittimuf‘acturer. 
(3) In the case of :Lgriculturc at it1 fisheries, in preventing~estr~u:t,io~i of the sources, 

eitlier by protective restriction or by artificial replenisliineitt. 
Of $he three the fisheries are iuost in need of scientific aid. The mines are always 

under the control of individuals, wliosc pcrsonal interest forces tliern to be prudent. 
Agriculture is based upon individual proprietorship, arid tlt e improvident arid care- 
less farmer or stock-breeder at oiice Seels the results of his own shortcomings. 111 
the fisheries, however, individual wants are lost sight of i i i  individual rivalries, &id 
although the preservation of aqnntic aniitids is :L iiiattw of itiitioiial iutportance, 
reckless men with uugines fi)r wliolcsaltlu cq)tuiv I I I : L ~  entirely extcrmin:tto tlic iultabi- 
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tan68 of a lake or a river, aiid :Llrnost depopulate the waters of a coast. This may be 
dolie without the hiowledge of the public, and indeed before the fisliermen tliemselves 
JMognize the consequence of their oivn improvidence. 

Tlie only parallel to this is in the destruction of the forests, ill which individual 
Owners m;Ly cause ii;itiorinl disaster. The lumberman, however, is checked in his 
ivork of destruction to it greater degree then the fisherman, for his operations, being 
visible to all, are more subject to control by public opinion. 

It appears, then, that one of tlie most poterit of all ~l lot ives-self- intere~~a~ects  
two classes of industries in directions which i re  diarnetrieally opposite. For agricul- 
ture and the milles i t  is conservative, while for the fisheries it is essentially destructive. 

Tlie secondary or elaborative industries-those by which the products of the pri- 
lnary industries are elaborated t80 supply tlie manifold iiecessities of modorii civiliza- 
tion-have also need of scieiitific direction and the application of the most improved 
methods kuown in cliernistry, physics, mid mechanics. 

Through the :tg~iicy of the arts aiid handicrafts man is snpplied with clothing, 
shelter, ainusetiierit, and intelleotual occupation, aud the great system of' accessories 
aud refinements with which these are associated in civilized life. h i  the conduct of 
the secondary iiidustries, however, private interest is sufficieritiy potent Do force the 
lnen in c.ontrol to dtilize the latest results of scientific discovery, 2nd is strictly con- 
servative. / 

The iinportaiioe of securiug the eid of science for the solutiun of eco~oiaic prob- 
leina has for tho h s t  tifty yea rs h e n  very generally recogiiized in this country. No 
better proof e m  be fouiitl than the liberality with which the Congress of tlie United 
States, in suah mattvi*s iisui~lly t h e  einbodimerit of the will o f  the thoughtful majority, 
has provided for scientitio aid for all the great indnstries. 

In these days of progressi ve democracy, governmerits are worliing inore arid 
more for the benefit of the people a t  large. Tlie fouirders of our ltepublic iiever 
ceased to insist that the safety'of a free govcrumelit must depend upou the elllighten- 
inent :d iiitelligeiice of i ts  citizens. They understood, also, that its industrial aiid 
ecogoini(; welfare requires the applicatjon of enlightened Irito\rledge to the administra- 
tion of every iQ(iustry. Tlie whole public record of Washington, Jeflerson, Franklin, 
end tlleir a,ssociates Imwrs wi tlicss to  this. 

The mecliation of goveriiment seems, in R ltepublic like QIIW a t  least, to bo esseii- 
tial in order to secure, for tlie benefit of the 1)eople :it largb, tlie iiiiinetliete advantages 
of the results of liew scientific discoveries, which would otlierwise be approprinted, 
for tlie lllost p;Lrt, for the persoual profit of limited classes. 

Tlieii. self- 
imposed allti evideu tly proper limitations forbid. liidced there are maiiy wise iuen 
who lnaiiltaiii that t8hese liinitati 0118 should bo increased. These iiisist that the sole 
duty of a university s]lo~ild be to tarclr. imivorsal knowledge. The increase of' Iruowl- 
edge is, in tlleir opinion, tfio proper function of an academy of sciences. 

Now, :icsdellIies of scieuces exactly cOr~eSp~ndiIlg t o  those O f  the old M'Orld 
do llot 'exist on tliis twin contiilcnt of Itcpnblics. Suo11 academies reniincl one of the 
lordly sa~moll, of Ivhic11 it once said that it could oiily survive iii rivvi-s which 
were uncier tile sh;L(io\V op ;b throiie. This m a s  before the days of public fish.culture. 
Academies are asso&ted with 'forms of society ill which :Lristocratic ideals prevdl. 
Membership is limited, ltlld is a mark of p@rsoud distinction. SuccUSSful discoveries 
are relvarded by decoratious allci  titles of Iionor, by goveri~uioiital subsidy, even nore 

It is marlifest tliat all cannot be left to the universities and colleges. 
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effective than grants in direct aid of research, and there are liberal appropriations of 
money as well. Our own academies of science are no less honorable and efficient, but 
they receive neither money nor recognition from the Government, and though, as in 
the case of the National Academy of Sciences, often responding to calls for gratuitous 
advice, are never used by the nation as pubhc agencies for the increase of knowledge. 

The real analogues under our Government of the European academies of sciences 
are the scientific bureaus, whose officers are the salaried agents of the nation. 

A scientific investigator, working in his own laboratory, directs his studies in the 
channels most agreeable to himself. If not influenced by the need of money-getting, 
ho will, as a rule, pursue some branch of pure science, for the love of knowledge or 
in the hope of fame. In. the college and university laboratories the tendency is always 
to seek for the discovery of principles rather than to make economic applications of 
those already familiar-to the pursuit of knowledge for its own sake. 

Universities do not often encourage or even tolerate studies in applied science, for 
the reason that these are not so well calculated to direct the minds of their students 
to the highest intellectual ideals. It is well that this is so; for our universities by 
their work in pure science have rendered possible almost all which has been done in 
economic science, and have done far more for the material advancement of the world 
than they could have done with more practical ends immediately in view. 

The attitude of a government when it subsidizes scientific workers is always 
more or less sordid, and as unlike as possible to what we desire to believe to be the 
spirit of science itself, as it is cultivated in the universities. We should be grateful, 
nevertheless, for evidences of liberality wherever they are manifested, and supremely 
thankful that our law-makers rarely object to allowing work of a scientific character 
to bq done when there is reason to hope that i t  may ultimately serve as a foundation 
for economic applications. 

A very wholesome condition is manifest in the confidence which is shown in the 
scientific bureaus, both by the heads of the Government and by the people. Questions 
of politics have never been considered in the selection of the scieiitific officers of the 
Government so far as the National Government is concerned, and the advice of the 
universities and the scientific men has always been sought and regarded. I speak from 
the observations of twenty years) residence in the National Capital. Once selected, 
these officers are held responsible solely for the results of their work, and have only 
been criticised in the rare instances where, after long waiting, adequate results have 
seemed to be lacking. 

The confidence of the people is quite as remarkable, and to this way be ascribed 
much of our national industrial welfare. When perplexities arise in any industrial ' 
enterprise, through lack of knowledge or experience, i t  rarely happens that the aid of 
science is not invoked, and in tlie case of the primary industries a t  least i t  is usually 
a Federal or State scientific bureau which is the agency selected. 

I read not long ago an editorial in the London Athenwum in which it was said 
that there is not a department of the British Goverririient to which a citizen had a 
right to apply for information upon a scientific question. Thie seems hard to  believe, 
for I cannot think of any scientific subject regarding which a letter, if addressed to 
the scientific bureaus in Washington, would not receive a full and practical reply. 
It is estimated that not less than 30,000 such lettefs are received each year. The 
Smithsonian lnstitution and National Museum alone receive about 10,000, and the 
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Proportion of these from the new States and Territories, which have not yet developed 
institutions of learning of their own, is the largest. An intelligent question from a 
farmer on the frontier receives as much attention as a coinmunication from a royal 
academy of sciences, and often takes more time for the preparation of the reply. 

One source of this public confidence is the fullness of the annual reports of the 
Several bureaus and the extent of the editions for general distribution. These 
reports contain not only the results of the year’a work, but appendices which illus- 
trate the methods of work, and then, taking the reader into confidence, show him the 
manner in which conclusions are reached. It would be a national misfortune if the 
Protests of specialists and book-dealers were to result in reducing the editions of these 
reports. The 500,000 reports annually sent out from the Department of Agriculture 

‘ are none too many, and the waste of an inconsiderable percentage of them is of no 
moment when the enlightening effect of the whole is properly estimated. 

The government of the United States does nothing for our manufacturing 
interests, save to  collect their statistics, protect them against foreign competition, and 
gather information about foreign markets through the couwilar system and the 
Bureau of American Republics. It has however provided for the primary indus- 
tries-agriculture, mining, and fisheries-with great liberality and with an amount 
of intelligence which is even more noteworthy. 

The interests of agriculture are attended to by a bureau which, after a consistent 
and wholesome growth of three decades, has attained to the rank of a Department, 
and which receives for the current year an appropriation of three millions of dollars. 
The plan of this Department is to place at the disposal of the farmer all the results 
Of the sciences, and when necessary to apply them for his benefit, as is done in the 
Weather Eureau. It makes new discoveries and shows how old ones shall be applied, 
and it publishes information broadcast throughout the land. In further prosecution 
of its plans the government aids each State government in iuaiiitainiug a local center 
Of inveRtjgation and education, appropriating for this purpose about seven hundred 
thousand dollars for the current year, which is supplemented by an equal or greater 
annual expenditure on the part of the several atate governments. 

For the benefit of the mines we have the Geological Survey, the history of which 
extends over a period of nearly twenty-five years, during which i t  has made a 
consistent arid healthy growth. Its work is of the utmost importance, not only to the 
mining industries but to agriculture as well-an importance which will be much 
greater in the years to come, when the surfacp supplies shall have become depleted. 
‘In this work, too, the general government is secoiided by the State governments, 
many of which have local agencies of their own. With comparatively few exceptions, 
all the scientific geologists of the country are engaged in the official surveys, either 
Of the government or of the Btates. 

Ten years ago, in a paper upon “The Status of the U. S. Fish Commission in 1883,” 
I took occasion to quote the opinions of scientific experts in all parts of the world, in 
criticism and commendation of the manner in which the problems of fish-culture were 
treated, as illustrated at the International Fisheries Exhibition in London. The 
displays of the United States in Berlin in 1880, and in London in 1883, resulted in a 
complete change of public policy throughout Europe; for on those occasions the world 
saw demonstrated the essential distinction between private and public fish-culture. 
private fish-culture is, like poultry-raiising, a field for individual effort with private 
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capital, for purposes of personal gain. Public fish-culture has to do with the preser- 
vation and renovation of the great source of public supply-a field to be compassed 
in part by t h e  States, but in its broader developments only properly covered by 
national or international enterprise. 

Public fish-culture, as now known, in Europe, Asia, Australia, and America is actu- 
ally the result of tlie liberal policy of the Government of the United States in secur- 
ing, for the national good, scientific talent of a very liigli order. 

The problems of fisheries aiid fish-culture require, more particularly than those ih 

any other field, the skill and experieiice of trained scientific investigators. 
The mirier and the agriculturist have to do with phenomena which are visible and 

taugible. The culture of terrestrial plants and animals is coniparatively simple, 
because they are affected by changes in climate and teiiiperature which we ourselves 
feel and appreciate. The fisherman and tlic fish-culturist, on the other hand, have to 
do with living organisms, whose presence aud niovements are uncertain and often 
seemingly mysterious, and which exist under conditions which he can uuderstand only 
after they have been interpreted for him by science. 

The study of thesedifficult probleins has clrawu to it many great naturalists, among 
them such men as Duhamel du Monceau, Agassiz, Vogt, Huxley, Quatrefages, Coste, 
Von Siebold, and Baird, and the greatest of these was Baird. 

I wish I could properly eulogize the wise, the judicious, the practical plan of work 
which was devised by our first National Commissioner of Fisheries, when he entered 
upon his duties in 1S71; then the results, as partly reviewed by himself in the last 
year of his life, in his paper on ‘‘ The Sea Fisheries of North posthumously 
published, or in his later reports to Congress, aud also in the voluines on “The Fishery 
Industries of the United States,” i n  which the members of his stafi’ endeavored to 
summarize the knowledge which had been developed under his direction. Time mill 
not permit me to do this, and it is unnecessary, for the results are familiar to you all. 

I should be glad, also, to take up the achievements of the National Commission 
during the past five years and to  point out how succem has been achieved iu all lines 
of work previously decided upon, while new paths have been laid out in $he lifrht of 
new results which have been attained. 

After all, what more can be said than that i t  is living up to tlie high ideals of 
its founder, the illustrious Baird, and that it has riever Failed t? meet the constantly 
increasing demands upori its resources, whether in the field of science or in that of 
practice, ,and that it is one of the best examples of the way in  which Rcience may be 
utilized in behalf of a great industry. 

The work of the State fish commissions also deserves high praise. Some of the 
Btates have but a small interest in fish-culture and have not organized the work 
on a large scale, and some States have done less than they should have clone, but 
taking them together the aggregate of good work is very considerable aud well worbhy 
of mention not only in the field of scientific inquiry, but still mor6 so in respect to 
judicions application of the results of science. The way in which the State commis- 
sioners have cooperated with each other and with tlie National Commission in every 
department of fishery economics is a noteworthy example of the manner in which the 
States may work together for mutual good. 

The most significant tribute to the Amerioan methods is the constant attention 
which they receive from the rest of the world. Within the past ten years I have seen 
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a constant stream of special commissioners from England, Scotland, and Ireland, from 
Norway and Sweden, from ~ e r m a n y  and Austria, from France and Italy, Bussia, Fin. 
land, and Siberiq, &om Australia, New Zealand, and Japan, coming as agents of their 
own Governments, and devotiug months and sometimes even years to the study of the 
methods employed by the Nation and the States, and on their return embodying thqse 
results in official reports which are full of praise and approval. 

In  the application of scientific research to the problen~s of the fisheries and fish- 
culture, the duty of the United States in the future appears to be v.ery manifest. The 
Nation J and State Commissions must be strengthened-and encouraged to carry out 
to the fullest extent all legitimate lines of investigation. Their work will not be ended 
until the following results shall have been accomplished: 

Pirst. There should be a complete physical and biological survey of every hydro- 
graphic basin and evkry mile of coast upon the continent. The survey of the coast 
begun by the United States Fish Oonimission in its first year is still being carried on 
ivith admireble results, and too mucl; cannot be said in praise of the thorough system 
of exploration of the various river basins established by the present Commissioner. 

Second. W e  should attain to an understanding of life-h~stories (including the embry- 
ology) of all aquatic animgls of economic value, aiud sf the animads and plants with 
which they are associated, which may be directly or indirectly buneficial or injurious. 
This work, too, has been carried rapidly forward by t'he Federal and State commis- 
sions and by many of our colleges, and, although mucl:l! remains to be done, the mass 
of information accumulated and assimilated within the past twenty years has been one 
of the most importiant factors in bringing about recent advances in fishery economics. 

Tl~ird .  Thelie should be an understanding of all physical and biological problems 
involved in the practical work of artificitil culture. Here, too, tliere has already been 
an advance of great magliitude, especially in America; and thea forms of apparatus 
for fish breeding and transportation, devised in this country under the eye of experts 
in thevarious mechanical sciences and with the advice of the biologi8ts, have replaced 
almost without exception those in use twenty years ago. 

Pourtl~. The results of past scientific inquiry should be made eil'ective by framing a 
consistent code of Federal and State lams for the protect,ion and preservation of the 
sources of fishery supply. It is doubtful whether such a code exists in any part of tlie 
world, and i t  may be that the time has not yet come for framing it, but I should 
regard the adaptiou of a wise and eff'ective law and its successful application as a 
supreme test of the wisdom of our public men and their scientific advisers. 

Pifth. All depleted waters should be repopulated with fishes in their former abun- 
dance, or in even greater plenty than a t  the time of the, discovery of America, and 
unproductive wat;?rs must be thoroughly stocked. 

Bixth, A school should be established for training fishermen, fishery administra- 
tors, and fish-culturists, and (with the oooperatioli of the universities) of biological 
investigators. Such a school might be established in the great laboratory building 
arected by Professor Baird at  Woods Holl. Here, at slight exlbense, might be main- 
6ained one of the principal biological establishments and the greatest fishery school in 
the world. Norwa,y and Sweden, Japan and Germany, have schools for fishermen. 
England, France, and Holland maintain biologiod laboratories; and these and almost 
every nation in Europe contribute to the support of the great International Z~Slogical 
Sbat~on at Naples. Why should not our Government, with the coiiperation of the 
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States, maintain a great central establishment of this kind, to do for the fisheries and 
the sciences upon which they depend what agriculture and agricultural science have 
had done for them by means of the fortynine agricultural experiment stations and 
the almost equal iiuniber of agricultural colleges with which they are connected? 

Seventh. We should create a national msociation, after the model of the Dezhtscher 
Fischerei Verein, in which fishermen, fish-culturists, legislators, social economists, and 
philanthropists may work together to develop enlightened public opinion and to pro- 
mote the interests of the nation and of mankind in this department of human activity. 

If all these ends shall be attained for the fisheries, and the work of the Govern- 
ment for agriculture, forestry, and the mines shall be carried to equally abundant 
and beneficent results, we may then feel a just pride in the ability of our Republic to 
make its public institutions serve the economic interests of the people. 



9.-BIOLOGICAL RESEARCH IN RELATION. 'IO T H E  FISHERIES. 

BY JOHN A. RUDER, 

PrDfessor of Conrparative Embryology, Uni&sity of PennsyZvania. 

There is no longer any questioning the fact that when we consider the economic 
relations of one organism, the economic relation8 of multitudes of others are a t  
oiice involved. It may be that those others, thus brought under consideration, may, 
8s single individuals, be of no appreciable economic value to man; only when very 
miuute beings are gathered together in great numbers by other and useful organisms 
as their staple of nourishment does their value become palpable. For example, a very 
large and widely distributed group of pliII1ts found in fresh and salt water, the 
diatoms, are very minute as individuals. Some of these diatoms have long been 
used as test-objects in the trial of the power of resolution of the object-glasses of 
microscoges. By many amateur& in science this is supposed to be their sole use. 
The botanist, however, finds in them a wonderful exhihitioii of the power of a very 
mii~ute simple organic type to manifest the most manifold v:wiations of the form and 
suparficial sculpturing of its siliceous envelope. To the economist and fish-culturist 
the diatoms have a totally diaerent significance. Probably more than oiie-ha,lf of the 
food of the oyster consists of these minut,e vegetable organisms. Therefore, one-half 
of the sapid parts of the oysters uslid as the food of man represents an equal voluiiie 
of minute orgat~isms transubstantiated into tho flesh of' thits bivalve. These almost 
infinitesimal vegetable motes that swarm in the sea-water, wherever oysters thrive, 
are integrated into oyster-flesh by the milliards by means of the wonderful processes 
Of prehension and assimilation manifested by this mollusk. An indefinitely little and 
apparently useless organism is thus aggregated and transformed so as to build up by 
infinitesimal increments another palpably large organism that is useful and valuable 
to ma8 as food. The oyster, as oue part of the harvest of the seas, is in reality largely 
a harvest of these apparently useless diatoms transformed into something useful. 

Oysters that are found in different places differ wonderfully in their rates of 
growth, conditions of flesh, otc. Why should this be so? It is hardly to be doubted 
that these differences in the growth and conditions of oysters at different places is 
correlated with the character and abundance of their food supply, If this is true, the 
kind aid relative abundance of diatoms must be studied a t  these different places if 
We expect to find out the causes of the differences in flavor and quality of oysters from 
different beds. We are thus brought to realize the fact that the scientific and accurate 
study of an apparently useless minute organic type has direct and useful bearings 
upon the production oi an important element of food supply. The very existence of 
oysters in a given locality is therefore dependent upon the abundant production of a 
kv types of microscopic organisnis at that place. Whatever, therefore, impairs the 
Power of these minute organisms to reproduce themselves in suoh places must impair 
the productiveness of the oyster beds in the same situations. It is also obvious that, 
if we would most profitably st,udy the welfare of the oyster beds on our coasth, we 
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shall be obliged to consider the conditiolis of‘ life under wliicli this microscopic oyster 
food is produced. 

Similar relations are sustained by many other large aquatic to other microscopic 
orgmisms. For esample,,it has been sliowii by tlie writer that the food of the sturgeon, 
during its larval life, is microscopic. In fact, wcreit not for this capacity of the letrvel 
sturgeon to obtairi other living organisms of sinall size, it could uot reach those stages 
of growth at  which it is possible for it to feed lipon larger organisms, and thiw he 
enabled to reach thv adiilt condition. In sliort, mere it not possible for tlie very smal: 
larval sturgeon to find livirig forms small eiiougli €or it to capture arid srvallow entire, 
it would not be possible for it to grow to tliose stages mliicli lend t o  the adult state. 
We thus realize that were there no microscopic organisins tliere could be neitlier 
caviare nor smoked sturgeon. 

It is exceedingly probable that were there 
no bacteria aiid moiiads still more lniiiute than the diatoms upou which the adlilts 
feed, tlie very youug larval oyster could Iiot find living food sinal1 enougli to pnss 
into its exceediiigly small mouth. The lowest aiid ininutest organisms ICI~O\VII ,  
therefore, probably enable the very young oyster to pass into the next larger stages of 
growth, and thus absolutely secures this important mollnslr against extiiictioii. Tlie 
bacteria aiid monads seein, in fact, to be a Irind of baby food for youzig ’oysters that, 
enables them to pass the critical stage of their very young infaijcy with safety. Bnc- 
teria shonld therefore not always be condeinued. In the form of the yeast plant, ;md 
as the bacterium of the butyric ferineiit, iuicroscopic organisms may be vitally aon- 
ce ned in the productioii of bread and butter, no less than in the productiou of oyst ers. 
Wltile some bacteria, such as the cliolor? Spirilluv~, may be an ;igency concerned iii  

decinintirig the human family, other liarinless species may be the means of indetiititely 
continuing the supply of the necessaries ;is well as the luxuries of tlto tables of iniui- 

Itinti. It imy not be amiss to remind an all too thoughtless public that, wlietlit~r one 
eitjoys an after-theater suppei. in  a splendid restaurant or a modest oyster LLsteiv” at a 
cheap lunch counter, the despised bacteria niay be indirectly the 11ic;~ns of iiiiriis tering 
to t h e  mere eiijoyments of the palate as well as tlie iiecessities of existelice. 

Tlte same is true of still more costly luxuries. Were there no iiiicroscopic 
orgaiiisnts i11)on which the 1arv:r: of the pearl-oyster could feed to carry then! over the 
critical stages of their infancy, tliere \vonld be no pearls to oriiainent tlic show loviug 
human animal, since tliere would then be no true pearl-foriiiing animal to produce 
those gems. 

Comiiig to more prosaic slid nseful things, the fish-oil used iu drcssiiig Ieatlier, 111 

Iike mitnner, is Iargely the accuriiulation of the oleaginous inetters oiice foritiiiig part 
of  the bodies of microscopic organisms, upon which oil-producing fislics mil cetacea 
feed. Dr. Peck lias lately shown that tlie much-abnsetl menltaclen, from wliicli oil 
and guano are prodnced, is a living filter that 1iteraIly strains all its iiiicroscopic dia- 
toinaceons and protozoan food out of the water8 of the ot:eaii wastes that i t  inhabits. 
The oil-producing baskiug-sharks do tlie saine. Wliales that  may produce upmard 
of two hundred barrels of oil live esclusively iq)oit sinell pelagic organisms that niiist 
tlieinselves live upon still smaller ones. A single wide was found by Mr. Edm:irds 
to have made its last meal upon siiriinps, of wlticlt several bands were talien froni its 
stomacli. Tltese slirirnps had fed upon still sin;~Iler oreahires t,ltit had been feediiig 
upoii the Inicroscol)ie life of the sea. l i t  tiiiitesiittal voliunes of food are thus gatheivxl 
together in ocean wastes and assirnilatetl iu successiou through a series of orgallisins 

The same is true of the larvd oyster. 
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gradually increasiiig in dimensions, iiiaii at  last reaping the benefits of their industry, 
iricideiit to the struggle for existence, in tlie pursuit and capture of prey as food. 

In this wily i t  iiiay be shown tliat oii every hand,ws are vitally dependent upon 
t h e  lower worlds of life. Even the beefsteak that is to-day being transubstantiated, 
as tlie case may be, into either the clowii or the sage, may lime been p:wt of an animal 
tliixt was feeding a week ago upoii clover tliet was partly supported with nourishment 
froin the soil by the intermediation of bacteria. The interdependence of the large and 
@e very small forins of life seems to be i 1 1 1 1 ~ 0 ~ t ' ~ ~ l i i ~ ~ e r s ~ ~ l .  There is such a thing, 
therefore, as biological ecouomics, as well as a specific human political economy. 

Other microscopic marine organisms, such as the foraminifera, have been in the 
past and are still engaged in  world-building. Stratth of the earth hundreds of feet 
thick mid thousands of square miles in area are the products of the agglomeration 
and deposit of the slreletons of uiitold myriads of these microscopic organisms that 
orice lived in the oceans of tlie past ages of the world. Of the rocks so formed tlie 
Pliaraohs bnilt the pyraniicls to serve BS their tombs. Tho "bones" of microscopic 
orgariisms have thus been made to ensliriiie tlie bones of men. Some organisnis of 
this sanie gronp, a t  the present time, furnish a part of the living food-supply not only 
of existing surt'ac.e fishes, but also of those found :it  great depths, as I have found. 

111 every age do we firid, therefore, that niatli has been vitadly related to that lower 
world of life which ranks so far below hiiri in powers and organization. The modern 
demarids upon the sources of tho ivvorld7s food have iiot yet iiiiyelled investigators to 
Study these microscopic organisms as thoroughly a s  their iinportaiice demands. Some, 
it is true, as the sources or vehicles of humaii disease, have been carefully studied, 
thanks to the iuspiration of the genius and piitieiice of Pasteur. The fact, liowevei~, 
that this ubiquitoiis microscopic life is one of the most iniportant of the ultim. '% t esourccs 
of the food supply of tlie world, is only begianiiig to attract tlie attention it deserves. 
The miiiii te forills of life in their bearings upon the interrelations that subsist hetweeii 
the Iitrger and higher ibrnis of life Iinve hardly yet been seriously considered. Even 
the Ii€e-histories of the great majority of the microscopic forins of life are iiot fully 
linown. Even the relative abuiidaaico of the different species of protozoa and pro- 
tophyta in the ocean, is not linown; nor is i t  more than approximately linowii to 
lvvbat extent temperature and oceaii curreii ts affect their rates of multiplication, and 
collsequently their aburidaiice and tlistribntion. In a large proportioil of cases, also, we 
art? igiior:mt of the natiire of the food of iiiaiiy large niariiie and fresh-water species 
of great economic value. Again, we do nut know to what estent anirnals that are of 
no economic value prey upon those that ilre; or? to wliat estent useless forms rob useful 
Ones of tlie microscopic food upon wliicli tho latter subsist. Siiice i t  is also a fact 
that tlie young or l l t r v ~  of iiiaiiy useful aiiinmls arc very minute, as tlie oyster, for 
example, it is riot known t o  what esteiit such minute young stages of useful animals 
are preyed upon by useless aiiinials. I I ~ ~ L V O  found the entire cwntents of the ali- 
lllentary canal of i% useless mollusk to consist o f  tlie remitins of the ininiite young 
Stages of other molluslis, t o  the number of inany tIious:lncls, that may liavc been the 
embryos of gseful species. Nor, again, is i t  liiiown 1i0w maiiy iniciuoscopic organisms 
are hurtful or poisonous to  large ones tliat w e  usefiil to niaii .  

It is perfectly evident, then, t2i:Lt tlie field fiw resr:~rch in this branch alone of bio- 
h i c a l  economics is alinost uiilimited. I ts  cultivation would acliieve most startling 
and viIIueble results. M:iiiy of these results .would be fiJuitc1 to have the most uiies- 
%tad ecououiic and scieiitific iipplications. In fact, the tlioroiigli investigation of 
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the biology of the lower and minuter forms of life would probably disclose many hints 
of the method of the origin of life itself, t o  say nothing of the practical value of such 
inquiries. It would also disclose hints as to  the methods of operation of the process 
of organic evolution or the transformation of species. It is opportune for naturalists 
all over the world to protest against the manner in which the study of the simplest 
forms of life is dealt with in many of our colleges and universities. No sound con- 
ceptions of the nature of the processes of life in the higher organisma can be obtained 
without a study of those of the simplest ones, Nowhere else do the processes of life 
present such simplicity in contrast with the appalling complexity of the life processes 
of the higher types, Nowhere else do we find it possible to so closely approach 
nature by way of experiment, to inquire what life is and what is the nature of its ulti- 
mate machinery. Nowhere else can we hope to get such prolhpt reactions when these 
minute beings are subjected to the action of drugs. Whether very dilute deleterious 
chemical bodies when brought into relation with such microorganisms produce their 
effects by dynamical and chemical agencies, or by means of endosmosis only, would 
have profound bearings upon therapeutics and might be the means of laying the 
foulidations of the scientific principles of that science. This we assume to be probable 
because the higher organisms are composed of aggregate8 of bodies, the so-called cells 
of their tissues, which are, taken singly, the morphological equivalents of the unicel- 
ular inicroscopic forms of life. 

The steps by means of which the infinitely little and seemingly useless beings 
are integrated or developed into the indefinitely great and useful can be understood 
only through prolonged observation and experiment. Germany has made a scientific 
beginning in the study of the minuter as well as the greater life of the sea. America 
can not afford to lag behind with the splendid equipment already in her possession in 
the laboratories and vessels of the U. S. Fish Oomrnission, which could be made a 
hundredfold more efficient than at present if the enlightened policy and aims of Com- 
missioner McDonald could be carried out. If an adequate permanent endowment 
could be had for the great Government laboratory and hatching station at Woods 
Holl, Mass., researches of the most far-reaching and valuable economic and scientific 
importance could be conducted throughout the entire year. Here specialists, such as 
physicists, chemists, biologists, morphologists, and physiologists should be employed 
on the great economic and scientific problems presented by the fishery industries. 
Here the sea, the mother of the primeval life qf the world, is accessible under the 
best conditions. Here what still survive of the primeval types can be had. Here 
the processes of the development and survival of the useful species could be studied in 
a way never before approached. 

Here, also, there would be the stimulus of research work that exists'nowhere else 
in America, since the Marine Biological Laboratory, close by, has been so successfully 
developed by Dr. 0. 0. Whitman and his associates. Climatal, faunal, and other con- 
di tions cogxist that render Woods Holl probably the most advantageous locality for 
these purposes that could be found on the eastern coast of 'the United States. An 
endowment of one million dollars could not be more wisely bestowed than by using it 
to place the great Fish Commission station at Woods Holl on a permanent basis, with 
the United States Government as trustee. How judiciously and wisely such a trus- 
teeship has been conducted under the Government is sufficiently attested by the 
unequaled scientific and economic results achieved under such an endowment and 
under the administration of the three distinguished and successive secretaries of the 
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Smithsonian Iustitution, Professors Henry, Baird, and Langley. As the fostering 
inother of the most inoinentous scientific enterprises, from which incalculably valuable 
economic beliefits have been derived for the whole country, that institution stands 
without a rival on the American continent. 

to a sound judgment the most abstract truth is the 
most practical.77 This remark has been frequently verified in the course of scientific 
progress. The tlevelopinent a t  the time of apparently useless truths by Paraday, 
Henry, and others, in their laboratories, has led to  the evolution of the most wondrous 
practical developments in applied electrical science. The same remark holds good in 
respect to biological research. The seemingly useless facts gathered to-day by the 
disinterested, truth-soelring biological investigator will, if not to-morrow, become . 
useful next year or even ten years hence. Those of us who have watched the progress 
of biological research for a quarter of a century can speak with assurance, that, in 
proportion to the complexity of the phenomeua and the difficulty of dealing with 
the subject-matter, biology has made as creditable a showing as any other science 
whatever. 

The very complexity of the phenomena involved and the tedious and patient man- 
ner in which results must be awaited are only additional reasons why biological science 
should receive the encouragemeiit it deserves in working out abstract truths in 
order to give them practical bearings. The scientific investigation of the interrelations 
of the members of the aquatic world of life, from the lowliest to the most complex of its 
form, is what the U. 8. Fish Oommissiou has undertaken to do with the all too meager 
means, a t  its command. Practical results the Fish Coiiiinissiou has achieved under the 
administrations of Profs. Baird and McDonald. It now remains to increase the effi- 
ciency of that work by adding to its duties, as desired by the present Commissioner, 
those of pure research under endowment, so that the great laboratory, in eonnectioii 
with the hatching station at Woods Holl, can be made productive for the entire year 
instead of only for a few months out of the twelve. 

w e  might then begin to hope that the foulidation for a theory of the economics 
of ocean life would be laid, since, with the unequaled Sacilities for the study and 
capture of the life of the sutface and bottom of the sea, possessed by the Commission, 
a vast system of organized research might be conducted that would be beyond 
anything in value yet undertaken by any country of the world. With abundant 
means to defray the expense of the costly illustrations and experiments incident to 
the work, such an establishment would be an enduring monument to some generous, 
liberal-spirited donor. Such a system of biological investigation in coniiection with 
the many stations possessed by the Fish Cornmission all over the country might be 
made the most comprehensive in existence. As shown at the outset of this paper, i t  
18 a knowledge of the life-history of the seemingly useless and intiuitesimally small 
forms that must lie at the foulidation of a knowledge of the growth aiid development 
of tbe useful and practically valuable forms of life. It would, therefore, seem that no 
stronger argument should at this late day be needed in behalf of the utility and 
Wisdom of ai1 extension of research in connection 'with the fiAhery industries of our 
country. Will some generous frionds of science permaueptly link their names with 
one of the grandest enterprises and opportunities of modern times? It would be most 
fitting if tlie fifth century of the Columbiaii era might witness the permanent estab- 
lishuent of a great biological laboratory 011 our coast, the sole business of which would 
be to foster research and economic study in relation to the fisheries of our country. 

Emerson has remarked that 
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1O.-ON T H E  INFLUENCE OF LIGHT ON T H E  PERIODICAL DEPTH- 
MIGRATIONS OF PELAGIC ANIMAIS 

BY JACQUES LOEB, M. D., 
University of Chicapo. 

As is now well known, the animal life in the ocean and of freshawater lakes is 
confined chiefly to two regions, one extending from the surface of the sea to a depth 
of about 400 meters, the other being the ground region of the ocean. We know, 
moreover, that a good many of the surface animals migrate periodically in a vertical 
direction, coming up to the surface during t h e  night and going downward during the 
dayt,ime, but not deeper than 400 meters. For the physiologist the question arises 
what determines this peculiar vertical distribution and periodical migration of mrtrine 
animals. My investigations concerning the effects of light on the motion and orien- 
tation of animals made it certain that this periodical depth migration of sea animals 
is determitied to a certain extent at least by the light. In order to make this clear I 
iuust give a short sketch of the way in which the light determines the orientation and 
motion of minials. 

You all know that many animals, like the moth, for instance, go towards the 
light. It was believed that this was due to an attraction of the animals by the light, 
or at atiy rate that these animals liked the light; other animals show the opposite 
reaction, they go away from the light, and i t  was generally believed that these ani- 
mals were fond of the dark. My experiments, however, showed that these reactions 
are the outcome of a purely mechanical efl’ect of the light upon the animal, and that 
the animal, as a rule, is neither fond of the light nor of the dark. The light forces 
the animal to orientate itself i i i  such a way that it8 symmGtry axis or symmetry 
Plane Palls iuto the direction of the rays of light, and consequently all symmetrical 
elements of the surface of the animal are met by the rays of light at the same angle. 
There remain two possibilities: The animal in this orientation can turn either its oral 
pole or its aboral pole toward the source of light. I n  the former case I have called it 
Positively, and in the latter case negatively heliotropic. 

In the case of aniniala which are fixed to the ground, like hydroids, for instance, 
the only effect of the light consists in this orientation of the animals. But in the case 
of animals which are free-moving, like insects or copepods, the animal is orientated 
by the light, and is forced to move in this orientmation. The consequence is that if 
the animal is positively heliotropic it must necessarily move straight toward the 
light. If the animal is negatively heliotropic it inust move straight in the opposite 
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direction. That the motion of the animal is determined by the direction of the 
rays of light, and not by the differences in tlie intensity of the light, can be very 
easily shown. Positively heliotropic aiiiinals, like plant lice, move tow;irds the source 
of light even then, if by certain experimental arra~igernents their path goes froin 
lighter to darker places; and negatively lieliotropic animals go from the light eve11 
then, if measures are taken so that their way leads them from the dark to the light. 
But in both cases the animal migrates in the direction of the rays of light. An illus- 
tration will show this influence of the direction of the  rays of light better than a long 
theoretical explanation. 

8pirographis spallanzani, a marine annelid, lives in a tube which it fastens to the 
ground. The tube is not transparent and only the tentacles of the animal, which pro- 
ject from the tube, are exposed to the light. The tentacles are arranged in a circle. If 
we put these animals into an aquarium in which the light falls in from only one side 
the animal bends its tube in such a way that the synimetry a8xis of the circle of ten- 
tacles is parallel to the direction of the rays of light. As long as we do not change 
anything in the direction of the rays of light which strike the animal, i t  does not 
change its orientation, but as soon as we cause the light to fall hito the aquarium from 
another direction the Spirographis changes the direction of its tube so that the sym- 
metry axis of its tentacles is again partrsllel to the rays of light. Whether the intensity 
of t;he light iB great or small, whether me use direct sunlight or diEused daylight, the 
result remains the same. 

The larvze of Limulus a t  a certain period of their life are negatively heliotropic 
If we put such larvz into a glass dish and place it near a window through which the 
rays of sunlight fall in obliquely, the Limuli migrate with mathematical exactness in the 
direction of the sunlight away from the u;indow as far as tlie sides of tlie dish allow 
them to go, and then they remain at rest. If, however, we turn the dish 180 degrees 
around its vertical axis the animals move again in the direction of the rays of light 
going away from the window. It is not possible to give you liere a full kccount of the 
experimeiits by which it can be proved that the direction of' the rays of light alone 
determine the direction of the motions of the animals, nor is it possible for me to give 
you here the theory of animal heliotropism. For both I must refer you to my former 
publications. I only wish to show how this heliotropism determines the periodical 
depth migrations of pelagic animals. 

It is known that the naiiplii of Balunus appear a t  the surface of the sea a t  
night aiid go down during daytime to a depth of 60 fathoms and more. Groom 
and I found that the nauplii of Balanus perfbratus show a very peculiar helio- 
tropism. They are positively heliotropic when the light is very weak; but when 
they are exposed to strong light they very soon become negatively heliotropic. This 
explains the periodical migration. In  tlie evenin& and very often during the night, 
the light which is reflected from the sky is very weak, and in this light the nauplii 
are positively heliotropic. As only the verticai components of the rays of light can 
take effect, the horizontal ones annihilating each other, the animal is forced to move ver- 
tically upwards to the surface. A t  daybreak, as soon as the light becomes sufficiently 
intense, the animal, by the influence of the light itself, becomes negatively heliotropic 
and must go vertically downwards. But why does it not go to the bottom of the sea? 
You know that the water absorbs light and the deeper we go downwards into the 
ocean the less the intensity of the light becomes. 
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Investigations of Pore1 and others have shown that a t  a depth of about 400 meters 
below the surface tlie intensity of the light is already so smell that on a briglit day 
i t  hardly agects longer the most sensitive photographic plate. Thus the nauplii 
which, under the influence of intense light, hiive become negatively heliotropic on 
their migratioii downwards, very soon must reach a, depth where the light is so weak 
that they become positively heliotropic again, and necessarily innst begin to niovu 
upward. Hut  as soon as they cowe beck into stronger light they become negatively 
heliotropic, and must go downward agaiu, wud so on. So it  happeus that these nnininls, 
by the influence of the light, liave to migrate periodically-during the night towzird 
the surface, dnring daytinie downward, but no deeper than 400 meters below the 
surface. 

Later on, at  Woods Roll, I tried to find ont whether i t  mas not possible to make 
other pelagic anim:tls a t  desire positively sntl negativclly lialiotropic. I found that 
this could be done easily in c:opepodH and larva of PoZyprdi?rs iii diRerent walys; for 
instance, by the influence of tlie light itself. Direct sunlight made positively helio- 
tropic 1arvE of Polygordius negatively heliotropic within one or two minutes, but 
only as long as tlie temperatare was above 10” C. In  these cx1)eriments great  re 
was taken t o  keep the temperature of‘ tlie aiiinials coiistant. But wheii tbe tempera- 
ture of the water in which the aniiiials were kcpc WRA brought down to 7 degrees or 
less the most intense smilight was not inore able to niake the nninials negatively 
heliotropic. On the otlier side, a t  .z tcmpemtiirc of about 30 degrees, the auimals 
remained permaiiently iiegatively lieliotropic, eveii in the mealreat light. I fouiicl 
similar phenomena in copepods. Tliese facts, i t  seems to’me, must have some beariiig 
upon the depth migration of sea animals. At  the surface of the Meditcimnean, for 
instance, the temperature rises to a coiisidernl)le Iieiglit in suminor. Tlie conseqiience 
is that animals of’ R similar IteliotrolJisni, like the hrvw of Z ’ O Z ? J ~ W ~ ~ U S  or cwpspods, 
can not inore come to the surface eveii at iijglit, for the high tenipcsatnre at the 
surface nialces them negatively heliotropic even tovard weak light, whicli in wiutsr 
time. mould rnake thein move towards the surface. Ih i t  on the otlillcr side i t  is clear 
that these animals c:in iiot go dowii to the bottom of tlio sea. The temperature of the 
Water decreases wit11 increasing depth, and :is soon as t l i c w  niiini:bls on their migra- 
tion downward come to water wliioli is snfficiently cool they become positively helio- 
tropic again and now have to go upward; but this brings tlieni back to warmer water, 
where they become neg:itively heliotibopic again, etc. The investigetioils made a t  the 
zoological station at Naples have sIio\vii, iiidced, that cert:tin pelagic animals which in 
Winter come up to tlie surface duriiig the nightl, in suiiiiiier a lmys remain a t  a certain 
depth below the surfam Tliest. few csainples limy siiflice to show horn the light can 
determine the periodical cleptli iiiigratious of pelagic :inim:ils. 

It is unnecessary to say that i t  is impossible to exhaust this subject in so short R 

time. But in order to prevent misundei-stnndings I‘must  mention that I do not 
believe that light is the only physical iiifluence wliicli determiries depth migrations of 
ma animals. 

As I have shown in former papers, gravitation, for instance, coiiperates with light 
to bring about these periodical depth movements of pelagic animals as well as the 
constant distribution of sea animals. 

It has been found that the jelly-fish which had been carried by the Gulf Stream 
from our latitude to the region of the midnight sun, continued to migrzbte to itnd from 
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the surface in the same periodicity as they did in their former home. I n  this case I 
believe the periodical depth migration is due to periodical changes in the amount of 
water contained in the animal. These changes are due to metabolic processes which, 
however, are influenced in their periods by the change of day and night. Thus these 
metabolic changes adapt themselves in their periodicity to the change of day and night 
and this periodicity remains the same even if the animal lster on is carried to the region 
of tho midnight sun. 



11.-THE INVESTIGATION OF RIVERS AND LAKES WITH REFERENCE TO 
n- IE FISH ENVIRONMNT. 

BY BARTON W. EVERMANN, PH. D. 

It is the aim of this paper to call attention to the work of the U. S. Fish Coni- 
mission in connection with the study of the streams and Ialres of the country. 

The Commission has always held that such investigations as i t  might properly 
untlertake should have as their ultimate object the discovery of facts mid the attain- 
ment of results wliicli possess an economic value; and it is believed that all its inves- 
tigations should be conducted upon scientific methods. Most, perhaps all, investiga- 
tions possess an economic value when their results and their relations conie to be 
properly understood. ltarely is the importance of any investigation fully compre- 
hended a t  the t ime of its beginning. As every one kaonrs, i t  is a matter of almost 
daily occurrence that investigations begun as purely scieii tifiic studies are yielding 
results of the greatest ccoiiomic importance. 

So certainly is this true, and so iirmly has this important fact becoine established, 
tlIiJt, in the proper coiiduct of any work undertaken by such a branch of tho public 
service as the Fish Commission, it wonld seem that the investigations should be 
coinprehensive and thorough, and the method should be the scientific method, the 

. method which has yielded such brilliant results in other lines, the only method by 
which definite progress is made. 

The U. S. Fish Conimission is essentially and necessarily a scientific branch of the 
Government. It was originally established by act of Congress February I), 1871, for 
the express purpose of conducting an inquiry into a scientific question where scientific 
method was demanded, namely : ‘‘ (1) An investigation into the cause of the decrease 
of the sea-coast tishes and those of the rivers and lakes, with suggestions as to tlie 
best methods of restoring the same; and (2) active measures looking toward tho 
Propagation and multiplication of the useful food-tishes, either by restocking depleted 
Waters or by introducing dosirable species into new localities?’ 

Thus it is seen that the B’ish Commission began as a scientific inquiry whose 
results, it was hoped, niight redound to the good of mankind; and neither its true 
Purpose nor its method has changed. 

The problems which properly come ai,thin the scope of theGommissiori are among 
the most intricate and difficult with which the biologist ha8s to deal, and they are, as 
hdividual problems, very nuinerous, although all more or less intimately related. 

For the sake of brevity, let us take it that the proper and ultimate purpose of the 
@ish Commission is to increase the quantity and improve the qua1it.y of the fish food- 
SUpply of the United States. 
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This brings us a t  once to a consideration of the life-histories of the fishes them- 
selves. We must determine under what conditions each of' the various species of food- 
fishes thrives in its uittural state; we must deterwine tlie teinperature and chemical 
character. of the wiLter i i i  wliich it is found, the voluiiic or size of the stream or lake, 
the character of the sliol*es aiid botkolii and the surrounding country; we must also 
determiiie what other spccies of fishes are fouiid associated with it, their abundance 
and habits; aiid the sime regarding any and id1 other species of' :mimals and plants 
found in or about the fish's home. Aid then, after tlie detel*minatiou of the facts 
regarding the fish's ~nvironment, a secoud iLli(1 vastly more difficult series of investi- 
gationn milst be t:bkeii up, namely, the bearing of e:~eh of these hc t s  upon tlie life of 
the fish. 

The fact is one thing; its value as a factor in the life of the fish is a very different 
thing. 1 .find a certain species of fish in a streain which lias a iiiud bottom and whose 
water lias a tomperature of GO degrees a t  iioon duriiig dog-days. Am I justified in 
concludiug tliat a mud bottom aiicl water of GO degrees tcinperature are favorable con- 
ditions for the growth of that specie: of fish? Not by any iiieans. In the mountains 
of East Tennessee last week 1 saw cornfields on iriouiitaiii slopes too steep for an ordi- 
nary man t? climb with any conifort, but I ninst not infer that steep hillsides are a 
favorable condition for the growtli of corn. 

One of the divisions of the Fish Com~iiissioii, as iiow organized, is the division of 
fish-culture. This division lias to (lo with the breeding, Iiatching, and rearing of 
various species of' ihocl-iislies and the stoclriiig and restoclring of tliff eren t streams 
and lakes of the country. 

To do this work iiitelligently it must necessarily be based up011 a knowledge of 
tlie iiatural conditions under which each species thrives, which of the factors in its 
environmeiit are esseutial, which only desirable, which negative, and which detri- 
mental to the best life and growth of the fish. And when it comes to stocking, tho 
divisioii must lrnow the conditions which obtain iii every stream and lake which it is 
propofied to  stock. 

Another branch of the Coinmission-the division of scientific inquiry-in addi- 
tion to its many and iiriportant lines of' investigation regarding the marine fishes and 
fisheries, ha8 endeavored not to neglect the fresh-water species. It has undertaken 
to carry 011 such a series of comprehensive and exhaustive investigations as will, in 
time, result in a pretty thorough miderstanding of' all the conditions under which our 
various food-fishes thrive best and the particular significance of each factor in this 
bast environment. 

We have undertaken R U C ~  it study of the streanis and lakes as will enable US to 
know the peculiar coiiditions which exist in each important hydrographic basin in the 
United States. 

This, of course, means careful observation and study of all the physical, chemical, 
and biological features of each stream, for t,hese are the conditions, forces, or elements 
which together constitante the fish environment, and which determine the presence, 
abundauce, distribution, and conditioii of the various kinds of fishes fouiid in each 
particular stream or lake. 

Most of the work which has been done so far has been in the line of deter- 
mining the Factors in each environment, rather than guessing what tlie factors ineaii. 
Heretofore great harm has been done by guessing at  the facts and also guessing at 
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their meaning. We believe it is much better to be coiiteiit for the present with the 
observation and recording of facts, and wait until more facts :%re in before interpreting 
their meaning. * 

As illdiesting the character and scope 01’ the field work which we have been doing 
in this line, 1 shall give the substance! of the direct’ious or suggestioiis which have beeii 
furnished for the guidance of‘ the various parties wliicli the Commission has had 
engaged upon this work. During the last year or two there have been several v o l u -  
teer observers, end during tho present summer six parties wore engaged upon field 
work in accordance with this plan. 

Separate outlines were prepared for those parties engaged in lako study :md those 
studying rivers, but in this connection it will be sufficient to give but one of the 
outlines. 

The outline for lake study will serve ow purpos;, and I give it essentially as it was 
sent to the field parties, w’itliout taking time to put it in better form for this pibpor, as 
I perhaps should have done. 

In  the study of any lake attention shonld be given to the followiug : 

QUTLINE FOR LAKE STUDY. 

1’IlYSICAL PEATURICS. ‘ 
Geog~npitic po~ i t ion:  

Size: Form; groatest longth and width aud the diroctioii of each; loiigtli of shoro lino. 
Dol)tk: Msxiuium and ih’orago j soundiiigs shoulil btt iiri~ilo in iiiauy tlifferont placos and the  con- 

figuration of the bottoin dotorminod a s  accurately as possiblo. 
Teti~pt*aftcve: Detorniiue tho bottoiii temper:~turo iii vurioils plnres; a180 .at tlifforotit dopths, say a t  

intervals of 10 foot,. A t  what depth tloos the tunipor:rtiiro of tho air co:~se  to ttffwt tlhat of t h o  
water? Or, iit other words, at what clopth (100s tho tomporature remain eonstant? Thoso 
obsorvatioiis should’ be repeated onco a \veelc if pssible  alii1 sliould oxtend through a t  least 
one yoar. The tomporaturo of tho uir sliould also be takon r b t  tho ~:ime time. 

Ice: When arid wlioro does tho lake begin to freeze, in w h t  dirootiou does tho ice spread inoat rapidly, 
and when does the lake becomo frozen over9 What plibces remain unfrozon and what is tho 
oausek Note tho thioknesti and character of tho I(:O from time to time; when and whoro is 
tho maximum tliicknoss reached? Depth of snow covoriiig ice from time to  time. Wlieii and 
where does the ice begin to melt in spring, how and in what diroctioii does i t  progross, :tud 
when does the ice finally break up8 Upon whiht shoro nnd to what extent is it pilod up? Is 
there any regularity in  the forruation of ico-cracks in diffurout parts of tho lake? 

Puvitj: Charactor of the wator, whother cloaii or muddy, hard or soft; so~irces and extent of contaiir- 
ination. 

+ottonx Whether of smd, gravel, bedrock, or mud, and oh:brscter in differeut places. Dotormino 
dopth of bottoin doposit if possible. 

Sltcrss: Whether high or low; dry, murshy, or rnuddg; and of what matorid niude up, as mud, sand, 
gravel, clay, or rock ; geologio age to which outcropping rocks belo~ig ; clopth aird charactor o f  
drift, if any, iu  tho iriiiiiediate vicinity of t ho  lake. This can bo detorininod by 1o:miing tho 
dopth a t  which boil-rock is struok in the wolla of tho neighborhood. How do you oxplain 
the  origin of tho h k e ?  

l i t l e t :  Whit, stroam8 itowing into tho kilro and tho anonnt  of water carried by  thorn; tomporaturo, 
purity, :and ge11oraI character of tho watet. Locate :bnd rioto the ehnrzcter of all springs con- 
iioctod with tho Irbko, uot omitting auy that  may be iri tho Ialco’s bottom. 

Outlet: ~ l r n t  tlio outlet is, into wlmt i t  flows; oharttoter as to size, rete of current, and ‘volume of 
water discharged por minute. Compare m o u n t  of inflow with ontflow, rrud midto investiga- 
tions for the pu-rposo of dottoroiining tho :imouut of owporn tiou which &kos placo from the 
surfiiro of tho lako during each morith. This may bo approsim:~t~otl IJ$ ov;iporating, in tho 
open air, tho water in a large, sliallow pan. This, of course, would wet1 froquont repetition. 
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{&qtrlLCtiO?L8, snch as dams, waterfiills, e&., in  the outlet, and their influence upon the movemcnts of 
fish; wherc fisli-latldcra havc been placed and wlier,? not. 

Bainfall: Amount for tlie year; iiiontli of greatc.st and niontli of' least rainfall. IH the lake sub,ject to  
: ~ u y  changes or fliictnat,ions in Icvcl? I>ocv tho history of tltv lake  how that  it is increasing 
or (1ecro:ifiing in :mc:iB 

A compara- 
tive study of :I number of stiiall lakes situated near together would be reqiiircd in this coli- 
nection. 111 addition to  the 
observatious indicatetl above, tho observer should note any and all other physical phenomena 
which come iinder his notice, and whiclt liove any bearing whaftevor upon t h e  lake. Few, if 
any, obscrvatioun : ~ r u  imiinportaut, and every fact observed should be carefully recorded. 
Many of these obsrrvi~tions shonld bo repeated as freqiiently as ponsi Me, ant1 at regular 
intervals. 

Winds: Prevailing direction ; any relation noticed betweeii this and character of shore 1 

Direction of wind at timo of brcnkiiy up of ice in  spring. 

15IOLOQICAI~ FEATURES. 

Botanical: Plnuts foiintl growing in the water, snrh :m water-lilies, scdges, 1,icl;ercl- weed, cat-tails, 
water-arntu, rushes, :Lrrow-head, pond-weed, water-iuilfoil, water-weed, ec1-grass, chara, 
etc.; also t l i u  smaller forms, snch :is t l iu  various species of algac, duck-weed, diatonis, 
desmids, eto. The abundaucc, distribntiou. and lifc-history of each should be etudied, 
especid effort being made to  deteruiinr a s  accurately as possible thv amount of the vimious 
kiuds of vegetation fonnd in  the lake and tlie areti covered by each. Give much attention to 
the study of tlic relations which the v:trionu species of plants siistaiii to the auimal life of the 
lake. I n  Htudying the lifc-histories of the various plants, the obsorvations .Hhoiild be as com- 
plete as possible, p:iyiug :ittention to  their growth from first appearance in spring, through 
floweriiig and fruiting to tinie of clgitig. What becomes of thc doad plslits and stems-do 
they sink t o  tho bottoiu : I I ~  tlec;iy, or :ire they drifted upon the r~llores? 

Shorc ucgetaiion, iticluding plauts growiiig in or near the water's edge; trees and bushes whose 
branches overhang the water more or less, and the bearing of thesc varions facts upon tho 
life of the lake. 

Information as to the abundance, charactor, and distribntiou of e l l  tlie species of plants found grow- 
ing, say within 100 yards of the lake, would be of interest and value. 

. 

ZO6LOGICAL. 

Ash&9.s: As to  species, abniidauce, tlistribntion, and coiiditiori ; feeding habits, upon what tho v:irion~ 
spccics feed, wheu ant1 how they food; can any estimatc be made as to  the :Lmonnt of food 
required t o  nupplp tho fishes of the lake. 13reeding habits; when the different spccies spawn; 
location and character of spawning-gronuds; what specics feed ou the eggs of other spccicst 
Migrations and other movements; when. the  varions kinds of fish are found at different time8 
of thc day and :it different seasonri. Diseases ; by what parasites affected, to what cxtent, and 
at what season; when is mortality greatest? 

Size: Observe any and all facts which throw any light upon the average size of the individuals of u:tc:h 
species; thoir age, relation of age to size; at  what age thoy bcgin to  breed, Note any ahango 
in color occurring during the breeding season. 

Wh:it food-fishes taken in the lake; cxtent and valne of commercial fisheries, if any; specios takeu 
and methods employed ; game fishes of tho lake; value of the lakc to  anglers. 

Other animal life found in the lake, such as mollnsks, crustaceans, insects, and insect larvae, wornis, 
protozoans, ctc., thoir abundance and distribution ; make NUCII observations as  yon ran 
regarding their habits and stndy each of these forms with reference to  its bearing upon the 
fish-life of' the lake; the rclatiou of these animals to  the plants should receive attentiori. 

Aibirnal life found in the vicinity of the lake that  may havc any bearing upon that of the lake, 
snch as batrachians, reptiles, muskrats, raccoons, minks, and vamons species of water 
birds, such as ilncks, snipes, gulls, toms, hcrons, fish-hawks, ctc., tho abundance :Lnd time of 
appearauce and disappearance of each. Make attempts to  determine the abundaucc of any 
and all animal forms in aud about the lake, especially of thosc forms serving as food for the 
fiishef3. 
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These are by no means all the facts which should be observed, recorded and 
Studied. 

That there is great necessity for accurate observation in these matters is evident 
from the diff'ereiit opinious expressed by diRereut gentlemen regarding the iiieiihaden 
Yesterday. The truth is, we have very little exact information regarding the life- 
history of the menhaden, and have but little if any more about any of our fresh-water 
fishes. We possess some facts, it is true, and upon these few facts we have based 
broad geueralizatioiis; but are they warranted by the facts B For example, we ]mow 
that vast quantities of sawdust and vast amounts of refuse from paper-niills and 
other factories are let into our streams, aiid we know, perhaps, that great mortality 
has occurred with the fishes iu some of those streams; but do we 7crwu~ that the oize 
is the cause of the other$ We think that  sawdust injures the fish, but do we kmow i t 8  

In conclusion let me say that the whole subject of the relation and interrelation 
Of the various animal and plant forms found in our waters, their action and reaction 
upon each other, and their relation to the physical :LS distinguished fi-om their bio- 
logical environment, is the subject which is denianding investigatioii aiid upon whose 
hivestigation must depend all important adwwcc in tisli-culture and fishery legislation. 
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I;?.-’THE HABITS AND DEVELOPMENT OF THE LOBSTER, AND THEIR 
BEARING UPON ITS ARTIFICIAL PROPAGATION. 

BY FRANCIS H. HERRICK, 
Professor of Biology in Addbert ColZe~u~. 

Wanton destruction has extermiuated the wild bnff’alo of tho plains, aiid iudis- 
Criiniiiate slaughter is threateuing the fur-seal of the Pacific with a like fate. The 
Oyster beds. of the Chesapeake, ainong the richest iii the world, heve been brought to 
the verge of ruin by a lack of foresight aiid a bliiid trust in the resources of nature. 
The same evil has overtaken the lobster, aiid to-day the lisliery is declining. It has 
already ceased to be profitt4ble in niany places, and the size of’ the lobsters has dimin- 
ished. Too late, the lesson is beiiig learned, tliat we cau not forever reap t h e  wild 
harvests which we have iiot sowii. “Wliere I could catch 500 lobsters iu a day 
twenty-five years ago,” writes R lobsterman froin Maine, ‘‘ 75 per day is now a large 
Catch.,, The same complaint is heard from ue:rrly every point 011 the coast. Fisher- 
Ueii are not iiiclined to look beyond the cleiii~iids of tlie present hour, and men in 
general regard the oceaii as inexhaustible in its ttiiiiiiid life, as it is apparently limitless 
ill exteilt and fathoinless iu depth, forgottiug that iliarille aiiiuials may be a8 restricted 
in‘their distribution 8s terrestrial forms, it1111 as nic!ely ad,justed to their euvironment. 

Before we caii deal iiitelligeutly with the problem of protecting ail animal &on1 
destruction, or of increasing its numbers, it is of  the first iinportawx that we become 
thoroughly acquainted with tlie habits of the aiiinsal in questioii, witli its distribution, 
with the sources of its food at  all seasons, with its method of breeding, with the devel- 
opment of the youug, sud their habits froiii the tirno they leave the egg until they 
are tlieinselves able to propagate their kind. 

Until recently, the lobster, our largest and most important crustacean, ecouoiu- 
h l l y  considered, has been singularly neglected by naturalists, and a review of tho 
Various measures which have been suggested or adopted for its protection in di@ereiit 
states points very clearly to the value of accurate knowledge. The fact that so 
ilnportaiit a questiou as the breeding habits of the lobster should have remained for 
80 long a, time a matter of guesswork, emphasizes the need of a thorough investiga: 
tion of‘ its habits and &velopmentr. 

At  the illvitatioil of Ron. Marshall McDonald, U. 8. Com~~iissio~ier of Fisheries, 
I ulidertook such a work four ye:irs ago, and Iit~ve siiice given to i t  d l  the time which 
could be spared from professioiial duties. Ihr ing  tlie sumiuers I have eiijoyed the 
excelleut facilities for research which are afforded by tliu U. S .  Fish Uouimissiou station 
at Woods Holl, Mass., and in August ancl Septeinbor of this year I have been able to 
axtorid my observatioiis ill tlle field to the coast of Maine, froin Portlaud to Eastport. 
Phero is only time to lay before tho (Yongress some of the most sigliificaut and inter- 
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esting facts in the life of the lobster, and to point out what seems to me the most 
promising method of directing our energies i i i  the work of its artificial propagation.* 

The Americaii lobster (ffomarits cimericaaus Milne-Edwards) is confined, in its 
adult state, to a comparatively small strip of the Atlantic Ocean, stretching from 
D&aware on the south to Labrador oil the north, mid extending in breadth from the 
coast line oiit to a depth of GO to 100 fathoms. 

The adult lobster lives and feeds exclusively iipoii the sea bottom, which i t  never 
leaves of its own accord to any appreciable degree. It does not undertake periodic 
littoral migratihns up arid down the coast, like the truly iiiigratory fish, such as the 
mackerel arid cod, but is far inore sedentary in its habits. In the spring, however, 
about the first of May, when the temperature of the sea water approaches 550 F., it 
begins to move €rom deeper water towards the shore, and in fall, about October, it 
retires to deeper waters again wlieii tt similar temperature has been established j but 
these semiannual impulses do not affect tlie entire number of lobsters in a given 
locslity, since some individuals remain in shallow water in winter and in deep water 
in suinmer. Goode believes that the extensive northward and southward migrations of 
the mackerel are carried on in connection with movements t o  and from deep water. 
The same- causes, of which the change of temperature is the most potent, probably 
determine the migrations of both fish and crustacean. It is further possible that in 
the ease of the latter these short migrations are secondarily influenced by the occurrence 
of the molting and reproductive periods. It is certain, a t  least, that in most cases the 
eggs are laid and hatched while the lobster is in shallow water. 

As a rule lobsters are taken at a depthof from 1 to 10 or 12 fathoms, from thelast 
of April or first of May until October or November. During the rest of the year they 
are mostly found in water of from 35 to 50 or 60 fathoms, and some stray out to even 
greater depths. Thq- seem to move back and forth more or less in B body, though it 
is by no means certain that this is the case. 

The lobster must be regarded, as we have seen, as a relatively sedentary animal, 
and the fact that it is steadily decreasing a t  most points on the coast, arid that tho 
decrease is the most marked where the fishing has been conducted with greatest 
persistence, points to the truth of this conclusion. The once famous Cape Cod fishery, 
which dates back to the beginning of the century, and formerly supplied a large 
proportion of the lobsters sent to New York City, is now practically extinct. The 
region is depleted, and' it will probably be many years before i t  can be restocked 
under natural conditions. Indiscriminate and persistent fishing is certaiii to end iu 
the destruction of such a sedentary species as the lobster, and it is illogical, in the face 
of an efficient cause for its decrease, to seek for other causes which are neither known 
nor understood. 

clams and mollusks of various kinds. Fish which live upon the fie& bottom, like 
the flounder, doubtless fall a prey to their powerful claws, and I have kiiown the lob- 

* The-detded work on the Life-History of the Lobster will probably be eoulpleted by tlie eZ-2 
the coming summer. It will contain D full presentation and discussion of 811 the facts that are known 
concerning the habits and general life-history of tho adult lobster, the habits of the larv:o, and of the 
young during their long period of immaturity, end tho structure and developnient of tho reproductive 
organs. The development or metamorphosis of the larva froin tho time of hatching, and their twbse- 
p e n t  growth, will be fully described, and the development of the embryo will also be reviewed. The 
paper will bo illustrated with upwards of thirty-five plates. 

The principal food of tlie lobster consists of fish, either living or dead, and o i  . 

- - - _ _ _ _ _  ____ -- 
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ster while coufined in an aquarium to catch and devour the sea-robin. Lobsters feed 
chiefly by night, when they are far inore active than in the da7. They are quitc 
sensitive to strong sunlight, and are often found in the daytime under stones or 
bunches of seaweed, or lying at the mouths of their burrows. The lobster not only 
digs up the bottom i n  its search for shellfish and covers itself with mud in cold 
Weather, but burrows, under some conditions at  least, as extensively as the muskrat 
or Drairie dog. This is certainly true of lobsters kept in pounds, where the mud banks 
art? sometimes so extensively tunneled by them from below as to afi’ord but iiisecure 
footing to They dig horizontally into the bank to a distance of from 3 to 
5 feet, and during the day may be seen lying in their burrows with their long s e d -  
tive “feelers,” or antennae, outstretched, ready to warn them of the approach of an 
enemy, and with their large daws ready to strike a blow should the opportunity arise. 
If the hole is exposed a t  low title they will 1e:ive it in summer, but are not so carefill 
to (lo this in minter, when they are far less active. 

Next to reproducing its kind, the act of molting is the most important in the life 
of this anima,l. The whole body is covered by a chitinous shell, in which salts of 
lime are deposited, giving to parts of it the hardness of stone. When once forked 
the shell admits of no increase in size, sincc i t  is a dead structure, excreted by the 
skin below it, and when it is out8grown it must be cast off and replaced by a new and 
larger shell. The new shell is gradually excreted under the old one, and when the 
latter is discarded the new shell is soft and flexible, ;ind is easily distended to meet 
the requirements of growth. The growth of tlie lobster, and of every arthroljod, thus 
takes place, from infancy to old age, by ;I series of stages, characterized by the shed- 
dillg of the outgrown old sliell, a sudden increase in size, and the gradual hardening 
of the Hhell newly formed. Not only is the external skeleton cast off in the molt and 
the linings of the masticatory stoma&, the cssophagus and intestine, but also the 
internal skeleton, which consists for tlie most part of ;I, complicated linkwork of hard 
tendons. This is rendered 1)ossible from the fact that all these structures are derived 
from infolded portions of’ the slciii, and in molting they ;we simply drawn out of their 
O%inal folds or pockets. It is tlins easy to see why tlie molting period is a critical one. 

It requires from two to three meeks to forin :I. tolerably hard shell, and from two 
to  three months to prodncc one which is quite as hard as that cast off. Since the 
Process of nlolting involves a long series of changes it is not siirprising that a number 
Of names have been applied to lobsters mliile nndergoing thein. The terms “black 
ahell,’, “crack back,” or “shedder” are used to  desigmte a lobster which is nearly 
ready to molt. 6 6  Soft shell,” “bnckle ohell,” or “paper shell ” apply to one which litis 
recently shed, the shell being cmdy compressed by the fingers. A “liard shell” or 

Old slielI” lobster j s  oiie in which tlic! shell Iias attained, or nearly attained, its maxi- 
m l ~ n  weight and strength. 

In the final act of molting, ivIiic11 lasted ill one ease whicli 1 witnessed oxactly five 
uliuutes, the lobster lies 011 its side, ;md beiidiug its body, distends the membrane 
between the ‘6 tail77 :n~d the sllcll of the b;l,ck. This iiiembrane An~lly bursts, aud the 

part of the body, the 1;wge claws, aut1 other appendages tire gradually with- 
d ra~I l  from their old ar~uor, the ( (  tsil” coming out Iwt.  To aid this process, the lime 
salts have been absorbed froin some ot’ the joints of the Iegs wliich carry the large 
claWs, 80 th;tt the investing shell can be distended to an uinisual size, and absoi*ptioli 

Notwithstanding this, tho t.issnos 

man. 

l (  

takes place a1011g the median line of the back. 
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of the large claw are stretched out like a stick of candy, and are drawn through an 
opening a t  the base of the second joint, the area of which is less than one-fourth that 
of a cross section through the largest part of the claw. The shell of the back, or cara- 
pace, comes off entire, as a rule, but occasionally it is split along the line of’ absorption 
and is thus partially separated into two halves. 

A t  the time of shedding a considerable store of lime has been laid down in the 
walls of the stomach, probably for the rapid hardening of the lining of this organ or of 
tlie shell. It is in the form of two glistening white masses, one on either side, and 
each about the size of a small filbert. These gastroliths, better known in the cray 
fish as ‘ I  crayfishes’ eyes,” figured prominently in the pharmacopmia of the ancients, 
being much esteemed a,s remedies for a great variety of disorders. They arelargely 
composed of carbonate and phosphate of calciurn, and when t1i.e sacs in which they 
a,re formed are opened each mass separates into several hundred snow-white rods or 
columns. 

A curious habit which I have lately observed in the case of small lobsters (3 to 5 
inches long) which have recently molted, is that of stnffing the stomach with frag- 
mentsof calcareous matter, such as weather-worn pieces of shells of mollusks. The 
examination of the stomachs of hard-shelled lobsters of similar size has not shown 
any such remarkable assortment of calcareous materials, and it is possible that in 
the absence of gastroliths these are swallowed by the young lobster after each molt 
to furnish the growing cuticular skeleton with lime. I t  has not yet been determined 
at what particular period in the life-history of the lobster the gastroliths make 
their first appearance. 

After shedding, the lobster is, for the most part, helpless, except in so far as i t  is 
able to elude capture by hiding in satweed or under stones, and must often fall a prey 
to fish. One would suppose that they would resort to their burrows at such times, 
but 1 have seen no evidence of their doing so. As shedding is the result of growth, 
which is dependent upon a variety of conditions, molting lobsters are found at nearly 
all times of the year. For the majority, however, the period of ecdysis is the summer 
aud fall, varying in different localities and in different years. In the eastern dis- 
tricts of the Maine coast the greatest number OS soft-shelled lobsters is taken in 
Selbtemher; in the western, in July and August. Some are occasionally caught iu 
wiuter. but are very rarely taken in March, April, aiid May. Lobsters thus, as a rule, 
molt iu shdlow water, but “shedders” and “soft shells’7 have been occasionally tatken 
from the stomachs of codfish caught in deep water outside. The adult lobster increases 
its length a t  each molt by about 12 per ceiit; that  is, by 1 to 1+ inches. 

There is no definite limit as to age or size when this process can not take place, 
since we find adult lobsters of‘ all sizes from the smallest to those weighiug upwards 
of 30 pounds. I have recently exaniined the large claw of a lobster, said to have 
weighed when alive 39 pounds, and which must have actually weighed 28 to 30 pounds. 
It is evident from the thinness of the shell of’ the claw that it belonged to an indi- 
vidual which had molted within two months from the time of its capture. The 
claw was 13 inches long and 178 inches in girth, while its total weight was only 162 
ounces, including the third joint. 

Female lobstera reach sexual maturity when S to 12 inches long, posRibly a very 
few when even smaller, a larger iiumber a t  the length of 9 iuches, arid the niqiority 
wlicn measuring 10 to 12 inches. 
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Over 100 dissections mere niade in the summer of lS90 (June 28 to August 19) to 
determine the period a t  which female lobsters mature, and to follow out the devel- 
opment of the reproductive organs; out of this number, 25 lobsters, from 9.31 to 13 
irlches in length, had never spawned; 5 of these mere between 10 and 11 inches long, 
and G between 11 and 12 inches. In many cases it was demonstrable that the 
ovaries of these lobsters could not have become mature in less than two years. It is 
therefore obvious that the lengths of 9, 10, and 104 inches, which have been adopted 
ill different States as staridards below which no lobsters are allowed to be sold, should 
be raised, if these animals are to receive the fullest benefit from this kind of legisla- 
tion. 

The eggs of the greeter number are laid at a defitiite period and are attached by a 
gluey secretion, corning from cemerit glauds” in the legs of the ‘6 tail:’ to the loiig 
hairs which garnish these appendages arid to the under side of the “tei177 itself. They 
are thus carried about by the female, itIld protected for a period of from ten to eleven 

. months, when they hatch, and the yourig which then leave the mother lead an inde 
Pendent, free-swimming life, near the surface of the water. 

The number of eggs laid varies with the size of the animal producing them, from 
3,000 to 9,000, in the case of a female 8 inches long, to 85,000 in oue measuring 1G& 
inches, This is the largest egg-bearing fernale of \vhich I have any record. Lobsters 
104 inches long, from Vineyard Sound, produce, on the average, 11,000 eggs. 

The law of production mhy be statad AS follows: The numbers o j  eggs produced 
bp female lobsters vary  in a geometrical series, while t8e lengths of tlbe lobsters produoivilzg 
\ _ _  ____________I_______.__- - - - -. . -- - -- 

* The cemeut glands, which are responsible for the viscous secretion iii which tho eggs aro bathed 
a t  tho time they are laid, and by meaiis of which thoy :ire aftorwards firmly sncnred to  tlic body, are 
of microscopical size and occur in  vcry great niimbers. The) 111-8 moRt niimeroiis 011 tho hindcr faces 
of tho second t o  fifth pair of swimmerets of the fcmale. Each consiata of a eplicrical cluster of 

of a hundred large glandular ~ c l l ~ ,  which teriniiiate in a ceutral rosette (a pccnliar, reticiiluto 
structure whose nature I have not determiiiecl). In tho cciitor of this rosette :I small lumen or empty 
Cavity is usually seen. The lumen communicrttes witli the  exterior by B vcry delicate chitinous tube, 
the duct of the gland. Tliis threed-like duct pciiotratos tlic chitinous covoriiig of the swimmerctt 
and opens n t  the  siirf::Lco by  a minute pore. Each gleiid 11:~s :I large, nearly central, gan)rlioii-cell, 

Organb of very 
similar structure occur in grcat nuiiibcrs in tho nppoudages abont the iiioiith, particularly in  the mau- 
dibles, maxillis, the  ~ippor arid lower lips (1:ibrnm and metwtoma), slid seom, from p1iysiologic:tl 
eXPeriments, t o  be sense orgms, probably of a gnstntory nature. These two k i d s  of oigans, cement- 
gland and appendiciilar sense-organ, while sgrceiug in genoral structure, give tiii entirely different 
mioPo-chernical reaction. This analysis shows tliut the orgens of the swimming-feet, are undoubtedly 
B h d u l a r  in  their nature, mid we must irifcr either that  both kinds of organs :we really glands, or 
that there is a close relation bctwoen glands aiid NOU80-OrgaUE of this partionlar typo. 

The cement, glands, like the mammary glancls of ROiliB inaui1n~18, ere cap1)le of iictive sooretion 
Only at definite reproductive periods, namely, :tt the time of egg-hying in the case of the lobster. The 
liquid sscretion is prob:tbIy poured out very d ~ w l y ,  and trickles down the sides of tlie swimmerots Upoil 
their hairs and into tlle poiich or cavity formed by tho folding of the ‘ I  tail,:’ wlicre we know, by obser- 
vatio~is made on other crustracoa, that  the eggs are stirred up by the movements of the swimmerets until 

This is uot viscous 
An iiiterestingcaso of abbs te r  

which had laid her eggs iri tho woll of a Ashingarneck came to my notice this snmmer at Roclrland, Me. 
The lobster wa8 taken ont of the well and laid 011 deck, when the newly laid eggs began to flow out from 
“nderthe “tail.” The orayfish lies often been found with the eggs in a similar condition. After a loll&W 
‘Ontact with sea water tho liquid cement becomes, as is well known. very tough aud inelastic, resembling 
“itin iu its general appeamuce aiicl properties. 

is connected with the rosette aid with tlic uerve mliicli siipplics the gland. 

beoome effectiially (( viwnieliod” and fixed in  place by the cenient snbstaiiro. 
first, aud i t  is probably somo hours before i t  becomcs very teiirmious. 
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thqse eggs nary in an arithmetical series. 
following: 

According to this law we should have the 

Lengths (in inches) . ~. _ _ _  _ _ _ _  _ _ _ _  _ _  __.. 8 10 12 14 1G 
Numbers of eggs . . . . - ~ ~. . . . . __.  . . . - ~. . 80,000 5,000 10,000 20,000 40,000 

An examination of nearly a t1ious;tiitl cases shows that the first three terms of 
t l i e~e  series express very closely what actually occurs in Lature. The data are not 
sufficient for carefully testing the fourth and fifth terms, but the largest number of 
eggs obtained suggests that there is a tendency to maintain this high st’andard of 
production, even at an advanced stage of sexual life. I believe that the law formu- 
lated above expresses very ne:trly the propagative powers of the lobster during the 
height of its sexual activity, though it is not to be supposed that tlie latter conforms 
uniformly to any arithmetical standard. 

Fertilization is eflected on the outside of the body of the females by means of sperm 
cells which the male discharges during copulation into a semirial receptacle. This is 
situated 011 the under surfiwe of the feinale, on the middle line, between the basal seg- 
ments of the third pair of walking legs (fourth pair of pereiopods) and may be opened 
with a knife by pressing the elastic sides of its median aperture. The peculiar grooved 
legs of the- first segment of the tail of tlie male are probably inserted into this pouch in 
copulation, but nothing is definitely known of the process. The spernintozoa are dis- 
charged in masses, embedded in a translucent jolly, which is secreted in the glandular 
section of the seminal duct (by spcrmatoplioral glands). These packages of sperm cells 
are the spermatophores. The sperm cells of the lobster, wheti they 1e:ivc the testis, 
are provided with three loug, slender processes, which radiate from the constricted 
neck of the cell and are perfectly rigid. It is 1)ossible that the fiinction of these pro- 
cesses is to hold the sperm cells together in masses, in the speriii:Ltophores, until they 
are deposited in the seminal receptacle. Rere tho spermatophores become disorgan- 
ized, and the sperm may then be easily pressed out in a semiflnid, grayish mass. The 
rigid processes, which would be a11 impediment to the translation of the sperm, have 
become relaxed, bent up, and iii sonic cases have disappeared. The way in which the 
spermatozo:t reitch and penetrate the eggshell :ind coiipektte i i i  fertilization is 
unknown. . 

A female lobster, which h i d  her eggs July 1, 1890, mas kept under observation at 
the Fish Commission station a t  Woods E011 335 days, until June 1, 1591, when the 
eggs had begun to  hatch. Tho hatching of the eggs begins there in May arid extends 
into July, but the greatest nun11)er itre iuvwiably 1iatc:hed in ,June. I am informed by 
Mr. Nielsen, superintendent of fisheries in N ewfoundland, that the eggs are laid there 
from the first week in August to t,lie latter p r t  of Septeiiher,* and that the greater 
number are hatched froiir the 15th or 20th of July to the 20th of August. Re also states 
that he has Iiatclied some eggs iu floating incubators as lirtc as November. 

0 1 1  the southern section of the coast of M;~ssaclinsetts the eggs are lihid in June, 
July, and August. In some seasons tlie greieter number are extruded during the latter 
part of June and the first part of July, in others in the last of July :md the first of 

_ _  .--- ~ - - 

* In the Aniiual Report of the Newfoiiiitl1:mtl YisherioN Commission for 1892, Mr. Nielsen states 
that “the priuoipal spawniug time of the lobster, in Newfoiiutllaud waters, extends over a period of 
from 25 t o  30 days, from the 20th :tnd 25th of .JiiIy t o  the 20th of August,” ani1 allso that “the ova on 
the madority ofthe berried lob6terS do uot begin to hitch in any considerable numbers hefore the first 
week in August.” 
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August, and in others again in August. On the eastern coast of Maine the period 
of egglayirrg probably extends into the first part of September and in Nemfouiid- 
land and Labrador possibly even later. The exact determinatiou of this period for 
different sections can only be made after more material has been collected. * 

Development can be hastened by artificially raising the temperature of the water, 
but it is not yet kiiowii if any advantage would attend this practice. Buinpus has 
suggested in his paper on the embryology of the lobster (Journ. of Morphology, vol. v) 
that if the youiig were hatched by artificially raising the temperature of the water 
during the cold months of the year, and were then liberated into the ocean, tbey 
Would be certain to escape the attacks of many summer enemies. It is almost equally 
certain, however, that the young lobsters would find new enemies in winter, and that 
the indiscriminate destruction by storms, vhich must be very great a t  all times, mould 
then be enhanced. 

The female protects her eggs to the best of her ability, and aerates them by her 
natural moveinents in the water, and also by the fanning motions of the legs of the 
“tail” to which they are fixed. When creeping over tlie bottom she is careful to keep 
her (6 tail” well folded. Owing to the unequal development of the individual eggs the 
hatching of a brood occupies upwards of a week. After hatching, the young receive 
no fosterage, but are immediately set adrift. 

At the time of hatching, the embryo not only gets clear of the egg membranes, but 
molts and enters upon the first stage of its lama1 life. This first molting, which occurs 
a t  the time of hatching or shortly after it, is very critical, and the failure to accomplish 
it 811cceesfully is the cause of death to a considerable iiuniher which are hatched 
artificially a t  the Woods Holl Station. The young lobster, just hatched, is about one- 
tllird of ail inch long. It differs i i i  habits and structure from the adult, hut like 
the latter its growth is characterized by a series of well-marlred stages or molts. With 
each molt it casts oft’ its old shell aud assumes new characters until the fourth stage 
is reached, when the adult characterigtics are fairly established. It still, however, 
swims at  the surface, which it continues to do to some extent in the next stage. Its 
fooa consists of microscopical orgauisms which float in the water, and, as a t  earlier - _I__-______ - 

Siiice this W U ~ E  written, I have obtained some now facts which throw liglit upon the breeding 
habits of the lobster. Mr. V. N. Edwards aunt mo Liome lobsters from Woods 13011, Mass., IhCelnbur 4, 
l8g3, and among theso wns nu ogg-boaring female, 124 iuches long, with eggs of s peculiar light yello\v- 
ish Greeu color. They were in  the B t n g C  of development which closely follows the egg-nnuplius, :ind 
probebly’h~d beeri Inid about Novoinber 1. I have also recciitly received, throiigh the kindnem of 

F. W. Collins, a nuinber of spooimons of tho eggs of tlie lobtiter from Maine, which establish 
In  one individual from 

York Islnntl, November 15, the eggs were but two or throo days old, and in another specimen taken 
at Cranberry Isle, Noveniber 25, the egg-nauplius is barely outlined. I n  the latter cam the egg8 
were probably extruded about ~oveiribur IO. 

The breeding season of tho lobster may now be said with certainty, to extend from June to Novem- 
ber, and i t  is posflible that  i t  covers even a larger par t  of the ycnr. This important su’3ject is being 
carefI1lly investigated, i n  order to ascertain what proportion of lobsters breed outsicto tho lUOllths of 
June, July, and August, when, without doubt, tho  gronteet nuuibor of eggs are laid. 

This late brceding of the lobster iindoubteclly rtCCOUKlt8 for much of the otiscurity which has hung 
Over its reproductive habits and may also explaiii tlie casus of the occnsionnl hatching Of lobstm3 out 
Of 8ea8011, which have been recorded. Statements linve beeu forinerly nisdu tha t  lobsturf3 have been 
taken with freshly laid eggs in the fill1 ant1 wintor, but thoy could never be received, because they 

P, C. U. :893--0 

queLition the  late breeding of the lobster on the coast of this State. 

not supported by a niicroscopical erainiliation. 
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stages, it  falls an easy prey t o  surface-feeding fish. The pugnacious instinct of the 
young larvae: and their remarkable activity in killing and devouring each other, inva- 
riably attracts the notice of every one who watches them, and is an insurmountable 
barrier to the successful raising of thein in small aquaria. 

The young larva are markedly heliotropic. If the vessel of water containiug 
them is placed in direct sunlight they immediately retreat to the opposite side of the 
dish, that is, in the direction of the light rays or away from the source of light. I f  
the vessel is rotated through an angle of 1800 the lam% beat a similar retreat, and 
this may be repeated a p e a t  inany times. It is thus possible that the young free- 
swimming stages of the lobster belong to that class of larvae which leave the surface 
under the influence of sunlight and swim down to a considerable depth in the ocean, 
rising to the surface again at night, but i t  is not known if this is the case, and i t  
may turn out that the young lobster both shuns and seeks the light, under different 
conditions. This is a point for futuro experiment to decide.” During the past five 

. summers which I have spent at the U. S. Fish Commission station at  Woods Holl we 
have used the towing net in various parts of Vineyard Sound on bright days, but 
have never succeeded iu capturing .the first and second free-swimming stages. It 
should also be added that but very few of these larvae were taken at  night, and that 
little towihg was done after dusk. 

I believe that the scarcity of the young larva of the lobster in the surface 
waters of Vineyard Sound during the summer is due to the fact that they are eaten 
up or otherwise destroyed. Tho survival of t5e young is probably much greater in 
outside maters than in those sheltered by the land, which are so often the haunts of 
surface-feeding fish. If this is the case, we may look upon the long free-swimming 
period of the larva as a means not only of securing a wide distribution, but also of a 
transport from.the shore. On the other hand, it is probable that the young lobster, 
aftm its metamonhosis is finished, tends to move towards the shore, where i t  can find 
a, secure hiding-place among the rocks in shallow water. 

The fourth larva does not show the same kind of sensibility to light, and is fre- 
quently taken at  the surface on bright days. I have also dipped from the surface in 
the daytime a few individuals in the third larval stage. At  the fourth stage the larvae 
have attained a length of about one-half inch, and have been taken in Vineyard Sound 
as early as June 29 and a8 late as August 12, but the majority reach this stage in from 
fifteen to twenty days. Larvae have, however, been reared to  tho fourth stage in the 
laboratory in eleven days. 

Larvae are never taken at the surface after the fifth stage, from which we infer 
that they go to the bottom during this period and assume the habits of the adult. 
A t  this time the difference between the large claws is not marked, and the first pair 
of legs of the “tail” is represented only by miscroscopical buds. These and the 
remaining adult characteristics are gradually assumed during successive molts. 

Very little has been known about the habits of young lobsters from 14 t o  3 inches 
long. I am indebted to Mr. M. B. Spinney for a, valuable collection of small lobsters 
from the shores of Casco Bay and Small Point Harbor, Maine, which he has very care- 
fully explored. Lobsters 34 to 4 inches long were found quite often under rocks, 
where at eztreme low tide there would bean inch or two of water, but it was only in 

*See the paper by Dr. Loeb in this volume, pp. 65 to 68. 
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the rock piles, where the rocks were several tiers deep, that the srnallest lobsters 
Were found. The smallest which Mr. Spinney’sent 1118 were taken in Small Point 
Barbor, October 9 to 19, and measured 1-56 to 1.62 inches; they were all found deep 
among the rock piles, where 110 enemy could reach them, arid were about four months 
old. When tho lobsters attain a length of 3 to 4 inches they leave the stone piles and 
take refuge under rocks, where they dig a small hole, in which they lie concealed when 
an enemy approaches. 

Yearling lobsters attain a length of a t  least 2 and possibly as great as 3 inches. 
The increase in length of individual larva, a t  each molt is subject to considerable 
Variation, as we should expect, but the average increase is strikingly similar to tliat 
Seen in tlie adults. In either case the average increase in length a t  molting is from 12 
to 13 per cent. 

Placing the length of the lobster one year old a t  2 inches, and knowing the average 
longth of the larva at the time of liatcliing to be about one-third of an inch, or more 
accurately 8.5 inm., we can estimate the number of the molts the young must pass 
through during the first year of its life. Calculated on the basis of an increase at  
each molt of 13 per cent, tlie lobster, when it is 2 imhes long must have molted six- 
teen times, &nd a 10b-inch lobster would have molted thirty times. This estimate is 
undoubtedly too great, It is, however, certein that during the first four months of 
its life the young lobster molts a t  least ten times. Beyond this period, I have not 
followed individual larva. 

After reaching sexual maturity the female lobster does not, as a rule, molt oftener 
than once i n  two years. New- 
egg lobsters, taken in summer, are almost invariably hard-shelled, and since the 
majority of a11 lobsters molt in July, August, and September, tlie last shedding of such 
lobstors must have taken place ten months or a year before the time of egg extrusion. 
hrthcrmore, the eggs are carried for a period of a t  least ten months, during which, 
molting is out of the question. After the young are hatched, however, a molt fol- 
lows in the course of a few weeks. When the ovary of a female which has hatched 
her young is examined, it is seen that the growing ova are in a very immature condi- 
tion, and if their growth is studied at different times of the year it mill be evident 
that they can not bo extruded until the sunimer following the hatching of the last 
brood. We may therefore conclude that tke sexual female lobster lays eggs and 
molts a t  intervals of two years, and that these biennial peribds are o m  year apart. 

I have known of only four or five cases of lobsters which have molted just  before 
spawning. New egg lobsters with soft shells are, in fact, so rare that many intelligent 
lobstermen who have fished for a quarter of a century have iiever seen one. 

As the lobster increases in age the molting period is undoubtedly lengthened, but 
i t  still talres place in  i~idivicluals of extraordinary size, when one might suppose that 
the time of senescence had arrived. 

The artificial propagation of the lobster is attended by difficulties which are not 
met with in dealing with the same problem in fish. The ripe eggs can slot be pressed 
from the body and artificially fertilized and reared. They must be taken in a fertile 
and growing condition, whoii attached to the outside of the body of the female. The 
best incubator for her eggs is undoubtedly the lobster, and it would be better policy 
to leave matters with her, if she could be trusted in the hands of her greatest enemy, 
man. Unfortunately this is not the case, and a wanton destruction of lobsters “in 

. 

This is sliown to be the case by tho following facts. 
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berry” has taken place for mauy years. The eggs are illegally scraped off with a 
mitten or with the fiugers, and thus allowed to perish by the millions, .in order to 
send a few more lobsters to market. 

The only ways open to secure an increase of the species are to protect the spawn 
lobsters, or to protect the immature until they have a chance to reproduce, or to take 
the eggs and rear them artificially. I mi11 speak only of the latter expedient. 

We have seen that the egg8 are carried and carefully protected by the female for 
the space of ten or eleven mouths, and that the young receive no protection or fos- 
terage from either parent, but swim near the surfacq where they drift helplessly about, 
subject to indiscriminate destruction from storms and other causes. To maiutain the 
species nature has made use of the common resource of producing a vastly greater 
number of young than can possibly survive under iiatural conditions. In  order to 
keep the species at an equilibrium it would be only necessary for each pair to produce 
in the natural term of their life two adults to take the place of the parents. . Since 
sexual females of the average size of 101. iuches produce 11,000 eggs at each repro- 
ductive period, there must be, in nature, a destruction of nearly the entire product. 
The survival of 2 in 10,000 would probably more than maintain the species at an 
equilibrium, and as the aninial is markedly on the decrease the actual survival must 
be less tban this. 

It should be borne i n  mind that the number of eggs produced by lobsters exceeding 
104 inches in length increams very rapidly in proportion to the’ increase i t1  length, 
according to the law already stawd. A lobster 128 inches Ioug produces upwards of 
20,000 eggs and a lobster 1G inches in length four times this number. 

The leugth of log inches is takeii as about the average length of reproductive 
females a t  the beginning of their sexual maturity. The average length of mature 
females is undoubtedly much greater than this. Furthermore, every female which 
has reached sexual maturity reproduces once in two years. A largo iiuinber, however, 
are destroyed before they have succeeded in rearing a single brood. 

Talring these facts iiito consideration, and also the fact that the species as a whole 
does not appear to be inaintained a t  present et an  equilibrium, b u t  rather to be 
actually on the decline, n little reflection will convince anyone that the destruction 
of the young of this species in nature must be much greater than that entailed by the 
survival of 2 in 10,000, Whatever survival there is under nature is a result of all the 
conditions of the environment, whether adverse or favorable, so that as long as the 
existiug conditious remain the same, such as the persistency with which the fishery is 
conducted, the temperature changes, and those conditions which affect the supply of 
food, we may be sure that it is only necessary for each female in the course of her term 
of life, be i t  long or short, t o  bring two young ones to maturity in order to maintain 
the species at a uniform level. 

We can readily see how even a slightly greater survival than this would be rapidly 
felt. Thus, let us suppose that tbere are at the present moment 80,000,000 lobsters 
in the waters of the Atlaatic Ocean off the eastern coast of North America, and that 
the sexes are evenly divided. If each pair were to produce a pair to take their places, 
as the result of their sexual activity, or what is the same thing, if each female should 
produce two sexual individuals, there would be neither increase nor falling off in 
numbers. If every female were to produce three instead of two to take their places, 
the total number of individuals would be increased to 75,000,000, and if four were the 

’ 
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product of each pair, tlie original number of lobsters would be doubled. If a similar 
hxease  were to take place in the huinan speciesfamine and starvation would undoubt- 
edly follow in many places, but so far as abundance of food is concerned it is certain 
that the lobsters could maiutain themselves in far greater numbers than a t  present. 

Beproductiou is an expensive process, and the birth-rate among animals is there- 
fore kept down to a minimum, which will provide against extinction by discriminate 
and indiscriminate causes. A high birth-rate is bad for tlie individual, bu t  is good 
for the race, and is only resorted to when the chance of survival becomes very small. 
When the parents foster and protect the youug, as is the case with birds and mam- 
mals, a very low birth-rate will suffice to maintain the species, but when these condi- 
tions are not present aud the chances of reaching maturity are less and less assured, 
the birth-rate has in many animals been more and inore increased, until in extreme cams 
the number of eggs produced amounts to tens or hundreds of millions. 

The number of eggs or young produced by an animal is thus directly related to 
the habits of the animal in its early and adult stages. This is well shown within the 
group of the crustacea by 8 comparison of' the conimon edible blue crab (Callinectes 
hsta<tus), or the lobster, with a deep-sea shrimp (ParapasipWat? sulcatifrolzs). The 

'ehrimp lays from 15 to 19 eggs, each one of which, according to Prof. S. I. Smith, 
measures 4 2  win. (about one-sixth of an inch) in diameter, and is ' l  approxiniately 
equal to a hundredth of the bulk of the animal producing i t a  case in which the egg 
is relatively nearly as large as in many birds." The blue crab is said to  lay 4,600,000 
eggs, each of which measures only 0.28 1111n. in diameter. We must infer that this 
Sllrimp has a short larval period; probably it hatches from the egg with all the external 
characters and habits of the adults. The blue crabs, on the other hand, or the young 
lobsters, leave the egg as imm;iture forms, or larvE, and have a number of weeks 
of free-swimming life, during which time they are subject to iniiurnerable chances of 
destruction. 

In  the tapeworm we have an example of an animal which produces an extraor- 
dinary number of eggs, possibly reaching to tens or hundreds of millions. In some 
species the body is composed of as many as 3,000 segments, each of which is really 
an hermaphrodite individual which produces thousaiids of eggs. In order that any 
oftliis vast progeny may come to mibturity, the eggs or embryos must be eaten by 
an herbivorous or carnivorous animal, nud the flesh of this animal contaiuing the 
encysted parasite must be eaten by still a, second animal of a particular species, whioh 
forms the second host. It is thus evident that if the number of these eggs were few 
there would probably be no survival at all. 

The production of a large number of embryos invariably Team destruction to all 
but a very fie w, and if,' in our attempts at artificial propagation, we place the youllg on 
the same footing which they would acquire in the ordinary course of nature, we can 
noti expect that nature will treat them with any partiality. 

The hatching and immediate liberation of the young of the lobster can be easily 
accomplished by the methods now in use, but  it is clear that in order to sensibly 

the total supply, such a method must be conducted upon a very 1:hrge Scale. 
Ahwing  the survival of 2 iiidividuals out of every 10,000 hatched, we would have to 
hatch 1,000,000 eggs to produce 200 Adults, and 1,000,000,000 to produce 200,000. since 
hundreds of thousands of lobsters are captured every month during the best Part of 
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the fishing season, it is evident that the annual supply can not be appreciably affected 
by this method when conducted upou its present scale. 

If there were a loss of half or more of the product of eggs during t-he ten or eleven 
months while they are carried by the female, then we should increase the supply if 
we were able to take the eggs at  an early day and secure the hatching of the entire 
number. As a matter of fact, however, unless the lobster is destroyed outright, she 
manages to preserve her eggs with remarkable succew, and a very large proportion 
of the number originally laid are almost invariably hatched. In the case of many 
fish, on the contrary, which extrude their eggs into the water and leave them a prey 
to the elements and to  euemies of all kinds, it will obviously tend t>o increase the 
species if we take the eggs, artificially fertilize them, and tide them over this early 
danger-period, as is now commonly done. 

It is something to make one blade of grass grow where none has grown before, and 
i t  is well t o  use every means in adding, in however small a degree, to the supply of 
lobsters on our coast, but what I wish to point out is that we may deceive ourselves in 
regard to the success of our efforts. The placing of free-swimming crustacean larvae 
in the ocean is a very different thing from .placing young fish in a pond or stream, 
since the lobster, while restricted in its adult state, i n  its larval stage is at the' 
mercy of the winds aud currents and surface-feeding animals, and subject to distri- 
bution over very wide areas. This arises from the fact that while in this condition 
it lives near the surface of the water. 

If we could save 100 instead of 2 out of every 10,000 hatched, every million young 
would give us 10,000 adults, and every billion would yield 10,000,000 lobsters, capable 
of reproduction. If  we could preserve 1,000 out of every 10,000 eggs hatched (which 
is, of course, far too much to expect), every million youug would yield 100,000 adults. 

Ita view of these facts, it  sgems to me that, before liberating the young lobsters, 
an attempt should be made to rear them ixutil they havepassed their free-swimming 
stages, that is to say, until they have molted five times, and are from three to  six 
weeks old. One hundred lobsters i u  the fifth or sixth larval stage would be of more 
value than many thousands of the youngest forms, since, like the adults, they then 
live upon the bottom aud are able, in a great measure, to  protect themselves. 

Whether such an attempt would be successful or not, could be decided only after 
very careful experiments. Some of the conditions necessary for success can be out- 
lined now, such as (1) the need of relatively large iiiclosnres, where overcrowding, 
which inevitably results in destruction to the young, can be avoided; ( 2 )  a supply of 
pure sea water, as free from sediment as possible; (3) a means of regulating the light 
admitted to the inclosures (possibly a needless precaution); (4) a means of retcliniiig 
the young without injury, so they will not have access to  the water outside uritil the 
proper time. 

The first step to be taken is to study the habits of the youug in ponds, or places 
where they can bo watched during the day and night, and to ascertain liow near the 
surface they maintain themselves a t  such tiines. 

While we can not say with certainty that, in the present state of' our knowledge, 
such experiments would suceed, I believe Ohat enough is known to eucourage us to 
make an attempt in this direcbion. 



13.-THE ORIGIN OF THE FOOD OF MARINE ANIMALS. 

BY W. K. BROOKS, 
Professor of Zoiilogy in the Johns JIopkins Universi(y. 

In a picture of the laqd, the mind calls up a vast expanse of verdure, broken only 
by water, and str9tching through forest aud meadow from high up 011 the mountains, 
over hills and valleys and plaius, down to the sea. 

Our picture of the ocean is an empty waste, stretching on and on, wibh no break 
in the monotony except, at loug iutervals, a ffoating tuf t  of saEgaRsurn or a flying- 
fish or a wandering sea bird, aud we never think of the ocean as the home of vegetdAu 
life.- It contains plant-like animals, u zoiiphytes,” in abuudance, but while theyresemble 
Plants or flowers in form and color and iu  their mode of growth, they are true aiiimals 
and not plants. 

At  Nassau, in the Bahama Islands, the visitor is taken in a small boat, with 
windows of plate glass set in the bottom, to visit the “sea gardens” at  the inner end 
of a channel through which the pure mater from the open sea flows between two 
Coral islands into the lagoon. Here the true reef corals grow in quiet water where 
they may be visited aud examined. 

The bottom of the boat is below the surface ripples and reflections. When illumi- 
nated by the vertical sun of the tropics and by the light which is reflected back from 
the white bottom the pure, transparent ocean water is as clear as air, and the smallest 
object, 40 or 50 feet down, is seen distinctly. 

As the boat glides over the great mushroom- shaped coral doines which arch up 
from the depths, the dark grottoes between thoin and the caves under their over- 
hanging tops are lighted up by the sim far down among the flower animals or 
anthozoa and the animal plants or zoijphytes, which are seen through the waving 
thickets of brown and purple sea fans and sea feathers as they toss before the swell 
from the ocean. 

There are miles of these 6‘ sea gardens 7, in the lagoons of the Bahamas, and i t  has 
been my good fortune to  speud nilany months studying their wonders; but no descrip- 
tion can convey any conception of their beauty apd luxuriance, and I never spent a 
day among the reefs without longing, a t  every turn, for the skill to copy with a brush 
the new beauties which never ceased to present themselves. 

The general effect is very garden-like, and the beautiful fishes of black and golden 
Yellow and iridescent cobalt bloc hover like birds among the thickets of yellow and 
lilac gorgonias. The parrot fishes (Didoon. and Ballistes) seem to be cropping the 
Plants like rabbits, but more carefill examination shows that they are biting off the 

Of the gorgonias and branching madrepores or hunting for the small Crustacea 
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which hide in the thicket, and tmhilt :dl tlie apparent plants are really animals. The 
delicate star-like flowers are the vermilion heads of boring annelids or the scarlet 
teutacles of actinias, and tlie thicket is made up of pale lavender bushes of branching 
madrepores and green aud yellow and olive masses of brain coral, of alcyonarians of 
all shades of yellow and lilac and purple and red, and of red and brown and black 
sponges. Even the lichens wliicll incrust the rocks are hydroid corals, and the whole 
sea garden is a dense jungle of animals where plant life is representedonly by a few 
calcareous algae so strange in shape and texture that they are much less plant-like 
than the true animals. 

The scarcity of vegetetion becomes still more noticeable when we study the ocean 
as a whole. 

On land herbivorous aiiimals are always much more abundant and prolific than the 
carnivora, as they must be to keep up the supply of food. Insectivorous birds are 
very abundant, but they are iiot numerous enough to keep the plant-eating mollusks 
and insects in check, aud the devastation which is caused ;very year by the armies of 
grasshoppers and locusts ixlld herbivorous beetles and by otlier less c6nspicuous insects 
shows that their natural enemies are not numerous enough to overtax their productive 
power. , 

The birds wliich feecl upon grain and seeds and fruits arevery abundant indeed, and 
they sometimes g&her a t  their breeding-grounds or places of assembly in innumerable 
multitudes, but the hawks and owls which prey upon them are not verynumerous. 

The small  rodents, such as the rats, mice, squirrels, and rabbits are the most 
abundant and prolific of animals; but the small carnivora are so rare that their very 
existelice is known to few except naturalists and trappers. 

The homes of the mild sheep and goats, deer, antelopes, cattle, and horses support 
these large mammalia in incredible numbers, but their carnivorous enemies are never 
abundant. It is clear that if the destruction of the plant.eaters exceeded their produc- 
tive power, both lierbivora and carnivora would disappear and terrestrial life would 
come to an  end. 

The animal life of the ocean shows a most remarkable difference, for marine ani- 
mals are almost oxclusively carnivorous. 

Tlie birds which live upon the ocean (the terns, gulls, petrels, divers, cormorants, 
tropic birds, and albatrosses) are very iiuiuerous indeed, so numerous that in many 
parts of the ocean some are always visible in calm weather around the vessel where- 
ever i t  imy be. The only parallel to the pigeon roosts and rookeries of the land is 
found in the dense clouds of sea birds around their breeding-places; but these sea birds 
are all caruivorous: most of them are fishers, and others, such as the petrels, scoop 
up the copepods and pteropods from the snrface. Even the birds of the sea shore 
subsist almost exclusively upon animals, such as mollusks, crustacea, and annelids. 

Tbe seals pursue and destroy fishes; the sea-elephants and walruses live upon 
lamellibranchs; the whales, dolphins, and porpoises and the marine reptiles all feed 
upon animals, aud most of them are fierce beasts of prey. The manatee is a vegetable 
feeder, but i t  is not strictly a marine animal, since its home is in the mouths of great 
rivers. 

There are a few fishes which pasture in the friiige of seaweed which grows in the 
littoral zone of the ocean, and there are some which browse among the floating tufts 
of a l p  upon its surface, but most of them frequeiit these places in search of the 
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small animals which live among the plants. All the floating fishes whose home is the 
floating sargassum-the file-fishes and trigger-fishes (Ballistida), the trunk-fishes 
(Ostracion), the frog-fishes (Antennarius), and' the puffing-fishes (Tetradon and Dio- 
don)-are carnivorous, living upon the barnacles and mollusks and hydroids which 
grow upon the sargassum, or upon the crustacea, young fishes, ahd the floating larvs 
which seek its shelter. 

In the Chesapeake Bay the sheepshead (Arclbosargics pr~ba~tocephalus) browses 
among the algoe upon the submerged rocks and piles like a marine sheep, but its food 
is exclusively animal, and I have lain upon the edge of a wharf watching it crush the 
barnacles and young oysters until the juices of their bodies streamed out of theangles 
of its mouth and gathered a host of small fishes to snatch the fragments as they 
drifted away wit11 the tide. 

Many important fishes, like the cod, pasture on the bottom, but their pasturage 
coxisists of mollusks and annelids and crnstacdg, instead of plants. 

The vast mqjority of *marine fishes are fierce hunteils, pursuing and destroying 
smaller fishes, and often exhibiting an insatiable love of slaughter, as in the case of 
our own bluefish and the trbpical albacore and barracuda. Othera, such as the her- 
ring, feed upon smaller fishes and the pelagic pteropods and copepods; a& others, 
like the shad, upon the minute organisms of the ocean, but all, with few exceptions, 
are c:rmivorous. 

In  the other great groups of marine animals we find some scavengers, some which 
feed upon microiirganisms, and others which hunt and destroy each other; but there 
is no group of marine aniluals whioh corresponds to the herbivora and rodents and 
plant-eating birds and insects of the land, The pelagio copepods ma, of all the 
marine metazoa, the ones whose place in the economy of nature is most like that of 
the terrestrial plant-eaters. They swarm in innumerable multitudes at  the surface of 
the ocean, and also below it down to a depth of a mile or more, and they furnish the 
chief food for most young fishes, and for great armies of herrings and pteropods and 
jelly-flshes and siphonophores, and for most pelagic larvm. 
' There are plant-eatiing mollusks and echinoderms and annelids in the ocean, but 
not in sufficient numbers to play any conspiouous part in its economy, and the cope- 
pods are the only plant-eaters which exist in sufficie~it nulnbers to be compared with 
*those of the land, and the food of the copepode is only partially yegetable, for they 
'devour microscopic animals as well as microscopic plants, and probably to an equal 
amount. 

The group crustacea as a whole is a carnivorous one, however, for while a few. 
subsist on alga, their number is inconsiderable. Others ohew the mud of the bottom 
and extract its organic matter, but this is chiefly animal and consists of foraminifera 
and rhizopods and infusoria. 

The moilusks as a whole arle carnivorous, and while there are many exceptions, 
such as the pudibranchs, for examplo, many nudibranchs feed on hydroids. 

The oephalopods and ptcropods and heteropods and many of the gasteropods 
pursue and destroy their prey, and other gasteropods are scavengers, while the 
ltcniellibranchs gather up the microscopic organisms which are drawn into their gills 
with the water. 

The majority of the worms and echinoderms are animal-feeders. Some of tllOm, 
like the common starfish, are actively prgclaceoiie; otliers, like the orinoids, gather 
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up microscopic organisms from the water; others, such as most holothurians, eat the 
mud of the bottom and digest out of it t h e  foraminifera and small mollusks and anne- 
lids and crustacea which it contains, chile others, such as the sea-urchins of the coral 
reefs, grind away and swallow the living coral. The universal presence of a poison- 
ing apparatus in the celenterates shows that the food of tliis great and important 
group of marine animals must consist, in the main, of animals which are able to resist 
or to escape, and observation shows that this is true. Floating jelly-fishes and 
siphonophores are often found fasteued to the 1ialf.digested carcasses of sagittas or 
heteropods or fishes larger than their captors, and they consume enormous numbers 
of copepods, pteropods, young fish, and pela,gic larva of all sorts. So far as we know, 
all the sea-anemones and coral polyps and alcyonariaiis and hydroids are carnivorous. 
Some of the discomedusa, the rhizostomes, feed upon microscopic organisms, but this 
mode of life is exceptional, and some recent observations, as yet unpublished, by Dr. 
S. P. Bigelow, show that the food of the rhizostomes consists of copepods. 

Except for a few plant-eating fishes and mollusks and worms and echinoderms, 
all the animals of the ocean fall into two classes, those which subsist on microscopic 
organisms and Chose which prey upon each other and correspond to the rapacious 
animals h€ the land. 

There is practically nothing in the ocean corresponding to the terrestrial herbi- 
vora, and nothing like terrestrial vegetation, except the fringe of seaweeds in the 
shallow water along the coast, and a few floating islands of algn: like the Sargasso 
Sea. While these tracts of vegetation are pretty extensive, they are totally inade- 
quate to support the animal life of the ocean, and as the whole animal world is 
dependent directly or indirectly upon plants, we must ask what takes the place of 
terrestrial vegetation 9 

There is so much room in the vast spaces of the ocean, and the part which is 
open to our direct observation is such au inconsiderable part of the whole, that it is 
only when great multitudes of pelagic animals are gathered together a t  the surface 
that the abundance of marine life beconies visible and impressive; but some faint 
conception of the boundless wealth of the ocean may be gained by observing the 
quickness with which marine aiiimals becomu crowded at the surface in favorable 
weather. 

On a cruise of more than two weeks from Cape Hatterss to the Bahama Islands 
I was surrounded continually, night and day, by a vast army of dark-brown jelly- 
fishes (Lirterges i)zercutia), whose dark color made them very conspicuous in the clear 
water. They were not densely crowded, although they were so abundant that  nearly 
every bucketful of water we dipped up contained some of them. We could see them 
at a distance from the vessel, and at noon, when the sun was overhead, we could look 
down into the water to a great depth through a well in the middle of the vessel where 
the centerboard hung, and as far down as the eye could penetrate, 50 or GO feet at 
least, we could see the brown spots drifting by like motes in the sunbeam. We 
cruised through them for more than 500 miles, and we tacked back and forth over 
a breadth of almost a hundred miles, and they were everywhere jn equal abundance. 

The fishes in a school of mackerel are as numerous as the birds in a flight of wild 
pigeons. Qoode, in his History of Aquatic Animals, telIs of one school of mackerel 
which was estimated to contain a million barrels, and of another which was a wind- 
row of fish half a mile wide and a t  least 20 miles long; but while the pigeons axe 
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plant-eaters, the mackerel are rapacious hunters, pursuing and devouring the her- 
rings, as well as the pteropods and pelagic crustacea. 

Herring swarm like locusts, and a herring bank is almost a solid wall. In 1879 
300,000 river herring were lauded by a single haul of the seine in Albemarle 
Sound; but tlie herrings are also carnivorous, each one consuming myriads of copepods 
every day. I n  spite of this dest,ruction and the ravages of armies of medus3e and 
Siphonophores and pteropods, the fertility of the copepods is so great that they are 
abundant in all parts of the ocean, and they are met with in numbers which exceed 
Our powers of comprehension. 

On one occasion the Challenger steamed for two days through a dense cloud formed 
of a single species, and they are found in all latitudes from the Arctic regions to 
the equator, iu masses which discolor tlie water for miles. We know, too, that they 
are not restricted to the surface, and that the banks of copepods are sometimes a mile 
thick. When we reflect that thousands would find amplo rooin and food in a pint of 
Water, we can form some faint conception of their universal abundance. 

As the result of our view, we find that tlie organisins which are visible without 
a microscope in the water of the ocean and on the sea bottom are almost universally 
engaged in devouring each other, and many of them, like the bluefish and the albe- 
Core, are never satisfied with slaughter, but kill for mere sport. 

Insatiable rapacity must end in extermination unless there is some unfailing sup- 
Ply, and as we find 110 visible supply in the mater of the ocean we must seek it with 
8 microscope. By its aid we find a wonderfully rich and diversified fauna made up of 
innumerable larv3e of all sorts of marine animals, together with a few minute and 
simple metazoat, but these things can not form tho food supply of the ocean. It is 
clear that  a single carnivorous animal could not exist very long by devouring its own 
children, and the resuIt must be the same, however great the numbcr of iitdivicluals 
or species. 

The total amount of these organisms is inconsiderable, however, when compared 
with the abundance of a few forms of protozoa and protophytes, and both observa- 
tion and deduction force us to recognize that the most important element in the total 
amount of marine life consists of soine half a dozen types of protozoa and unicellular 
Plants, of globigerinilc and radiolarians, and of trichodesmium, pyrocystis, protococcus, 
and the coccospheres, rhabdospheres, and @toms. 

Modern microscopic research has shown that these simple plants, aud the globig. 
erinz and radiolarians which feed upon them, are so abundant and prolific that, they 
nleet all demands and supply t 4  food for all the aninials of tlie ocean. This is the 
fundamental conception of marine biology. Tho basis of all the life in the modern 
ocean is to be sought in the niioroorganisms of the surface. 

This is not all. The simplicity and abundance of the microscopic forms and their 
ilnportanco in the economy of nature show that the orgaiiic world has gradually shaped 
itself around and has been controlled by, them. They are not only the fundamental 
food supply, but the primeval supply, which has dctqmined the whole course of the 
evolution of riiarine life. 

The pelagic plant-life of the ocean has retained its primitive simplicity on account 
Of the very favorable character of its environment, and the higher rank of the littoral 
Vegetation and that of the laud is the result of hardship. 
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On the land the mineral elements of plant-food are slowly supplied as the ramins 
dissolve them; limited space brings crowding and competition for this scanty supply; 
growth is arrested for a great part of each year by &ought or cold; the diversity of 
the earth’s surface demands diversity of structure and habit, and the great size and 
complica,ted structure of terrestrial plants are adaptations to these conditions of 
hardship. 

The conditions of the surface of the ocean; the abundance and uniform distribu- 
tion of mineral food in solution; the area which is available for plants; the volume of 
sunlight and the uniformity of the temperature, are all favorable to the gr0wt.h of 
plants, and as each plant is bathed on all sides by a nutritive fluid, it is advantageous 
for the new plant cells, which are formed by cell multiplication, to separate from each 
other as soon as possible in order to expose the whole of their surface to the water. 
Cell aggregation, the first step towards higher evolution, is therefore disadvantageous 
to the pelagic plants, and as the environment is so homogeneous at  the surface of the 
ocean that there is little opportunity for an aggregation of cells to gain a compensating 
advantage by seizing upon a more favorable habitat, the pelagic plants have retained 
their primitive simplicity. 

The list of pelagic microorganisms is a long one, but a few forms are so predomi- 
nant that the others have little significance at the present day in comparison, and we 
may regard the great primary food-supply a8 made up of two simple protozoa, globig- 
erina and the radiolarians, and ,some five or six unicellular plants. 

Of these only two, the radiolarians and the diatoms, show any great diversity of 
species; and while the radiolarians art: so diversified that the Challenger collection 
alone furnished more than 4,000 species, this variety does not obscure the primitive 
simplicity of the type, and the most distinctive peculiarity of the microscopic food 
supply of the ocean is the very small number of the forms which go to make up the 
enormous mass of individustls. 



14.-ATMOSPHERIC AND OTHER INFLUENCES ON THE MIGRATION OF 
FISHES. 

BY J. J. ARMIS’I’EAD, 
SoZway Fishery, Dumfries, Scotland. 

The subject now before us is one that plays a highly important part in the eco- 
nomic history of our food-fishes. During the last ten or fifteen years the migrations 
Of birds have been extensively worked out by experts, and much light thrown upon 
the movements of these crea\ures. To put the matter in a practical way, what we 
want is a somewhat similar arrangement of forces, by which the migrations of fishes 
can be taken note of by any one who in any way comes in contact with them, and 
who is sufficiently interested, or can be sufficiently interested, in tlieir existence to 
record the smallest facts concerning their movements and send in these records to 
soiue central station, where they may be made good use of and t,he results made 
known to science. The case in the matter of fislies is not so easy perhaps as in t h e  
Case of birds, and yet what could be simpler than for *L fisherman on some particular 
date to record such a series of facts as the following: 

May 29, 1893; first large run of salmon, on flood tide, 17 feet 10 inches; wind light, WSW., 
shwery.  

. On being received a t  headquartors probably other similar reports would arrive 
from variouu stations in the same district, and i n  case of any rivers not reporting, 
application should be made for information. In this way much valuable information 
might, be collected, condensed, and published. Although an individual observer can 
do compa,ratively little, yet a number working together might do a great deal. 

I have endeavored, a8 opportunity has offered, to mako a few observations which 
I have recorded from time to time, and refer to them now in the hope that others may 
be interested and stimulated to similar effort. The more wo work out the facts about 
the migration of fishes, the more complex very often does the question appear to become. 

Primarily, there are two causes which Iead to migration, (1) food supply and ( 2 )  
reproduction of species. It has frequently been assorted that salmon do not feed, 
but every one who is acquainted with the life-history of that fish (Salnbo salar) is well 
aware that they not only feed, but feed voraciously. It is not necessary to go to a 
fish-culturist to make sure of that fact. Salmon have been kept iii fresh water f b m  
the time of tlieir birth to maturity, and after the absorption of the umbilical sac liave 
fed and continued to feed very much in the same way that other members of the 
family are known to do. 

93 
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Every trout-angler who has fished in a salmon river knows how readily the yearling 
salmon or (‘parr’, will take a bait. The fish at  this stage has on its sides the (l bars” or 
“finger marks,n as they axe often called, aud bears a great resemblance to a trout, but 
presently puts on the livery of the smolt and goes to sea. This change means that 
i t  loses the peculiar ‘ I  finger marks ’7 on its sides, and also the general trout-like appear- 
ance, and becomes very silvery. It was formerly supposed that this silvery appearance 
was cttusoti by a fresh growth of scales, but that has been found not to be the case. 
It is caused by a silvery pigment on the under sides of the scales, and on the opercles, 
which are scaleless. 

Some years ago B rather interesting experiment was tried. A number of salmon 
parr were taken from the river and placed in an aquarium tank. In due course about 
half of them developed into the smolt stage. The others did not. Sea water was 
then turned on, the supply of fresh water having been previously cut off, and the water 
in the tank was gradually changed from fresh to salt. What was the consequence? 
Some people affirm that “parr” will not live as such in salt mater. These not only 
lived, but very rapidly assumed the smolt stage after the salt water was added. 

Now, we know that parrs feed. Anglers know, as I have already said, that they 
will take almost any bait. They have been found gorged with shellfish, crustaceans, 
and the larvze of aquatic insects, etc. “Smolts” also feqd voraciously; indeed, I have 
known them completely spoil the sport in a river. 

Can it be supposcd that the salmon in its early stages, during’which i t  does not 
make any abnormally excessive growth, feeds voraciously; and after going to the sea 
takes either no food or very little, notwithstanding that the smolt, which has left the 
river perhaps less than a quarter of a pound in weight, returns in a few months as a 
grilse weighing G or 7 pounds. It seems unreasonable. It is found amongst domes- 
ticated fish, and this applies to  the salmon, that a t  certain times of the year they feed 
very freely and at other times they take very little, but at all times more or less food 
is taken. 

A t  Stormontficld on the Tay it was noticed on one occasion that the smolts which 
were to be let down to the sea were of i~ very much larger size than they had been in 
previous years. It was found on inquiry that the ponds had become charged with 
minute shellfish, aud the liberal diet these aff’ordecl accounted for the extra growth of 
the smolts. Some smolts return from the sea as grilse in two or three months; others 
in fourteen or fifteen months. Those which roturn in three months have, taki’ng a, 
very low estimate, attained a weight of some 3 pounds; whereas those which have 
remained in the sea for the longer period, say from May of one year to July of the fol- 
lowing year, (lo not attain a very much greater size than those which return in the 
shorter period. Exactly the same peculiarity has been noticed in the case of tame 
trout kept in ponds. Some grow very much inorc rapidly than others, and the period 
of a pondful of trout arriving a t  maturity will often vary a year and sometimes even 
two years. 

It has been found, in soim instances at least, that “parrs” become (“IIolts” and 
go to sea, some of them the first year; the great majority the second year; and some 
not till the third year. This, too, is found to be very much the caw amorigst domesti- 
cated trout. It is found necessary at  the end of the first year to take them out of the 
pond and sort them. If this be uot done the larger fish will eat many of the smaller 
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ones, and a t  the end of two or three years their sizes would be altogether dispropor- 
tioned, some weighing only 2 or 3 ounces, others as many pounds., I have known 
cases of trout (8. fario and 8. levenensis) reaching the weight of 4 pounds in two years, 
whereas it usually takes three years for a, trout to reach a pound. 

A smolt weighing a few ouuces let off a t  Stormontfield on the Tay in the month 
of May returned in July of ttho same ysar weighing 3 pounds. On the other hand, a 
smolt which His Grace the Duke of Itoxburghc. let oft' on May 14 did riot return 
until July of the year following, and it hiid tlien attained a weight of only 6& pounds, 
having, in fourteen months, only just doubled the weight gained by the other fish in 
less than three months. 

These and many other observations tend to prove that fish sponding a long time 
in the sea do not continue to grow a t  the same rate as during the first few months. 
There is lit(t1e doubt but food supply is the great incentive which drives salniou to the 
sea. But sometiiues they take 
but little food-as, for instance, when spawning, when the temperature is very low, 
and wheu on migration. It is quite possible, for these reasons, to get plenty of salmon 
with notliingin their stomachs; and, as their digestion is very rapid, even after a good 
meal little trace of it might be found in a few hours. 

The idea seems to exist in many minds that the huge bodies of the salmon are 
developed by a very indefinite something which t h e  fish manage somehow or other to 
obtain by a process wliich they call suction; arid this, as a recent writer very aptly 
remarked, points to something rather like microscopic supplies. 

There is, however, no doubt that the food of the salmon, when in tlie sea, consists 
largely of herrings, young and old, sand eels, crustaoen, etc. They follow the young 
horrings in shoals closely, and in many cases are found gorged with those fish. 80 
much is this the ease that when, a few years ago, tlio herrings f d e d  to visit a part 
Of the Scotch coast a t  the accustomed time, the salmon also failed to turn up in any- 
thing approaching their usual numbers ; indeed, hardly any salmon were to be got a t  - 
all, altlioiigh they were usually very plentiful during tho herring season. In the sum- 

. mer there are a good many young herrings in the Solway Firth, as I have frequently 
found when dredging, etc. It is a curious fact that the herring, vhich formerly was 
excessively abundant as a mature fish iii the Solwny, should have left it entirely, 
although immense quantities are still found in the sea just outside the Firth. 

A groat many reasons have been given for the desertion of the Solwny by tlie 
herring. It took pla)ce about thirty years ago, and people blamed steamboats, trawl- 
ing, railways, and mauy other things, but no really satisfmtory reason could be given, 
and I am not aware that  anyone lias ever yet explaiiied the inystery. But lniowing 
8s we do now what a great influerice temperature has on the moveinonts of fishes, 
and ptitting other facts togetlier, I dare say if me could put tho question to the her- 
rings and get au answer froin them it would be that we had renclered tlie water of our 
Firth unsuitable, and therefore they prefer keeping out of it. About the time tho fish 
left, or just before it, there was a great, regc for hill droiniigc, aid the result of this 
hill drainage was that an amourit of raiufiill that formerly took soveral weeks to run 
Off came down in about three days, during which tinm the rivers draiuirlg the wat,er- 
she11 were in a state of high flood. Now wheii we take into consideration tllat the 
watershed of the Solway Firth is about teu times as big as the Solwey itself, it will 
be seen that the effect of this hill drainage oil the water of the Firth must be very 

They feed, and feed voraciously, in our rivers a t  times. 
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great, especially taking into account the shallowness of the estuary in question. The 
same has been noticed elsewhere where conditions alre somewhat similar. But in some 
of our deeper lochs, where the water would not be affected so easiIy, the herrings still 
remain. 

The migration of the herring is not to and from the Arctic regions, as was once 
supposed and as was reported by a11 the older naturalists, but simply from deep to 
shallow water, and I am convinced that they really remain comparatively near our 
islands all the time. Their migration, it has been found, depends largely on temper- 
ature. The study of the movements of these fishes is a very interesting one, and well 
worthy of a considerable amount of time, labor, and money being spent on it. No 
one who has not seen a herring shoal can form a conception of what it is like or of the 
enormous numbers of fish it contains. If  we allow a herring for every cubic foot and 
assume a shoal to be a square mile in extent and 18 feet deep, it would contain 
500,000,000 of fish; and there are a great many shoals of vastly larger dimensions. 
Such, indeed, is the enormous rate of increase that the whole quantity caught by man 
does not appreciably aEect their numbers, and they would literally choke up the sea 
if they were not largely destroyed by other fishes as well as by birds. One of the 
fishes moat destructive to the herring is the cod, which follows the shoals as well as 
the salmon, to which I have already referred. 

The return of this latter fish to the rivers i s  an exceedingly importaut economic 
question. During autumn, when they run up the river to spawn, they take, perhaps, 
less food than at any other time, but the abundance ainougst which they have, been 
living previously has caused such a developinent of fat that  the fish are really pro- 
vided by nature to a great extent with the food which they require at this particular 
time. Very much $he same has been observed with regard to domesticated fish. On 
a trout farin, for instance, it is observed that as soon as we reach October the fish 
which are in the habit of spawning a t  that time almost cease to feed, whereas the occu- 
pants of other ponds which do not spawn until January go on feeding until hard frost 
sets in and the water becomes very low in temperature. 

Fish being cold-blooded animals pass into a more or less torpid condition dnr- 
ing cold weather. The influence of an approaching thunder storm in preventing 
fish from riding is well known. Fish also often do not rise when the barometer is 
falling, whereas when we have a steady rise in tbe barometer from the west a good 
run of salmon is often noticed in the west coast rivers. But when the barometer 
reaches 29.500 the run ceases. It has also been observed that  they run better in 
west coast rivers when the barometer is lower on the west coast than i t  is on the 
east coast. When it is rising and reaches 290 the best run'occurs; and from 29.500 
seems to be the most favorable point. 

of probably all kinds. It must generally happen that the temperature of a river dif- 
fers from that of the sea or the estuary. Many writers liave remarked that the low 
temperature of the sea induces the salmon to leave it and seek the higher temperature 
of our rivers. This has been particularly remarked about our North Sea and east 
coast rivers, which arc3 earlier than those on the west coast. Fish-culture has taught 
us a good deal here. It was found that in cold weather fish were later in spawning 
than in mild weather; that' during a hard frost they spawn very tardily; and when 
there is a mild rain and rapid thaw they spawn more freely than under any other 

Temperature is also an important factor in connection with the migration of fishes , 



CERTAIN INFLUENCE6 ON THE MIGRATION OF FISHES. 97 

circumstances. If an apparently ripe fish, from which it is found impossible to obtain 
ov@,be taken from ice-cold water and placed in A tank, the inflowing streamof whichis 
gradudly raised from 320 to 500 Fahrenheit, it will be found under such conditions to 
Yield its eggs freely. 

Some time ago, when trying to obtain ripe salmon in the river Nith, I found i t  quite 
impossible, though a large number of the fish were taken. I found, however, that  fish 
Were spawning freely in the river Cluden, which' is a fork of the Nith. I had ther- 
mometers placed in the two streams, and the result boreout the opinion I had previously 
formed, namely, that  the water of the Oluden was warmer than that of the Nith. 

On a stream of my own I have noticed repeatedly that during a mild spawning 
Wason trout avoid one of the tributaries. Tho' reason is that the temperature of this 
tributary is so much lower than that of the main stream. It is very little affected by 
the weather, being mostly spring water. But' let the weather be'reversed and hard 
frost set in, the fish then take this tributary freely because the water is several degrees 
Warmer. I have remarked other instances in which the same thing occurs. - 

It has been said that the temperature of the sea being colder than that of the 
rivers the fish leave it, seeking a higher temperature. I have not noticed this so much 
myself, but I have seen it mentioned as the experience of some writers, and have also 
Been it qecorded in the Government fishery reports and elsewhere. But this I have 
noticed, that the temperature of the 808, in some places at least, during the late spring 
months is often a great deal higher than that of the rivers, very often varying 100 F. 
or more. It has often puzzled naturalists why salmon run up the rivers in spring and 
summer, and many reasons have been put forth, such as change of food, t o  get rid of 
Parasites, to escape from seals, etc. But none of the reasons brought forward will 
bear much scrutiny. 

The following, however, has occurred to me: Enowing how important it is on a 
trout farm so to feed and care for the fish in the spring as to build up the ova, which are 
then developing in the ovaries, and knowing that the proper or improper treatment of 
the fish at this time means a lot of good or bad ova tho following season; knowing also 
what a great effect temperature has on the spawning of fish, one would infer tlhat the 
?gh temperature of the sea water has such an effect on the reproductive organs that 
I t  may compel the fish to leave the warmer waters of the sea and take refuge in the 
rivers. These early fish, too, are the best fish, and very naturally so, clean-run fish 
a8 We call them. 

When the water of the sea is of a low temperature, as in early spring, we do not 
get in our Solway rivers such a largo run of fish as we get later on. In the month of 
March, for instance, when the east winds are blowing, the fish do not ruii nearly so 
well as in April, and they do not run so well in April as in May. From 1880 to 1884 I 
bok up my residence at a place on the coast called Douglas Hall, where a considerable 
salmon fishery existed, there being four stake nets fishing over a dozen pockets or 
Pounds. So regular was this spring run tlmt, although the fishing legally commencod 
in Debruary, the nets were not put on before the end of March, and some of thoin in 
h r i l ,  because it was not remunerative to put them on earlier on account of the scar- 
city of salmon, But later on, as the sea became warmer, a good many fish mere found 
running. If the weather remained cold and the temperature of tho sea remained at 
a, low point the fish did not run; but  a8 soon as tlie state of things was revorsed, no 
lnatter what the day of the month, in eame the fish. 

F. C. 1%. 1808-7 
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Among other things it seems to be a general impression that a heavy spate 
causes a good run of fish up a river. T believe that in many instances this is 
so, but I find that there are exceptions to this rule, and nature seems to have an 
ulierring code of laws governing these migrations. Sometimes a heavy spa'te occur8 
without any fish running. I believe I am right in saying that tlie bulk of the salmon 
entering our rivers only run on spring tides, and on those tides preceding the highest 
spring more than the two or three tides after the highest spring. And if the inflow 

' of the spring tide be accompanied by a strong west8erly wind on our west coast rivers, 
more fish come up than if there be no wind a t  all; and should the wind happen to be 
from the eastward, a very much smaller number would come up. Nom, what effect 
has the wind on the tide? A strong westerly wind causes the tide in our rivers to 
rise higher,to flow longer, and to remain high longer; and if the fish run, as they 
appear to do, on the top or head of tlie tide, as it were, a westerly wind, causing the 
tide to flew even half an hour longer, would give a chance for far more fish to get up 
tlisn if it had stopped at the ordinary time. 

It is supposed, generally, that salmon only run with the flood; that  if they find 
the tide ebbing they turn back to the sea and run up with the next tide. The larger 
run of fish is therefore accounted for by the longer time they have to run. More fish 
come up from neap t o  spring than when the tides are falling off from spring to neap, 
and during that period of time the only tides upon which fish will run to any extent 
are those just  after the highest spring. Should a land spate occur at the same time 
a very good run of fish may be looked for, especially if it be accompanied by a west 
or southwest wind. In  many instances I am exceedingly sorry to say a land spate is 
almost a necessity in many of the rivers to enable the fish to get through the pollu- 
tions and over the numerous obstacles which they meet with in their ascent. 

It has been said sometimes that fish can smell the rain, and certainly they often 
appear to know beforehand when it is coming. I have reason to believe that fish 
sometimes run into a river, anticipating a spate. So trout in a pond will sometimes 
become very restless, and run up the raceways and then, in an hour or two, down comes 
the rain. It is most important to get reports from streams which are in a state of 
nature, unpolluted and unmolested, as far as possible. Such is the stream which 
passes near my own hatchery, and on which 1 am a riparian owner. It is a small 
stream and only frequented by a few salmon; fewer, I believe, than in former years. 
During one spawning season 1 personally devoted a considerable amount of time to 
studying the habits of the salmon in this stream. I believe I made the acquaintance 
of every salmon that passed up that stream for about a month. As a rule, I found that 
they did not run by day, but by niglrt. Only during a heavy spate would they run by 
day. During some nights they did not'run a t  all, on other nights several went up. 
The early fish were marly all inales; indeed it was quite exceptional to get a female 
early in the season. Later on I found both sexes coming up. I found, also, that they 
almost invariably ran on spring tides, and that they did so whether there was a spate 
or not. A westerly gale during spring tides was followed, as I expected, by a good 
run of fish. 1 noticed one pair of fish particularly, that came towards the end of the 
season; they had evidently, from some cause, been prevented ascending the stream 
before. They went upstream until they came to a place that suited t!lioir ideas, and 
there they stopped and ,constructed a redd and deposited their ova. The operation 
took about a week. I then took away the female and confined her in a taiili, and waited 
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to see what the other fish would do. I thought i t  extremely probable he would go 
Upstream and try to find another female. But instead of that he dropped down into 
the next pool further downstreaiii, and remeined there two clays and two nights; ou 
the third night Ire dropped down three pools further, then into another pool further 
downstream, and from there he journeyed seawards. 

Fish having spawned evidently have a desire to get away to sea again, and I 
believe it is owing to their often not being able to get away with sufficient rapidity 
that they are attacked by the horrible fuugous (fluproleglzia) disease which abounds 
in our rivers during some seasons. 

One remarkable occurrence which I observed was the sudden appearance in the 
stream of four spent female fish, which, I was perfectly satisfied, had not been in the 
stream before. I concluded that they were fish from the main river, which had 
descended thpt river after spawning and, for some reas011 or other, took a run up this 
tributary for about three miles. 

When observations of this kind are made on most of our streams, and reports 
sent in to some central committee, to be investigated and classified, as has already 
been done in the case of birds-when all those who are personally interested in our 
fisheries bestir theniselves and investigate the facts in connection therewith, or place 
facilities in the way of others wlio can do i t  for them, tlicii we can expect to unravel 
the mysteries of nature. 

That salmon often return year after year, not only to the same stream, but to, 
the same spawning bed, is a well-ascertained fact. The case has a striking parallel\ 
amongst birds, as, for instance, in that of the swallow. But there is a very large field 
for inquiry into these. interesting matters, and I hope tlic foregoing remarks may be 
the means of stiiniilating others to the good work, which the scientist or the tyro will 
alike fiud productive of much enjoyment, whilst they will have the satisfaction of 
knowing that the result of their researches may be of mnch value to those who have 
to deal with our fisheries and the important questions concerning them. 
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E.--SOME OBSERVATIONS CONCERNING FISH-PARASITES. 

BY EDWIN LINTON, 
Professov of Zo6iocy i9t Washington and Jefersort College. 

The purpose of this paper is twofold-first, to present, in the form of general 
considerations, some of tho results of my own work; and, second, to suggest cortaiii 
h e s  of research along which future investigations on fish entozoa should be made. In  
pursuance of this plan, bare anatomical details and wearying recapitulation of the 
names of helminthological writers and their works will be kept in the background. 

I. 

It is probably iiow pretty well known by most persons of average intelligence and 
information that cases of parasitism are not exceptioii:d facts iu nature, but that there 
is a fauna of considerable extent whose natural habitat is within other animals. 
Much work remains to be done before an approximately correct estimate can be 
made of the number of species which pass their lives within other animals. Vou 
Liustow’s Conyeiadiu?n der Helrnilzthologie, 1878, enumerates 1,917 species of animals 
from which entozoa to the iiumber of 2,755 distinct species have been reported. 
There are probably several duplicates hi this list, but they are offset many tiiiies over 
by the new species which have been added to helminthological science in the fifteen 
Years that have pa ssed siiice tlie publication of Voii Linstow’s work. 

There are few general statemoil ts in natural liistury that do not require qualifica- 
tion; and the one which would say when one animal eats aiiotlier the life of the latter 
i8 by that act terminated affords no exception to the general rule. For, without 
doubt, there are thousands of species of animals which live to be eaten, and if eaten, 
live; and, conversely, if iiot eateii, perish. Those forms which take up their abode 
Within other auimals are, for conveiiienco, called guests, and the animal which affords 
such entertainment to others is called the host. 

Of all animals which nature thus requires to Iiecp open house, tho class o f  fishes 
takes the lead, not only for the variety of the forms and the number of  the individuals 
harbored, but also for the frequency of iridiviclual cases of parasitism. 

The cases of parasitism had in mind hi the  preparation of this papor all belong $0 

those kinds which pass t,he entire cycle of their lives within other animals, that is, to 
the entozoa, properly so called. 

101 
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11. 

Each distinct species of fish is not unusually the host of one or more distinct 
species of parasite, or, a t  least, the usual host of one or more species. This is true 
especially of those species which belong to rather small natural orders, and which 
stand stiffly apart from other species. It will not, I think, be found so true of species, 
so-called, which are based on trivial differences. Therefore, when one is examining an 
animal for parasites from which no parasites have ever been reported, the probability 
is that if he finds any they will be new to science, especially if no parasites have been 
reported from any closely related species. 

I will cite but one example, out of many that have come to my notice, in illustra- 
tion of this conclusion. Soipc years ago 1 collected soiiie entozoa from a specimen of 
Polyodon spathula from the‘ Ohio River, a species froin which, so far as I know, no 
entozoa had beeu reported, and which, moreover, is so different from any other exist- 
ing species as to lead one to expect to find Bome entozoa or eiitozooii new to science. 
I found it harboriiig a considerable miinber of youug cestodes belonging to the genus 
Dibothrium, which I shall describe and figure in a forthcoming report. Although the 
anatomy -of the proglottides can be made out biit imperfectly from my specimens, the 
external characters present snuh striking peculiarities that, even in the absence of 
many details of structure that are desirable to know in describing a new species, I 
feel justified in regarding i t  as a iiew species. I have found lhe same species in a lot 
of entozoa sent to ine for identification by the U. S. National Museum. They are 
also immature, but there is iiot the slightest difficulty in establishing the identity of 
species in the two lots. 

The above general statement is not to be understood to refer to larval forms, nor 
to mean that each species of entozoon is confined to a Mingle host. Many of the nem- 
atodes, for example, and manj of the cestodes, while in the encysted state, and a few in 
the adult, have a range ‘of several hosts. I think it may be safely stated, however, 
that where two hosts are not nearly related the entozoa which infest one will, in gen- 
eral, be different from the entozoa which infest the other. On the other hand, hosts 
which are closely related are likely to be infested with similar entozoa. 

For example, I have found repeatedly, in a number of species of flounders, viz, 
Pseudopleuronectes americanus, Pwalichthys dentatus, and Limanda .fer.rugirm, an 
echinorhynchus, often very abundant, which I have referred, somewhat questioniugly, 
to the species Echinorhynchus acus Rud. Its favorite host is P. americanus, but it is far 
from uncommon in other flounders. Its rsnge, however, does not appear to be limited 
to the I’leuronectidce, for I have found speciniens indistinguishable, except by a too 
refining process of species-making, from E. acu.8 of the flounder, in the cod, haddock, 
sea-robin, sculpin and gooseash ( Gadus morrhua, Melanogrammus mgli$filtus, Prionotus 
evolans, Cottus kneus, and Lophius piscatorius). 

This parasite is easily recognized by its color. In a large lot of them, and they 
frequently occur to the number of a hundred or niore in the ~ a m e  host, particulsrly 
in Pseudopleuronectes americanw, the colors will be found to graduate from deep 
orange through pale lemon-yellow to cream-white. When placed in the ordinary pre- 
serving or hardening fluids they are apt to contract strongly, but if placed in fresh 
water while still alive they become turgid and straight. 
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A dibothrium (D. manubriforine Lt.) which I found hi the billfish (TetrapterG 
Ulbidus) was, in the subsequent summer, found to infest also the closely related 
Species, the sailfish (Histiophorus gladius). This dibothrium, while it bears some resem- 
blance to D. plicatum of the swordfish (Xipliias glodius), is specifically different from it. 

A singular cestode (Thysar~ocepkaluiit crispum Lt.), found in 1883 and again in 1880 
iu the tiger shark (Galeocerdo nzaculatus), is apparently peculiar to that species. Like- 
wise another cestode, whicli I have found repeatedly .from 1882 to 1889 in the land 
shark (Caycharias libtoralis), and which I have d'escribed under the name Crossoboth- 
rium laciniutuijz, appears to be peculiar to tliat host. 

In general I may say that in a inajority of the species which I have examined 
from which no eutoxoa liad been already reported, I have found one or more entozoa 
that proved to be new to  science. 

While it would, of course, be entirely improper to set up peculiarities of this kind 
as criteria for the determination of species, I venture to say that the helminthologist 
who finds two species of fish, which ichthyologists have made generically different, 
habitually harboring identical kinds of entozoa, under similar circumstances, would 
not be surprised to  see these genera united by the next disturber of ichthyological 
1lomenclature; and, conversely, if two species which systematists have regarded as 
being closely related should be found to harbor a completely diverse set of entozoa 
ulider similar conditions of migration, food supply, etc., sufficient reason would thereby 
be afforded for asking that the morphology of the two species in question be reviewed. . 

Certain natural groups of animals, as orders for example, are infested by certain 
genera or even families of entozoa which are peculiar to them. 

A,notable example of this is furnished by those remarkable cestpdes which have 
four eversible spinose proboscides, belonging for the most part to the two genera 
Ii1L?/whobotl~riu~n and Tetrarhynchus and forming the family Tetrarhylzchidce. The 
l'etrarhynckidq in their adult form, are confined to the Elasmobralzchii, sharks and 
skates. For this limitation of their habitat other v~rtebrates can not be too thankful. 
The proboscides are often relatively long, abundantly long enough in most cases to 
Penetrate the mucous and submucous coats of the alimentary canal of their host. 
They are armed with multitudes, often a thousand or more, of sharp, recurved hooks, 
SO that when they penetrate the stomach or intestinal walls of their host they can be 
dislodged only with great difficulty. They often burrow a little pit io the intestinal 
Wall, where sometimes a cluster of scolices will be lodged together. I have occasion- 
ally seen the stomach and intestine of a large shark with several ulcerated pits due to 
t h  presence of such parasites. As a rule, however, the presence of a moderate number 
of intestinal pasasites in the adult stage does not apparently cause much discomfort 
to the host. - The sharks, for example, which I hdve examined, and I have examined 
a goodly iiumber, all appeared to enjoy excellent digestion ; their accesuory digestive 
Or@%ns being in nearly every case clean and bright. Indeed, if a parasite were to cause 
mud1 mortality by its ilresence in its final host it would not be long, as things go in 
the economy of nature, until it would either cause the destruction of the species to 

its host belongs, or a t  least makes it exceedingly rare, and thus imperil its own 
Hence, among the entozoa of fishes, as amoW those of mat1 

and the domestic animals, it is the irnmdture stage of the parasite that  c ~ w ~ S  most 
mischief, and it works that mischief not on the final but on the intermediate host. 

as a species. 
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111. 

It will be worth our while now to consider some of the injurious effects of the 
presence of entozoa among fishes. 

I have fwmd the larvae of many of the Teetrurhynchidte encysted in a number of 
food-fishes of our coast, such as Pornatonbus, Cynoscion, Scomberomorus, Lobotes, 
Uurmx, Gadus, etc. These were invariably blastocysts, inclosed in cysts *of connect- 
ive tissue and each containing an embryo tetrarhynch more or less developed. They 
occur in the body cavity, where they are either attached to  the serous covering of the 
viscera, peritoneum or mesentery, or they may be buried in the liver or spleen or lying 
between soine of the coats of the stomach or intestine. 

The scolex of a tetrarhynchus of the dusky shark (Ourohurinus obscurus) is quite 
comiuon in the squeteague or weakfish (Cynoscion. regalis), where it may be found 
under the submucous coat of the stomach and intestine, often dotting the whole length 
of the alimentary tract with small specks. If one of these specks be punctured in 
July and August (the only months in which I have collected them) a small squarish or 
roundish scolex of a tetrarhynch is liberated. The abundance of these scolices in a 
single host explains the occasionally great abundance of the adult stage in the pyloric 
division of the stomach and the spiral valve of the dusky shark. That is, in such 
cases the shark has made a meal off of one or more fishes which were infested with the 
larval tetrarhynch in the encysted stage. 

The cycle of life of these forms has not been proved in all cases, but from what is 
known of other members of the order it may be thus summarized: The larval 
tetrarynchs havjag been liberated by the action of the digestive fluids of the shark 
attach themselves to the walls of the stomach aud intestine of this their final host, 
where they develop into t'he mature form, and whence chains of proglottides, contain- 
ing numerous ova, escape. Some of these in due time may be themselves eaten by a 
squeteague or other fish, in which the ingested ova, instead of yielding to the action of 
the digestive fluids along with other food, undergo normal development, are hatched 
into minute six-spined embryos, which, boring through the tissues and finding lodg- 
ment somewhere in the body cavity of the intermediate host, there develop into a 
blastocyst in which a larval tetrarynch by and by makes its appearance. The larva, 
apparently, does not usually have the power of escapiug from the blastocyst unless i t  
is swallowed by the proper final host. These encysted forms in the squeteague, blue- 
fish, etc., where only a few individuals are present, probably do little harm. It must 
be remembered, however, that the nourishing of every cyst is at  the expense of a 
certain amount of vitality of the host; as the vitality of the host is diminished, the 
chances of its being caught by an active enemy are increased. Parasitism thus tends 
to perpetuate itself. The life-history of a11 these forms that require theintermediation 
of two hosts which stand toward each other in the relation of eater and eaten, has 
become adapted to the various vicissitudes and interrelations of the hosts. 

Sometimes the presence of the parasite must work positive injury to its host. 
A case in point is that of a parasite which infests the liver of the large sunfish (NoZu 
rotunda). I have been able to verify the statements of Cobbold concerning this para- 
site (Teetrurhynchus repens) and have seen the liver of a large mola tunneled in various 
directions by this parasite until the whole organ was little more than a sac of worms. 
Such a state of aEairs must occasion a decided loss of vitality to the sunfish, and 
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doubtless often causes it to fall a prey to some enemy from which it might otherwise 
easily escape, if the parasite does not a t  times itself bring about the death of its host. 

One of the most interesting cases of parasitism in which direct injury results 
to the host, which has come to  my attention, is that afforded by the trout of Yellow- 
stone Lake (Salmo mykiss), It was noticed by successive parties who visited the lake 
in connection with government surveys that the trout with which the lake abounded 
were, to a large extent, infested with a parasitic worm, which is most commonly in 
the abdominal cavity, in cysts, but which in time escapes from the cyst and tunnels 
into the flesh of its host. Fish, wheu thus much afflicted, are found to be lacking in 
vitality, weak, and often positively emaciated. 

It was my good fortune, in the summer of 1890, to visit this interesting region 
for the purpose of investigating the parasitism of the trout of Yell0 wstone Lake. The 
reslllt~ of this special investigation were published in the Bulletin of the U. 8. Fish 
commission for 1889, vol. IX, pp. 337-358, under the title : “A oontribution to the life- 
history of Dibothrium cordioqs, a parasite infesting the  trout of Pellowstone Lake.” 

I found the same parasite in the trout of Hotrt Lake just across the great conti- 
nental divide from Pellowstone Lake, but did not find any that had tunneled into the 
flesh of its host, while a considerable proportion of the trout taken in Yellowstone 
Lake had these worms in the flesh. Some of these worms were as much as 30 centi- 
meters in length when fbst removed; others, which had lain in water a few hours 
after removal before they were measured, were much longer, as much as 64 centimeters. 
They are rather slender and of nearly uniform size throughout, 2.5 to  3 millimeters 
being an avers@ breadth of the largest, I found the adult stage in the intestine of 
the large white pelican (Peleoanus srytlworhynchus), which is abundant on the lake and 
was found breeding on some smell islands near the southern end of the lake. 

In the paper alluded to above, I attempted to  account for two things concerning 
this parasitism among the trout of Yellowstone Lake: First, the abundance of para- 
sitized trout in the lake; second, the migration of the parasite into the muscular 
tissue of its host. The argument can not be well summarized in as short space as the 
requirements of this paper demand. It is sufficient to say that what appear to  me to 
be satisfactory explanations are supplied by the peculiar conditions of distribution of 
fish in the lakes of this national park. Until three or four years ago, when the U. 8. 
@ish Commission stocked some of the lakes and streams of the Park, the conditions 
with relation to  fish life in the three principal lakes were as follows: 8hoshone Lake, 
110 fish of any kind; Heart Lake, a t  least three species, h’alnao mykiss, Leuoiscus atrarius, 
and Oatostomus arams; Yellowstone Lake, one species, h’almo mykiss. Shoshone and 
Yellowstone lakes are separated from the river systems which drain them by falls too 
high for fish to scale. Heart Lake has no such barrier. The trout of Yellowston8 
Lake are confined to the lake and to  18 miles of river above the falls. Whatever 
8OWCe of parasitism exists in the lake, therefore, must continue to affect the fish all 
their lives. They can not be going and coming from the lake, as the trout of Heart 
Lake may freely do. If their ibod should contain  egg^ of parasites, or if the waters in 
Which they swim should contain eggs or embryos of parasites, they would be contin- 
UaUY exposed to  infection, with no chance for a v&cation trip for recuperation- To 
quote from my report : 

It follows, therefore, from the peculiar oonditions 8 urrounding tho trout of Yellowstone Lake, 
that if tbere is a causo of paratlitism present in suooeesive years the trout are more liable to become 
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infested than thcy would be in  waters wherc thcy had a more varicd range. Trout would become 
infested carlier and in  grcater relativc nuinbers, and tho lifc of tho  parasites tthemselvcq-that is, their 
rcsidcncc as encysted wor~riri-ini~st bo of longer duration than would be the rulc wherc the natural 
conditions are less exceptional. * * * 'l'hcre are probably not less than one thousand pelicans on 
the lake the greater part of the time throughout the summer, of whioh at any timu not less than 50 
per cent are infested with the adult form of the parasite, aud, eince they spend the greater part of 
thcir time bn or over the water, disseminate millions of tapeworm cggs each iu the waters of the 
lake. It is known that eggs of other dibothria hatch cu t  in  the water, wherc they swim about for some 
time, looking much like ciliated infusoria. Donnitdicu found in  his oxpcrimcnts on the adult dibothria 
of ducks that  the eggs hatched out rcadily in warm water and very slowly in cold. I f  warm water, 
at least water that  is warmer than the prevailing temperatui*e of thc lake, is needed for the proper 
development of these ova, the conditions are supplied in  such places as the shore systcm of geysers 
and hot springs CII the west arm of the lake, where for :L distance of nearly three miles the shore is 
skirtcd by a hot spring and geyser formation with numerous streams of hot water emptying into the 
lake, aud large springs of hot water opening in  the floor of the lake near shore. 

Trout abound i n  the vicinity of these warm springs, presumably on account of tho abundance of 
food there. They do not love the warm water, but usually avoid it. Several persons with whom I 
talked on the subject while in the park assert that  diseased fish-that is to  say, those whibh are thin 
and affected with flesh-worms-are more commonly found uear the warm water; that  they take the 
bait readily, but  are logy. I frequently saw pelican6 swimming near tho shore in  the vicinity of the 
warm springs on the  west arm of the  lake. It would appear that  the badly infested or discaaed fish, 
being less active and gamy than the healthy fish, would be more easily taken by thcir natural enomiee, 
who would learn to  look for them in placcs wherc they most abound. But auy circumstances which 
cause the pelican and the trout to  occupy the sauie neighborhood will multiply the chances of the 
parasites developing in  both the intermediate and final host. The causes that  make for the abundance 
of the trout parasite conspire to  increase the number of adults. The two hostsreirct on each other 
and the parasite protits by the reaction. About the only enemies tho trout had before tourists, 
ambitious to  catch big strings of trout and photograph them with a kodak, began to  frequent this 
region, were the fish-eating birds, and chief among thew in numbers and voracity was the pelican. It 
is no wonder, therefore, that  the trout should have become seriously parasitized. It may be inferred 
from the foregoing statcmcnts that  the  reason why the parasite of the trout of Yellowstone Lake 
migrates into the muscular tissue of its host must be found in  the fact that  the life of the parasite 
within the fish is much more prolonged than is the case where the conditious of lifc arc less excep- 
t9onal. 

The case just cited is probably the most signal one of direct injury to the host from 
the preseiice of parasites that  I haye seen. I shall enumerate more briefly a few 
additional cases out of a great number that I have encoutitered in my special investi- 
gations on the entozoa of fishes for the United States Fish Commission. 

The codfish very commonly harbors a dibothrium ( D .  rugosum), which fixes itself 
firmly in a branch of the pyloric ceca, the chain of proglottides extending into the 
intestine. In  all cases that I have seen the head and anterior portion of the body of 
the worm have been firmly impacted in a yellowish, waxy secretion, which is, in part 
at least, derived from degenerated tissue of the cecal appendage. These parasites 
must interfere seriously with the digestive processes of their host, and therefore by 
just so much impair its vitality. T have found the striped bass (Roccus Zineatus) 
about Woods Holl, Ma'ss., almost without exception, infested with a thorn-head worm 
(Echinorhynchus p o t e u s ) .  These parasites are always attached, often to the number 
of several hundred, firmly to the walls of the large intestino of their host. I n  most 
cases the thorny proboscis and inflated portion of the neck have penetrated the intestinal 
walls and protrude into the body cavity, where they are covered by a waxy secretion 
from the tissues of their host. This boring process gives rise to consillerableinflamma- 
tion, and the rectum of the fish is usually much inflamed. Evidently these parasites, in 
addition to the disadvantage to which they subject their host by their passive presence, 
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not infrequently work them positive harm and lessen their chances, by some not 
illconsiderable increment, of long life with all that that means to the species in the life 
race. My check-list shows that I have examined this fisli nine times in the course of 
several successive years, and have obtained this particular echiuorhynchus in all but 
one lot. 

'Almost every specimen of such common food-fish as Cynoscion, Pomatomu8, Roccus, 
etc., that I have examiiied, has beeu found to liurbor a greateror less number of larval 
forms, of which the genera Rl~ynchobotlwium, l'ctrarlLyitclv&, and ti'yndesntobotkrium 
are most common. Frequently one will be found which is so badly parasitized that 
i t  is quite evident that the fish is obliged to expend a coirsiderable stock of its own 
vitality to nourish its uninvited guests. 

In  the autumn of 1889 Dr. David Starr Jordan found an interesting case of par- 
asitism in some young suckers (Catostowtus ardem) which he had collected in Witch 
Creek, a small stream which flows into Heart Lake, iii the Yellowstone National Park. 
Specimens of these parasites were sent to me for identitication. They proved to be 
a species of ligula, probably identical with t h e  European Ligula simplicissima Bud., 
Which is found in the abdominal cavity of the tench. On account of its larval condi- 
tion, in which it possesses few distinctive characters, I described ir; uuder the name 
Ligula catostomi. These parasites grow to a very large size when compared with 
the fish which harbors them, often filling the abdominal cavity to such D degree as 
to give to the fish a deceptively plump appearance. The largest specimen in Dr. 
Jordan's collection measured, in alcohol, 18.5 ceu timeters in length, 8 millimeters 
ill breadth at the anterior end, 11 millimeters a t  :L distance of 7 millimeters from the 
anterior end, and 1.5 mil1imeters;iear the posterior end. The thickuess throughout was 
about 2 millimeters. The weight of one fish wiis 0.1 grams, that of its three parasites 
2.6 grams, or 278 per cent the weight of the host. If a man weighing 180 pounds 
Were afflicted with tapeworms to a similar degree, he would be crtrrying about with 
him 50 pounds of parasitic impediments. 

A specimen 
obtained from a fish 19 centimeters in length, measured while living 39.6 centimeters 
in length and 15 inillimeters in breadth at the anterior end. Another fish, 15 centi- 
meters in length, harbored four parasites, 12, 13,13, and 20 centimeters long, respec- 
tively, or 58 centimeters aggregate. Another fish, 10 centimeters long, was infested 
With a siugle parasite mliich was 39 centimeters in length. 

These parasites were found iiivariably free in the body cavity. I k .  JordanIs collec- 
tions were made in October and miue in July of the following year. Donnadieu has 
found that this parasite most frequently attains its maximum development at the elid 
of two yea%. It is probable, therefore, that Dr. Jordan and I collected from the sa1118 
generation. Since those parasites, in this stage of their existence, develop, not by 
levying a toll on the food of their host, after the manner of intestinal parasites, but 

by the absorption of tho serous fluid of their host, it is qujte evident that 
Biiice, however, they lie quietly in the body 

of the fish and possess no hard parts to cause irritation, they work their mis- 
chief simply by the passive abstraction of the nutritive juices of their host, and by 
crowding the viscera into confined spaces and unnatural positions. The worms, in 

every case, had attained such a size that they far exceeded in bulk the entire 
viscera of their post. 

In  the summer of 1890 I collected speciniens from the same locality. 

work a positive and direct injury. 
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From the fact that the examples obtained mere of comparatively the same age, it 
may be justly inferred that the period of infection to which the fish are subjected must 
be a short one. I did not discover the final host, but it is almost certain to be one or 
more of the fish-eating species of birds which visit that region and presumably one 
which, in its migrations, pays but a brief visit to this particular locality. This parasite 
was found only in the young suckers which inhabit a warm tributary of Witch Creek. 
They were not found in the large suckers of the lake. Thesc young Catostomi were 
found in a single'schonl, associated with the young of the chub (Lezcciscus atrarius), 
in a stream whose temperature was 950 F. near where i t  joined a cold mountain brook, 
whose temperature was 460 F. We seined several hundred of these young suckers 
and chubs, ranging in length froni G to  19 centimeters. The larger suckers were nearly 
all infested with these parasites, the smaller ones not so much, and the smallest scarcely 
at all. Or, to give concrete examples: of 30 fish ranging in length from 14-to 19 cen- 
timeters, only one or two were without parasites; of 45 specimens averaging about 
10 centimeters in length, 15 were infested and 30 were not; of 65 specimens averaging 
about 9 centimeters in length, 10 were infested and 55 were not; of 62 specimens less 
than 0 centimeters in length, 2 were infested and 60 were not. None of the chubs 
were infested with this parasite. 

The conditions under which these fish were found are worthy of passing notice. 
The stream which they occupied flowed with rather sluggish current into a swift 
mountain stream, which it met at almost right angles. The school of young chubs 
and suckers showed no inclination to enter thc cold water, even to escape the seine, 
but would dart around the edge of the seine, in the narrow space between it and $he 
bank, in preference, apparently, to taking to the colder water. When not disturbed 
by the seine they would swim up near to t h e  line which marked the division between 
the cold and the warm water, and seemed to be gazing with open mouth and eyes at 
the trout which occasionally darted past in tho cold stream. The trout appeared to 
avoid the warm water, while the chubs and suckers appeared to avoid the cold water. 
It may be that what the latter really avoided was the special preserve of the trout, 
since largo chubs and suckers are found in abundance in the lake, which is quite cold, a 
temperature of 400 F. having been taken by us at a, depth of 124 feet. 

Since the eggs of this parasite, after the analogy of closely related forms, in all 
probability are discharged into the water from the final host and hatch out readily in 
warm water, where they may live for a longer or shorter time as free-swimming, 
planula-like forms, it will be observed that the sluggish current and high temperature 
of the water in which these parasitized fish occur give'rise to conditions which are 
highly favorable to infection. 

It may be of passing interest to state here what I have recorded elsewhere, that 
ligulce, probably specifically identical with L. catostomi, form a11 article of food in 
Italy, where they are sold iu the markets under the nanie niacoaron i piatti; also in 
southern France, where they are less euphemistically but more truthfully oalled the 
uer blanc. So far as my information goes, this diet of worms, like the historical episode 
of that  name, is strictly European. 

It is not necessary to prove cases of direct injury rcsultiilg from tho presence 
of parasites in order to make out a case against them. In  the shaq, competition 
which iiature forces on fishes in the ordinary struggle for existence, any factor which 
imparts nu increment either of strength or of weakness may be a very- potent om, and 



OBSERVATIONS CONCERNING FISH-PARASITES. 109 

in a long term of years may determine the relative abundance or rarity of the individ- 
uals of a species. I n  most cases the interrelations between parasite and host have 
become so adjusted that the evil wrought by the parasite on its host is small. Para- 
sitic forms, like free forms, are simply developing along the lines of their being, but 
unlike most free forms they do not contribute a fair share to the food of other crea- 
tures. I have been too busy with the practical work of describing actual species to 
speculate on the question of their utility, and, 'moreover, have had no experience in 
teleological reasoning. It does appear to me, however, that if the question could be 
referred to all the rest of animated creation, there wonld be practical unanimity in 
the declaration that those animals which pass all or the greater part of their existence 

parasites are supremely unnecessary. 

IT. 

I am sometimes asked substantially this question: Of what use. is the study of 
these comparatively obscure formst In  answer I must admit that a large majority of 
the species belonging to the orders Trematoda, Cestoda, and Nematoda, which fur- 
nish a b y t  all the entozoa, hava little other than a zoological interest. But as I under- 
stand scientific investigation it very often does not concern itself about questions of 
Practical utility. 

Again, I am asked : What remedy is proposed for t,hose cases of paramsitism which 
are plainly injurious9 A few remarks on the subjects suggested by these two ques- 
tions may not be inappropriate. As to the utility of helminthological investigations, 
it mlty be said that they stand in the same category as any other scientific investi- 
gation. Where there is exhaustive knowledge of the thing itself the application of 
that knowledge towards getting good oht of it or averting evil that msy come from 
it first becomes possible. For example, a knowledge of the life-history of Triohha 
8Piralis. and its pathological effects on its host has taught people a simple way of 
securing immunity ikom its often deadly effects. A knowledge of the life-histories of 
tho' various species of taeniae which infest man and the domestic animals, frequently 
to their serious hurt, has made it possible to diminish their numbers, and may in time 
lead to  their practical extinction. 

Whenever for any reason or reasons parasitism of 
any sort becomes so prevalent with any Apecies as to amount to a disease, the remedy 
will be suggested, and in some cases may be practically applied. If, for examyle, it 

thought desirable to counteract the influences which are at work to cause the 
Parasitism of the trout of Yellowsto~ie Lake, it could be very largely accomplished by 
breaking up  the breeding-places of the pelican on the islands of the lake. With re- 
gard to parasitism among the marine food-fishes, the remedy, while plainly suggested 

the circumstances, might be difficult of application. Yet somet,hing could be done 
even there, if it were thought necessary to  lessen the amount of parasitism. If Such 
Precautions as the destruction of the parasites which abound in the viscera Of fish 
before throwing them back into the water, and if no opportunity be lost of killiW 

sharks which feed on the food-fishes,' two sources of tho prevalence of parasites 
'would be affected and the sum total of parasitism diminished. 
Qade not so much because such precautions are needed, as to suggest possible WP11- 

so  with t h e  parasites offishes. 

These remarks 

of kuowledge which is already availablc. 
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Some parasitic forms, however, are arid must remain ineradicable, for the reason 
that food-fish are their final hosts, and the intermediate hosts are a necessary food of 
the fish. For example, the intermediate hosts of certain echinorhynchi which infest 
Rome species of fish have been found to be certain sniall crustacea, as Echinorhynclbus 
proteus, which has Gammarus pzclex for an intermediate host; while the gasteropoda are 
ulniost universally infested with cercaria?, the larval stage of the trematoda. 

V. 

Some lines of investigation which suggest themselves as of importance to the 
science of helminthology will iiow be briefly treated. By way of introduction to this 
part of the subject in hand I wish to be indulged in a short digression. It often hap- 
peiis that t h e  working helminthologist wishes to identify the host of some form which 
he has fouird. I$ order to do this in R great many orders'of animals he is obliged to 
waste a great deal of time in rummaging through the ordinary books with which 
every good general library is supplied, and even thelr too often with the result that 
the species, not necessarily an uncommon one, can not be identified. There is certainly 
need among working naturalists for compilations which will enable one to do in zoology 
what he can do in botany with the aid of such works as Gray's Manual. 

It is surely contrary to the spirit of true science that the acquisition of correct 
systematic knowledge in zoology should be limited to the vicinity of large libraries, 
or that there should be an hierarchy of specialists to whom we must go in order to 
learn the systematic positioii of every form that is a t  all unusual. Morphological and 
embryological investigations are of the greatest importance, and in the end must be 
depended on in testing and revising the work of the systematist; but is there not 
danger that in all this auxiety about cell division, panmyxia, the transmissibility of 
acquired characters, the meaning of sex, etc., to which our most prominent biologists 
are giving time and talents, a generation of students is being produced who are 
attempting to work out problems in this country for which we  are not ready? At  
least, while there are so many groups of animals practically untouched and so much 
to be done in the way of studying animals in their bio~iomic relations, it is certainly 
not unfitting to speak a word occasionally to incite to the study of nature as she is in 
nature and not wholly a8 she.is in the laboratory. 1 a m  ready to confess for myself 
in this regard that I sin daily, for I preside as best I can over a laboratory where, to 
borrow an idea from my highly esteemed and most excellent friend Prof. S. A. Forbes, 
nature is boiled in corrosive sublimate and fried in paraffin before she is given 
serious study. 

For the orders which are comprised in thc study ordinarily designated by the term 
helminthology-vis, Cestoda, Trematoda, Acunthocephala and Nematoda-there is call 
for much preliminary work before such a compilation as I. have been pleading for in 
other orders can be made anything like exhaustive; and this because of the little 
pioneer work that has beeu done. 

In  my own work I have been compelled, by stress of circumstances, to confine my 
collections almost entirely to the vacation xnontlis of July and August and to rather 
limited localit?ies; but even here 1 have found material so abundant and so niuch of it 
new that 1 have kept thus far, for the most part, along the somewhat antiquated but 
still necessary path of systematic work. 
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Among the sub%jects which should engage the attention of the helminthologist 
who takes up the study of fish-parasites I should place first, whet I will call pioneer 
Work; not because I thirik i t  to be of' most absolute importance, but bec;mse it slrorild 
precede other kirids of investigation. It is of supreine iniportance, i t  seems to me, to 
have full descriptions, accoinpsiiied with sketches, of the adult forins of entozoa wliicli 
iufest the fish of our waters. As much work as possible shonld, a t  the same time, bo 
done on larval forins. Whenever larval forms caii be certainly identified as tho 
inimature form of some adult, or where, as in tlie case-of larval tetrarliynchs, there arc 
constant adiilt characters present in the larva. there should be full descriptions given, 
always accompanied wi th sketches. Date ofcaptureand n a m e  of host should, of course, 
be given i n  all cases. Incidentally these descriptions should include jus t  as rnuc.11 
anatomical a8nd histological detail as the material at the dispose1 of the investigator 
and his time will permit. For most of the entozoa, which are ofteii very variable i n  
shape, the more detailed the descriptiori is t h e  better. Furthermore, investigatioirs 
Should be carried on in every month of the year in which the fish under exarninatioir 
can be obtained. Notes should be made, a t  tho time of collecting, of the food of the  
fish; this rmy lead to the discovery of the intermediate host. 

Next, the life-histories of those forms which ;we already kuown, or thus become 
knomnin carrying on the pioneer work, should be made out. Enough is ttlready 
h o w n  on this subject to furnish, in most cases, a working clue. In this, as in the 
Pioneer work, attention should be given to anatomic:aI and liistological details, to 
Which may be :hdtled, as occasion offers, embryological details. I think this order 
is preferable, for tho reason that where the investigator is engrossed with the 
study of the early stages of 1ittle.known forms, there is danger of coufusion resultirig 
from the mixing of descriptions of young forins which are specifically different, This 
Source of error is probably not so likely to arise in the, case of tliecestodes and iwii i -  

atodes as of tlre trematodes. 
In  this connection I may mention two or three cases which occur to me as worthy 

of further investigation. In  almost every specimen of squeteague (Cyaosciom r c p l i s )  
which I havo examined, I have found the cystic duct infested with young tetrabotliria. 
They are usually attac~ied in clusters to the mall of the duct, and apparently got tlreir 
nutriment mainly by absorption from the malls of the cystic duct, through the scdeu, 
which is provided with a special sucker. W heu disturbed they easily become det8achcd 
and float about in the amber-yellow contents of the duct. Forms closely resembling 
these, t~iougli ustmlly smaUer: are also frequently met with in the intestine of the 
Ba113e fish. 1 have also fouird tliein in tlie intestine of the goose-fish (Cophius jhecc- 
topius) and in the cystic duct of a flounder. Some of them appear to be the young of 
an Bcheneibotlirium. If collections were made at other bimes of the year than the 
summer, which is the only time I havc had an opportunity to collect them, it should 
not be a difficxlt matter to identify tlJeIll atid to inake ou't Soine or a11 of their 1ife-hiStOry. 

Anotlier case of parasitism, or rather coridi tion of pi~r;~sitism, which c i th  for 
special investigation, is that furiiislred by many of the eiioapsiilecl 1remntodes. 111 t l ~  
majority of fish .wvhicli I have examine(x, T liave fouird :I grmttoi- or less numbor of' 

coiIed up and euveloped in a thin cyst, and usually attxohecl to  or envclopetl 
iQ the serous illvestment of the viscera, 111 many species they are few, but in  soiile, 

Which J~opJ~ i z~s  is a not.&& example, they are very abundant aricl ;drnosb itlvarittbly 
Present in every specimen. I 

- 

These encapsuled nematodes are always immature. 
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have been able to refer some of them to species described by Leidy and otherR; some' 
agree superficially with Agamonema communis for example, but upon closer examina- 
tion will be found to be covered by a thin investment which itself bears the distin- 
guishing characters of Agamonema, while within this investment is a nematode which 
is'plainly a rudimentary Ascaris. 

Again, I have fonnd specifically identical forms encysted in the bodycavity and 
free in the intestine of the same fish. For example I found Dacnitis globosa Duj. 
frequent in the alimentary canal, in the vicinity of the pyloric ccma, ani? the same 
species in pediculated cysts in the body-cavity of the same fish, #almo mykiss. Special 
attention should be given to these encapsuled, encysted, and immature nematodes. 
The investigations should be made to cover as many months of the year as possible, 
and attention should be given to details of structure, since the immature stages of 
this order have few distinguishing features that can be made use of in  classification. 

Another nematode, which I have collected a few times, shows such e remarkable 
difference between the young and the adult as to call for special study. This is a 
filaria of considerable length which I have found on the ovaries of Pomatomus satta- 
trix and of Lobotes surinamensis, a description of which will be given in a forthcoming 
paper. I have received the same worm in a collection of entoaa from the United 
States National Museum. The host in this case was Megalops tlwissoides. This worm 
grows to great length. One specimen from Lobotes measured 580 millimeters. The 
aggregate length of the fragments from Megalops was over 3 meters, the diametdr 
about 1 millimeter throughout. The adult worm is bluntly rounded anteriorly and 
tapers to a blunt point posteriorly. It is viviparous and contains, on account of its 
great length and the small size of the young, from 0.2 to 0.36 millimeter in length, 
an enormous number of*young. The latter are somewhat long-clavate in shape, 
thickest posteriorly, bluntly rounded at posterior end, while anteriorly for about one- 
third of the entire length they taper to an exceedingly minute, attenuate point. The 
young thus resemble the genus l'richosoma in outline. Whether these young filariap. 
make their escape from the parent and penetrate the tissues of the host, or whether 
they must await the ingestion of their host by some other animal before they are lib- 
erated to begin a new life, I do not know. It is certain, whatever their ultimate fate 
may be, that no one would suspect them of being the young of the Elaria which gave 
them birth if they had not been seen in the uterus of the parent. 

Lastly a very careful examination of the invertebrate food of fishes for larval para- 
sitic forms should be made, so as to be able at last to determine the intermediate 
host or hosts of all the known adult forms. 

It is not at all unlikely that some practical results would follow such investigap 
tions. 

WASHINGTON AND JEFFERSON COLLEGE, 
October 7,1893. 



16.-ON THE FOOD OF TH.E MENHADEN. 

BY JAMES I. PGCK, PH. D., 
Williams Colleze, Massachusetts. 

The studies of the menhaden (Breuoortia tyrannus) upon which this paper is based 
Were made at the station of the U. S .  Fish Commission a t  Woods Holl, Mass., during 
the summer of 1893, the material for this purpose having been collected in the same 
general region between July 10 and September 10. Menhaden were comparatively 
Scarce in this vicinity during the period mentioned; no specimens were obtained from 
the open waters of Vineyard Sound and very few from Buzzards Bay, but in tlhe 
Wm,ller tributary bays, brackish-water estuaries, and shallow lagoons they were 
Present, and sometimes abundant, as in the mouth of the Acushnet River, at New 
Bedford, where they spend the entire summer within a comparatively small area. 
The same may also be said of most of the other brackish-water inlets investigated, as 
explained below. 

Tho material thus studied is therefore quite sufficient to demonstrate the general 
character of the food of this fish, together with some of the details. It also illustrates 
the mechanism by which the food is obtained; and leads finally to some understand- 
ing of the organisms of these inshore localities as bearing upon the life-history of the 
menhaden directly, both as to the time and place of spawning, and as furnishing an 
ylpropriate food supply for both adult and young fry-within much protected areas. 

The food of the menhaden is to be found in the unicellular organisms, both veg- 
etal and aniinal, which swarm in all surface waters, together with the smaller crus- 
tacea and other free-swimming forms which there congregate, and there are reasons 
Why the regions here considered-the brackish, even almost fresh, waters of broad 
ShaUow estuaries and inlets, connecting with the sea only by narrow channels-are 
very important as affecting the kind and abundance of the various microscopic organ- 
isms used by this fish as food. It is here that the fresh-water streams are first brought 
into the ocean, bringing with them a new source of the inorganic materials-in solu- 
tions drained from large land areas-which are so essential to the growth of vegetal 
cells m d  animal tissues. By these streams also are brought a wealth of fresh-water 
microorganisms of the most important nature, especially the Protop7~yta, which thus 
lend an additional source of food material to the individuals already upon the ground, 

Salt-water organisms are also 
in with each tide, giving a new intensity to the struggle; it is the common 

-L--________- 

NoTK.-The paper read by Mr. Peck at the Fisheries Congress was a brief of a report then under 
Preparation by him. The full report, having since been oomploted, is presonted here in Iieu of the 
abstract. 

End in them new victirns for their own sustenance, 
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meetingground for both salt and fresh water forms, with constant additions from each 
source, resulting in the closest interaction of all, and the consequent thriving of some 
particular forms. 

Again, the purely physical conditions tend to make these inlets an important 
swarming-ground for unicellular life, together with the many organisms depending in 
close connection upon it. The depth of the water is never great, and it is therefore 
the first to be warmed in the springtime, and is most completely warmed in the summer. 
The sun’s rays penetrate to the bottom and are again reflected; bottom orgauisnis 
flourish well, contributing a new class of free.swimming larval and adult material. 
Great banks of eelgrass, lying half exposed a t  low tide to the summer sun, are hot- 
beds of growth, and harbor an untold complexity of minute organic forms which often 
cover each blade of the grass with a living slime. The meshes of our gill nets left 
down during one night were in many cases coated over with the greenish and brownish 
algous slime gathered by the flowing of one tide through them. These localities are 
also (according to all the data available at  present) the protected retreats into which 
this species of fish retires at  its spawning season in the early summer, and in which 
the earliest stages of the young are passed. 

.These minute organism8 furnish directly the food of the menhaden, not only within 
the limits of these brackish-water inlets and estuaries where the spawn is left to  
develop, but also wherever the fish ia found in the more open coast waters. The whole 
food supply of this fish is obtained by filtering out from the surface stratum of mater 
the organic life there suspended. 

The mechanism by which the menhaden secures this character of food is admirably 
fitted for such a purpose in the high specialization of the LLgill-rakers,n which are so 
complete as to  render the whole pharyngeal cavity capable of filtering large quantities 
of water, which the fish takes in-as has often been observed-by swimming actively 
in circles through the water, with widely-opened mouth and expanded.opercula. 

I have given in plates 1 and 2 five figures to  illustrate this mechanism. Fig. 1 is 
an outline (two-thirds natural size) of %he adult menhaden in its attitude of swim- 
ming through the water for food; in  the pharyngeal cavity, underneath the opercula, 
are indicated the positions of the five gill-arches (1,2,3,4,5j of the right-hand side of 
the animal; the five corresponding gill-arches of the opposite side of the throat cavity 
are omitted in the diagram. In fig. 2 are represented the five gill-arches, with all their 
parts, of a somewhat larger specimen (drawn two-thirds natural size) removed from the 
fish and placed in order, one behind the other, in a series, of which A is the most ante- 
rior, the others, B, 0, D, following to E, the small rudimentary one, which is tho most 
posterior. Attached to the axial gill-arches I to 5, upon the anterior edge of each, is 
the row of fine stiff gill-rakers a, b, 0, d, e,  arranged in a close parallelism like the 
barbs upon the shaft of the bird’s feather, which, indeed, they closely resemble in 
appearance. These are relatively very loug, reaching far forward upon the inner fme 
of the mouth cavity on the right-hand side, the left side of course having a correspond- 
ing set attached in like manner to the bony gill-arches as axes. Projecting backwards 
from those gill-arches are also the regular double-rowed lamelk of branchial BIaments 
m, n, 0, p ,  the respiratory apparatus proper of the fich; the last gill-arch 5, however, 
carries no branchial filaments. 

’ 

L 
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I f  now these be telescoped together into their natural position in the sides of the 
mouth cavity of the fish, then A will be the most anterior; B, C, D, E will follow in 
a closely arranged series; the branchial filaments 1%) n7 0, p ,  each overlapping its next 
posterior neighbor, will be next the operculum which covers them. In like manner 
the gill-rakers at, b, c, d, each underlapping its next anterior neighbor, will cover the 
the interior surface of the mouth cavity, and this in a very perfect manner. The gill- 
rakers of A all project straight forward (at); those of 3 ( b )  upon the upper section of' 
the gill-arch curve upward, as in fact the remaining members of the series all do 
( [ I ,  c, a,) in order to reach up to the upper section of each preceding gill-arch. 

Reference to the diagram (fig. 1) of the gill-arches iu place will show that they 
project downwards into the roof of the mouth, each one hanging lower down than the 
one preceding i t ;  and the curving upward of the gill-rakers upon the upper section 
of each of tho threo arches ( 2 , 3 , 4 )  makes such an arrangement as to completely cover 
the roof of the mouth with these curving gill-rakers from the protruding gill-arches. 

. Upon the upper section of gill-arch 3 is indeed a double row of gill-rakers ; the regular 
series of upward curving ones-the continuation of c projecting from the upper 
segment of this arch-to which is added another one (s) projecting downward and 
backward to meet y of the next posterior series. (Part of the series c is omitted in 
the drawing in order to  expose series x to view.) The lower edge of x therefore fits 
into ths edge o f  series y, which curves abruptly upward to meet it. The rudimentary 
gill-arch 5 carries a short and stiff row of gill-rakers only. If the mouth of a men- 
haden be opened the observer is confronted by a throat cavity completely lined with 
a layer of these beautifully adjusted lamella of gill-rakers, overlapping each other 
in the most perfect manner-as I have attempted to explain in the foregoing; their 
function, namely, that of extracting food from the water, is as perfectly performed 
as the sequel will, it is hoped, aid in showing. 

The water passing iuto the mouth of the fish will pass through this system of 
gill-rakers and make its exit posteriorly from under the opercula. The water passing 
though the gill-slit between m and N will be filtered by the series of gill-rakers b; 
tho water passing through the gill-slit between n and o will be filtered by e; *he 
water passing through the gill-slit between o and p will be filtered by d ,  y, s; in each 
case, of course, the upper portion of the gill-arches with their filaments will be bathed 
by ;I large part of the water as it passes through. That the column of water in so passing 
through this apparatus may be deprived of the organisms living in it is made evident 
by the finer structure of the gill-rakers thomselves, as illustrated in the other figures 
of plate 2. They constitute rows of thin elastic bony blades arranged upon the 
anterior edge of each gill-arch, as before described; fig. 3 represents the basal part 
of six of the gill-rakers attached to their support; their full length is uot, however, 
given. Each individual blade-covered with a delicate epithelium, in which are 
mucus and large-branched pigment cells-is provided with two rows of hooked barbs, 
one row upon either of its sides+ which so project in between from all of the aqoining 
gill-rakers as to guard each interspace with two rows of these barbs. A diagram of 
these gill-rakers in cross-section is given in fig. 5,  showing the attachment of the barbs 
to the exterior (toward the operculum) edge of each gill-raker blade, allowing them to 
project inwards toward the current of water passing through the mouth cavity of 
the fish. Finally, in much higher magnification, 178 diameters, are given, fig. 4, 
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six of the hooks or barbs as they are attached to  a gill-raker blade, showing that each 
of these, again, has a serrated tip. Fig. 4 is drawn to  the same scale as the organisms 
figured in the other plates hereafter described, whence it is evident that the organic 
materials are easily secured by such an apparatus-the fineness, elasticity, strength, 
and least possible resistance of which are evident. 

The whole interior of the mouth is always abundantly supplied with a mucous 
secretion, which aids in the accumulation of the fine food particles as they are strained 
from the water, and also aids no doubt in conveying them back to the esophagus. 
There is also a delicate fold of the mucous membrane running along each gill-arch at  
the base of the series of gill-rakers, making there a deep channel, but whether there 
are d e h i t e  ciliated tracts with this function of conveying solid particles is not as yet 
known. One always sees, moreover, in examination of these barbs, more or less food 
material dogged in their meshes, showing again the manner in which it is lodged by 
them. The cavity of the back part of the pharynx of the fish narrows abruptly to an 
apex which, guarded by a constrictor muscle, opens directly into the folded stomach 
of the fish. 

The comparatively empty condition of the menhaden stomach has often been noted, 
as also the presence of a greater or less quantity of what appears h be a dark greenish 
or brownish mud, with a variable quantity of copepods and small crustacea intermixed, 
although these latter may be almost entirely absent. This apparent mud, however, 
is made up of the various organic matters which are always suspended in surface 
waters, and which the fish, by means of the filtering mechanism of gill-rakers just 
described, has removed from the water in which he has been feeding. This may be 
demonstrated not only by observing the habits of the fish when living, ahd by a 
study of the gill-rakers, but also by collecting through a filter the organic matter sus- 
pended in a given quantity of surface waters* from the localities where the fish are 
taken, and then by comparing such a filtrate with the stomach contents of the animal. 
Studies carried on in this comparative manner show very well bow wide a range of 
microijrganic forms contribute to the sustenance of the menhaden, how they are to 
some extent localized, and finally some of the ways in which they interact upon each 
other, besides serving as food to the fish. 

One of the richest feeding-grounds of the menhaden studied during the season 
was in the estuary of the Acushnet Eiver a t  New Bedford, $lam., as it was here also 
that the food in the earlier part of the season was of the most complex character. In 
a mass of food taken July 12 from the stomachs of two dozen fi5h one could readily 
find a few small annelids of t h e  genus Nereis, measuring about a half inch in length 
usually; a few rotifers of the genus Notomata as nearly as they could be identified; 
quite a wide range of the smaller crustacea,-small amphipods (Qammaruss), young 
schizopod shrimps, a few ostracoda (Evadrte), a few Zoea l a r v ~ ,  with quite abundant 
Nawplius larva of different species. It may here be stated of the above-named organ- 
isms, that theyare more abundant in fish taken during the night. I have never 

* This was done in the course of this investigation by means of a filter, such a8 is used by Mr. G. W. 
Rafter, ofRochcster, the Board of Health of Massachusetts, and the Laboratory of the Western Division 
of tho Boston Waterworks, eta,  made from D large funnel whose tube is closed at the lower end by a 
coil of fine wire gauze; upon this plug of gauze rests a +inch stratum of fine white sand upon whieh the 
organisms collect as the water filters through; from the sand, the material is washed out in a given 
smell quantity of water. 
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noticed young annelids in fish taken in the seine by daytime, while the crustacea are 
also less abundant; especially noticeable is the lack of schizopod shrimps, the fewer 
copepods. But by far the most constant features of the menhaden food in this district 
are the unicellular elements in it, especially the unicellular plants, and of these the 
various genera of the family Peridinium easily predominate. 

In  plate 3, fig. 7, is represented a camera drawing of one field of the microscope, 
under a magnification of 178 diameters, of the organisms as they asppear in the mate- 
rial collected from the surface waters of this estuary by means of the sand filter just 
described. The great majority of the organisms are Blenodinium, some of the most 
characteristic of which are shown a t  p ,  fig. '7, in the various positions of the cells. A 
good description of the characteristics of the marine Peridinium and the life-history 
has been given by George Klebs," and it is easy to make out the general plan of their 
structure in this material. There are also taken a t  the surface here other pear-shaped 
alga swarm-spores r, besides many diatoms, of which, however, only a few are here 
shown. The Infusoria are an importaut factor in this surface material; some are the 
small green ( t )  which are very numerous; most abundant, however, are the small 
bean-shaped flagellates (s), which go winding their way in among the other material 
upon the elide when all else is motionless. All these organisms finally are mixed 
together in a greater or Iess quantity of amorphous matter-flocculent bunches of 
greenish and yellowish color, just such &s are to be found in filtering any surface 
waters. Dr. W. T. Sedgwick tells ine that in his opinion the color of this is due to 
the presence of bacteria masses of the Zooglea form. There is also no doubt the 
detritus from disintegrating organic material of many kinds. All this matter is highly 
phosphorescent when concentrated upon the sand in the tube of the funnel in the 
course ot filtration, as may be seen by disturbing it in the darkness. 

Oompare now with fig. 7: fig. 8, which represents in a similar nmnner one field of 
the microscope drawn with camera, exhibiting the same organisms taken from the 
stomach of a menhaden; the fish was feeding in tho locality just mentioned where the 
surface waters were filtered. The same Yeridinium is present and in the same large 
proportion to the other forms of living material, except that the smallest organisms- 
infusoria, etc., of fig. 7-do not appear in this material to any great extent. This may 
be due to the fact that the very smallest actively moving organisms may pass through 
the meshes of the pharyngeal filter, which may be readily conceived on account of 
their minute size, or they may be so mixed up in the ~ U C O U S  and amorphous matter in 
the fish's stomach as to escape detection to a great extent. It is easy to  see the 
complete identity between living organisms filtered from water by mechanical contriv- 
ance and those secured by the inenhaden feeding in the same waters by means of his 
anatomical specialization, giving a demonstration that the menhaden is a surface 
feeder-taking the organisms suspended in the water in a very complete manner. 

It must not be imagined from the foregoing figures that the waters there contain 
no other organisms than Peridimium; the percentage of diatoms is very great, not to 
mention the annelids, rotife'rs, and crustacea, before eiiumsrated, which latter were 
(except the crustacea) found only in this locality in the stomach contents of the fish. 
In fig. 16, pl. 7, are represented some of the more important diatoms selected from 
the food taken from several fish in this locality; there is also an occasional alga thread, 

*In the Botnnische Zeitung, Nos. 12 and 14,1884. 
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as also oscillatoria threads. One large foraminifer was also found in the food, belong- 
ing to the genus Discorbina. 

Applying the same methods of procedure-i. e., comparing the organic matter 
filtered from the water with that found in the alimentary tract of the fish-to other 
localities, it will be seen that the organisms have certain local variations, with which 
the stomach contents of the meiihaden are again in close agreement. For instance, 
the fish taken within the southeastern corner of Buzzards Bay have contailled within 
their stomachs organit. food-stuffs which agree completely within themselves and 
with the microorganisms free-living in the water where they were taken. It may be 
observed that the quantity of food liere preseut was much less than in those fish which 
had been feeding in the brackish waters of other regions; indeed, one fish which had 
taken its food during the night a t  New Bedford-which therefore included a large pro- 
'portion of the smaller crustacea-contained four times as inuch food as ten fish taken 
iii the pounds in this corner of the bey. This is an extreme case, however, for a fish 
feeding a t  daytime in the estuary contains less food than one feeding a t  night; while 
the Buzzards Bay fish, entrapped in a pound, may have digested up a large part of 
his stoma>ch contents during the night before being taken for examination. But it 
is undoubtedly true that the food supply of a fish jn the open waters of the bay is 
less than that of one feeding in the estuary before named. This is evident by com- 
paring the orgmic material filtered from a given quantity of surface water from each 
region; also from the conten ts of the stomach, and from the relative weight of fish of 
the same length in the two regions-the fish from the bay weighing less for their 
leiigth than the fish from the Acushnet estuary or any other brackish-water locality. 
Au illustration of the extent of these difkerences is given in the outline drawings, 
oiie.half natural size, of plate 8; fig. 17  as from a fisli taken July 20, at Woods Roll, 
Mass., in Buzzards Bay; fig. lS, from :I fish taken Augubt 25, at Waquoit Bay, a large 
protected inlet with narrow opening to the sea, in which the microorganic life was 
very abundant. Tlie organisms from the water of Buzzards Bay may be judged froin 
plates 4 and 5. The stvmacli contains little food and a great deal of mucus, ,just such 
as is secreted in the mouth of the fish, but the niicroorganisms are very characteristic. 
Those of three different positions of She rnicroscope are gathered into fig. 9, giving a 
characteristic idea of the inateriad in a given fish's food. There are new forins of the 
Peridinium type, the large sculptured Peridinium sp., a t  the upper edge of the field p ,  
as well as the large, smooth, pinkish Peridinium sp. atp in the left ceiitral part of the 
field; also at r, half ,of the very much elongated Ceratium fusus. 

, Perhaps the most characteristic element of this locality, however, is the large infu- 
sorian t of the genus Codonella, of which several species are found. A review of the 
structure and systematic arrangement of these important organisms may be foiind as 
given bythe studies of Geza Entz upon this group." Also by the studies of Dr. Eugene 
V. Daday. t The Codonella here found were of the species which are invested with a 
test in which calcareous nodules are imbedded, and were exceedingly abundant in 
the food of the menhaden taken in this region. There is also the diatom (e)  with 
the flatiron-shape, and the infusorian m, which hereafter becomes one of the most 
constant features of the menhaden food. In the same manner fig. 10 shows ot4her r e p  
resentative organisms of this region, taken from fish entrapped at Woods 13011, on the 

_______ ____ __ --- - -- - . - 
* Mittheilungen &us der Zoologi~ohen Station Zu Neepol, Bd. 5, 1884, p. 389. 
t Mittheilungen 8118 der Zoologischen Station Zu Neapol, Bd. 7, 1886-1887, p. 473. 

Ibid. Bd. 6, p. 200. 
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bay side. A t  p is the same Peridinium, a t  h the infusorian Dinophysis, the same 
abundance of m, a Codonella t ,  some of the diatoms at  d, all gathered into this figure 
from two fields of the microscope. 

Organisms from the stomach of a fish taken oft' Naushon Island, a t  the Weepeeket 
Islands, are indicated in fig. 11-from a siugle field under the microscope. The Tin- 
tinnodea ( t )  were remarkably abuudant, the same diatoms as before were also very 
numerous, as also the Ceratium fusus. That these of the three preceding figures are 
the conimon unicellular organisms of the surface waters of this region of the bay in 
which the fish were taken is shown in fig. 12, which represents some of the surface organ. 
isms filtered out of the water of the bay by means of the sand filter before described. 
There are the same Peridirbiunt p ,  Tintinnodea t and v, the same infusoria m and h, 
tlie same diatoms Nitxschia, h'ynedra, Concinodiscus, Navicula, etc., d, together with 
others not figured in the food material as found in the fish's stomachs, noticeably the 
beautiful Clkmtoceras. It is worthy of mention that the Tintinnodea figured were 
relatively more abundant in the stoinaclis of the fish than in the filtrate from the 
surface waters, and is perhaps to be explained by a different depth in which the fish 
were feeding; or the fish having in every case fed a t  night, while the water filtered 
was taken a t  daytime, these infusoria may have removed from the inmediate surface 
at the time the sample was taken. In  the food liere figured the crustacean elements 
of it have been neglected, both because it is sometiiues quite scanty and a t  other times 
very abundant, even in the same locality, and is of the same general character in all 
the localities studied, preiiminently copepods, larval and adult. The minute cruatacea 
are of course a favorite food of the menhaden, but 110 attempt has beeu made to illus- 
trate it with the other organisms with which it is associated in the stomach of the fish. 
That is to say, those portions of the field were selected for figuring in which tlie crus- 
tacea were absent. 

I shall, finally, illustrate this same point of the localization of littoral surface 
organisms by figures offering a similar comparison of some of the unicellular surface 
organisms from a very lorig lagoon of brackish water a t  the eastern end of Marthas 
Vineyard (at Vineyard Haven), in which nieiihnden in four, different lengths, or stages 
of growth, were taken, showiiig again the identity of those organisms in the alimentary 
tract of the fish with those in the surrounding surface wat,ers in which they were 
feeding. There is considerable difference in the prevailing types, although, of course, 
many of the species are common to it and all the other localities studied. Some of 
the organis~ns filtered from the surface waters are represented in fig. 13, selected from 
various parts of a single slide of the microscope. The diatoms are beautifully rep- 
resented by the chain d ,  composed of very large individuals unknown to me; these 
are very abuudant in this locality. Another chain, g, of a species unknomn to me, is 
also quite common, as is also the genus Lauderia (f ). The Pcridiniunt family is rep- 
resented chiefly' by the large, smooth, pinkish form divergens, with an occasioual 
Glenodinium, r, such as wa8 found a t  the Acuslinet River locality. A t  just below a is 
represeiited the empty cell wall of a mall vegetal organism, unknown to  me, having 
a peculiar rounded right-angled triangle sliape, with very thick walls. Tho Tintinnodea 
are extremely abundant, too, in this locality, presenting a great variety of species; at 
w is a, Tintinnus; at v a peculiar kind, with a spiral marking and 2 whorls of an expan- 
sion or flange on the test; those forms represented at t and c are also common. Taken 
altogether, this lagoon exhibited one of the richest surface fauna studied during 
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the summer and like the others seemed to grow even richer as the early autumn 
approached. 

Some of the organisms in the stomach of a young fish-60 millimeters in length- 
are shown in fig. 14; the same genera of diatoms are present, the same Peridinium 
and infusoria, the same organism, a, as were found in the preceding instance, from the 
water filtered artificially. In an adult fish of this locality are also found the same 
organisms as are here portrayed in figs. 13 and 14; especially in some fish are great 
numbers of the Tintinnus. If now reference be made to fig. G (plate 2) ,  an idea may 
be given of some of the most important organisms found in this same lagoon a t  
Marthas Vineyard, but in a large pond shut off a t  its extreme upper end from the 
main body of water except for two very narrow sluiceway connections. Fish were 
here taken measuring 100 millimeters in lengtrh, aaid their food products represented 
in part in fig. 6. The lower half of the field is ail exact drawing of the number (in a 
single field of the microscope) and position of the very abundaut vegetal organism 
heretofore mentioned; it comprised far the greatest part of the food material. In the 
upper half of the drawing are represented some of the other organisms which were of 
common. occurrence in the same material. All of these are alike found in the surface 
waters, and in the menhaden stomachs of this interesting 1ocalir;y. In  these surface 
waters were also found many threads of fungous mycelia, also oscillatoria threads in 
considerable quantities. 

It thus appears that  young menhaden, as soon as they can be secured, indeed, in 
the earlier part of the season, consume the mme kinds of food as the adult fish, and 
this holds true of the other localities cotisidered in this work. They consume the 
copepods also, like their parenta, in such numbers as these crustacea appear. Indeed 
the stomachs of the young fish show these organic food constituents in the clearest 
manner, since there is less mucous and amorphous matter mixed up with them. The 
young fish from the Acushnet estuary contain Qlenodiniuna in the same abundance as 
do the adults, while the young fish of each locality examined led to the same conclu. 
sions; and figures drawn from the material upon the microscopic slide would not differ 
essentially from the figures just  described. 

The food of the menhaden is not confined to the brackish-water inlets, however, 
for by filtering the clear blue surface waters in the open channel of Vineyard Sound 
one can at thi8 same season gather a very interesting array of the microorganisms 
such as have been here considered. In fig. 15 are represented a few of' the com- 
mon forms there secured, which in some respects are different in their relative kind 
and abundance from any other localicy examined. The diatoms are represented by 
the large d; indeed, these were very abundant in the filtrate, insomuch that a brown- 
ish yellow color was given to the whole mass by reason of them. There is also very 
commonly the large C7~cetoceros g. The infusorian 7 ~ .  (Dinophysis) is very common; the 
infusorian m is also common. The Peridinium group is represented by the very 
large Ceratium tripos. A great deal of Ulothrix ( q )  rn is also common in this water. 
The copepod Nauplius, y ,  is given simply to indicate its relative size to the unicellular 
material. 

The drawings can of course give no conception of the delicate sculpturing, color- 
jng, and beautiful contour lines of these organisms, but it is hoped that the relative 
size may be gathered from them, as also 8ome graphic idea of the general make-up 
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of this interesting food and something of the form of its varied constituents. Nor 
has a detailed account of the systematic identification of all the organisms been 
attempted, but it is hoped that enough has been given to indicate to those who may 
be interested some of the more important elements of the protozoan and protophytan 
life in brackish and inshore waters. The main object of this paper is to show the 
importance of those groups to the life-history of the fish in question. Three other 
localities of similar characters (in the same coast belt of this region) were periodically 
studied during the greater part of the summer, in which the same general character 
of surface material was found and in which menhaden were feeding;. In all ca,ses, 
also, the same results were obtained as have been heretofore descrided, i. e., the 
material from the alimentary tract of the fish was entirely comparable to that of the 
organic filtrate from the surface water. Such then is the general character of the 
food of these fish, and some of its differences according to littoral localities. It varies 
in amount also, a8 has been shown, but any of the coast waters contain an abundance 
of this microorganic life for their sustenance, as may be determined by testing a few 
liters of the water. 

If now the mouth of an average menhaden be opened as in its natural position 
when feeding, its oul;line will form an ellipse, of which the area will be about 1.1 inches; 
and if his rate of progress through the water when feeding be 2 feet per second (as I ’ 
have estimated from watching the habits of a sruall school confined in a large pool), 
then the fish feeding continuously would be able to strain a column of water 1,440 
inches in length of the size of the fish’s mouth-i. e., 1.1 inches-each minute, which 
column of wator a t  the surface of the Acushnet River would in July contain 6.8 gal- 
lons of water and about 3.4 cubic centimeters of the organic filtrate, such as is found 
in the shomach of the average fikh. The average amount ’of food material in the 
stomach of the fish feeding a t  that  time is about 3 cubic centimeters, which, accord- 
ing to this estimate, would be obtained from less than 7 gallons of water, and which 
the fish could, therefore, extract in about on0 minute. Of course these quantities are 
only estimates; the menhaden does not feed continuously, and it may be that all the 
water does not pass through the gill-rakers at the rate the fish swims, so that the 
amount of water actually filtered is doubtless considerably less; many of the smaller 
organism also  nay escape through the meshes of the gill-rakers, so that it may take 
the animal longer to extract the given amount of material from the surrounding 
medium, while my estimate of the average amount of food in a normal fish stomach is 
very low for this particular locality. On the other hand, the animal swimming with 
widely-open mouth against the water brings some pressure to bear, and so aids in the 
rapidity with which the water passes backward through the pharynx-so that the 
above low-estirnated amount filtered in a given time is by no means unreasonable for 
such a time as the fish does really feed. 

But the estimates of the quantity of organic matter actually present in the water 
are certainly reliable; and allowing for all shortcomings on the estimated capacity 
and movements of the fish, there is still a wide margin in favor of its ability to gadher 
a great amount of food in a short time. 

The passage of the food through the alimentary tract is, however, probably very 
rapid, and a large quantity of this kind of food must be needed by the fish; in favora- 
ble localities the whole intestinal canal is gorged with this material. The quantity of 
such food, moreover, is illimitable, each cubic foot of water is charged with it, and 
rapidity of incroase of the unicellular organisms in a geomotrical ratio-their life- 
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history being measured almost by moments-is such as to insure a stable basis of 
existence to those species depending upon them. Indeed, it is little wonder that 
these fish are so fat when their food supply is considered. 

Another important coneideration in the make-up of the menhaden food ie its vegetal 
character to so great a degree. The predominance of the many species of diatoms 
and Peridinium; the swarm spores, oscillatoria, a n d  fungous threads contribute direcay 
to the food of the animal itself, and indirectly through the large infusoria and cope- 
ppds. Of the large family of infusoria-'l'intinnodea-so abundant in the  foregoing 
descrip6ions of the menhaden food, Daday says : * 

Im Haushalto der Natur spieleu sie duroh ihre Cxefrbigkeit eino ziemlich bedoutende Rolle, 
inkem sie ausser den kleinen Diatomeen, Alga0 und anderen Pflanaenresten auch vide verfaulte 
organische Stoffe vers-. 

He also goes on to say that they do not shun microscopic animals, but repeatedly 
can be found having eaten Dinoflagellates, Peridinium and Dinophysis; even their own 
relatives-Codonella, Tintinnopis, etc. This is also no doubt true of many of the 
other infusoria gathered by the menhaden. In the figures of the infusoria of the 
Gulf of Naplest Entz represents very many of these organisms with diatoms within 
their cytopasm. The copepods, which are the most important animal coristituent of 
the food material, feed, I am very sure very largely upon the same vegetal diet in these 
localities here considered as is taken by the menhaden. The alimentary tract of the 
copepods is filled with a greenish-yellow colored mass of material, in which one may 
often identify the small vegetal cell so abundant in fig. G (plate 2 ) ,  which by reason of 
its minirteness has escaped the crushing up in the process of feeding by the animal. 
In an arm -of Uhilds River: Waquoit Bay, it is almost certain that the abundant cope- 
pods of the surface water were filled with the small Raplidium polynorphum, which, 
together with very many other fo rm of oscillatoria, made a large part of the material 
gathered by the fish, which organism was so abundant in the stomach of the menhaden. 
Another important place in the elaboration of this vegetal microorganic food supply 
is undoubtedly filled by the bacteria, whose abundance and even presence are so 
unsuspected in the ordinary study of microorganisms of surface waters. Dr. H. L. 
Russell, speaking of the diminution of land bacteria as one leaves the shore and pro- 
ceeds into dense sea water, says: $ 

Die gewijhnlighen Spaltpilze, welche im siissen Wasser und im Erdboden vorhanden sind, werden 

Dr. W. T. Sedjwick tells me that in his opinion the bacteria are freely used as 
food by the larger infusoria. The many bacteria in the so called amorphous matter 
and those brought by fresh-water streams into brackish water do doubtless contribute 
no small element to the food supply of the infusorial organisms there swarming. 
Vegetal diet upoii the unicellular plants is, therefore, very plainly to a great extent at 
the basis of the menhaden food;§ while the fish subsist very largely upon thoseorgan- 
isms directly, gathered by their pharyngeal filters, and indirectly upon the same 

durch die Thiitigkeit des Seewassers und der darin enthalteiion Milrroorganismen zerstijrt. 

* Monopaphie der Familie der Tintinnodoen, p, 512. 
t Uebar Infusorien des Golfes von Neapel, pl. 20-22. Mitt. aus der Zool. Station zu Neapel, Bd. 5. 
t Untersuchuugen uber im Golf v. Neapel lebende Becterian. Zeitschrift fiir Hygiene und Infec- 

0 See also Ryder, U. S. F. C. Bull. 1878, p. 242. The Protozoa and Protophytcs considered as the 
tionskrankheiten, Hd. 11, 1891, pp. 167, 213. 

primary or indirect source of the food of fishes. 
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material as it comes to them through the copepods, the various free-swimming larvae, 
and infusoria. 

Such being, then, the primitive character of the food supply of the menhaden, its 
economic relations are very important; it arrives first hand a t  it food supply which is 
the most stable, the most, abundant and wiclely distributed of all foods, and yet so 
unavailable to the great majority of other species. The wide distribution and vast 
esbent of the schools of this fish (which have beeu so remarkable in former years), 
testify to this €act> for no matter how many are aggregated together in a given area 
the food supply is aaquie .  At  the same time the menhaden comes into no compe- 
tition with the other food-fishes. ‘In dl the food products in the alimentary tracts of 
specimeus exnmined during the time named; not a &race of vertebrate tissue was 
found; their presence does not threaten directly the life of any other vwhbrac.6, aar 
indirectJy do tbey bring want to others by appropriating too much of their food supply. 
In  one instance this summer-at Hadley Harbor, Naushon Island-a small school of 
menhaden mas seen rising to the surface directly under a school of young “silver- 
sides.” The suddenness of the maneuver on the part of the former fish sent the 
minnows lsaping out of the water and scattering iu  all directions, just as when the 
school is so invaded by enemies; as the silversides collected again, after a few 
moments, a t  the surface, a t  a little distance from the former spot, tho action was 
repeated by the school of menhaden. A nuinber of these latter mere then captured 
and examined, but in no case, of course, had the miunows themselves beeii taken as 
fond, while the large proportion of copepods in the stomachs of the  menhaden would 
indicate that they had found their prey located by the movements of these small 
surface.feeding minnows. Their stomachs also con taiued, besides the usual quantity of 
microorganic life, diakorns, infusoria, and the like, which are abundant in the brackish 
waters of that beautiful and quiet retreat. 

Not only, therefore, do the menhaden riot conipete with other fishes for food, but 
they themselves form an important factor in tho food of other fishes, as has been so 
often observed in the bluefish, bonito, and squeteague; making available through 
their own life-history favorable conditions upon which the other economic fishes are 
borne and satisfied; bringing to them directly an elaboration of this primitive food 
supply here considered. To j u s t  what extent tlie menhaden are eaten by other food- 
fishes has not yet been entered into in this investigation, but evidences of its impor- 
tance as bait are everywhere at I~and, and for this ~eason, if no other, its place is 
an exceedingly important one in all quefitions involved in tlie study of hook-and-line 
fishing. The eagerness of the fishermen after menbaden for bait has been a Eost 
constant,feature of the expeditions made by us during the suminer after the material 
used in this study. One sees in the common opinion sowething more than a genera1 
preference for sucl;l bait; it is a real necessity in their equipment for work. 

The relations of every individual organized being are so complex, the interaction of 
its species upon others so intimate, thst  the life-history o f  every being must have a 
very large circle of effects-visible and remote-not all of which may act in a directly 
beneficial way for all of OUT immediate specialized wants. So it may be with I the 
menhaden, 8s with any other fish. In its insthod of gatheriiig its food it does not, it is 
true, come into competition with other fish, but the floating eggs and minute embryos 
of all classes would be of a necessity swept in greater or less immnbers into its mouth 
in those surface maters which were siipporting schools of menhaden. Large schools of 

’ 
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the latter fish moving dong the coast a t  the spawning season of the scup and aea 
bass might draw largely upon the floating eggs of the 1att;er and lobster embryos. 
Large schools of menhaden feeding in the brackish water over rich oyster beds might 
at the spawning season of the latter diminish materially the chances of so thick 
setting as might have been otherwise made had the fish not been presant to strain so 
effectively the surface waters, with the chance of securing so many of the floating 
eggs and very young embryos. A detailed study of jus t  these conditions has not yet 
been made, but such evidence as we have is negative. Along this part of the coast 
the scup, sea bass, and menhaden appear to be spawning at  about the same time, the 
last fish having, however, removed up into brackish water retreats away from the other 
food-fishes. There are, however, large numbers of immature menhaden present which 
are not concerned with the business of spawning, and of whose movements as they 
first migrate into these waters verylittle is definitely known. At the season and 
localities covered by this work, however, there was no material found in the food 
products of the menhadeii which was derived at the expense of other food-fishes. 
Nothing, indeed, was found but such minute organisms as are present in all these 
localities studied, and SO abundau t and evenly distributed through the surface waters 
that their quantities could never be materially diminished through being preyed upon 
by the menhaden. These organisms also are entirely unavailable to the great majority 
of' fishes, but being thus taken dircctly by the menhaden thex serve indirectly in the 
food supply of the many predaceous species to which Brevoortia tymnnus itself becomes 
a prey. Problems, therefore, which involve the consideration of this last species, with 
any regulations which are to be proposed for it, are very significant. 

J t  may be urged, finally, that these many brackish-water inlets and estuaries, 
which so plentifully indent our coast, are regions of especial importance, entitled to 
the most careful consideration, because they are intrusted with so much embryonic and 
larval life of the migratory inhabitants of the coast, have such a rich aud varied food 
supply, and are so much protected from the larger invaders. This is the only series 
of ,conditions to be treated in oyster-culture, and will prove, no doubt, to be a, very 
important step in the study of many others. Such places, moreover, are the nearest a t  
hand to which all regulations can be the most effectively tried, which can be made 
the most evident examples for public opinion. 

u. 8. FISH O O M X I S S I O N ,  
Woods Holl, Mass., September 11, 1893. 
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EXPLANATION OF PLATES. 

PLATE 1, two-thirds natural size: 
Fig. 1-Ontlinc of adult menhaden a8 feeding. 1-5, gill-arches of right-hand side iii natural 

- position. 
Fig. 2-Gill-arches with branchia, and gill-rakers attached, removed from fish and arrangcd in order; 

2-5, bony arches; a, b, c, 3, d, y, and e are gill-rakers; nt, n, o,p ,  brasohim. 

Fig. 3-Six of a series of gill-rakers atcached to the gill-ar oh, showing the projecting rows of 
hooks, enlarged 50 times. 

Fig. 4-Six of the hooks attached to tho gill-raker, enlarged 178 times. - 
Fig. 5-Diagtam of gill-rakers in  cross-section, showing an 10 a t  which hooks project from 

their point of attachment in toward the throat cavit,y, a n t  tho currcnt of water passing out 
from it. 

Fig. 6-Organisms from stomach of young menhaden taken from a pond closed OR from lagoon a t  
Martbas Vineyard: p, Peridinium; d, Diatoms; 1, Tintinnodea; lower half of field drawn with 
camera from single field of the slide, magnified 178 tinies. 

Fig. 7-0rg:inisms filtered from surface waters of the Aciishnet river, showing at p the Oleno- 
dinium which is so abundant a t  this locality; a, very small beau-shaped ffagcllatetr; vegetal 
cells are also scattered over the  field. 

Fi& 8-Organisms from the stomach of a mcnhaden in these same waters, showin the prcdomi- 
nance of the  same Clenodinium; W, Dinophysi8; drawn from a single firrld of %%e microscope, 
enlarged 178 times. 

Fig. 9-Organisms from stomach of fish taken in Quiswt Harbor, southeastern portion of Buzzards 
Bay ; p ,  Peridiaiunb, the  lower two large, smooth, pink-colored individuals, having the form 
of the species diuergena; d, e, diatoms; t, Tintinnodea of the genus Codonella; r ,  Cwatium fusu8. 

PLATE 2: 

PLATlC 3 :  

PLATE 4 .  

Enlarggd 178 diameters. 
Fig. 10-Organisms from fish’s stomach taken at Woods Holl, in the mouth of Buzzard8 Bay * d, 

diatoms; p, a large Peridinium; h, Dinophysie; m, an infusorian unknown to me; t, Codoneha. 
Enlarged-178 diaiheters. 

Fig. 11-Organisms from food in  fish’s stomach taken off Naushon Island, mouth of Buzzards Bay, 
at the Woepecket, Islandn (drawn with camera from single field of microscope); t ,  Codonella; 
d ,  diatoms; r ,  Ceratium fusua; m, infusorian( e). 

Fig. 12-Orgtlnisms filtcred frcim the surface wotcrs of 13nzmrds Bay, in tliese same localities; 
p ,  Peridinium divergena; 1 and 8,  Codonella; d ,  diatoms, of which there is a representative of 
the genus Chatoeevoa, with its long protoplasmic. processes; e, also diatoms; h, finoplt,ysb. 
Enlarged 178 diameters. 

Fig. 13-Organisms filtered from the surface of Lagoon Pond, Marthas Viiieyardf d, g, andf (f is 
Lautleria), diatoms in  chains ; p, Peridinium divergens; Y, Glenodinium; c, Codonella; 10, [I’inlinnw ; 
t ,  aIlied to  Codonella: v ,  one o f  the Tintinnodea unknown to me; a, very small vegetal cells. 

PLATE 5: 

Enlarged 178 diameters. 

PLATE 6 :  

Enlarged 178 diameters. 
Fig. 14-Organisiua from the stomach of a young fish of the same lochlity (fish 60 mm. in  length). 

p ,  Peridiniunt, diaergene; d, diatoms; f, Lauderia; h, Dinophysia; m, infusorian unknown t? me. 
Enlarged 178 diameters. 

PLATE 7: 
Fig. 15-Organisms filtered from surface waters of Vineyard Sound upon a bright olein morning, 

August 15; d, large diatoms, which were very abundant in  the sample of water; 9, Cha,toceroa; 
?a, Ulotlbrix zonula ( 0 ) ;  11, Dinophyeis; c, Ceratiun~ lvipos. 

Fig. 16-some of the organisms found in t8he stomachs of menhaden in  the Acushnet River, in the 
mme inaterial figured in plate 3. 9 and y, alga threads; diatoms, a, !l?rioeratium; b, Uildul- 
phia; c ,  Stophanodis~ue ( 8 ) ;  e, Xaaioula;. j ,  IC, Pinnularia; i, unknown diatoms; f, Merismopedia 
(alga) ; x, Diacorbina. Enlarged 178 diameters. 

Fig. 17-OotIine of an adult menhaden living in Buzzards Bay, taken July 20. One-half natural 

Fig. 18-Outline of an adult menhaden living in the extreme i1p er part of Waquoit Ba$ taken 
Augus td .  One-half natural size. This region was very r i d  in I’rotophyta, especialiy Cya- 
nopitycam, also Copepoda. 

Enlarged 178 diameters. 

PLATE 8: 

8120. 
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17.--SOME PLANKTON STUDIES I N  THE GREAT LAKES. 

BY JACOB E. REIGHARD, 
Zyofessor of Anima2 Afovph02ojy, University of Afichigan. 

The history of the whitefish industry of the Great Lakes is well known to the inem- 
bers of this conference. It is presumably the llistory of a diininisliing production in 
spite of a very large annual outlay for artificial propagation. The enthusiasm with 
which the fish-culturists of twenty years back undertook the restocking of the Great 
Lakes was born of success in inany similar enterprises. Trout and shad had been 
made to swarm iu depleted waters. Similar results were, therefore, to be expected 
from the application of similar methods to the Great Lalres. Tliese expectations have 
not been realized, and fish-culturists are casting about for an explanation. 

On the one haud it is asserted that the expected increase in the yield OS whitefish 
has not beeu realized because of the destructive methods of fishing. Tlie ravages of 
the pound net are thought to be more than sufficient to wipe out the gain due to arti- 
ficial propagation. It! is said that if fishiiig methods were properly regulated tho 
results of artificial breeding would at once make themselves felt, and that, while the 
planting of whitefish has iiot resulted in iucreasing tlie supply of adult fish, i t  has 
prevented any large reduction in that supply, so that inany grounds, which now pay 
for the fishing, would have been utterly exhausted but for artificial propagation. The 
remedy for the present condition of things is believed to lie both in legislation con- 
trolling fishing methods and in a still greater extension of artificial propagation. 

On the other hand it is claimed that if the artificial propagation of whitefish were 
successful i t  should result in an increasing yield in spite of existing methods of fishing. 
The remedy does not lie in restrictive legislation; it lies rather in greater effectiveness 
of methods of artificial propagation, and perhaps also in an increase of the annual 
output of' artificially hatched fish. 

The first view is held for the most part by fish-culturists, who favor restrictive 
legislation and increased facilities for artificial propagation. The second view is held 
for the most part by fishermen, maiiy of whom are not yet convinced of the value of 
artificial propagation. When one who is neither fish-cnlturist nor fisherman atteinpts 
to discover the facts upon which the various opiuions are based he very soon finds 
that there are but few recorded facts. 

In  order to know whether the number of whitefish is increasing or diminishing 
for any locality or for all localities it is necessary to have statistics extending over a 
term of years. Sta,tements based on statistics which are taken in two years separated 
by an interval of five or ten years are nearly valueless for purposes of comparison, for 
the reason that such statistics do not and can not take into account the climatic con- 
ditions which make one year favorable and another year unfavorable. The fact that 
in the year 1880 the number of whitefish marketed was greater than in 1890 does not 
prove that the number of whitefish has diminished in this interval; it proves only 
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that the number caught in 1590 was less than the number caught in 1550. This may 
have been due to a diminution in the number of fish, but i t  may also have been due 
to storms during the fishing season of 1590. Statistics, t o  be conclusive, should enable 

' 11s to compare the average yield for the ten years 1870 to 1850 with the average yield 
for the years I850 to 1890. 

No such continuous series of statistics is in existence for the United States, so 
thst  the assertions concerning a diminishing yield of whitefish rest either on a com- 
parison of the statistics of isolated years or on the statements of fishermen concern- 
ing certain localities. 

If  we inquire into the facts concerning the sufficiency of the present methods of 
artificial propagation we find that, so far as concerns the whitefish, there is no ques- 
tion as to the success of the earlier stages of the process. Several hundred million 
ova are taken annually and placed in the hatcheries, and of these usually from 80 to 
90 per cent are hatched and placed in the waters of the Great Lakes, 166,000,000 in 
Lake Erie alone in 1588." 

This is very nehly  a11 that is known about these young whitefish. About their 
food habits we know only that in captivity they eat certain species of crustacea.t 
Whether in their natural habitat they eat other animals in addition to these crustacea 

to them we do not know. It is uncertain at  what age they begin to 
take food, or how much they require. We do not know their natural enemies. We do 
not know whether they thrive best in running water or in standing water j in shallow 
water or in deep mater; whether at the surface or near the bottom. What changes of 
habitat or of food habits the fish undergo as they grow older is a still deeper mystery. 

Our problem is to place young whitefish in the Great Lakes under such conditions 
that as large a number as possible of them shall grow into adult fish. It is clear that 
of one of the elements in this problem, namely, the whitefish, we know but little. 

Whet, then, do we know of the other dement of the problem, the Great Lakes 
themselves'? Individual naturalists have made efforts from time to time to study one 
or another of the groups of animals living in the lakes. These eBorts have been 
always circumscribed by th(? facilities a t  hand, by the time that could be devoted to 
the subject, by the small area examined, or by the small number of animals taken 
into account. Although much excellent work has resulted from these efforts, i t  
remains true that there has been thus far no attempt to secure an accurate knowledge 
of all the conditions existing in any one locality, and no attempt to study exbaust- 
ively a single group of the animals arid plants of the lakes. We are still at the 
beginning, so far as concerns a knowledge of life conditions in these lakes-the con- 
ditions with which we surround our young whitefish. If we could a8sume that the 
conditions are uniform over the whole area of the Great Lakes, then, since the young 
whitefish are native to these lakes, it might be a safe conclusion that they will find 
the conditions in one Iocality as well for them as in another. But there are no facts 
which support the view that the conditions are iiniform over the lakes. 

We are thus in the position of bringing together under unknown conditions two 
things, both of unknown character, and we expect as a result to get a third thing, 

*This appears by adding the number of fry planted in 1888 by the TJ. 8. Coinniission and by the 
commissions of Canada, Michigan, New York, Ohio, and Pennsylvania, as shown in the report8 of those 
commissions. 

t Forbes, 8. A., The First Food of the Common Whitefish. Bulletin No. 6, Illinois State Labor- 
atory of Natural History,, May, 1882. 
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marketable whitefish. Should me not pursue our object niore intelligently by first 
determining tho characteristics of the materials with which we have t o  work? It was 
with this object in  view that the Michigan Fish Commission, in the suiiimer of 1803, 
established a scientific laboratory on Lake St. Olair. This lake is readily accessible 
from the Detroit hatchery at the seasou when whitefish are plauted. Whitefish are 
caught in certain parts of the lake in considerable numbers in the spawning se:ison, 
so that i t  is probable that spawning-irounds of this fish are found along the west 
shore of the lakc near its outlet. hi establishing a laboratory on the lake the Michigan 
Fish Commission hoped, therefore, to accomplish two thiiigs : 

(1) To study c i ~ e f ~ l l y ,  and in the broadest possible way, the life of the lake. 
After examining the physical cliaracteristics of the lake, such as the color, transparency, 
and chemistry of the water, such a study should iiicludo a determination of the kinds 
of animals and plants in the lake. Every species should be sought out, carefully 
describod and figured, and a specimen of it proserved. Theii the habits of each 
species should bo known, its habitat, its food, its enemies, slid its parasites. The 
numbers of animals and plants of each species iu a given volume of water should be 
determined, and *he variations in these numbers in different parts of the lake and at  
different seasons of the year. Such a collection of data would form a complete picture 
of the biology of the 'lake. 

( 2 )  It was hoped that young whitefish might be captured in tlie lake by suitably 
arranged nets and that i t  might thus bo possible to  determine the food habits of the 
yoltug fish and theother conditions under which they are found in n?ture. 

Should both these objects be accoinplishcd me should be in a position to  determine 
where in the Greet Lakes are to  be found tlie conditions favorable to  the whitefish fry. 

The materials collected have not been all worked up at this tiiiie, so that i t  is 
possible to give only a brief survey of the plan of work together with some of the 
more immediate results. 

The laboratory was located at New Baltimore, near the head of Anchor Bay, 
which is the northeastern portion of Lake St. Clair. Here the second story of a large 
warehouse, situated on a dock, was transformed, by the use of tumporary sheatliing, into 
a commodious laboratory room about 20 by 40 feet. There were four large and very 
rigid laboratory tables, designed especially for their portability and intended each for 
two workers. The vacaiit places on tlie walls were filled with temporary Rhelves, and 
two large work tables were provided for general purposes. At one of the windows 
was placed a table arranged to hold a dozen small aquarist, t o  which running water 
\vas supplied from a, tauk outside the building. On the wharf without was erected a 
ternporary shed which sheltered three large aquaria supplied with wator from a'special 
tank. In these aquaria the largest fish of the lakes could be kept under observation. 

The laboratory was supplied with a sail and row boat. For more extended trips 
;tnd for use with the heavier collecting apparatus there was a small steamer, the Ben. 
IZur, of Detroit, a boat of about J.0 tons burden, md with a very roomy cabin. She 
was found to serve every purpose admirably. 

A considerable collectiou of pertiueut literature as well as microscopes and the 
other usual laboratory apparatus were loaned by the University of Michigan. A 
liberal supply of the uuu.a,l glassware and reageuts and of the minor apparatus mas 
provided by the fish commission. The collecting appfiratus included the usual hand 

F. c. u, ~soa--9. . -  
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nets, tow nets, and dredges. Besides these there were some forms of nets not in com- 
mon use. The ordinary form of deep-sea dredge was found to slip over the hard clay 
bottom or over the thick matting of characez which covers this bottom, so that i t  
usually came up empty. In  its place was used a dredge made as follows: An iron 
band 2 inches broad: 3 of an inch thick, and 4 feet G inches long, is cut along one edge 
into a row of triangular teeth, each an inch broad and an inch high. These teeth are 
sharpened and bent so as to form an angle of about 15 degrees with the rest of the 
band, which is provided with holes into which a net may be laced. The band is then 
bent on the broad side into the form of ai1 equilateral triangle, with the teeth inclined 
outward. To each angle is welded a stout ring for the dredge rope, and also an iron 
rod, 24 feet long, which projects at right angles to the plane of the triangle and from 
the edge of the band opposite the teeth. A flat net of inch mesh is suspended froin 
the triangle, and its bottom is lined for about a foot with coarse cotton cloth. The 
whole net frame has thus the <orm of a triangular prism and when dragged along the 
bottom always rests upon one side, so that the teeth at the edge of the frame act with 
great effectiveness in loosening objects imbedded in the hard clay bottom. This net 
ismodeled from one exhibited among the apparatus of the plankton expedition in 
the German University exhibit a t  the World’s Fair. 

Another piece of apparatus of great value is the net designed by Prof. E. A. 
Birge for collecting cladocera, and described in Trans. Wis. Acad., vol. VIII, 1891. It 
is indispensable on weedy bottom or shores. 

The ordinary tow net when weighted to be used on the bottom is apt either to run 
at an unknown distance from the bottom, or, if it reaches the bottom, to  foul in the 
weeds or fill with mud and sand. We therefore made use of a tow net supported on 
four flat iron runners which are welded to the iron net ring. These runners extend 
for about 30 inches at  right angles to  the plane of net ring and are then bent toward 
one another and riveted together at a point opposite the center of the net ring and 3 
feet from it. The net thus hangs within the frame formed by the runners, and its 
mouth is held about 2 inches from the bottom. This proved an excellent device for 
collecting bottom forms free from weeds or mud. 

For quantitative work we used a vertical net which is more fully described in 
another place. 

Six persons worked in the laboratory from July 15 to September 15. They were- 
Prof. J. E. Reighard, director; quantitative work, crustacea, and vertebrates. 
Dr. H. B. Ward, associate professor of biology, University of Nebraska, Lincoln, 

Mr. Prank Smith, instructor in zoology, University of Illinois, Champaign, Ill. ; 

Dr. Robert Wolcott, Ann Arbor, Mich.; insecta and hydrachnida. 
Mr. H. S. Jennings, assistant in animal morphology, University of Michigan; roti- 

Mr. A. J. Pieters, assistant in botany, University of Michigan; plants. 
Each had charge of that portion of the subject set opposite his name. These gen- 

tlemen worked enthusiastically, and without compensation, in the interest of science, 
so that whatever results have been reached are largely due to their unselfish devotion. 

Two employes of the fish commission, Mr. Dwight Lydell and Mr. Jesse Marks, 
rendered valuable service in collecting, fishing, and otherwise furthering thH interests 
of the laboratory. 

Nebr. ; worms. 

protozoa arid mollusce. 

fera, sponges, and bryozoa. 
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The first six weeks were spent in qualitative work, that is in making a list of the 
mimals aud plants of the lake, in noting the way in which they were associated, their 
habits, a id  in preserving specimens, drawings, and records of observations. Every 
morning, and frequehtly again in the afternoon, a mail was sent out into tlie bay, with 
the diReereiit sorts of nets. With the tow nets were obtained tlie smaller animals and 
plants flot~ting in tho water, at the surface, iii mid-water and near the bottom. The 
forms attached to the bottom or conceakd among tlie water plaiits were collected by 
ineaiis of the toothed dredge and by tlie Birge net. Collections were also wade ncar 
the shore with the same apparatus. All the materials were brought to the laboratory 
and were ready for examination upon the arrival of the laboratory force. Each 
worlrer then sorted out from tlie collection the materials belonging to him. This 
method of working was kept up until it was felt that a11 the inhabitants of the Iake, 
except possibly a few rare or occasional ones, had become familiar. The living speci- 
mens were studied in all oases and material was preserved for future use. Final 
identificatious were attempted only in the cases where the original literature in the 
laboratory was ample for the purpose. 

At tho same time that collectioiis were beiug made of the smaller iuhabitents of 
the Iske, gill nets were set every day for the ctipturc of fish, while otlier fish were 
purcliased from tlie fyke-net fishermen who landed their catch at  the laboratory dock. 
The fitoinaclis of several hundred of these fish were examined and tho coiiteiits pre- 
served, with the purpose of determining the food habits of the fish. At tho same time 
the fish were systemabtically searched for prixsites, sild many important biological 
data were collected conceriiing tlie parasites. A more detailed report on these para- 
sites is in preparation by Dr, Ward. * 

In  order to milk0 a continuous and systeniatic record of the fo rm examined, use 
mas made of blaiiks in which each person entered the forms observed by him. The 
blanks were of two kinds, one iuteuded to give the iiuportant data concerning the 
individual animals and plauts %lid the other intended to show how thess animals aiid 
plants are nssnci:bted uiider cliEerent8 conditions. a The following is :b stunple of what 
may be called the iiidividual blaiilr : 

NAME Sida t crystnlliiis 0. F. M. 

LOCALITY middlo of Anohur Bay 
IIABIT AT 

No. - -  L)HAWING - SPECIMEN ----...--?.?oTEs 11'7,134. 

I'IELAO IC _. U E P T I I - ~  ______I -- 
BoiTonr x " 13 ft. ' I  Clay Characorn. 
LITTO~AL ~ -.----"--BOTTOnl vEGLWA'l'ION--- 1_ 

FOOD diiiobvyon; diatoms; sliells of both found in oxorota. 
ABUNDANCE moderato. 
BREEDING 

REMARKS greenish triinsparoilt odor ie notowortliy. 

DATE Arig 11, 1893 

p '$ with ombryon & larvao in brood sac. 
IIAnITs 1 $d not found. 

snggost tho orusliing of dintorus. 
Tho grinding surfneos ~f uiandibloa 

I 
IIOUR 7 n. IU. YIGNT. 3. I%. lloighnrd. 

__._ 

This blank gives tho results of the observations of a. single day on a single species 
of Xida, the ua~iie of which appears a t  the top of the card. Wheiiuver this species WBS 
observed under difieront circuinstances R iiew card was made for it. By sorting 'all 
the cards referring t o  a single species 0110 has a t  hand iii condensed forin ill1 the facts 
recorded coiiceriiirig it. 

__ - - - - . - - - -.- - .- -- . - - - __ - . -- 
* This roport will appear as i i  bulletin of the Miohigair Fish Commission, 
t The wovds il l  this light-face typo woro adclod with the pen. 



Jan. Feb. Mar. Apr. May. Juno. Jnly. Aug. Sept. Oct. Nov. Doc. 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 

--__A.M. 

___P.M. 

Blanks of this form were passed from one worker to another, and each person 
entered in them the forms which he had found as taken in a certain net at a certaiii 
time and in a, certain location. The blanks thus serve to  show the way ill which the 
forms are associated and their relative numbers under different conditions at  digerent 
times. To properly fill one of these blanks was usually the work of six observers for 
the greater part of a day. 

For the records of parasites there was a third form of blank, designed by Dr. 
Ward and shown i n  the accompanying copy. It is intended to bring together certain 
data concerning the animal infected and the numbers and kinds of parasites. 

- 
Very Many. Scarce. many. Name. 

~ 

__ 
Name. many. Very I Many. Scarce. ~~- 

Name. No. Organ inhabited. Condition. 
- 

-- - - 

Remarks. 
_____ 

- --__ 
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A. similar record was kept of the contents of the fish stomachs, but no special 
blank was used for this purpose. It is desirable to use such a blank. 

Reports are now in preparation by the various members of the laboratory staff, 
and as these are soon to be published as bulletins of the Michigan Fish Commission, 
detailed statements will be reserved for such publication. The following statements 
as to the biological conditions existing iu the lake may prove of interest. 

As to the lake itself, it has nearly the form of an equilateral triangle with rouiided 
angles and with sides, rach of which ineasures 25 to  30 miles. The southern and 
shortest side of the triangle runs nearly east and west, its western side inclines toward 
the east as it extends northward, while the third and longest side looks directly toward 
the northeast, and may be called tlie northeastern shore. 

In the middle of this northeastern shore the lake receives the waters of the St. 
Clair River, which carries the overflow of the three upper lakes. At  its entrance into 
Lake Qt. Clair the river breaks up into several channels, each of which again divides 
once OF twice, so that the water of the river enters the lake through nine well-defined 
mouths of various sizes. These mouths are scattered for a distance of 20 miles along 
the northeast shore and discharge their waters itito the lake a t  a considerable velocity. 
Between tlie channels which diverge from the main river to these mouths is swampy, 
shiftin'g ground, which forms an enormous delta overgrown with rushes and covered 
usually by a foot or more of water. These are the celebrated St. Clair flats. The 
banks of the channels only are usually formed of moderately firin ground, and it is 
upon them that ~iutnerous su:nmer residences and hotels have been built. 

The northwest corner of the triangle receives the greater part of the discharge 
of the northern fork of the river (North Ohannel) and is partly cut off by a projecting 
point of the west shore, so that there is formed a bay, Anchor Bay, upon which is 
situated the town of New Baltimore. Froin the southwest corner of the triangle the 
Detroit River leaves the lake and flows a t  first toward the west. The water poured 
into the triangular lake by numerous mouths along nearly the whole of one side, thus 
converges to the augle opposite this side, where it flows out. The lake is but little 
more than an enormous expansion of the river, so that  almost everywhere there is 
a current, usually slight, but in some places near the mouths of channels reaching 
a velocity of 3 or 4 iniles an hour. The lake is shallow. Over a large central area 
the bottom is quite level and the water has a nearly uniform depth of 20 feet. 
From this central area the depth diminislies toward the shores iu every direction. 
The shores, so far as we examined them, are made by a clay bluff, which varies in 
height from l'or 2 feet to perhaps 10 or 20 feet. Mixed with the blue clay which 
forms the blue, there is more or less gravel or sand, and the action of the waves has 
iu many places washed tliis free from the clay axid left it in the form of little stretches 
of gravelly or sandy beach. The bottom of the lake is everywhere composed of the 
same mixture of blue clay with sand or gravel. On the bottom also the finer clay 
particles have been washed away from the superficial I.iyer of the bottom, so that 
there is left everywhere a thiii layer of fine sand or gravel which separates the hard 
clay bottom from the overlying water. This laydr of sand is in some places YO fine 
that it is known popularly as mud. 

The water of the lake is not clear. No measure of its transparency has yet been 
made, but it lacks the great transparency of the water of the northeru, lakes. The 
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shallow water near the shore is always much roiled by even moderate waves, appar- 
ently by reason of fine particles of clay suspended in it. A zone of this roiled water 
extends for perhaps a quarter of a mile from the shore and disappears only in very 
quiet weather. The temperature of tho water in August and September was 650 or 
660 F. There was but little difference between the bottom and top temperatures. 
In the deepest water the difYeerence was about 10. 

The entire bottom of the lake is clothed with vegetation. The plants are, for the 
most part, stoneworts of several kinds. There arc also some flowering plants and 
alga, all of them enumerated in the report of the botanist." Together they make a 
dense green carpet which appears to vary in thiclmess from 2 or 3 to G or 8 inches. 
It harbors a rich bottom fauna and should be good pasture ground for such bottom- 
feeding fish as the carp. 

As for the Rmaller animals and plants found in the lake the foIIowing summary is 
sutXcient. The net drawn a t  the surface showed usually 8 or 10 species of protozoa, 
about 15 species of pelagic rotifers, 5 or G species of crustacea (cladocera and cope- 
poda), and about 20 speciesof diatoms and other alga. A few fish larvae of unknown 
species were taken, and occasioually there occurred B hydra, some insect Iarm or pupa 
skins, a snail or a worm, all evidently wanderers from the bottom. Algae, rotifers, 
cladocera, Copepoda, and protozoa malm up nearly the whole of the surface life. 

If the net be run in midwater or near the bottom, but in such B way as not to stir 
up the bottom vegetation, very nearly the same result is obtained. The alga, the 
protozoa, and the rotifers are, with few exceptions, of the same species as those living 
in the surface water. A few ostracoda are now added to the crustwea taken, and 
occasionally an amphipod, both probably caught by the net as they left, for a moment, 
their hiding-place among the plants of the bottom. An occasional annelid also 
appears. 

If a dredge be used which stirs up the water plants and harrows up the bottom 
the result is far diff'erent. All the forms previously noted are of course brought up, 
but in addition there are many that are peculiar to the bottom. The larger plants 
growing on the bbttoin in deep water have already been mentioned. They are mostly 
characero, with some elodea, naias, and valisneria. A larger list of algE is found and 
includes several filamentous forms. The number of protozoa is greater and the list 
of rotifers growa from 15 to about GO. It includes many fixed forms. Among the 
crustacea there is now a preponderance of ostracoda and amphipoda, though the 
other groups are still well represented. The dredge brings up several sorts of 
auimals never found in the free water above. First are the mollusks, dussels which 
are partly imbedded in the bottom, and many species of snails which are crawling 
about over the plants or; the bottom. Secondly, many sorts of insect larvae, especially 
those of the dragon-flies and may-0ies are dragged from their hiding-places on the 
bottom. A third sort of animal found ouly in the bottom dredge are the water 
spiders or hydrechnids. There are probably 36 sorts of these voracious little can- 
nibals, and they are very numerous in individuals. I n  the fourth place, many worms 
are found, some nematodes, many small oligochata, and a few leeches. A few 
hydras and an occasional sponge or bryoeoon oornplete the list of the bottom fauna. 
Its striking elements are the molhisca, the insect larvne, the water spiders, the worms, 
the amphipod and ostracod crustacea. 
-I-._ -. __-_ ____ ._ - - __ __ - - .___. 

*To be published in the-Botauical Gazette aucl also as m bulletin of the Michigan Fish Commission. 
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The fish which occur in the lake are the usual and well-known inhabitants of 
these waters and negd not be enumerated here. A few frogs and turtles sild many 
gulls and terns complete the list of the fauna. The roily water of tlie lake, especially 
near the shore, is probably not favorable to the existence of many species of protozoa, 
sponges, bryozoa, or littoral crustacea. The total number of species found in the lake 
can not be stated until the collections have been more exliaustively studied. So far 
aa studied the collections show species distributed as follows : 

Plants: 
Pltawwogams (17 pf  these are littoral, 1 to 6 feet of water) ................... 52 

Of  these, but 3 (X'lodm, ii-nias, and 17alis~tei*iu) occur 011 tho bottom usually 
in deep water; the others are in shallow water (5 to 12 feet) and reach 
the surface or extend above it. 

Charaoece ................................................................... 6 
Algm,  filamentous: 2 (Vaucltevia, Cladophova) on tho bottom in deep water; 2 

(Spyrogyra?) floating in shallow water. .............................. 4 
AZgct; other: 31 pelagic; 65 attached to or associated with larger plautbl. .... 96 

157 

Protozoa ................................................................... 14 
Sponges ................................................................... 1 

Rotifers: pelagic 18, on bottom in  deep water 42, near shore 57.-*.. __._. _ _  _ _ _  117 

Annelida, estimated at about. .............................................. 15 
Platyhelminthes and Nemathelminthes (including parasites) * 166 vials of 

Crustacea, at least ......................................................... 36 
Hydrachnids ___.. _ _ _ _  .___ ._____ .____. ._____ _.__ .._. .___._ _ _ _ _  _.._ ..__ ___.__ 36 
Insects and insect larvm. - _ _ _  _____. .____. _ _  ___. _ _  .____. ._____ .__ - ~. ._ _ _ _  - 75 
Molliisca ................................................................... 36 
Fishes: Ganoids, 3; Telcost,s, 22 _ _ _ _  ___. .__. __._ __._ __._ _.._ _.__ _ _ _ _  _ _ _ _  - _ _ _  26 
The t,otal is not less than 600 species and may reaeh 600. 

Animals : 

Hydroids (Hydra) ........................................................... 2 

Bryozoa ................................................................... 1 

material were preserved ; the number of species cauuot be stated. 

. 

Many of the species above recorded are now known to be new, and the study of the 
collection will doubtless discover st still larger number of unclescribed speoies. The 
new forms are, for the inost part, among the rotifers, hydrachnids, and parasitic worms, 
though there are a few new crustacea, annelids, arid protozoa. 

In adciition to the work which has been done in the identification of these forms 
by the laboratory staff, tlie following geiitleiiien have undertaken to work up the 
groups set opposite their naluos. 

Dr. R. Blanchard, Paris, France; the leeches. 
Dr. E. A. Birge, University of Wisconsin; the cla A d ocera. 
Dr. G. Eisen, 6an Francisco; the oligochzeta. 
Prof. C. 1). Marsh, Ripon, Wis. ; Copepoda. 
Dr. W. McM. Woodworth, Harvard College; the turldlaria. 
Aid has also been received ,in the identification of tho luollusca from Mr. Bryant 

Walker, of Detroit; in the characm from Dr. T. F. Alleii, of New York City; and in the 
desmidacem and unicellular alga from MJ.. L. N. Johiisoii of the botanical department 
of Michigan University. 
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After six weeks spent in determining the composition of the lake fauna and flora, 
the attention of the laboratory staff was turned toward the question of the distri- 
bution of these forms and toward measurements of the total volume of living forms 
found in a given volume of water and of the numbers of each species in a given vol- 
ume of water. For this purpose twenty-one stations were selected. Fifteen of these 
were in Lake St. Clair. Since the time was limited, these fifteen stations were 
located on the American half of the lake and were more numerous in the neigh. 
borhood of the fishing-grounds. Their distribution is shown on the accompanying 
chart. It will be noticed that while they are not scattered over the entire lake, they 
represent all the conditions of bottom, shore, and depth that  are to be fourid in the 
lake. Any conclusions concerning them probably bold for the entire lake. Three 
stations were located near the head of the Detroit River, while for the purpose of 
comparison three others were located in the western end of Lake Erie. 

A t  each station the various forms of nets described were used and the collections 
made were preserved. Their study will determine the distribution of the animals 
and plants. 

An attempt was also made to measure at  each station the quantity of animals 
and plants floating free in the water under each square meter of surface. No methods 
have yet been devised for determining the quantity of the animals or plants that  are 
attached to  the bottom or that live upon it. Measureiuents are, therefore, to  be 
made only upon those forms that are found floating free in the water., There is 
reason to believe that whitefish fry (and probably the fry of many other young fish) 
feed for a time upon minute animals (crustacea) floating free in the water. If this 
is true, it becomes at once a question of great practical importance to know where 
these crustacea are to be found in greatest numbers, so that  the whitefish fry n ~ a y  
be planted in such localities. Such measurements have also a very high scientific 
in tcrest. 

Quantitative determinations of the living forms in the water have not been pre- 
viously undertaken in this country and its methods are almost unknown among us. 
They have been conducted on a large scale by Prof. Victor Hensen, of the Uni- 
versity of Kid,  in Germany. Hensen has examined the waters of the North Sea and 
more recently those of the Atlantic Ocean, and has perfected very ingenious apparatus 
for the purpose. Apstein," a pupil of Hensen, has adapted this apparatus for use in 
fresh water, and has made a careful study of several freah-water lakes in the neigh- 
borhood of Kiel. 

As it was found necessary for work in the Great Lalres to modify the apparatus 
and methods used by Hensen and Apstein, I give here a somewhat detailed account 
of our procedure. 

The Game pZan7ctorz has been given by Hensen to all those animals and plants 
which are found floating free in the water alnd subjected to the action of the waves, 
currents, or tides. Thus adult fish do not belong to the plankton, since they are able 
to uiove about iudependeiitly of waves or currents. Fish eggs and young fish fry are 

* Das Plankton des Siisswassors uiid seine quantitative 13estimi1iong. 

Quantitative Plaul~tou-Studim in Sii88wasser, I3iologisches Centralblatt. Ud. XII. 1892. 

Sclirifteii d. Nntiirw. Vur. f. 
Schleswig-Holstein. Bd. IX.  Hft. 2. 1892. 



I 
Fig. 1. Vertical net, ready for use. When the net is out of the water its mathematical form is somewhat distorted by its own weight. 
Fig. 2. The bucket removed from the net and shown on a larger scale. The bucket is shown at  A ; the plug, removed from the inside, is s h o m  at B. 
Fig. 3. One of the tubes containing plankton. P 

-4 
rn 
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reckoned as a part of the plankton. The constitution of the plankton varies, since 
occadionally forms which belong on the shore or bottom wander into the free water and 
become a part of the plankton. 

' In  order to measure the quantity of plankton contained in a lake, or in any por- 
tion of a lake, it is necessary to strain a certain volume of the water through a tine 
net and to  weigh or measure the material thus obtained. Tlie volume of the water 
taken should be a represenntative one; +hat is, it should consist of mater talcen at all 
depths. In  other words, i t  is necessary to strain a vertical column of water extend- 
ing from the bottom to the surface. The only practical way of doing this seems to be 
to draw a fine net through the water vertically from the bottom to the surface. Such 
a net strains a column of water of kuown height and with a base equal in area to the 
net opening. It collects at a single haul all the plankton under an area of lake sur- 
face equal to the area of the uet opening, and by measuring the plankton thus taken 
under a small area it is possible to calculate the total plankton contained in the lake, 
or under any desired area of the lake. 

The net used for this purpose is shown in the accompanying plate, fig. 1. The 
upper part of tho net consists of a truncated canvas cone (en) supl~orted on an iron 
framework. This cone is about 40 cm. high; the smaller end has a diameter of 40 cm. 
and the larger end a diameter of 60 em. It is impervious to water and serves two 
purposes. When the net is let to the bottom it prevents the mud which may be upon 
the bottom from getting into the net, and when the net is being drawn up it; prevents 
its contents from spilling over the edge, a thing which might otherwise happen with 
a boat pitching in a heavy sea. 

From the iron ring which supports the broader end of the cone dcpends the net 
proper (fit). The net is a cone with a slant height of about 100 cni. It consists of No. 
20 silk bolting clotli, a very stroug fabric, which contains many very small openings 
of uniform size. This cloth or gauze' has the further advantage of not uudergoing 
changes in water and of not yieldiiig any lint to contaminate the plankton. The out- 
side of the'gauze net is protected by a twine iiot of inch mesh, which serves to take up 
the strain on the gauze net when it is being drawn tlirougli the water. 

The lower end of the gauze net does not run to a point, but is truncated and 
attached to a flat metal ring. To this ring thoro is a,ttached a bucket (M), which is 
shown separated from the net in fig. 2, A. Iu order that  the weight of the bucke, 
inay not be borne by the net, six stout cords (crd) ruii from the upper net ring to the 
lower net ring, and are made of such length that they support the weight of' the bucket. 
The bucket is essentially a mctal cylinder about G cm. in dialvleter inside and G om. 
deep. It is supported 011 three legs. At the top it is arranged to be attached to the 
bottom ring of the net by means of 'threa binding screws. The sides of the bucket 
m e  cut sway at8 much a8 possible, so as to leave oiily six narrow strips of met& sud 
the wiudows thus formed are filled with gauze like thtit of the not. The *bottom of 
the bucket is conical and has a t  its middle an outlet tube, closed by an accurately 
fitted plug, which inay be removed €rom the inside. This plng is shown separately at 
fig. 2, B. 

The whole net is suspended by means of three cords from a support consisting of 
three radiating arms. At tihe juuction of the three arms is a strong iron ring, from 
which runs a rope, by means of which the net is drawn up. The rope is graduitted in 

. 
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feet, or fractions of a meter, so that one may read off the depth to which the net 
descends. By holding in the hand the tri-radiate support from which the net hangs 
the latter may be kept from twisting on the supporting rope. 

In  working, a spar is lashed to the upper deck of the steamer, so that its end 
extends about 4 feet beyond the side of the vessel. To the end of the spar is lashed 
a pulley, through which the net rope runs. The net is then allowed to sink. In  going 
down it takes in no water except that which is filtered through the gauze. It is 
sometimes let to the bottom and sometimes to a depth of only 2, 4, or G meters. It is 
then drawn up by hauling in the rope hand over hand. The net is always hauled up 
by the same persou and note is made of‘ the number of seconds between the time it 
leaves the bottom and the time the top of the canvas cone reaches the surface. Prom 
this time the velocity of the net is determined. The net is then drawn out of the 
water and allowed to hang a t  the end of the spar while the water drains out of it. At 
the same time a stream of water from a hose is turned upon the outside of the net. 
This water is filtered i i i  passing through the net gauze to the inside, so that it does 
not add anything to the material captured in the net. The stream washes all the 
plankton into the bucket beneath. 

After the water has partly drained out of the bucket, the binding screws as8 
loosened and the bucket is removed and taken into the cabin. Here nearly all the 
wiLter is allowed to drain out through the gauze sides of the bucket and the plankton 
adhering to the inside is washed down into the conica81 bottom by means of a stream 
of filtered water from a wash bottle. All the material talcen in the net is thus collected 
into the conical bottom of the bucket. A small glass beaker is then placed beneath 
the tube in the bottom of the bucket, the plug is removed, and the plankton falls into 
the beaker. The inside of the bucket and the plug are then rinsed several times in 
filtered water and the rinsing water is added to the material in the beaker. The small 
quantities of material obtained necessitates great care in handling lest some of it be 
lost. The substitution of a plug in the bottom of tlie bucket for the stopcock used by 
Apstein is believed to be an advantage, in that it allows the inside of the tube to be 
rinsed with greater thoroughness. 

The small quantity of inaterial now in the beaker contains very minute forms. If 
this material be turned into a bottle of some fixing or killing fluid, and if this fluid be 
afterward poured off and rdcohol substituted for it, some part of the material is sure 
to be poured off and lost. After much experimenting we finally hit upon t.he following 
device for preserving the inaterial : 

A short 6-dram homeopathic vial has its bottom removed and edges annealed. 
The bottom is then closed by tyiiig over it with fine silk thread a piece of the No. 20 
gauze, such as is used for the net. The contents of the beaker are poured into this 
tube, and by gentle tapping the water is made to filter very rapidly through the gauze 
bottom, leaving the plankton in the tube. Before all the water has filtered away a 
label is placed in the tube and the open end is closed by tying over i t  a piece of the 
gauze. The tube (see fig. 3) is tlieii placed with other tubes in a large bottle of fixing 
fluid. (We used alternately Flemming’s solution and Kleinenberg’s picro-sulphuric 
acid.) The tube is then passed through successive grades of alcohol (preceded by water 
in the case of the use of Plemming’s solution), and is finally preserved hi 82 per cent 
alcohol. In passing the tube from one fluid to another it may be emptied of its fluid 
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by forcing air into it by means of a pipette held against tlis gauze at either end. 
When the tube, emptied of its fluid, is placed iu  the next fluid it may be filled by 
immersing it in the fluid and removing with a pipette the air previously forcedin. This 
method prevents the loss of plankton in the manipulatioii, and it also saves much time 
and enables one to pack many tubes of plankton in a siiigle large vessel. 

When the plankton has been preserved in the tubes they must be taken to the 
laboratory in order to carry out the restr of the work. Here the contents'of each 
plankton tube are measured in the following manner: The gauze is removed from 
one end of a tube and carefully rinsed free from any adhering plankton. The alcohol 
used in rinsing is placed in a beaker and the contents of the tube poured into the 
beaker. The tribe and the other gauze are thoroughly rinsed and the rinsings placed 
in the beaker. The contents of the beaker are now turned into a tube graduated to 
tenths of a cubic centimeter. This tube is allowed to stand twenty-four hours iii order 
that the lighter constituents of the plankton may settle, and the volume is then read 
off and recorded. 

The volume thus obtained is the volume of plankton taken by the net in drawing 
i t  vertically through, let us  say, a distance of 200 cm. The area of the opening into 
the net is about 1,250 sq. em. Hence the net might be thought to  have filtered a 
volume of water equal to the area of its opening multiplied by the distance t,hrougli 
which it is drawn. On this assumption the net would have filtered, in this case, 
1,250 by 200, which is 250,000 c. c. of water, and the volume of plankton taken (perhaps 
1.5 e. e.) would be the volume contained in 250,000 c. c. of water. Since the gauze 
net ofi'ers considerable resistance to the water i t  is not true that the net filters the 
whole of the column of water through which i t  is drawn j on the contrary, a part of 
this column is forced aside while auotlier part passes through the net. The proportion 
of water which passes through tlio net depends 11l)ou the velocity of the net. Let us 
suppose that it i s  one-hallf of tho whole column; then the 1.5 e. e. of plaiilrtcn taken 
represents not the amount in 250,000 e. c. of water, but the amount in 125,000 c. e. of 
water. To get the volume of plankton in 250,000 c. e. of water, we must multiply tlie 
volume taken by 2. Similarly, under whatevercirc~zmstances the net is drawn, if we 
wish to know the amount of planktou contained in the colunin of water through which 
i t  is drawn we must multiply the voluiiie of plankton taken by some number which 
represents the relation of the volume of water strained to the whole column of water 
throngh which the net is drawn. This number is called the coefficient of the net. 
h the case of our net the volumo taken when iiiultiplied by the net coefficient 

gives the total volume of plankton under an area of 1,250 sq. cm. of the lake surface. 
I n  order to get the area under one square meter of lake surface this number is multi- 
plied by 8 (1,250 e. c. is one-eighth of a square meter). The coefficient of tho 
net used is now being investigated, but has not yet been accurately determined, so 
that the redrrction of the volume tslwu to tho actual volume and to the volume 
uiider a square meter of surface can not be attmptcd at  this time. 

The following {able shows 'the results obtained by measurements of the volmnes 
taken at  five of the stations. The volumes taken at the other stations, with the 

% 
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necesqary reductions and a fuller discussion of the results, will appear in the forth- 
coming bulletin of the Michigan Fish Commission : 

Schedule of the hauls of the vertical net. 

Wind. 

kl0ntl 

Sky. 

I X  

- 

NE. 1 .. 
NE. 1 
NE. 1 
NE. 2 . . 
NE. 1 
SE. 1.. 
SE. 1.. 
SE. 1.. 

SE.l  ... 
SE. 1.. 

N . l _ _ _ .  
N. 1.. 
N. l  

N . l  
NW. 3 . 
NW.3 . 
NW.3 
NW.3. 
N . l  .... 
N. 1.. 
N . l . _ . .  
None 

- I- ____ ~.. 

Cloudy ............ 
...... do .............. 
...... do .............. 

Cloudy nnd Hunny . 
..... .do .............. 
.... .do .............. 
.... ,410 .............. 
.... .do ............... 

. __ .do  .............. 
.... .do .............. 

.... do .............. 
..... .do .............. 

........ do .............. 

......... lo .............. 
Clenr .............. 

. _ _ . d o  .............. 
.... do .............. 
.... tlo .............. 
Hnsy .............. 

.... .tlo .............. 
.... do .............. 

..... .do .............. 

11:lO n.m .. I I I q .  
11: 30 n . ~ .  .. 111 ... 
11:45 a. in . .  . 1112.. 
1:15p . i n . . .  III3 . 
1:30p.m ... 1 1 1 4 . .  

10:40n.m ... V q  ... 
11:UOn.m ... V. ... 
11:15a.m. .. Vz .... 

11:30a.m ... T a  .... 
11:45n.m ... V4 ... 

1:45p.m ... 1 x 9 . .  
2: 00p.111.. IX. .  .. 
2:lOp.m ... 1x2 ... 

2:30p. m:.. 1x8.. . 
10: 30 n. 111.. . X I X q  
LO:45n.l11 .. XIX..  
LI : 00 n.m.. . I ~1x2. 

~ 1 : 4 5 ~ . 1 ~ ~ . . .  ~1x3. 

3: 15p.m.. . XX.. . 
3:30p.m ... X X q .  
4:OOp.m ... XX2. 
4:15p.m ... XX3.. 
4:30p.m ... XX4.. 

_- 
a .e 

i 

k 5  
O 5  B 
3 
Fc 

5 '94 
5.94 
5.94 
5 9 4  
5 94 
5.66 
5.66 
5 .64 

% *  

_. 

5.64 

5.64 

4 '69 
4 e69 
4 .69 

4 '69 
4.78 
1 .I11 
4 '78 
4.78 
8.84 
3 %4 
B .84 
B $4 
3.84 

5 '54 

4.50 
3 .oo 
1 .50 
5.26 
5 -26 
4.50 

5.54 

3 .oo 
1.50 

4 2211 
4.28 
3 .oo 

1.50 
4.3i 
4.37 
3 .oo 
1 '50 

8.43 
8.43 
6 .oo 
3 .oo 
1.50 

Tempera- 
ture of 

mater in de. 
greos centi. 

gmtle. 

. 

Top. 

17.2 

- 

18. a 

18. 4 

18.1 

18.9 

- 
Bot- 
tOlI1. 

17.2 

17.9 

18.1 

18.1 

111.0 

__ 
F4- ai .- e 
22  

'Po) 
9.8 

19.2 

_.- 

19. 8 

19.8 

2.5. 

22.8 

.... 

.... 

.... 

.... 
17.7 

I 

Water. 

Slight wnres. 
.. .do ........ 
.. .do ........ 
.. .do ........ 
.. .do ........ 

Modernte ~ w e l  
.. .do ........ 
S w e l l  a n d  

... (10 ........ 
Not 80 rough 

Slight waves. 
.. .do ........ 
M o d e r n t e  

Slight waves. 
ILougl1 ....... 
.. .do ........ 
.. .do ........ 
~ . . d O  ........ 
Smootll . . - . - . 
.. .do ........ 
.. .do ........ 
.. .do ........ 
. ..do ........ 

wav05. 

n8 V3. 

waves. 

The fourth column coritairis the arbitrary number given to each haul of the net. 
The Roman numerals indicate the number of the station. Two hauls were always 
made from the bottom; one of these, distinguished by the letter 4, is intended to be 
used €or qualitative work, the other is indicated by tbe station number only. The 
smatll Arabic numerals affixed to the remainiug station numbers berve t o  indicate the 
different hauls which do not reach the bottom, the number 2 indicating the haul made 
from the greatest depth. The fifth column gives the depth of water and the sixth the 
depth from which t.Eie net was hauled. When the net is hauled from the bottom the 
depth from which i t  is hauled is reckoned from the top of the canvas cone. It equals 
the depth of water minus the height of this cone. The reinailling columris give the 
teinperature of air and mater in degrees centigrade, the direction and strength of the 
wind, and condition of the sky and water. The last oolumn gives the volume taken. 

The same net mas used for all the hauls, arid if we assunie that it was drawn in 
each case with the seine velocity, then the volumes taken in the cligerent hauls may 
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be directly compared with one another without applying the correction. It is not 
possible to compare the measurements shown in this schedule with those given by 
Apstein for European lakes, until the measurements here given have been reduced to 
show the volume under a square meter. 

Stations 111, v, and IX are in Lake St. Clair, while stations x;x and xx were in 
Lake Erie near the Put  in Bay Islands. The following facts are evident from an 
inspection of the schedule : 

1. There is about three times as much plankton at stations XIX and xx in Lake 
Erie in the month of September as a t  any of the stations in Lake St. Clair. 

2. The hauls made by letting the net dowii but a little way from the surface con- 
tain nearly as much plankton as those made from \the bottoin at  the same st a t' ions. 
Thus a t  station III the two hauls from the bottom yield an average of 1-01) c. c., 
while a haul (111, 4) made from a depth of but 1.5 meters contains 0.87 c. c. In the case 
of slation v the amount falls from an avera4ge of 1-05 for the bott,om liaul to -54 for the 
1.5 meter haul. I n  the case of' station IX the niimbers are 0.64 c. c. and 0.42 e. c., respec- 
tively. It thus appears that one-half or more than one-half of all the plankton occur- 
ring in water 6 meters deep is in the upper lkmeters of the water. A siniilsr result 
was reached by Apstein. Whether the plankton maintains the saine relation to the 
surface a t  night or at ot$her seasons of the year requires further investigation. 

After having determined the volume of plankton in any locality i t  is possible to 
count the number of animals and plants of each species occurring in the volume of 
plankton taken. The method of accomplishing this has been worked out by Hensen, 
and is essentially as follows: Let us suppose that 1 cubic centimeter of planktou 
has been taken. One-tenth or one-hundredth of this is sproad on a glass plate upon 
which parallel lines have been ruled with a diamond. Hensen has devised means by 
which the one-tenth or one-hundredth part may be accuretely measured. The glass 
plate is then placed upon the stage of a specially constructed niicroscopo. This sta,ge 
is provided with a suitable cmriage actuated by micrometer screws, and upon this car- 
riage the glass plate may be moved about, so that it is possible to examine all parts 
of it. The number of each species of\ariimal and plant upon the plate is then counted, 
the lines serving to separate the forms counted from those still to be counted. By 
thus counting the forms contained in a tenth pert or a hundredth part of the plenk- 
ton taken the number contained in the whole plankton taken may be calculated. It 
is then possible to calculate the number of animals of any one species occurring under 
a square meter of surface. It is possible also to calculate the numbers of any species 
a t  any depth. Thus we may find that in a haul made from a depth of 3 meters there are 
2,000 cyclops, and in a haul made a t  the .same time and place, but from a depth of l& 
meters, there are but 500 cyclops. We have, then, the number of cyclops contained 
in the whole column of water (3 meters long) and the number contained in the upper 
half of this column (1.6 meters long). The difference between these two numbers 
niust be the number of cyclops colltained in the lower half of the column of' water. 
In  other words, then, 1,500 cyclops are living in a known volume of water, let.us say 
1 cubic meter, at a depth of from 18 to 3 meters. By this method of counting the 
number of forms in each column of water and by subtracting the contents of 0110 
column from the contents of another we may know at what depth each form lives and 
in what numbers. We may also know what its migrations are a t  different hours of 
the day and at different seasons of the year. 
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The plankton taken in Lake St. Clair has not yet been counted’, owing to delay in 
procuring apparatus, but it is hoped this will be accomplished during the year. 

The fish-culturist and the fisherman will now wish to know what practical results 
have come from our Fork. The work was undertaken as a scientific problem, the 
determination of the biological conditions existing in the lake. This problem is very 
large and will iecessadly, more especially if extended to the whole chain of lakes, 
ilivolve the work of many investigator8 for many years. It is believed that the past 
snmnier’s work is a step toward its solution. Any operation of practical fish-culture 
which involves Lake St. Clair is likely to be guided to some extent at  least by the 
data which we have collected. 

It must deal with a shallow, roily lake, poor in plankton and in littoral forms, 
but rich in bottom fauna and flora. Bottom-feeding fish which are adapted to roily 
water of this temperature will find here a rich pasturage. This is illustrated in the 
case of the carp, which seems to have made its way into the lake through the small 
tributary streams. This fi8h is inultiplying rapidly and is’of excellent quality. 

It was hoped that we should find in the lake t h e  young whitefish and that we 
might be able to determine the conditions under which this fish lives. In  this we were 
disappointed. It is possible that a search begun earlier in the season and with more 
elaborate apparatus would succeed. It is manifestly not possible to say whether or not 
the lake is a suihble one in which to plant whitefish, until me know the habits of the 
fry. If the fry feed only upon the minute crustacea of the surface plankton, as Forbes 
found them to do in confinement, then they would find food much more abundant in 
the region of the Pu t  in Bay Islands in Lake Erie than in Lake St. Clair. If they feed 
upon the many small animals which inhabit the bottom vegetation (this is the habit of 
the adult whitefish) then it would be hard to find a better place than Lake St. Clair. 

The Michigan Fish Commission has made a beginning in the investigation of the 
biology of the Great Lakes. It has shown greet foresight in instituting the work, has 
provided liberally for it, and has not hampered i t  by unwise restrictions. Such an 
invmtigation, carried out as a scientific enterprise, without restriction, is sure to yield 
resuits of the utmost value to the fisheries. This statement needs no other justifica- 
tion than is contained in the facts alluded to at the beginning of this paper, the fact 
that both the fish-culturist and the fisherman are dealing with a problem with but little 
knowledge of the nature of the materials involved. Let them study to understand 
the nature of’ these materials. Let us have a biology of the Great Lakes and we shall 
have both fish-culture and fishing on a surer basis. 

To build up a knowledge of the biology of the Great Lakes must take the time of 
many men for many years, and must require the expenditure of large sums of money. 
It is an entepprise that should commend itself to every State which has an interest 
in fish-cultnre in the lakes. Especially should such an enterprise commend itself to 
the commercial fisherman, as he has much to gain by it. 



18.-THE AQUARIUM OF THE UNITED STATES FISH COMMISSION AT THE 
WORLD’S COLUMBIAN EXPOSITION. 

R E P O R T  O F  T H E  D I R E C T O R .  

BY S. A. FORBES, 
Professor of Zoalogy, Universify of XZlinois. 

The aquarium of the United States Fish Coinmission mas universally regarded 
as one of the most attractive features of tho World’s Columbian Exposition, haviug 
been a source of wonder and delight for months to several millions of people.* Its 
early readiness for the visitors, a t  a time when most of the exhibition areas were 
cheerless wastes of seemingly hopeless disorder, gave it a prompt popularity, which 
neither the inspirations of the Art Gallery, the diversions of the Plaisance, nor the 
glories of the Court of Honor served at, any time m~terially to lessen. It was a place 
of marvels for the populace, and especially for the native of the Mississippi Valley, 
who, although an industrious fisherman, may rarely have men a fish rlistiiictly in the 
muddy waters of his streams and lakes, aud to whoni the forms and actions of inany of 
the most abundant animals of the sea wore as novel as if the conteiits of our tanks 
had been made to order for our special use. 

A brief accouut of the mea113 and methods by which these results were reached in 
the space of a few months; of the difficulties inhernrit in the plan and in the situation; 
of the failures and successes of the enterprise-both sufficiently numerous to rtialre 
the administration of it a decidedly interesting task; and especially of the new facts 
and experiences resulting, may perhaps be profitable to others in kindred fields, and 
even deserving of some attention from a Varger public. 

9 n  aquarium is intended to be a bit of aquatic nature brought within the easy 
reach of‘ man, with as little disturbauce of natural conditions and relations as the 
circumstances will permit, and with the most faithful representation possible of such 
conditions and circum~tauces 88 it is nevertheless necessary to disturb or destroy. I ts  
only worthy dependence for sources of interest is on that love of mture, and especially 
of living nature, common among unspoiled men, aud often the redeeming trait of those 
otherwise quite sophisticated, To present and represent living nature faithfully, 
withont unworthy tricks to catch attention, and especially without falsehood or any 
other IC:: :~  of deception, but still to do this by means and in a way which will justify 

NoTE.---l’tIiS article, intended originally for thc E’ishcriep Cougress held in October, 1893, has been 
revised in part, to include results reached during the closing dayti of the exposition sc:mon. 

*For some hours each day, duriug a large part of the season, eiitrrinces to the aquitriiim averaged 
from 100 to 150 per minute, packing tho corridor8 to the limit of their capacity. Mauy thonsomb 
daily were turned bsek at the doors by the overcrowded condition of tho building, or forced to eontent 
theniselves with a hurried and clistaut glanoe at the exhibit. 

-- --- 
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and heighten one's delight in the natural world by recalling pleasing experlences, by 
introducing novel objects, and by conveying agreeable or important information, is the 
task ot the aquarium manager, as it is that o f  the director of the zoological gardcn 
and thatpf the curator of the natural-history museum. To use aquarium material 
merely for display and not mainly for instruction is as silly as to attempt to make 
butterflies more beautiful by arranging them in the form of a star; and to put into the 
water with an imprisoned living animal anything which misrepresents it to an ordinary 
observer is not only mischievous, but base. 

These are high principles, and in an exposition aquarium as large as ours, 
repaired, finished, furnished, and stocked in three months of almost unexampled 
minter and oiie of stormy spring, it was not, of course, always AS e ~ y  to live up to 
them 21,s if one could have had the advairtsge of some years of leisurely preparation. 
But me did as well as me could, more conscious than anyone else could be of the dis- 
tance between ideal a,nd realization, and glad all along that we had so much for our 
visitors to look at that they rarely thought of the things which we could not get. 

January 1,1893,'the Aquarium annex of the Fisheries Building was as cold as an 
ice-house, its tanks all unfinished, black caverns of asphalt dimly seen through dirty 
glass, most of them leaky (as we found when it became warm enough to permit us to 
let water into them) and the water-pipes burst by freezing all over the building-a 
discouraging wreck, much of which had finally to be tarken down and replaced. 

The principal things to be done with the least possible delay were to test the suffi- 
ciency of the aquarium tanks and to make such changes arid repairs as this test should 
show the need of; to finish suitably the interior of these tanks with such naturalistic 
and decorative work as would make them a fit home for the various aquatic forms they 
werc to conttain; to get the earliest possible start of aquatic vegetation as a further 
naturalistic decoration ; to repair the burst and broken water-pipes for the convey- 
ance of water, salt and fresh, to the tanks and away again; to get the heating plant 
enlarged so that water might be admitted to  the building without danger of freez- 
ing;* to provide a pool or inclosure for the reception of fishes as brought in, that 
suitable selection might be made of uninjured and vigorous specimens for the aqua- 
rium, and that a good stock might be kept in hand from which t h e  aquarium tanks 
could be replenished as disease or accideii t should' make this needful; to introduce 
filters for the salt and fresh water, neither of which had as yet been provided; t o  plan 
and manufacture apparatus for the warming of the water in spring and fall and for 
its cooling in midsummer; to complete and test the electric pumping outfit for the 
circulation of the salt water; to bring, nearly a t,housand miles from the sea, a supply 
of salt water sufficient to fill aquaria of a capacity of 40,000 gallons, together with a 
pumping supply in the hug0 cisterns of the sea-water system; and, most difficult and 
responrsible task of all, to accomplish the object for which all the rest was planned, 
namely, to assemble collections in extraordinary number and iu the largest possible 
variety from the Great Lakes, from the rivers and smaller streams of the interior, 
from both oceans, and from the Gulf, such as should illustrate the aquatic fauna of 
the country properly and in a way to justify the large expenditures already made and 
and those still needed for the completion of the exhibit. 

' 

--____-__- 
* The temperature in the aquarium annex fell at one time to 1l0 F. while the heaters were oarrying 

all the steam allowed. 
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The weather of the winter and spriug was an almost uninterrupted succession of 
storms, which embarrassed and delayed preparations in Chicago and practically broke 
up again and again our field operations on the Great Lakes and on the Illinois and 
Mississippi rivers; nevertheless, May 1, “opening day,” the aquarium was in good 
working order througliont, with the interior decoration of the tanks completed; nearly 
all were stocked fairly well-some profusely-with a good variety of marine aninials 
and fresh-water fishes; mid the machinery of maintenance and further supply was 
tlioroughly organized and a t  work on a scale to insure an  ambundance of material 
throughout the season. By June 1 we had probably the largest collection of fresh-water 
f ish~s iu number and variety ever brought togetlier in tlie world, and a marine exhibit 
which, considering the grsat distance from the sea, reflected the highest credit on tlie 
officers and men of tlie Commission whose energy and resources had brought i t  together. 

Without entering into unprofitable detail of our experience, I have thought it 
desirable to give liere such A descriptioii of our plant and equipment and of certain 
special features of our work as may be supposed to have a vaiue for the guidance of 
others similarly engaged, togetlier with such contributions to biological knowledge as 
we were able to make under the peculiarly disadvantageous circuiiistances surrounding 
us in the midst of the rush and turmoil of a groat exposition season. 

The Fisheries Buildiiig mas erected and equipped by tlie nxposition Company 
substantially according to plaus made by the architect, Henry I’ves Cobb, the 
aquarian management having had nothing to do with plaiis or coiistruction previous 
to January 1,1893, at which date the aquarium annex was transfurred to the control 
of the U. S. Commissioner of Fisheries, and by hiin placed in charge of the writer. 
This annex or wing, connected with tlie main building by an open corridor, had the 
forin of a circle 131 feet iuside diameter. The outer walls were comparatively low 
and the roof conical, tlie interior part of the cone being elevated Rbove the outer part 
upon a low wall with many windows. The aq-iarium tanks were arranged iu two 
concentric circles: an outer circle of smaller tanks with glass fronts within lighted 
by wintows in the outer wall of the biiiltling aiitl by heavy glass in the roof‘ abo-\re; 
and an inner circle with both outer and inner faces glass and lighted only from 
the roof, the two being separated by :I# pass:tgeway 15 feet wide. This aisle was so shut 
in above by & vaulted ceiling that the oiily light admitted to it, except that from the 
general entrances to the building, reacliecl tlie spectator through the glass fronts of 
the aquaria. 

Between the outer circle of aquariuin tanks and the wall ofthe annex wasanarrow 
passage for the attendants, who were of course thus behind the sceiies when a t  work. 
The inner tanks were reached by ladders going from this passage over the vaulted 
ceiling of the aisle above mentioned and thus also concealed from view. Above both 
sets of aquaria were panels of darkened glass (covered by lis with lieavy felt), some of 
wliicli were hinged to permit the introduction ofspecimens to the tanks. The central 
portion of the room was occupied by a circular pool 2G feet across, separated from the 
inner circle of ttcnlrs by a corridor or aisle about 15 feet wide and lighted by windows 
iu the vertical part of the roof. 

The entire glass frontage of the aquaria amounted to 665 linearfeet, approximately 
3,000 square feet in all, the total capacity of the 50 tanks being 140,000 gallons, of 
which about 40,000, in 15 tanks, were devoted to the marine exhibit. The central pool 
contained about 6,000 gallons of fresh water additional. The tanks of the outer series 

F. c. 13. i m - I O  
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were in two sizes, all rectangular in shape, the smaller (24 ~ I I  number) witdl a frontage 
of 5h feet and a width from before backwards of 33 feet at bottom and 56 feet at top j 
the larger size (18 in number) of twice the above length, but of tlie same dimensioiis 
otherwise. The inner tanks were in three sizes, the 8 smallest with a frontage of 15 
leet outside and 114 inside, the next (a single tank) of double these dimensions, and 
the third (likewise a single tank) 56 feet long on the middle line, with glass frontage 
of li0 feet and 4G feet linear, on the outer and inner faces respectively, All the tanks 
of the inner circle were 83 feet from front to back. 

The fresh water was derived from Lake Michigan through the general water supply 
of the park and passed through pressure filters* of a nominal capacity of about 10,000 
gallons an hour, but sometimes worked by us at three times this rate. I J ~  order to 
secure the perfect clearness of w a t q  indispensable to a proper displaty of our materittl 
i t  was found necessary to introduce an d u m  tank into the ciroulation, provided with 
an automatic regulator by which e fixed proportion of alum in solutioii was mingled 
with the water before i t  pilssed throngh the filters. Tlie flocculent preaipitiite thus 
formed by the union of the alum with the mineral matters of the lake water so entangled 
all minute suspended particles that they were taken out by the fine quartz sand of the 
filters, leaving the water beautifully clear and also chemically free from any surplus 
of alum. Provisions were likewise made for warming th i s  water, wlien necessary, 
after it emerged from the filters, by passing i t  through a coil of brass tubing encased 
in a large piece of heavy iron pipe filled with steam from the boiler used in heatirig 
the building. 

A receiving pool, in three divisions, was made in  the libgoon by inclosing and sub- 
dividing an area along shore, adjacent to the aquariuni, with a fence of wire netting 
fastened to heavy wooden posts. As the water level varied greatly with the directioii 
of the wind, a seine with numerous floats was attached to the upper border of this 
fence. The extremely unfavorable cllarihcter of the weather early in the season pre- 
vented the rapid accumulation of' large quantities of specimens for which we had 
planned and prepared, and this pool was consequently but little used. But for this 
unforeseen and unavoidable delay we should have escaped inmy of the subiequent 
difficulties of ihquariuin maiuteriance. It wbs a part of our original plan to store our 
field fresh-mater uollections-especially those brought froiii considerable distances- 
i n  this pool, leaving them there until those injured in transit or diseased had either 
died or recovered, selecting then from the remainder, froin time to time, what were 
needed for the ihquaris. Pressure of time and a determination to be '' reedy May 1" 
usually compelled us to add the frcsh m;iteri:hl to the exhibit as fast os it came in. 

The first installment of salt water-to the amount of 48,000 gallons-was trans- 
ported from the sea a t  Beaufort, N. C., in seveii tank cars loanetl to the Colnuiission 
by the Standard Oil Company, and hauled by t h e  Chesapeake and Ohio Railroad 
free of charge. The salt water circulating system t consisted of an underground 
cistern 463 feet long, IS$ feet wide, and Sg feet deep, a pressure tank in tlie roof of 
the main Fisheries Building 304 feet i i i  circainference and 6 feet deep, supply pipes 
of hard rubber leading from the latter tank to the aquwiit, yeturn pipes of the siLiiie 

* Furnished, put in place, and maintained patnitonsly by the 0. 1%. Jewel1 Filter Company. of 
Chioago. 

t A technical description of  the circulating plnnt of the aquwiiim, prcparcil by Passed Assistant 
Engineer I. S. K. Reeves, chief engineer of the Coiriniissioii, is appended to this article. 

- -- -- - _- - - __- ._ - - - - 
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. material conveying the water from the aquaria to the uuderground cistern, and hard- 
rubber eloctric pumps of a capacity of 3,000 gallons per hour, by which the water was 
lifted froin the underground cistern to the tank in the roof. Between the aquaria 
a i d  the cisterii was inserted a sand and gravel filter, and between the roof' tank and 
the aquaria a heating apparatus like that provided for the fresh water. This heater 
was used, however, chiefly as a cooler by passing a current of lake water through 
the inner coil. The pumps were in duplicate, only one being in service at a time. 
Thcse and the rubber tubing conubcted with thein were made to order by the 
Rubber Comb Compauy of Rochester, N. Y. 

The fresh water entered the tanks by means of numerous jets, from which it escaped 
with sufficient force to carry the air well towards the bottom. We found it desir- 
able, however, to  maintain a more efficient bottom circulation by attaching rubber 
tubes to some of these jets. In the marine aquaria the salt water was similarly intro- 
duced to the tanks, but an additioiial a6rating apparatus was provided in the form 
of an automatic air-pump working. by water pressure obtained from one of the fresh- 
water supply pipes. From this pump air was distributed to all the salt-water tanks, at 
the bottom of which it escaped in the form of clouds of minute bubbles forced through 
plugs of basswood inserted in the sides of rubber tubes. This highly successful 
device for bhe subdivision of the air is the result OS a series of experiments made by 
Mr. Harron, of tlie U. S .  Fish Commission, under the instruction of the Commissioner. 

The tanks were decorated internally with great skill and ingenuity by Mr. J .  B. 
Mora, of Chicago. For the salt-water aquaria a calcareous tufa had been obtained, 
a t  a cost of about $30 a carload, a t  Toledo, Ohio, where large deposits of it are quar- 
ried for use in the manufacture of paper. It came hi selected shapes admirably 
adapted to decorative work. As we could nott foresee tlie kiiids of marine auiinals 
which i t  would be possible to Recure, no especial naturalistic efi'ects were attempted in 
the decoration of the marine aquaria, but generalized grotto-like and other ornamental 
designs were yorked out with charming result. This same materisl mas used for a 
massive central rockwork in the pool,.from the sunimit of which the water fell in 
cascades aud trickling streams. 

The interior finish of the fresh-water tanks was oarefully planned in advance with 
reference to the favorite haul] ts aud native surroundings of the principal classes of 
fishes which we mighc expect to obtain. Muddy river banks, bluffs, and islets of strat- 
ified rock, ponds with sunken logs, pebbly lake shored, iiiargins of pools, submerged 
trees and stumps, the water-logged rubbish of an old boat landing, fallen brushwood 
and the like, sild rocky beds of streains with mossy incrustations were all admirably 
reproduced, in the only manner practicable with the time a t  our disposal, in cement, 
sand, and gravel. For the purely oriiamental fish, like golden ides, goldfish, and the 
more brilliant minnows, aquaria were decorated in a purely falitastic manner, with a 
view simply to heightening the artistic attractivencss of the collecttious. 

Most of our internal decorations were originally designed in expectation of adding 
to them effects to be derived from aquatic vegetation appropriate to the habits aud 
environment of the various kinds of fish. For the purpose of getting an earlier start 
of aquatic plants than could be had from the vicinity, collections were mibde through- 
out January and February a t  Eustis, Fla., and shipped to the aquarium early in 
March. This part of our preparatioiis failed, however, in part because of the uiisea- 
sonoble weather which froze or severely chilled the plants in transit, and partly 
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because of tlie long delay in the manufacture of the heating apparatus for the fresh- 
water circulation, which was, in fact, not ready for use until all need of i t  had long . 
passed by. As the water of tlie lake was but a few degrees above freezing when our 
southern collections arrived, they could not be made to grow in place, and presently 
perished. Experiments were made by the gardener, engaged for this purpow, a t  
starting these plants in water warmed by the direct introduction of steam, and also 
in the conservatories of the city parks, but all practically failed, and it is evident that 
the shock of the transfer and change of condition was too great. After the season 
opened at the North a new embarrassment arose, due to repeated attacks of fungous 
fish disease, with the germs of which we found the Lake Michigan water supply to be 
continuously loaded. As the only practical method of combating this disease required 
the frequent use of salt in the aquarium tanks our water plants perished almost as 
fast as they were introduced, and we were finally obliged to  give up all attempt a t  
plant decoration. 

Our organization for fieldwork was completed by the assignment of cars and men 
for collections at  Quincy on the Mississippi and at  Meredosia on the Illinois; a t  Put- 
in Bay on Lake Erie; at Beaufort, N. C.; and, later, at Woods Holl, at Tampa Bay, 
FJa., and at-Mooterey, San Francisco, and Puget Sound on the Pacific coast. The 
Fish Commission stations at Leadville, Colo. ; Neosho, Mo. ; Northville, Mich.; Green 
Lake, Me., and the Central station a t  Washington, were also repeatedly laid under 
contribution during the season. A lot of magnificent specimens of bred trout was 
sent us from the New York Fish Commission station a t  Caledonia, N. Y., a,nd large 
and valuable contributions of superb aquarium material mere accumulated for us 
from time to time a t  Spirit Lake, Iowa, by Mr. T. J. Griggs, IYsh con~missioner of 
Iowa. The three regular cars of tlie U. S. Commission were placed under the orders of 
Dr. 8. P. Bartlett, a t  Quincy, and of Mr. J. J. Stranahan, at Put-in Bay, and a new 
car, intended for transporting marine material, mas bought by the Commissioner aiid 
equipped with large tanks and an aerating apparatus. 

Our special purpose in making our marjne collections was somewhat different 
from that governing our fresh-water work. For the forrner we souglit objects of 
popular interest; examples of well-known food-fishes (as the salmon, red siiapper, 
sheepshead, and pompano) ; animals especially attractive because of their size, their 
extraordinary forms and actions, their beauty, or their peculiar habits and modes of life 
(sharks. sea-anemones, starfishes, hermi t crab8, and remoras, for example) ; finally, 
the oddities and monsters (skates, flounders, toadfishes, burrfishes, sea-robins, and the 
like). We wanted, in short, the food-fishes, the beauties, and the wonders of the sea. 

The fresh-water collections, on the other hand, were planned primarily to give to 
the uninstructed visitor a fair gunoral idea of the fish fauna of our interior waters, not 
preferring any class or kind over another, but reproducing, as nearly as practicable 
under our conditions, a symmetrical pictnre of the fish life of the lakes, rivers, and 
smaller streams of the interior United States. A few apecially brilliant exotic species 
were introduced to relieve the otherwise too somber effect of t h e  fresh-water exhibit; 
and as an accessory object we undertook also to illustrate, to some extent, the results 
of scientific fish-culture, as carried on a t  the stations of the U. S. Fish Commission. 

In the assignment of tanks the smaller ones were used as a rule to display species 
and varieties so grouped and labeled that the observer couId distinguish kinds arid 
learn their names; the larger ones to exhibit groups, either natural families or mere 

, 
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assemblages living together in the same waters. The (iO-foot tank, for example, showed 
the fishes of tlie Mississippi ltiver and its larger tributaries; the sunfish family were 
displayed in another 13 feet long; niiuierous examples of the minnow family and other 
smaller species were tlirowii together in still anotlier aquarium of intermediate size. 

The central pool \vas used for a time as a receiving tank in which cars of live fish 
were unloaded as they came, kept until adjusted to their new conditions, and then 
transferred to their proper aquaria. . It usually contained, consequently, a niiscella- 
news assemblage of material from all sources, and was made the perinaneiit home of 
several of our largest fresh-water specimens. 

The pioneer inmates of the new aquarium, a lot of 6,000 young lake trout, year- 
lings aiid two-years old, came from the Northville station March 21, and remained 
for many weeks a principal oruarnent of our exhibit. Next followed a large load from 
Washingtou, mostly carp and ornamental fish. Then, April 10, aiiother car came in, 
the first from the field, containing a thousand specrimens, representing 2G river species, 

Storms blew from every quarter, driving our crewb out of the lake again a.nd again, 
and floods arose until rivers were miles wide 011 our principal collecting-grouuds. 
But what we could not do in one wag. and place we usually inailaged to do in some 
other, and by May 1, 11 carloads had*arrived, large and small, 5 of them fresh-water 
oollect>ions, 4 of bred fish from the stations of tlie Comniission, and 2 from the 
Atlantic on the Carolina coast. Thus, on “openiug day,” we had in our tanks 
nuineroixs representatives of 60 species from rivers and lakes, and of 42 from the sea. 

Field collections were continued throughout the suinmer, as required to main- 
tain and improve the exhibit, and especially to inake good our heavy losses from dis- 
ease. Not less than 50 ctrrloads of specimens were received from all sources between 
March 21 and October 9. Of these, 7 came from the Greak Lakes; 5 from sninller 
lakes, mostly from Spirit Lake, Iowa; 15 from the Mississippi and Illinois Rivers, aud 
4 from smaller rivers and streams, including the grayling streams of northern Michi 
gan-31 in all from fresh-water situations. To this number may be added G carloads 
of fresh-water species from the st:ttions.of the U. S .  Fish Cominission, and 1 from the 
New Yorlr: Fish Clommission station :It Caledonia, in that State. Twelve carloads 
came in from the sea, 5 of them from Woods Holl, 4 from the North Carolina coitst, 
8 froin the Pacific (California and Washingtoil), and 1 from the Gulf at Tampa Bay, 
Fla. The total iiumber of species and well-known varieties represented in the aqua- 
rium dnring the seat8011 by living specimens was 208; 93 of these were mariiie and 115 
were fi-esh-water forms; 102 of the latter and 54 of the former were fishes; the remain- 
ing 39 of the marine species were miscellaneous invertebrates. 

The force in charge consisted of a director, whose dut,ies were mainly administre- 
tive; two superintendents, one for tlie fresh-water aquaria and one for the marine; 
two attendants for the latter, both ciigaged the greater part of the time in poIicing 
tho tanks, feeding, and otherwise caririg for the tish, aiid, at intervals of a diiy, 
in  emptying, washing, and repacking the sand and gravel filter. On the fresh-water 
side five attendants were required, tlieir time being so divided that t h e e  were usually 
present a t  once. The care of the squariuin a t  night required the attendance always 
of oiie slid soinetimes of two of the above force. In  the pump-room were three 
c.ngineers, and the services of a tireman were needed when heat was wanted iu the 
biiil~ling. One additional employ6 collected minnows as food for species whioh could 
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not be fed otherwise, attended to the reception and transfer of fresh collectio~is, and 
made himself generally serviceable within and without the aquarium, 

I have neither time nor inclination to enter into a systematic history of our oper- 
ations during the seasou, but will only select from theitems of our experience some of 
those which seem to me the most interesting or tlie most profitable for future guidance. 

First, with reference to the planning and arrangement of the aquaria. Impressive 
and pleasing as is the general egect of the circular disposition of our tanks, I would 
not now plan a circular building like ours for an aquarium in which great crowds of 
visitors were to be received. Something is lost in the fact that few of the aquaria can 
be seen a t  once, but the lack of sufficient provision for a free inovement of the air 
through the corridors is a much greater defect. The two double-doored entrances were 
distant from each other only a little over a fourth of the circuniference of the building, 
and the radiating passages leading iiiwmg from them cut the circular corridors between 
the rows of tanks into two very unequal segments, one approximately 78 feet long a ~ d  
the other 190 feet. In this longer passageway the air was practi~a~lly stagnant much 
of the time, and often so off'ensive with the emanations of the crowd that sensitive 
persons could not stay in it. A rectangular building with opposite entrances at ends 
and sides would have permitted a much freer movement of both air and people. Still 
better; perhaps, would have been a structure in the form of as Greek cross, with a low 
central dome and entrances at the ends of the arms. 

My summer's experience fully convinces me that in the large fresh-water aquarium 
the deep glass-fronted tank should be in great measure replaced by shallow basins or 
pools or basin-like taiiks borne ou raised fouiidations, or with sunken walks between, 
and left freely open above to both air and light. These basins should no* be set so 
low as to give a distorted view of the fish when looked down upon from above, nor so 
high that a person of average height might not readily see to the bottom while stand- 
ing a little distance away. If the bottom were saucer-shaped, with shallow water a t  
the edges, milinom and larger fish might well be kept, together with charming eEect, 
and suitable plant decorations could be introduced wi tliout obscuring unduly the view 
of the interior. Among my reasons for a preference of the open pool is the advantage 
thus gaiued in the inevitable struggle with parasitic fungi infesting fresh-water fish. 
As the salt-water species are free from this difficulty, there is no objection, so far as 
they are concerned, to the closed tank now in general use. It is clearly a great error, 
however, to plan any large aquarium without provision for small open tanks in which 
the snialler animal forms may be shown to good advantage, and especially those which 
may best be seen from above. This is as true of' fresh-water animals as of ocean forms. 
Many of the oddcst and most interesting aquatic creatures are too small to be commonly 
noticed, even if extremely abundant; but are large enough, nevertheless, to  arouse 
great interest and repay careful observation if put in small, readily accessible tanks, 

The comparative advantages of the open-pool system were continuously illu4trated 
tliroughout the season by the history, of our collections in the large central pool. 
In this basin, 2& fcet deep, with a surface :irm of 530 square feet aud a bottom of white 
sand, trouble with fungous disease was a t  all times practically insignificant; while in 
the deep, iiarrow tanks adjacent constant and often unirianageable difficulty was experi- 
enced. This coiitrast is the more remarkable if we consider that  the central pool was 
used a8 a receiving tank, and consequently often contained many specimens injured 
in transit. The shallow basin was also much more easily kept clean. 
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These coriclusions are still further reinforced by the experience of the Illinois 
commissioiwrs in a live-fish exhibit maintained in the Illiuois State Building. Here 
still shallower pools with w h k  enameled bottoms were used, supplied, as iii our ornu 
central basiii, by a dripping, splashing inflow of water fhlliug from a coiisiderable 
height. The miscellaneous collections in these pools were alinost free from parasitic 
fungus attacks throughout the en tire season. 

The interior decoration of tanks of all descriptions with rock work and other 
iiaturalistic material is a matter of especial practical importmce. These decorative 
materials should cover the interior surfaces, especially the bncli-s and ends, but should 
not be so coustructed as to occupy :he interior of the tanks and thus obstruct a view 
of the contents. Especial care should be talieu that 110 holes or crevices are left i r i  
which dead fish or other iioxious objects riiay remain coticealed. The best inaterials for 
naturalistic decoration are native rook, cleaii sand aiid gravel, aiid Portland cemrut. 
With proper c1e:iiiing down, repeated soaking. and thorough wasliiiig out, iio cont:uii- 
iliatioil of the water iieetl be feared, eveti with -:I closed circulation. Mud and clay, 
water-soaked wood, aiid the like, are of course inadmissible, and ceineut must be used 
for the imitation of these materials. 

I need hgrdly a>dd that in any well-constructed aquarium suitable storage and 
work rooms and offices of admiuistratiou will be provided. It would, of course, be a 
great error in ;I perinanont establismout tp omit ample provisiou of 1;d)orlttory rooins 
and appliances for systeinatic scientific study and experiment. These could be fur- 
nishecl at a slight addition to the first cost auil coiilcl be maintained at  a comparatively 
trifling expense. They would greatly increase the  usefulness of ally aqutirium by 
making its resources available for the :ttlraiicernent of lcnowletlge, thus enlisting the 
sympathy, aid. arid support of scientific ineu aid of the educated classes generally. 

Our circulating apparatus for the salt water was, wlieu snpplemeiited and (*ani- 

pleted according to the plaus of Engiiieer lteeves aiid tlie Oommissioiier, in every w:~y 
satisfactory for suiiiuier mainteuaiice, with the sirigle exception OS a Ii1clc of sufficient 
moans for temperature control--:& difficulty due to the character of the building : L I I ~  

iiot to tlie circulating i)laT1t.* It is possible that a bettter plaii of securing pressuru 
might be devised thaii that of the use of the elevated tank. A closed underground 
cistern of air-tight construction, iirto which the water should be forced by the ~ I I J I I ~ ,  

depending upon air pressure within the cistern to send the water up to the aquarium 

*The teinporatnre of the salt water, beginuiiig May 1 nt50°, reachod70O F.-regarded by m : i s  tlio 
danger point for Hn8Ceptible marine sperios-ou .June 19, bnt the second day afterwards fell off ti 

dugreo. Tlio 7th of July i t  caino np to that  point again, and reinaiuecl botwuoii 70C aiicl 740, with only 
an oocalrionul drop to  G9ho, until August, 12; 70" and 7043 wero agiiiu ropuntedly reirclied duriug the 
latter h:Jf of August, bat  the mouth closed with a temporatnro record of 670. Io Soptombor, 714O i w s  
reached a t  tlie middle of tho mouth, bnt the  record fell t o  610 aud G?' for Selltonibor 30. Dnritig 
October the tlieririometor roadiugs v:mied from 67" 011 October I2 to  570 ou the 1:ist dag of the mouth, 
when the oxpositioii closed. Tho highest temperatnro uoted (740) W:LS roaehed .July 25, wit11 :in 
tcvorago air toni~~erature  in the aquarinm for the (lay (G IL. ni. to 6 p. i n . )  of only 83'. Those tempor:r- 
tiires wort! reached iiotwitlistimtling tlie c:oustant use of the cooler, t h  shiidiug of tho windows in the 
will1 by oheese-cloth curtaius, and the covering of tho roof lights mit81i :in outside caiivass scrwn. 

The fresh-water record rnus from May 1 to Septembor 30, three daily observntions being taken for 
tlie tiir and water. May 1 tlio h k o  water, as receivod in the aqunrinm tauks, stood withont variiution 
a t  4 2 O  F., tho air rrvoragiug 46Q. The rise iu  tomportrture for May WILS gradual >cud steady, reoehiug 
46" May 15, 5O0 ou tlie 21st, :rnd 5550 ou the 80th. It reniaineil priictically zit this point until Juuo 131 
w h o  it bt?g:tii to rise ap:iiu, going soinowhat irrognltirly to  653 on .Illno 30. Tliis rise coiitinned to 
700, first roacliutl .Jdy 11, aut1 t o  ( I I W  iiitixiniiiin record of 746, ~i~:rcle .Jnly 24, 31, srud AliWRt 1 .  ' 1 ' 1 1 t k  

i'all from this iighost poiut iv:tN grailn:c1 nud very HIOW, the 1es~o~)serv:itioii (~epteiiiber 30) 1leiiic XI 

- _ _  . - _ _  - _- - -__ - - --._ 
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tanks, has many features to recommend it for practical use. Steam, instead of electric 
pumps, would also have this especial advantage. that  the power would be under the 
irniiiediate control of the aquarium management, and not liable to possibly fatal inter- 
ruptions through failure of connections, especially a t  night-mi accident which we 
barely escaped several times. 

The fresh-water system, it will be reinernbered, was constructed for a continuous 
inflow of lake water, which’ rm away again after passiiig tlirougli the tanks. By this 
system a11 enormous quantity of water was required, amounting inour aquarium, during 
the warmest weather, to no less than 40,000 gallons ail hour. Even at this rate it took 
nearly three hours to renew the water in the tanks, and a inuch greater supply would 
have saved us some heavy losses consequent npon trouble with a protozoan parasite 
presently to be described. In  a perinanent aquarium the cost of so large a quantity 
of water and the expense of filtration would be ; ~ i  important item in tlie maintenance. 

By this method, also, everything depends upon the continuous integrity of the 
filter. We found tlie lake water to be heavily irifectecl all the seasons through with 
the germs of fungous fish-disease. These fungous spores were largely removed by 
our alum filter, eveii when worked at t w o  or three times its normal capacity; but, on 
the other hand, even a, few hours disability of the filter not onlysesulted in an oEensive 
clouding of the water, but was invariably followed by an outbreak of fungous disease 
all along the line of 0111’ tanks. It has colisequently seemed to me possible that a 
closed circulation like that on the salt-water side might have given us a more perfect 
command of the aquarium and its contents, and possibly at even less expense than was 
involved in the systein we used. If it had proven possible, under our conditions, to 
establish water plants geiiernlly in oixr tanks, this would, of course, have assisted in 
aBration, and a much smaller flow of water would have sufficed. It would have been 
necessary, however, even with “balaiiced 77 aquaria, to keep up a considerable move- 
ment of water through tanks carrying as heavy loads as ours, especially at night, 
when oxygen comes off slowly or scarcely a t  all froin water plants, and fishes are 
consequently more liable to death from suffocatioir. For the Salmonidm, especially in 
summer, a rapid arid abundant flow is necessary; and for fish affected with the trout 
parasite, presently to be described, the water sliould run through the tanks in torrents 
day and night. 

The great success of the aquarium season was the transportation and main- 
tenance of our excellent collectioii of marine animals in their normal state of health 
&id comfort. Ocean forms were never before carried alive over distances approaching 
those from Chicago to Florida and the Pacific coast, and, although many specimens 
fell by the way, the ratio of the lost to those delivered in good condition rapidly 
diminished with the experience of the car captains arid their crews. The most 
successful trip of the summer, in fact, was that made by Capt. Lamson with a small 
‘load from Puget Sound. 

The original supply of sea water was gradually iiicretised by additional aniounts 
brought in by the cars as they came with their loads, and by pouring into the filter 
from time to time a few hundred gallons of a simple solutioii of Turk’s Island salt. 
The fixed density maintained was 240 by scale. * 

- _. _ _  __ . _. -~ _ _ _ _ -  -- 
* Tho total amount of salt water received from the sea was approxim:itely 50,000 gallons. To 

this  8,820 gallons of salt solution were added from May 3 to September 21, the largest amount at any 
one time being 1,080 gallons. Five hundred gallons of frosli wibter were used from October 1 to 9 to 
make good losscs by evaporation and to maintain the proper density. 
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Ped with chopped clains aud minced liver and beef, most of our specimens ate 
freely, became hearty and fat, healed their bimises and grew new tails when injured, 
and several species laid their eggs or reared their young as if still in their native 
haunts.” Tlie sirialler Atlantic soa-aneino1ies only (Metr id iz~m ~)zargiibatum) slowly 
dwindled with the advance of tlre seasoii, not dying, but diminishiiig in size to a third 
or R fourth their origiual proportions. In  tho large, deep tank, which was tlie only one 
available for them, they could oiily be fed by mixing minced meat with the water, and 
this could not be supplied tliern in sufficient quantity without fouling the water to an 
injurious extent. 

It was a greatl‘surprise to all concorned to find that a collectioii of iuarine aniinals 
in 1;trg.e variety and of tlie most iiiferestinp cliaracter could be maintained ou the 
shore of Lake Michigan nearly a thousand iiiiles from the seas, as easily and almost 
as cheaply as at  Woods Holl, on the Ahlautic coast-far more easily, in fact, thau 
could a similar collectioii of the animals of the lake itself; yet this was the coinmon 
and emphatic judgineiit of the whole aquariirni force. Losses were generally heavy 
for a few days :bft,er the arrival of a, consiguuieiit from the coast, but when those 
badly bruised aiid greatly wealmiled Imd died, the reinaiuder usually lived surpris- 
ingly well. In tho niiddle of tlie seasoii, for example, during the three weeks from 
July 18 to August 8, only thirteeu specimeiis died of the several hundreds in our salt- 
water collectioiis a t  tlw time, vie : :L sea-robin, Eiix sheepshead, a siuall skate, a tautog, 
:t flomider, R filefish, arid two Pacific aueinones; :mtl a .week of this period passed with 
the lox8 of olily :I, siiigle fish. 

h i  this coniiectioii it sliould be remeinbered that the, end toward which we were 
woikiug, and the forccd and hurried character of our operations, inado it, impossible for 
ns to esperime~it with tht? various species coming to OUY neta, or to select to any con- 
siderable extent thoso known to be hardy in the aquarium. We were compelled to 
take out chaiices with everything not notoriously unfit for even teml~orary mainte- 
iiaiice. With time, experience, and opportunity for methodical procedure, a marine 
aquariuin collection could be gradually brought togeGher in the interior which mould 
far surpass in numbers, variety, and clieapnestl of maintenance tliat mhicli me mere 
able to hurry in pell.xuell for a brief expositiou seasou. 

It seems not especially reniarkable that the salt-water aquirium should prove, in 
tlie preseiit state of our lrnomlodge, inucli easier of ~uaiutenance tliaii the fresh-water, 
sirice it hss lieretofore received by far tho greater share of attention. Most of the 
great aquaria of the world have been either 011 the coast OD in easy reach of the sea, 
and have contaiued mariiie animals chiefly, since these we; 011 the whole, much more 
varied, curious and beautifnl, aud also of greater scientific interest tliali those of €resh- 

* Two viviparous porch ( d l i o v o i i ~ e t ~ i k s  a{/gregattcx) of tho Puaifiu coast, brought from Montcrcy 
Ji111o 20, gavo birth July 9 to 17 young, whioli grow rapidly and mere alivo nt tho oloso of tho oxpa- 
sition. A toadfish (Balmahus tal&) spawned duly 11, but tho eggs did not hatch, probebly for lack of 
fortilizatiou. Murmuiichogs (liicizcltclus heferoolitus ) and sticklo-becks ( ApeEtes quadraort?) also qmWnod 
ill July, oud D numbor of yoiii~g hrLtcliod from their cggs n-ero alivo Novombor 1. August 27, a 81mto’e 
egg containing a young skate, still alive, \vas fouud iu an iiqnnriiim tunlr with adult feinelo skates. 
1x1 Soptorubor 5 whollcs ( ~ ~ o o t y p u s  canakxlntus) spa\viiet1, carh reqniriug from 2 to 5 c?nys to ortrntl(3 
its long striiig of large, tough ogg-~t~jetl. Young anornonos ( .U~t t * id ium mavginatunb), Ilatcheii after the 
arrival of the lot from Wood’s Ihll, wore :dniudant in tho mcniono taiilr all siuiimor, covering tho 
rocks in buntlreds. Tho fresh-witor spocics spawning wercr tho common si~ckcr (May 4 to 20), goldon 
iclo (May), goliiiisli (.Jiiiie IG), pilto 1)erali (April 1 to SO), yellow poroli (April 29 to Mny 9), rainbow 
trout (May 30), VOII Bohr trout (Novomber 5), Mississippi catfish and blue emfish (Lopomia pallidus). 



154 . BULLETIN OF THE UNITED STATES FISH COMMISSION. 

water habit. Our ovn fresh-water collection, which usually contained over a hundred 
species, represented by, two or three thousand specimens, was probably the largest 
ever maintained, and the previous experience of our aquarium superintende1;ts having 
been chiefly with salt-water forms, the difficulties impending were not fully appreciated 
in advance. Our determination to be visibly ready May 1” forced us to do some 
things which would not have been admissible under other circumstances. 

The great obstacle to the successful and economic maintenance of a fresh-water 
aquarium is the liability of many species t o  parasitic disease, either that  due to 
saprolegniaceous fungi (with which we were already very well acquainted) t or to that 
caused by a protozoan parasite not hitherto reported for this councry, and but little 
known in the Old World. 
. Fungous parasitism began with especial virulence very early in the season-a 
fact to be attributed partly to the enforced hurry of our preparations, which made it 
impracticable to assort or quarantine our specimens as they came in, and partly to a 
delay in placing the filters, on which account we were obliged to keep our material for 
some weeks in unfiltered water. 

The plant parasite causing this disease was carefully investigated a t  my instance 
by Mr. G. P. Clinton, assistaut in the botanical depsrtnient of the University of Illi- 
nois.$ Only one fungous form was found attacking the fish-probably the well-known 
Saprolegniu ferux. It was not, at the time of his visit, in a stage of development 
favorable to the precise determination of the species, and there is consequently some 
uncertainty with respect to its specific name. There is no doubt, however, that it 
belongs to the genus Suprolegnia. It appears in patches, large or sma(l1, either in the 
form of a grayish or whitish film (sometimes half fluid and sometimes resembling a 
thickish felt), or as a growth of delicate threads an eighth to half an inch in length, 
springing from the surface of the affected fish either in tufts or irregularly distributed. 
It takes its origin in every case in microscopic spores each provided with minute 
swimming hairs (flagella) by which they move freely through the water. These spores, 
matured by myriads in growing fungous threads, settle on excrement or dead animal 
matter in the tank, a n d  may grow and multiply there as freely as on the fish. 

Dead flies furnish an excellent nidus for the cultivation of this fungus, and the 
presence of the spores in the water may be very easily determined by simply dropping 
a dead fly into a bottle filled with the water to be tested. In  this way we demou- 
strated the general infection of all the waters in and out of theaquarium. Every 

* All the tanks but two,were occupied on “opening day,” many of them to the limit of their 
capacity. \ 

t In our eKorts to control thili fish-parasite, and in niatters of aqiiariuiii lriitnagement generally, I 
enjoyed the great advantage of the aid and advice of Dr. T. H. Beitxi, ropreseutativo of tho U. S. Fish 
Commission on the Government Board ~f Control. His long conuectjon wit11 tho Commission in 
ixbpacities which made him thoroughly acquainted with its aquarium methods, end his own cxpori- 
ence while in charge of the aquarium exhibit of the Con~trtissioii at tho Cincirinuti Exposition in 1888, 
made hiin an invaluable adviser in evory emergency, and much of our success was due to his unfailing 
kindness and to his witrw. personal and official interest in aquariuin aff’airs. 

I take this occasion also to express my obligations to Mr. W. de C. Ravenel, chief tjpecial agentt of 
the Uommissiou, in geueral charge of its exhibit, for much valuablc ossistaiico snd iidvioe givon in his 
capacity of administrative oftloor. 

The aquarium was in imniodiate chargo of MesBrH. L. c f .  Harron iLII(1 Aloxitudor ,Jones, without 
whose expert skill and faithful service succesli wouldhave been utterly ilriprwsible. 

t Mr. Clinton’s report is  presented as an appendix to this paper. 
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experiment tried with water from the lake, from the lagoon, and from the central pool 
in the aquarium building, and a large proportion also of those tried with vials of water 
from the aquaria and from the supply pipes inside, yielded cultures of this rSaproZeg?hia. 

The principal safeguards and remedial measures against this fungous disease are 
(1) the original discrimination of susceptible from hardy species of fish, that each 
niay receive its appropriate care and treatment; ( 2 )  the utmost care in the capture, 
handling, and transportatioii of fish intended for the aquariuni, that they may arrive 
without bruises or loss of scales, and (even inore important than this) without unnec- 
essary wealrening of their vitality; (3) the use of a large shallow pool as a temporary 
receptacle for new arrivals, where they may be kept under surveillance and under the 
most favorable conditions until any tendency to fungous disease may have declared 
itself; (4) the rejection? or at least the separate maintenance, of all injured speci- 
mens until death or coniplete recovery; (5) the maintenance of a hospital tank to 
which all individuals may be imniediately renioved for special care and treatment on 
the first appearaiice of fuiigous parasitism in any tanli; ( G )  the use of open shallow 
tanks (in place of deep aquaria) with light-colored bottoms, freely exposed to sun and 
air, and the maintenance of a free and rapid flow of water through them; (7) the 
association in the sanie tank of fishes of different habit, but especially the distribu- 
tion everywhere of suckers, buffalo, or other bottom feeders, which continually police 
the taiiks by working over the bottom for particles of food; (8) the most scrupulous 
cleanliness in the lnariageirient of the tanks, and care not to introduce a superabund- 
ance of food; (9) the thorough filtering of the \vater, preferably with the aid of alum 
so added that there shall be no excess remaining; (10) the prompt and thorough dis- 
infection, by washing and soaking with a solution of carbolic acid, of every tank in 
which the fungus appea,rs; (11) the use of a solution of salt or carbolic acid as a 
remedy for moderate cases of disease; and finally (12) an abundant food supply and 
expert care geiierallyin the maintmnnce of the health and vigor of the fish. For this 
last purpose I am inclined to suggest the establishment of an exercise pool for the 
larger and inore active species, ospecially the game fishes, which might thus be 
released occasionally from their cramped quarters in the aquarium and permitted to 
stretch their niuscles in a good straight swim. 

I hardly need say that in handling diseased specimens special nets should be 
used, which should then be considered as infected and should never be allowed to 
touch healthy fish or be put into the water with them until soaked in some disinfec- 
tant solution. I may add that the source of the water supply may easily liavo an 
important bearing on the liabilit,y to fungous disease. If derived from clean springs 
or wells, or perhaps even from clear running streams, the water will cont;%in few or 
none of the spores of Saproleg?aia, since tliis fungus grows normally and most abun- 
clantly 011 decaying organic substances. It would further secm a good general pralotice 
in establishing a fresh-water aquariiim, to sclect only young or half-grown specimens 
as representatives of the inore susceptible species, sincc these commonly resist the 
tiuigus far better tharr adults, and niiglit be expected to become in t ime  iuucli better 
adapted to aquarium life. 

Although there is a general impression that this fungous disease will not attack 
lieelthy fishes unless offered a starting-poirit iri soim surface injury, i t  is now certain 
that this is not true. Tho general current of our obsorvittiolt during the season 
leads to this conclusioii, which has beeu iunply confirmed by a special experiment 
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arranged to test the possibility of protecting the more susceptible kinds by the 
nicest aquarium management. October 1 an expert botanist and bacteriologist, 
already mentioned, Mr. G. 1’. Clinton, of the IJniversity of Illiuois, thoroughly disin- 
fected, with a strong carbolic: acid solution, an aquarium tank completely isolated with 
respect to water supply and overflow. I n  this tank was placed :L collection of small- 
mouthed black bass which had been brought to the ayusrium especially for this 
experiment. They had been taken in  the seine, landed with the utmost care, borne in 
,the hands to avoid surface injury, trausported in an abundance of water, and were 
when put in the tank in perfect condition in every way. They received tlie best of 
care and treatment, but within two weeks the Saprolegnia appeared upon them, and 
before another week the whole lot was practically gone with fungous disease. It 
should be said that the aquarium filter was working badly at the time, and that more 
than the usual number of spores doubtless entered this tank. 

As t*he most general result of our season’s work and observations with respect to 
the relative susceptibility of the various speoies of fishes 11andled by us during the 
summer, it appeared that native vigor of constitution and adaptation to a life of 
confinement were the most important elements of a capacity to resist fungous attack. 
The spores sprout abundantly in the surrhce slime of fishes of every description, but 
their- filaments seem to penetrate the skin of certain species only, and of many of these 
oiily under Rpecial conditions. The most susceptible fishes on the whole were the 
active game fishes, whose irnprisonrnent in our small aquarium tanks seemed to  work 
too great a change in their habit of life to keep them in perfect health. Among these 
it was not ail uncommon thing for a considerable group to remain in :t tank by them- 
selves for a long time without the appearance of any fungous disease, but later to go 
almost all at once, as if they had finally succumbed through a gradual weakening of 
their vitality under their prison life. On the other halid, many kinds susceptible at 
first, and even seriously attacked, would rally presently, after they had become BCCUG- 

torned to confinement, and especially after they had begun to feed. 
Among the most sugceptible fishes were the large-mouthed black bass, crappies 

(both species, but especially the paler), the white bass, the Fellow bass, tlie pike-perch, 
tlie yellow perch, and the tooth herring. The sand pike or so-called jack salirion 
was scarcely less liable to the disease, and &he warmouth sunfish was also frequently 
attacked with fatal eEect. The lake trout aud grayling were occasionally killed by 
tliie fungus; the common pike became liable to it if left long in confinement; and the 
coinmoii species of redhorse, and the stone-roller, though lasting frequent’ly for weeks, 
would eventually drop off’ one by one. The common sucker and the bufhlo were 
rarely infested after they had begun to ea,t. The forked-tail cat, the inud cat, tlie 
Lommon bullheads, and the marbled cat, rarely suff’ered a t  all; on the otlier hand, 
the yellow catfish (Ameiurzis natalis) was often severely attacked. The sheepshead 
or white perch appeared usually somewhat delicate; but three specimens, anlong 
the earliest of our fishes to arrive, lived the whole season througli. The spooiibill 
(Z’oZyodort)-never before kept in am aquarium for any length of time-lived with us 
for months with an occasional appearance of saprolegniaceous fungus on bruised 
surfaces, especially at the tip of the snout, but perished, if tit all, from lack of its native 
food, which is of a character riot to  be supplied to it in  our tanks. Rock bass, trout, 
bream, and the sunfish species generally, except those already mentioned, were not 
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often infested, although the bream aud other sunfishes were likely to go one a t  a tjiine, 
as they weakened individually. The European carp and the commoii oriiamental fishes 
(golden ide, goldfish, and tench), thoroughly accustomed as they arp to aquarium life, 
were scarcely affected a t  all; and the dogfish, the gars, the sturgeons, the striped sucker, 
the native species ofcarp, the burbot, the eel, and the lamprey were also practically free 
from disease. Whitefish, although liviiig but a short time in the aquarium, were not 
p:irticularly liable to the fungous disease, but seemingly died because they would not eat. 

April 25, eighty-seven young catfish (Ameiurus albidus) about 6 inches loiig, just 
received from the Potomac River, were placed in an aquarium together. Their interest- 
ing habit of inassing in the center of the tank, each one swimming slowly backand fortli 
m d  in and out through the school, attracted comii1on attention to  them. About six 
weeks later it was noticed, however, that their habit had changed completely, and 
that they now scattered everywhere, swimming restlessly about day and night, as if 
eager to escape. At this time it was also observed that the skin of these fish was 
covered with minute white specks, that they had ceased to feed, and were begin!iiug 
to die. The usual aquarium treatment for fungous disease was tried without special 
result, and as other species near them in the aquarium had become similarly affected, 
I began, July 10, a preliminary microscopic and experimental study of their disease. 
The minute pimple-like specks on the skin, 011 the gills, and within the mouth were 
found to contain large, spherical, densely ciliate protozoa. These were contained in 
little cavities in the epidermal layer of the skin or mucous membrane, within which 
they kept up an incessant rolling motion. If freed froin their confinement they swam 
about rapidly through the water, where they could be readily seen with the naked eye. 

I soon ascertained that this parasi te belonged to the genus Ichthyophtbirius of 
Pouquet,” first described in Europe in 1869, mid recorded there as an aquari’um para- 
site especially destructive to young trout, but infesting R number of other species 
also. As the practical problem pressed upon us much inore urgeiitly thau the scien- 
tific one, .we began without delay a series of experiments with vinegar, salt water, 
copperas, carbolic acid, and other like substances, hoping to find some disinfectmt 
solution in which the infested fish might be dipped with the effect of killing the para- 
site without injuring the fish. Time failing for the active and continuous work which 
the subject demanded? I had the good fortune to secure the assistance of Dr. Charles 
W. Stiles, of tho Department of Agriculture, w110 was at the Exposition at the time. 
By courtesy of’ Hou. J. Sterling Morton, Secretary of the Department of Agricul- 
ture, Ih. Stiles W:LR given leave of abseuce, and July 17 entered on a systematic experi- 
mental investigation of the subject. The report which he has filed for publication with 
this paper makes unnecessary any further account of the matter here. 

I mill only add that no disinfectant substances mere found practically useful. Salt 
was the only one eveii recommended to us as the result of Dr. Stiles’s experiments, 
and if this were employed t o  the extent necessary to destroy the parasite, it com- 
monly affected the fish iiiore injuriously thaii did the parasite itself. 

* SOG rvtfueionstltieiv als Hautparasilen bei Siiaa~uaesev~sol~aw, by 3’. llilgcndorf nnrl A. Paiilicki, 
(Contralbl. f‘. d. mod. Wisliensch. 1869, p. 33) ; Note 81~1’ nite csltc‘ce d’infusoives, parasites des poiscrolls 
d’eau (Zo?boe, by D. Fouqiiot (Arch. xool. oxper., t. v, 1876, p. 159); Cl~ron~atoplka~usparasiticiks n. g. el tk .  
81,. Eiii Beitrag ziLr Parasitenlelwe, by C .  Ihrbert (Nederl. Tijdschr. v. d. Dierlr. Johrg., v., 1884, P. 44) ; 
“Mani~al of Infiisorin,” 11. 530, by W. S. Kent; Broun’s “Thior-Roichs” Bd. I, 111. Abth., p. 1678; 
and #in iitfU80&&?1* Hauptparasit bei Siissiuaese@eaken, by 0. Zacharias (Biol. Cmt. 1893, p. 23). 

- ______- -- - -  ~ .- __ - - - 
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The diseased fish could not eat, but rejected their food as if their mouths were 
sore, aud their respiration was seriously affected by the inflanimation of the mucous 
membrane of the gills. These difficulties, a8dded to a general irritation of the skh:  
shown by the restlessness of the fish and by their disposition to scratch tlieiuselves 
in the sand, seem quite sufficient to account for our heavy losses among infested fish. 
The trout exhibit was very nearly destroyed for a time, and several other species 
were almost equally infested, but with quite various effect. The season's experierice 
confirmed the conclusio~ls of Kerbert that this is a hot-weather parasite, since it dis- 
appeared almost entirely from the aquarium during the month of September, as the 
temperature of the water fell off. It is thus very likely to affect most injuriously 
species which are most sensitive to the heat. The thickness of the skin seemed also 
to modify greatly the ett'ects of an attack; and this is perhaps the reason why young 
fish are much more likely to succumb than old. Young catfish died like sheep with 
the murrain," but adults of the same species would become gray with piniples with- 
out apparent sufiering, and presently become clear again. Wild brook trout, brought 
in from the streams, proved much more hardy under this disease than tame-bred 
specimens, but a11 recovered as the weather cooled. 

We have no reason to suppose that this parasite is common under natural condi- 
tions, and do iiot know, in fact, that  it was brought into the aquarium more than 
once. It would seem, therefore, that its ravages might be held in check by a prompt 
recognition of i t  on its first appearance, and the complete isolation, or perhaps the 
immediate destruction, of infested fish. Certainly nothing should be allowed to go 
into an uninfested tank which has been in any sort of contact with an infested one. 
The best remedial measure known to us is a constant and very abundant flow of the 
clearest water obtainable. This seems not only to  check the developineiit of the 
parasite, but also sweeps off those which escape from the tissues of tlie infested fish 
previous to reproduction, and RO reduces the probability of repeated infection. 

If I were again to experiment with remedies for this disease, I would construct a 
hospital tank with hard bottom and smooth vertical sides, and with a second bottom, 
say, G inches above the other, made of wire netting with meshes just small enough to 
prevent the passage of fish. In  this tank I would put salt so freely as to keep a layer 
of dense salt w&er in the bottom of the tank the greater part of the time, but not so 
freely as to render the water above the screen injdrious to fresh-water fish. As the 
parasite leaves the fish and sinks to the bottom, losing its power of locomotion before 
dividing to give origin to young, and as when naked it is very readily killed by salt, 
I should thus expect to prevent its multiplication in the tank, and should hope that 
the fish infested might presently clear themselves spontaneously. An occasional dip 
of the fish in a salt.water bath would probably be an aid to recovery. 

From the foregoing it will be seen that the gr6atcst present problems of aquarium 
management are those connected with the maintenance in confinement of fresh-water 
fish. I have only to hope that this frank statement of my experience With the expo- 
sition aquarium of the U. s. Fish Commission may contribute to the solution of these 
problems, and help to make more easily possible to the American public a real knowl- 
edge of the aquatic life of this country. 

. 

- 

_____- _. - - - - _ _ _ ~  ______ 
*One hundred and foiirteon young spotted catfish, 5 or 6 inches long, WerO taken out of IL Ring18 

Ianlc July 28, (lead over night with this disease. 



DESCRIPTION OF THE FRESH AND SALT WATER SUPPLY AND PUMPING 
PLANTS USED FOR THE AQUARIUM. 

BY I. S.  K. REEVES, 
Passed Aahfant Engineer U: S. Navy. 

.Freshwater supply.-The water for the fresh-water aquaria was supplied from one 
of the water mains under the aquarium building at  an average pressure of about 60 
pounds per square inch, and before passing into the supply pipes erected over the 
aquarium this water was filtered by two pressure filters of the Jewel1 patent, having 
a rated guaranteed capacity for filtering 126,000 gallons of water each in twenty-four 
hours. After the water had been filtered i t  passed through the galvanized iron supply 
pipes which were erected above the aquaria and into which were screwed brass jet  
cocks, through which the delivery of the water for the aquaria was regulated. 

Each aquarium had a11 overflow or waste pipe that was so arranged that the 
surplus water was allowed to discharge into a waste pipe which emptied into the lake, 
aid  by this method the water was being constantly changed in the aquaria. The 
piping, valves, fittings, etc., in connection with this system were either of galvanized 
iron or brass. 

Pumps and electric motors.-There were two independent reciprocating direct-acting 
geared force pumps with water ends of hard rubber, having a capacity of about 4,000 
gallons of water per hour each at  90 strokes per minute. 

They were driven by belts from a counter shaft that was driveu by two electric 
motors of about G horse-power each, a t  a speed of about 1,500 revolutions per minute. 
The current for these electric motors was about 800 volts. 

The pumps were so arranged that one or both could, if necessary, deliver their 
water direct into the main supply pipe for the aquaria. 

The pumps aud electric motors were located iu a separate room under the floor of 
tlie main building of the Fisheries Exhibit near the salt-water reservoir from which 
they obtained their water. 

Salt-water reservoir.-There was located under the floor of the main building of the 
Fisheries Exhibit a reservoir constructed of brick and Portland cement, with 8 

capacity of about 68,000 gallons. The bottom of the reservoir was of concrete and 
the surface of asphalt. 

Distributing tank.-There was located in the top, under the roof of the main building 
of the Fisheries Exhibit, about 54 feet above the aquaria, a cylindrical wooden distrib- 
uting tank having a capacity of about 9,5i)O gallons, into wliicli the pumps delivered 
their water through hard-rubber piping. 

The distributiug tank was connected to tho salt-water resertoir by :in overflow 
pipe of hard rubber. 

I 
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Pilters for salt water.-There were located under the floor of the main building of 
the Fisheries Exhibit two pressure filters of the Jewel1 patent, each G feet in diameter, 
5 feet in height, connected to operate iiidepeudently or together. The rated guaranteed 
capacity of these two filters yas 250,000 gallons in 24 hours. 

During :he first month or two of the Exposition it was not found necessary to work 
the filters to their rated capacity, but during warm weather they were frequently 
worlred beyond this capacity. The rate of filtration a t  some periods was as high as 
750,000 gallons per day, and although the filters were taxed to this great extent their 
work was satisfactory. 

The filters worked under a pressure ot 60 pounds to the square inch in the inlet, 
and froin 50 to GO pounds iu the discharge pipe; the difference in the pressures varying 
according to the time the filters were in operation between washing, or in other words 
with the accumulation of the impurities. 

The filter beds were composed of white inacliine-crushed quartz, and were 2 feet 
4 inches in depth. 

The water before it entered the filters was treated by the addition of a very smadl 
quantity of alum solution. Tho amount of alum used averaged about 6 of a grain 
per gallon, or 1 pound for about every 30,000 galloris of water filtered. The expense 
of this alum was about 2 cents per pound. 

The action of the alum upon the water was a chemical one, ana served to remove 
the dissolved-coloring matters and invisible impurities, such'ss bacteria, etc., aud it 
also served to assist the retention of the extremely fiue particles of suspended mat- 
ters, which would otherwise pass through a filtering bed of the nature and porosity 
of that which was used in the filters during a high rate o< filtration. 

Analysis demonstrated that not the slightest trace of alum that passed through 
the filters appeared in the filtered water. The apparatus ixsed for introducing this 
solution of alum was  located about 150 feet froin the filters 011 the inlet pipe, and 
was exclusively an auxiliary apparatus. 

There were also located under the floor of the arcade, a t  the end nearest the 
aquaria, two box filters, 12 feet long, 4 feet wide, and 2 feet deep, coiistrncted of %inch 
plank. These were filled with layers of coarse gravel an'd fine sand, through which 
all the waste water from the aquaria was filtered before passing to the main reservoir. 

Apparatus f o r  regulating the temperature of the fresh and salt water supplies. -For 
the purpose of regulating the temperature of the water for the aqua'ria ill Sumlner 
and winter, there were secured to the joists undcr the arcade two sections of 12-inch 
wrought-iron pipe, each 20 feet long, and on the end$ of each section were screwed 
cast-iron caps. One of the caps on each section had two holes drilled in, to allow, 
Sij-inch pipes to pass through. 

The section of 12-inch pipe used ,for the salt water contained four lengths of 
drawn-brass pipe, 24 inches diameter and 20 feet long, tinued inside. These four 
lengths of pipe were so connected as to forni a continuous coil. The ends of these 
coils passed tlirougli holes in one of the caps of each section, and were fitted wit11 
iuside arid outside lock.nuts, thus making the sections or reservoirs steam aiid water 
tight. 

These coils were afterwards connected, by proper valves, to the supply pipes to 
aquaria,, a d  were so arranged that t h o  supply water for the :rquaria could be made 
to pass through these coils if necessary. 
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The section of pipe and its coil which mas used for tlie fresh water was similar in 

construction to that used for salt water, except that the coil was mtde of galvanized- 
iron pipe instead of brass. 

The coil of this section was connected to the fresh-water supply pipe of the fresh- 
water aquaria between tlie Jewel1 tllters and fresh-water aquaria, and so arranged that 
the fresh water could be made to pass through the coil or pass direct to tho aquaria. 

These sections of 12-inch pipe were connected to a steam boiler located under the 
aquaria building, so that steam could be introduced into them and around the coils; 
in this way the fresh and salt water supplies to aquaria could be raised to the tern- 
perature desired. 

In order to regulate the temperature of the salt-water supply for aquaria diwiug 
the warm weather, the section of 12-inch pipe containiiig the brass coil was connected 
to the freah-water supply pipe between the water main and the Jewel1 filters, and was 
so arrmged that a continual flow of fresh .water conld be introduced Into the 12-inch 
section :bud around the coil through which the salt water vas  passing; tlie fresh water 
being a t  a lower temperature thau thesalt water, it wa8 used as a medium duringthe 
hot weather to cool the salt water aupply to aquaria. 

SaZt-water pipe, pumps, eto.-All piping, parts of pumps, valves, jet cocks, etc., 
in coutact with the salt water were made of hard rubber, with the exception of the 
drawn brass coil, described above, tinned inside in the section of 12-inch iron pipe, 
which was used to regulate the temperature of salt-water supply. 

Operatiolz of salt-water plant.-The pumps having separate suction and delivery 
pipes aiid run by separate motors, each pump was independent of the other and inter- 
changeable, making two separate and distinct plants; aud in case of accident to one 
pump or motor or of any of its attachmeuts, the otlier pump was capable of supplying 
enough water for the aquaria. It was not found necessary at  m y  time to  run both 

The water was drawn froin the reservoir by the pumps through hard-rubber pipes 
and pumped into the distributing tank. From the distributing tank the water mas 
conveyed by gravity through hard-rubber pipes t o  the apparatus for regulating the 
temperilture, and into the supply pipes located over the aquaria. From this supply 
pipe it was delivered through jet cocks into the aquaria. 

The overflow or waste water from the aquaria passed into the box filter filled with 
sand and gravel, and from them through hard-rubber pipiug to the main resorvoir. 

Air ~ r o u l a t i o ~  for  salt-water aquaria. -The Bishop arid Babcock Company of 
Uleveland, Ohio, courteously lenk the U. S. Fish Commission two of their hydraulic 
pumps, which were operated by water taken from the fresh-water main, and it was 
found that one of the pumps having 38-inch diameter water cylinder, &inch diameter 
air cylinder, and 5-inch stroke, would furnish fmfficient air, a t  a pressure of 7 poullds 
per square inch, to &rate all the salt-water aquaria. 

The air pumps delivered the sir into a galvanized air cylinder a t  a pressure of 
about 7 pounds per square iuch. Froiu this receiver the air was conveyed to the back8 
of each salt-water aquarium by iron piping, and there connected with each aquarim 
by rubber tubing, into which were inserted woodeu liberators through which the air 
was forced into the water. 

lJUmpS at OI1ce. 

, 
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OBSERVATIONS AND EXPERIMENTS ON SAPROLEGNIA INFESTING FISH. 

BY G. P. CLINTON, B. S., 
Assistant Bofanist, &iVwsify of Illinois. 

The fresh-water fish in the aquarium of the U. 5. Fish Commission at the World's 
Fair having been more or less troubled by a fungous disease, the writer was asked in 
October to make a study of the same. A glance in the microscope at material 
taken from a diseased fish was sufRcient to determine that a common fish-pest, flupro- 
legnia, was at work; but as it was not present in its mature stage,further study, 
including culture experiments, was undertaken. 

The fresh-water fish occupied twentyeight tanks, just within the wall of the cir- 
cular room, and also a number of larger tanks, sepmated from the former by a wide 
aisle. In the center of the room a large circular basin was also given up to them. 
The water was supplied by way of a crib a few miles out in Lake Michigan, and after 
having its solid matter precipitated by alum and passing through a sand filter it 
escaped in several small jets iiito the individual tanks, entering with sufficient force 
to carry down air bubbles from one to two  feet. The water passed off by an overflow 
at the top, and was not used again, but drained into the lake. The tanks were 
emptied once or twice a week and cleaned, while the central basin was run down every 
night and refilled. It was in certain of the smaller tanks that the disease was worst. 
The fish were brought to the aquarium in the cars of the U. S. Fish Commission, 
chiefly from the Great Lakes and from streams of lihe Mississippi Valley 'or from 
breeding stations of the Commission. They were carried in water cooled by ice, but 
the transfer to the aquarium mas so managed that tlie temperature WRS gradually 
raised before they were placed in the various tanks. 

According to the statement of the assistant in charge, the fish ncver showed signs 
of disease when they arrived. There were no nieans of regulating the temperature of 
the water in the aquarium, ;tiid et the higher degrees (680 to 740 F.) the development 
of the fungus seeined to be considerably stiniulated. The fish were fed corn bread, 
liver, beef, or minnows, according to species. 

The fungus developed on all parts of the fish, though perhaps more abundantly 
or more frequently on the tail, fins, or head. According to the host or stage of 
infection, it would be limited to small, definite patches, or spread all over the fish. In 
general it formed a tuft of white threads that radiated out from the body a distance 
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of about a third to half an inch. While a fi& might be abundantly covered with the 
fungus, so that in water the threads would float out in a radiating mass, when the 
fish was removed from the water the threads, too weak to support themselves erect, 
would collapse, and the fish mould then present a slimy appearance, and would not 
seem so badly infested. In those that were but slightly attacked the fungus was, as 
a rule, more definitely limited to spots on digerent parts of the body. Usually in 
such cases it was developed as a bunch of filaments on some bruised,place. Occa- 
sionally fish could be found on which the fungus had grown as a mass of filaments 
covering the eyes and causing blindness. Sometimes the tail and fins had become 
so lacerated, a t  least in part by t h e  actioii of this fungus, as to be almost destroyed. 
If new arrivals were affected, i t  was usunlly within a week after they were placed in 
the aquarium that they began to show the disease plainly. Within three or four 
days of its beginning the surface would become abnormally slimy, when au examina- 
tion of the epithelial dbbris, covering the fish, mould reveal the presence of numerous 
prostrate filaments of the fungus imbedded in this material. From these the erect 
radiating filaments were rapidly produced, so that in a few days fully developed 
zoosporangia could be found. 

There is no doubt that this fungus was primarily a saprophyte, as are most of its 
family, and’that its parasitic habit is a secondary acquirement. It now acts in either 
capacity, as opportunity offers. Probably the abundance of slims on some kinds of 
fish has much to  do with the’fact that the fungus obtains its first liold on them. If 
the fish is not protected by well-developed scales, or an uiiusu~lly thick skin, i t  is 
especially a t  the mercy of its invader. Having gained entrance, the fungus makes its 
presence manifest, by causing local irritation. The blood can sometimes be seen iu  
reddish patches in  and about the part affected, and the fish frequeutly shows a desire 
to scratch the injured spot by rubbing against some object or scrubbing itself in the 
sand on the bottom of its tank. In  a more advanced stage the fish becomes sluggish 
and frequently dies, when a vigorous growth of the fungus follows until bacteria put 
a stop to it by causing putrefaction of the body. Often a badly infested fish will 
recover, and minor attacks come and go quite frequently among the more hardy 
species. 

None of the marine animals in the aquarium were attacked by this fungous disease. 
In the fresh-water section a genus closely allied to 8uprolegniu (Aoldya) was fouiid 
developed considerably on the eggs of a crayfish as they were attached to the parent. 
Some of the turtles were said to be “fungused,” but no examination was made of 
material from this source. The growth on all the fresh-water fish seemed to be the 
same! and in all cases a rSwprolegnia. There was a difference as to susceptibility, this 
apparently depending to some extent on the age of the fish or the species. Young 
fish seemed comparatively exempt from the disease. If one died and remained in the 
water i t  readily became covered with the fungus, but while living they were not much 
affected. This was true even of the same species in different stages of development. 
For example, a tank of young black bass showed no signs of disease, while mature 
fish of that species almost invariably ‘ 6  fungused.” 

Among the mature species there likewise seemed to be a wido difference in the 
power of resisting infection. Undoubtedly such factors as bruises, rubbed scales, 
changed and unusual surroundings, or insufficieiitly developed epidermal protection 
had much to do in determining liability to infection. For instance, fish with a tough 
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skin, as the Mississippi catfish, or with a development of prickly and bony plates like 
the sturgeon, were usually free from the disease, while such as suilfish and black bass 
were quite badly affected. Certain species, as the goldfish, which have been reported 
in other places as sometimes becoming infected, escaped here, giving no evidenceof the 
disease. It is aLo a fact that a11 those foreign fish that were bred by the Fish Commis- 
sion, and that are commonly cultivated as aquarium fish, such as the goldfish, already 
mentioned, golden ids, and tench, escaped entirely, while native fish recently collected 
from streams, etc., were quite apt to  become infected unless well provided with resist- 
ing epidermal parts. Daily examination of the aquaria during a period of three 
weeks showed that a t  that time sturgeon, burbot,.mtid catfish, Mississippi catfish, carp 
(American, scale, mirror, and leather), tench, gbldfish, golden ide, young trout (brook, 
Von Behr, and Loch Leven), and young black bass were practically free from attack; that 
small-mouthed black bass, rock-bass, brook trout (adults), yellow catfish, spotted catfish, 
buffalo, dogfish, paddle-fish? moon-eye, the long-noscd and short-nosed gar, the red- 
horse, and the common suckers were somewhat affected, often but slightly and usu- 
ally in bruised places; and that the black bass (add t ) ,  white bass, yellow bass, calico 
bass, yellow perch, grayling, pike, pike perch, sheepshead, sand pike, bream, blue sun- 
fish, warmouth, and individual cases of the sucker and redhome were badly diseased. 

It has long been known that dead insects falling into water are’ quite likely to have 
developed on them a growth of the species of fungi under discussioii,* and botanists 
have taken advantage of this fact for the development of these fungi, placing insects 
in water likely to contain such forms, or inoculating insects and then placing them in 
pure water. In such cases, in a few Bays, a vigorous growth of fungous filaments 
radiates from the insect on all sides, and the appearmice and development of the 
fungus can be studied as desired. The only drawback to  such cultures is that bac- 
teria are likely to  develop on the dead insect, and after a time seriouslyinterferewith 
the growth of the fungus; hut, wishing to make a study of the water, such cultures 
were undertaken. As the fungus developed abundantly on the liver fed to the fish, 
if it remained a few days in the water, this was first used for culture experiments, but 
bacteria were developed in &ch numbers on the meat that it was found useless, and flies 
-the only insects to be had-were resorted to with fairly good results. It was desired 
to test the water immediately before its entrance to the tanks, in order to learn if the 
germs were then present; to test i t  in the different tanks, and in various parts of the 
same tank, to ascertain if the germs were present or absent, or relatively iiiore or less 
abundant in the different situations j and, lastly, to determine if different fungous forms 
existed in the water taken from these various places. An examination of water taken 
directly from the lake and of the hygeia water used for drinking purposes on the 
Exposition grounds, was also made. 

The method pursued was as follows : A small bottle of the water to be tested wa8 
taken and a fly or two dropped in it and left for twentyfour hours-& sufficient time 
for the infection of the fly if fungous germs were presentwhen the water was replaced 
by that known to be pure. Twenty-four hours later, if the culture was successful, a 
slight growth of the fungus could be seep radiating from the insect, and one or two 
days thereafter the zoSsporangia began to form. After the expiration of a week, 

- *Ledermiiller, Mikroskopische Erg6tpngenI 1760. 
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further growth in length was not noticed. The filaments usually reached a length of 
a third to half an inch. In ten days or two weeks further development was usually 
stopped by bacteria. No cultures being successful in the hygeia water, it wm regarded 
as pure and used to place the flies in after their inoculation. 

A t  first no cultures were obtained from water taken just before its entrance into 
the various tanks of the aquarium, and it was thought to be free from the fungus, but 
as more were attempted an occasional growth of Saprolegnia appeared, quite similar 
to that found on the fish. About a third of the tests of water from this source gave 
cultures-a proportion -large enough to indicate that the water supply may have 
been the original source of infection. The fact that cultures were thus occasionally 
obtained from the water just before it entered the tanks was probably due to the 
imperfect working of the filter system, which was sometimes out of order, the water 
in-the tanks then becoming quite turbid. It was said that the clearness of the water 
was similarly affected when the lake was especially rough. When the €uungus had 
once obtained a foothold in the tanks it became, of course, much more abundant in 
its spore forms. Cultures obtained from water from the lagoon and from the edge of 
the lake yielded in every case some form of i3aprolegniacem. 

There was some slight difference in the number of successful cultures hi water 
taken from the various tanks. For example, growths were almost invariably obtained 
from those tanks that contained infected fish, while water from tanks in which the fish 
were not diseased yielded cultures in scarcely more than half the cases. 

Another difference was found in the character of the growths. While on the fish 
themselves nothiug b u t  a species of Saprolegnia was found, in water cultures from 
the different tanks three genera were encountered; viz., Saprolegnia, Achlya, and 
Leptomitus. The Lqtomitus was found only as a secondary product in a few impure 
cultures that were not well developed. Pure cultures of either the Saprolegnia or 
the Achlya were usually obtained, but occasionally a growth was found in which they 
both occurred. Still another distinction was noted: The water cultures from aquaria 
containing badly 6' fungused" fish almost invariably gave 8aprolegnia-commonly a 
pure growth; th0s.e from aquaria in which the fish were healthy, generally gave Achlya; 
while those from tanks i n  which the fish were slightly affected by the disease yielded 
either Achlya or Saprolegnia or an impure growth of both. The Achlya and Saproleg- 
nia cultures could be readily distinguished even with the naked eye. The former had 
the longer filaments, and the bunch of zoospores clustered at  the opening of the emptied 
zoosporangia could easily be seen. In cultures of the 8aprolegnia the filaments formed 
a rather dense growth which radiated from the fly for about a third of an inch. When 
the zoosporangia began to form, the threads became more opaque at their free ends. 

The tests of water taken from the tanks a t  various depths gave us 110 differential 
results. It seemed to make no essential difference in the character of the growths 
whether the water came from the top, the cteuter, or the bottom of a tauk. 

Numerous experiments were made by placing a little of the fungus taken from 
diseased fish on flies in hygeia mater. These cultures were always successful, and, 
so far as one could judge from the asexual stage, were of the same species as those 
obtained from the water cultures which gave growths of h'aproleglzia. 

Altogether, something over 100 cultures with flies were made, but in none of 
those which yielded the i3aproZegnia, and in none of the nurneroutj specimens examined 
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from the fish, were there any signs of the mature stage of the fungus. In the Achlya 
cultures, however, this stage was reached occasionally. When tho cultures of 
fiaprolegtaicc were about ten days old, further development beiug prevented by bac- 
teria, the production of the normal zoosporangia was arrested, and what are known as 
L L  resting sporangia" were formed. These were produced, in a moniliform manner, by 
the constriction of the filaments into one or several cells inwhich the protoplasm 
was not differentiated into zoosporus, and which were somewhat shorter in comparison 
to their breadth than were the usual zoosporangia. The results of most of the cul- 
tures that were made with flies are given below: 

Aqaarium water. .............................................. 
Hygeia water. ..................................................... 
Lagoon wntetnr. ................................................. 
Central Pool water ............................................. 
Lnke Michigan wabr .......................................... 

Tabulated reeulls of culturtl experinieiste. 

Sources of infection. I S U ~ ~ ~ ~  I Bailed. I 

a 
4 

15 
2 

6 '  
2 

.......... . . - . . -. . -. .......... .......... 
2 

1 .......... 

. . .  ........................................ ................................. I Bungous inoculat,ions.. 
Water from experiincnt tank.. 
Water from tauk containing badly disoased flsh: 

I Top ........................................................ 
Contor ..................................................... 
Bottom .................................................... 6 
Bottom stirred.. ........................................... 3 

Water from tank containing fish but littlo disonsod: 
Top ......................................................... 
Center ..................................................... 
Bottom stirred ............................................. 
Top.. ...................................................... 
Ceutor ..................................................... 
Bottom ..................................................... 
Bottom slirrod. ............................................ 

Water froin tank containing healthy flsh: 

.......... 
1 

1 .......... .......... 
2 
3 
1 
1 

The minute structure and life-history of such fungous forms have been so thor- 
oughly made out by eminent specialists that no iuvestigation along this line mas made, 
save to observe those phenomena which might be easily seen with ordinary micro- 
scopic manipulations. The fungus consists of branched, hyaline filaments, without 
septa, except as these are found cutting OB the reproductive parts of the threads. 
It is made up of a root-like or rhizoid part that penetrates the fish, and a vegetative 
and reproductive part that radiates from the host. The former consists of branched 
tapering threads which pierce the tissues for a short distance, but are easily pulled 
out. The function of this part is to obtain nourishment for the growth of the external 
parts. Prostrate threads are found ruiiiiing through the natural sliine covering the 
fish, and f%om these are produced the erect radiating hypha so plainly seen $hen in 
the water. The development of these threads appears to be very rapid when viewed 
under the microscope, although the growth made under favorable conditions in two 
days is oiily about a third of an inch. From actual measurelnouts of filaments of the ' 
fungus placed in water and watched under the microscope, i t  was found that certain- 
thread8 made a growth of about 300 microns in an hour. Two others, watched for 
twenty minutes, gave in that time a growth of 90 and 47 microns respectively; and 
yet another filament, observed during two periods of five ininutes each, made a growth 
of 28 microns each time. In  ordinary cultures the reteof growth depends upon 
the condition of the medium, host, eto. 
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The first evident sign of a spore stage is when the filaments, having reauhed a 
certain length, become more or less clavate a t  their free ends. It is then noticed that 
the protoplasm is much more abundant here. A constant circulation of granules in 
the protoplasm is going on, and the small nuclei are seen gradually moving along the 
cell wall toward the end of the filament. A band of protoplasm, free from granules, 
is next formed at the lower end of the clavate part of the thread, and across the 
lower side of this is rapidly developed a horizontal septum shutting off the club- 
shaped part of the hypha. Within this cell is now seen a shifting of protoplasm, 
with an appearance and disappearance of vacuoles. The septum has in the mean- 
time become slightly convex downward, and the hyaline band has again become gran- 
ular. When this shifting movement has continued for some time, the protoplasm is 
seen to form gradually into spore-like masses thickly crowded together and lining the 
cell wall. These become less distinct a t  times, and at  last seem to lose their identity 
entirely. In the meantime 8 short papilla has been forming on the end of the cell, 
and the Beptum becomes convex upward. The spores again become distinct, though 
crowded closely together, and suddenly those near the papilla are seen to be forced 
into i t  and pressed against the wall, whioh is quickly ruptured. The zoospores now 
rush out through the ruptured place, and soon swim out of sight; but all may not 
succeed in escaping from the zoosporangium. 

Their form is ovate to  oblong-ovate, with two cilia on the smaller hyaline 
end. By the lashing of these they keep up a rapid movemen't for some five or teu 
minutes, when, iu the majority of cases, this ciliary motion gradually lessens and 
finally stops. Assuming now a spherical shape, the spore loses its cilia and secretes a 
cell wall. In some cases, however, those zoospores which failed to escape from the 
zoosporangium were seen to move around for marly an hour before becoming quiet. 
These spores while motile are without a proper cell wall, and frequently slightly change 
their shape. In the meantime the septum at  the bottom of the zoosporangium becomes 
greatly convex npmwd, and a new growth of the filament takes place within the wall 
of the empty zoosporangium, this in time giving rise to another zoosporangium. 

The zoospores, after a short period of rest, are said to go through a second swarm- 
ing, aud then become stationary, as before. Soon after this second swarming the true 
germination of the spore takes place. This begins with a slight distention of the 
spore on one side. This distended part gradually becomes elongated, and is then seen 
as a germ-tube proceeding from the side of tlie spore. The growth of this tube is very 
rapid, altho ugh less 80 than that of the filaments of tho fungus, being slowest while 
the tube is getting a good start and, at the last, when the protoplasm is about 
exhausted, but, otherwise nearly uniform. The germ-tube .tends to be bent or flexu- 
ous rather than perfectly straight. After it has made a slight growth ~~acuolcs or 
rifts begin to  appear in the protoplasm of the spore. These widen as the contents are 
gradually drawn into the tube, until the spore is entirely emptied. One germ-tube 
was observed that had reached a length of &45 microns before the germination had 
entirely ceased. These germ-tubes are without septa or branches, and each spore 
forms but one such tube. Spores germinated in water made a growth of the germ- 
tube equal to about 1 micron emhminute during the time observed. The rate of growth 
of three different spores was respectively as follows: 45 p in 45 minutes; 15 p in 20 
minutes; and 42 p in 32 minutes. 

, 
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I t  is by the germination of these zoospores that the fungus chiefly propagates 
itself. They are asexual aud short-lived, but are continually produced in enormous 
numbers, and are easily carried to their hosts by means of their cilia. The double 
Rwarming also favors distribution, and thus tends to  render infection more probable. 
The fungus gains entrance to its host by its germ-tubes, which pierce the tissue. 

Besides tlie zoosporangia with their zoospores, the Saprolegniacem have another 
reproductive stage, consisting of antheridia and oiigonia, the mature spore form of 
these being the oiispore. In  the fungus studied these were never found. They are 
quite apt, however, to be produced less abundantly than tlie zoiisporangia and zoos- 
pores, even rarely, accordiug to some authors," mid a t  special seasons only. .While 
the generic distinctions of this group of fungi are based mostly on the characters of 
zobsporangia and zoospores, the classificationof the species dopends almost en tirely on 
the character of the antheridia, oogonia, and oospores. It was impossible, therefore, 
to determine exactly the species to which this fungus belongs. 

Enough was seen, however, to show that it belonged to what was indiscrimi- 
nately called Saprolepia ferax before De Bary's system of classification was proposed. 
By this author, however, 8. ferax is divided into several distinct species, and with one 
of these, S. mists (as described by Fischer in Rabenhorst's Kryptogamelz-Flora), the 
fungus in question seemed most nearly to agree. During Novembor it was said that a 
decided change in the appearance of the fungus on affected fish took place. Perhaps 
if material could havo been then obtained, the mature form might have been found. 

In  the cultures made a parasite frequently appeared upon the fungus itself. This 
was what Cornu first callod Olpidiopsis saprolegi&n. It belongs to the same great 
group (Phycomycetes) as docs the Saprolepin. It consisted of oval sporangia devel- 
oped in the spherically-enlarged ends of the Saprolegtbia filaments. The zoijsporan- 
gium formed a short tube, which pierced the wall of the host filament, and i t  was 
through this that the numerous small zoiispores escaped. This parasite so enlarged 
the ends of the filaments i t  occupied as to  make them visible to  the naked eye. 

The dcvelopinent of tlie fuiigus was of such a character as to  render it a serious 
pest in the aquarium, and various eff'orts were made by those in charge to lessen its 
ravages. The tanks were drawn down once or twice a week, but this did not diminish 
tlie disease to any great extent. The standard remeciy-salt-placed in the bottom of 
the ta,nBs seemed to lesseu tho disease, mid baths of salt water improved tlie appear- 
ance of tlie fish, destroying the fungus to some extent. Esperiments were tried to 
detmmiiie the effect of salt water of different degrees of density 011 cultures of the 
fungus. The ordinary sea water of the aquarium was strong enough to cause a shrink- 
ing and collapsing of tho protoplasmic lining of the fungous filaments soon after these 
were placed in it. Cultures on flies also failed to develop when placed in this water 
even when considerably diluted j but in ono part of sea water to five parts of fresh 
a vigorous growth of tlie inoculated fungus was once obtained. 

No special care had been taken t o  isolate healthy fish as they wero brought in 
and it was suggested that this measure was worth a trial, notwithstanding the fact 
that an ocoasional culture had been obtained from the filtered water just before its 
eutrance into the tanks. A tank was consequently selected, emptied, and thoroughly 
scrubbed throughout, and washed all over with a four per cent solution of carbolic 
acid. It was then rinsed with fresh aquarium water and emptied, after which it 

*Welpole end Huxley, in Twonty-first Report Inspeotors of Fisheries, England and Wales. 
--- 
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was filled with this water which was left running in the ordinary way for about a 
week, care being taken to dip nothing into the tank. A few days after the tank had 
been cleaned the filter seemed to work imperfectly, the water iii all the ta’nks becom- 
ing cloudy. The fish selected for this special tank was the small-mouthed black bass, 
a species which had “fungused7’ somewhat readily. Twenty-three of the best speci- 
mens of a car-load were selected and placed in the prepared tank, the remainder of the 
lot being pla,ced with fish that were more or less infected. None of the fish showed 
B i g n s  of the disease when taken from the car. Cultures made from water taken 
from the tank just after it was cleaned gave a very slight growth. Water taken from 
the tank the fifth day after cleaning gave no growth, while other cultures attempted in 
the fiItered water, both before and after its entrance into tho tank affer the fish were 
placed in the tank, once gave Lhprolegniu and once failed. Thig would seem to indicate 
that the zoospores were present in the water, though in comparatively small numbers. 
As the tank was so thoroughly cleaned, the only possible source of infection in this case 
was the water supply. Pour days after the fish were placed in the tank they begau 
to have the very slimy appearance that accoinpanies the first stage of the fungous 
attack, and an examination of this sliine showed that fungous threads were present, 
though not yet abundant. The bass that were placed with diseased fish seemed but 
little more parasitized, but later both lots became badly diseased, and in a fortnight 
were practically all gone. 

The above experiment and the cultures made from the aquarium water before its 
entrance into the tanks show clearly that the original source of infection was the 
water supply-a difficulty it would seem impossible to remedy, at least with an imper- 
fect action of the filter. *: 

It has long been known that species of 8aprolegnia are sometimes found as para- 
sites on aquatic animals. They are closely related in their structure to certain algae, 
aud may be regarded as degenerated forms, which, because of their saprophytic or 
parasitic habits, have lost $heir chlorophyll. We are iiidebted to such investigators 
as Cornu, Pringsheim, and De Bary for much of our knowledge of the life-histories 
of these forms. Concerning the fungus most frequently found as a parasite oti fish, 
English and Scotch writers seem to have written most, a fact due perhaps to the 
great outbreaks of the disease among the fish in tho rivers of Great Britain in the 
years 1877 to 1880, during which time the loss was so great as to seriously interfere 
with the fisheries industry. Many kinds of fish were affuoted, but the salmon most 
disastrously. About the same time certainauthors note an unusual occurrence of the 
disease among the fish of some of the rivers of this country. 

Our American botanists have done comparatively little with this class of fungi. 
The most elaborate work is a monograph by Huinphrey, treating of Ainericau forms, 
and giving the general life-history and the literature of this group. Hine (1878) pub- 
lished a general article 011 this class of fungi, and Galloway (1891) has deillt with the 
life-history of S‘uprolepia monoica. Gerard (1878) and Lockwood (1890) have published 
articles trwakingof the special fungus of fish called by them 8.ferccm; otherwise-if we 
except the articles copied in American publications from foreign sources-our litera- 
ture on the subject seems to be limited to inere references to 8. Jkrccx as a parasite of 
fish in certain places. 

water for which it wm intonded. 

’ 

___-_ __ _I-_- _____I .___ 

*This filter W I ~ D  heavily overtaxed at the time, utiually filtering more than twice the amount of 
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LITERATURE. 

Perhaps no class of fungi has been more thoroughly studied than the 8apro.legni- 
acece, owing, no doubt, to the ease with which these forms may be observed through 
all tlieir various stages of development. This has given rise to a very extended liter- 
ature of the subject, and I append references to all items accessible to me in which 
SaproZeynia is ineiitioried as a parasite of fish. The name of the article is not usually 
given, but the reader is cited directly to the page on whicli inention of Saprolegnia 
occurs, and for convenience the character of the reference is briefly indicated. 
BARON DE LA VALETTE ST. GEORGE, 1879. Circular No. 3, German Fishery Association. (Traw- 

Recommends 

(Translated by Jacobsen, in 

Refers to  a saprolegnious disease of fish in  central Europe, and says it may be cured by placing 

Trans. Roy. SOC. Edinburgh, vol. XV, pt. 11, 

lated by Jacobsen, in  Rep. U. 8. Fish Comm. for 1878, p. 509.) 

a continuous supply of pure oold water. 

Bull. U. S. E’ish. Coinni., VI, p. 342.) 

the  fish in a 1 per cent. solution of salt water, or by mashing them with still salter water. 

pp. 284, 287; also as separate. 

Among enemies of fish mentions 8. fcrax as destructive to eggs and evcn live fish. 

BENCKE, 1885. Peinde d w  Teichwirtschaft, in  “Die Teichwirtschaft.” 

BENNETT, 1842. 

Gives account of “oolorless confervm” found by different authors on fish end thcir eggs. 
BERKELEY, 1864. Intellectual Observer, p. 147. 

Mentions certain Saprolegniacew as destructive to  fish and their ova. 
BERLEBE and DE TONI, 1888. 

Mentions S. ferax :is found on dead flies, fist, salamanders, ete. 
BEBBPY, 1885. 

Notes S. ferax as growing on dead and living fish, and refers to tho epidemic in  England in 1878. 
BOTANIBCHE ZEITUNG, 1868, . 829. 

A short note in which Cogii is said t o  have produced death of goldfish by artificial infection with 

BROOK, 1879. 
Gives notes on salmon disease of tlie Esk and Eden rivers. 

BUCKLAND, WAL~’OLE, and YOUNG, 1880. 
salmon. 

Treats of Saprolegnia. 
CENTURY DICTIONARY, 1891 vol. v, pp. 5315, 5340. 

Under salmon-disoase,b and under “Saprolegnia,” inoution of 8. feraz as destructive to  fish, 
especially salmon. 

CLARK, 1874. Amer. Nat., vol. VIII, p. 363. 
Mentions occurrence of AchZya prolifera ( 2 )  011 live fish in a house aquarium, giving method of 

treatment, etc. 
COOKE, 1880. Grevillea, vol. IX, p. 9. 

States that Rutlierford found baoteria present in muscfes of diseased salmon, which he thought 
might cause the disease. Cooke thinks i t  due to  S. fcrax. 

COOPER. Micr. Jour., vol. I, p. 149. 
h’otes a fungous growth that  killed goldfish. 

DE BARY, 1888. Botaiiische Zeitung, p. 617. 
Mentions S. mixta as found on bick fish. 

FARLOW AND SEYMOUR, 1891. Host Index IT. S. Fungi, p. 179. 
Mentions 8. ferax as reported in  Unitcd States on several kinds of fish. 

FISCHER, 1892. Raben. I i q p t .  FZora ( P i k e ) ,  Lief. L., pp. 357, 340. 
Mentions occurrence of S. rnoiioica and A’. tlrureti on dead fish, and S. niista on sick fish. 

GERARD, 1879. Proc. Poughkeepsie Soe. Nat. Sci. 1878, p. 25. 
Gives au account of an cpidemic among fish of Passaic Rivcr, N. J., in  wliioh species afforted 

in order of mortality were as follows : Sucker, mullet, chub. roach, suntish, yellow perch, 
catfish, and a few picltercl. 

Parasitic Fungi in  Living Animals. 

Saccardo’s Syllo e Fungorum, vol. VII, pt. I, p. 270. 

Botauy for High Scliools and Colleges, p. 257. 

Achlya. 
Trans. and Proc. Bot. SOC. Edinburgh, vol. xI:I, p. 389. 

Report on disease which has rccently prevailed among 

(Copied in Jour. Ro . Micr. SOC. 1880, p. 997.) 

GOODSIR, 1846. 
Describes a plant developing on gills and fins of goldfish. 

HARKNEBS ANI) MOOI~E, 1880. Paoilic Coast, Fnngi, 1’. 32. 
S. fcrax mentioned as common on dead flies and living salnion. 

NINE, 1878. Anier. Quart. Mier. Jour., vol. I, pp. 20, 145. 
In a general article on Saprolegniacea! mentions forms parasitic 011 fish, utc. 

HO~WMAN, 1867. Uotanisohe Zcitung, p. 345. 
In  an article on the relation of a Saprologt& and a Mucor, mcutions the occurrence of the former 

HUXLPY, 1882. (Abstract of ibrticle i n  Am. Month. 

Traiis. Bot. SOC. Edinburgh, vol. I. (Article uoticed in Bot. Xeit. 1846, p. 479.) 

On fish. 
Quart. Jour. Mior. SOD., vol. XXII, n. s., p. 311. 

Treats of Saprolegnia in i t R  relation to epidemic disease among sdmon. 
Micr. Jour., I I I , ~ .  137.) 
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KNIGHT, 1885. Bull. Torrey Bot. Club, vol. XII, p. 56. 

LAMBOTTH:, 1880. >'lore Myaologique Bslge, p. 112. 

LINDSTEDT, 1872. Synop. der Saprolegniaceen, pp. 39, 42, 46. 

LOCKWOOD, 1890. Jour. N. Y. Micr. Soc., vol. VI, p. 67. 

MURRAY, 1885. 

Notes that  a goldfish succumbed to  attack of S. ferax. 

In a description of S. ferm, says it occurs on deaJ iisli, salamanders, etc. 

Mentions Saprolegnia as being found by old authors on dead and living fish, and gives S. ferax as 

Gives an extended popular and scientific account of S. ferax on sunfish, eta. 

Gives notes on inoculation of fish with S. ferax and says disease was introduced into aquarium 

occurring on dead fish, etc. 

Journal of Botany, vol. XXIII, p. 303. 

through earthworm. 
PECK, 1886. 

Notes S. f e r w  as found on aquarium fish and those in artificial ponds in New York. 
ROBSON, 1880. 

An artccle on salmon disease said t o  be due to S. ferax. 
RYDER, 1881. 

Meiitions a saprolegnious growth quite destructive to  fish eggs. -, 1882. Bull. U. S. Fish Corn., vol. 11, pp. 189, 190. 
Gives account of action of S. ferax and of attempted prevcntive experiments 

SCHENCK, 1890. Handbicch der Botarcik, vol. IV, p. 567. 
Gives S. fhnreti of De Bary a8 occurring on dead and living fish, their eggs, etc. 

SCHNETZLER, 1888. Mag. Nat. Hist., vol I, p. 162. 
Mentions a tadpole's becoming infected with S. ferax by spread of the  fungus from :I fly. 

SCHROETER, 1889. Krypt. Flora von Schlesien, pp. 256,754. 
Gives scientifio descriptions of S. monoica and S. ferax, and says they occur on dead insects, organic 

S D I I T H , . ~ ~ ~ ~ .  
Gives account of a disease of salmon in  rivcrs of northern England. 

STIRLING, 1877-78. 

Thirty-ninth Rep. N. Y. State Mus. Net. Hist., p. 49. 

Scieiice Gossip; :~,lso Amer. Month. Micr. Jour., vol. I, p. 103. 

Bull. U. S. Fish Coni., vol. I, p. 181. 

matter, living fish, etc. 
Gardener's Chronicle, vol. IX, p. 560; also Grevillea, vol. VI, p. 152. 

Proc. Roy. Soc. Edinburgh, vol. IX, p. 726. (Reprinted in Rep. U. S. Fisli Cornm. 
1878. n .52R , Z. ---., 

Gives account of a destructive epiilernic among salmon and other fishos in rivers of Scotland, due 

(Reprinted in Rep. U. S. Fisli Cornin. 1878, 
to S. ferax. 

p. 531 ant1 p. 370.) 
-, 1878-79. Proc.'Roy. Soc. Edinburgh, vol. x, p. 232. 

Gives additional observations on the fimgous disoase affecting salmon and other fish. 
SWAN, 1888-89. Rep. and Proc. Belfast Nst. Hist. Soc., pp. 54-85. 

Gives life-history of S. ferax and its relation t o  salinon disease. 
TIIELRA~E. 1884. 

Gives S. fernx (Gruithus) forin Thurelii de Ihrg, as obtained' on fly cultures in wntcr i ~ f  Madison. 
VAL~ICY-MAYET, 1885. 

Extract from lettor giving account of trouble witli snpposcd Sapvolegnia in  liatcliiiig salnioii oggs. 
WALPOLE ANI) HUXLEY, 1881. Twenty-first Ann. Rep. Illspectors Fislicries Englaiid anti Wales. 

(Reprinted in Bull. U. S. Fish Cornpi., I, p. 429.) 
Authors givc a very comprehensive account of' t h o  saloiou cliscasc of rivers of Enalaud and Wales. 

Mature state of fungus not being found, absolute cleterrnination of spccies was iinpossi Me. 
To tho above may be added the following referenccs to  early writers who note the appexraiice of 

this or similar fungi on various aquatic :inimala, as siilamanders, frogs, utc. : Carus, Nova ActiL, 1823, 
vol. 11, p. 493; Hunnorer, Miiller's Archives, 1839, p. 338, and 1842, p. 73; Stilling, Muller's Archives, 1841, 
p. 279; Valentin, Repertorium, vol. v, p. 44. 

I'arasitic Fungi of' Wisconsin, p. 4, No. 3. 

Bull. U. S. >'ish Comm., vol. v, p. 272. 
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REPORT ON A PARASITIC PROTOZOAN OBSERVED ON FISH IN THE AQUARIUM. 

BY CHARLES WARDELL STILES, PH. D., 
Zdogis t ,  Bureau of Animal Inriiistry. 

INTRODUCTION. 

During the early part of the Columbian Exposition season a lot of young catfish 
(Ameiurzcs nlbidus) were brought to the aquarium from the Potomac River and some 
time after were discovered to be seriously infested with a protozoan parasite. The 
geueral pressure of aquarium operations prevented any special study of the subject 
until a spread of the parasitic diseass to other species adjacent, notably to young 
trout, coinpelled attention to it. Some preliniinary studies made by Prof. S. A. 
Forbes, director of the aquarium, resulted in a determination of the parasite as a 
species of the genus Icl~tl~yophtMrius of Fouchet, and some practical experiments with 
solutions of common salt, copperas, carbolic acid, and other materials, showed th.at 
the parasite was easily destroyed in a free state by severd of these substances. It 
seemed necessary, however, that solutions should be found capable of destroying the 
parasite while imbedded in the mucous layer of the Rkin without iujury to the fish 
infested-an undertaking which required a large amouu t of continuous pork, sys- 
tematically planned with reference to both scientifio and practical ends. Prof. Forbes 
consequently applied to Secretary Morton, of the U. S. Department of Agriculture, for 
the temporary transfer of' thd author of this report from the Agricultural Department 
to the U. 8. Fish Commission, with a view to  having such insthodioal experimental 
work carried forward until definite results mere reached. 

Arriving a t  the aquarium i n  July, I found that in some tanks scaruely a catfish 
or a trout was free from the parasihes. The latter were perfectly visible to the naked 
eye, and were scattered over the entire exterual surface of the fish. They were numcr- 
ous on the gills and in the mouth, arid in the case of the catfish they were also found 
in the stomach, the latter specimens probably having beeti swallowed. The protozoa 
were not entirely superficial, but were imbedded in the epithelial layer of the skin, 
lying in small round cavities large enough to contain but one or two individuals, or i n  
elongated galleries or pustules (especially in the case of the catfish) containing num- 
erous specimens of the ciliate. In  most cases the fish mere covered with a thick slime, 
which extended also into the mouth and covered the gills more or lesv completely. 

The temperature of the meter was high, running some days up to 740 F. (23.3O c.), 
and this factor' should bo taken into consideration in connection with tho high mortality 
of the infested fish. 

They 
gasped very rapidly and scorned unable to eat. Mrlien they took a morsel of food 
into their mouths, it was reteined but a niom?nt aiid then expelled. Gradually they 

. 

Fish iufestscl with this parasite usually preferred the upper half of the tal&. 
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would seek the surface of the water, become weakened and sluggish in their movements, 
and finally die. 

'The exact pathogenic action of the parasite on the fish I am unable at the present 
moment to explain, for although I examined A number of fish after death-mauy of 
which were considerably decayed before I could study them-T found no one gross 
lesion or set of lesions common to them all, other than the generalinjury to  the epider- 
mis and the enormous amount of slime present on the body and over the gills. I am 
convinced that the parasite is not a harmless object and that the mortality of the fish 
was not due solely to the high temperature of the water, for had this been the case 
fish in uninfested tanks would have been affected a8 we11 as those in the infested 
aquaria. Furthermore, even if one were inclined to claim that the temperature was 
the chief factor in the disease, he would be confronted by a fact which would be 
difficult to  explain on that theory, i. e., that the young catfish seemed to succumb more 
easily than the trout, although able to live in much warmer water. On the other 
hand, as the catfish were more seriously infested than the trout, the higher mortality 
of the former is more easily understood by assuming B pathogenic property of the 
protozoa in question, 

Accordingly, while the specific pathogenic action still remains undetermined, I 
think there can be no reasonable doubt that this parasite contributed largely to the 
cause of the losses sustained by the aquarium. 

The special problem before me was to find an inexpensive solution which would 
kill the parasites, but in which the fish could live. This in itself wap not a difficult 
matter, for several solutions were soon made which were absolutely fatal to the pro- 
tozoa when liberated from the fish, and in which the fish were able to live for several 
hours or even for several days. Upon applying these solutions to practical use, how- 
ever, it was found that they had absolutely no effect upon the parasites as long as the 
latter remained in the epidermis or in the slime. Two methods of experimentation 
were then open: first, to find a solution which would cut or remove the layer external 
to the parasite and thus act as a carrier of the germicide; or, secondly, to study the 
life-history of the parasite in the hope of discovering some stage of its development 
during which it lived free in the water, then to kill this stage and thus prevent a 
reinfection of the fish. 

While the details of these experiments" will be given below (cf. pp. 186-189),it may 
be stated here that the last-mentioned method was the only one which was found 
feasible. The three solutions which gave the best results were salt water, inetbylen 
blue, and eosine. To fully understand the actiou of these liquids, it will be uecessary 
to give a description of the parmite and the details of its life-history. 

*These investigations are to be looked upon a8 field experiments, rather than as minute resoorches - into the exact effect which tho varjous solutions mentioned below have upon the fish, as they were 
carried on in an externporized laboratory, and with a view to mooting the epieoijtic at hand rather 
than placing on record dctails and rninutim as to the exact number of seconds that various specics of 
fish or the pasasitee coiild live in different porcentages of strength of various disinfectants. Owing 
to the fact that I was obliged to make the experiments upon tho gronnds of tho Exposition, i t  wne 
necessary for me to borrow my instruments from the different Government cxliibits at the fair, and it 
is with plcasiire that I acknowledge here my indobtcdness t o  Ur. Wiley and Mr. Fairchild for placing 
various instruments at my disposal; Ur. Kinyoon, of the IJ. S. Marine Hospital Service; Dr. Lagard, 
of the U. S. Ariny Hospital; John Wyeth & Bro., ohcmists, Philadelphia, and Mer& & Co.,  New 
York, kindly fiirnished me with various chemicals, thus saving miich trouble and expense. 
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THE PARASITE. Rolophrya (Ichthyophthirins) multifiliis (Fouquet). 

SYNONYMY. 

1887. HOZO~~WIJU (1.) ntuZtijiZiis (Fouquet) Biitschli. I 1892. l ch t i~yop l~ t l~ i r i~ t s  cryptostornus Zacharias. 
1876. ~ c l c . t h y o ~ ~ ~ c . ~ ~ t ~ r ~ c s  rnult@z& Fouquet. 
1884. CI~romatopRague parasiticico Kerbert. 

HO8T8. 

Schlanimpeitzger (Cobitis fossilis) and others,-I-Iil- 

Von Behr trout (SaZmo fario L.), Fouquet, 1876. 
Tench (Tinca 1~zL~pwis  var. auratn), Icerbort, 1884. 
Bream (dbraniis brama L.), Icerbert, 1884. 
White brcalu (Blicca bjorlrna Sieb.), Kerbert, 1884. 
Carp (Cypiinws caipio L., with varieties; C. rm 

cyp)”iorum and c. nudus), Ibrbcrt, 1884. 
Goldfish (Carnssius vrclga~is KrOyer), Icerbert, 1881. 
Golden ide ( Idus  i~icluwotua var. miniatus Heck. & 

Kner), Kerbert, 1884. 
Atlantic salmon (Salino salar L.), Icerbert, 1884. 
Von Behr trout (SuZnio f d o  L.), Kerbert, 1884. 
Brook trout (SaZvcZinits jcontinalis Mitohill), Ibr- 

Brook trout (Salaczinus foiztinalis Mitchill), Forbes 

Vou Behr trout (Salmo fario L.), F. & S. 1893. 
Loch Leven trout (#ahto zeveizcnsis Walker), new 

Rainbow trout (Salmo i Y i d e U 8  Gibbons), new host, 

gendorf aiid Paulicki, 1869. 

bert, 1884. 

& Stiles, 1893. 

host, 1893. 

1893. 

GIGOGRAPI1ICAI 

Germany (Homburg), Hilgendorf & Panlicki, 

France (Paris), Fouquet, 1876. 
Holland (Amsterdam), ICerbert, 1884. 

1869; (Plijn), Zacharias, 1892. 

Lake trout (S. itamaycush Walb.), new host, 1893. 
White bass ( R o c c x ~  C ~ I Y I J S O ~ S  Raf.), new host, 1893. 
Pike perch (Sfizostcdiotc. aifrcum Mitchill), new 

Spottcd catfish (Idtalurtds punctatus Raf.) new 

Young Mississippi catfish (dnieinrus icigricans Le 

Channel catfish (Antciunks azbidss Le SueU), new 

Yellow catfish (Ameiurus ?aatazie Le Sueur), new 

host, 1893. 

host, 1893. 

Sueur), new liost,, 1893. 

host, 1893. 

host. 1893. 

1 

- I  ~- - 
llltxbled catfish (Ameiurus marmoratus Holbrook), 

Whitefish ( Corcgonus cZupeiformis Mitchill), new 

Large-mouthed buffalo (Ictiobua urus Agassig), new 

Small-mouthed buffalo (lctiobus bubalus Raf.), 

new host, 1893. 

host, 1893. 

host, 1893. 

new host, 1893. 

new host, 1893. 
Sheepshead ( Archosurgus prbbatocepliaZus Wdb.), 

DISTRIBUTION. 

United States of North America (Chicago), fish 
came originally froin the Potomac River, Forbes 
6 Stiles, 1893. 

BIBLIOGRAPHY. 
BUTSCALI : 

Taf. LVI, 10 a-d (figurcs after Fouquet, 1876). 
.FOUQUET, D. : 

niontale et g6nbrale, t. v, pp. 159-165, pl. Iv, 1-11. 
HILGENDORF, F., und PAULICITI, A. : 

Wisseuschaften, pp. 33-35. 
KENT, W. SAVILLE: 

Tentaculiferous Protozoa, British :Lnd Foreign. 
KERBICRT, C. : 

d. Die&., Amsterdnm, .Jahrg. v, pp. 44-58, Taf. IV. 

18841 by Norman Jacobson; U. S. Fish Coriimissioii Report for 1884. 

1887. Proto%oa : Band I. Bronn’s IClassm und Ordnungen des Thierreichs, pp. 1584-1585,1678-1679, 

1876. Note sur une espbce d’infusoires parasites des poissons cl’eau douce; Archiv. d. zool. oxp6ri- 

1869. Infiisiousthiere ala I-Iautparasiteu bci Susswasscrfischen ; Centralblatt fiir die niediciuischen 

1880-1882. A Manual of tho Infusoria, iuclucling a description of all known Flagdate, Ciliate, and 

1884. Chromato liagzis parasiticus n.  g .  ef i t .  sp. Ein neitrtig %UP I’arasitenlehre; Nederl. l’ijdsch. V. 

1885. Review of 1884 i n  Joum. Miar. SOC. (2) V., p. 81. 
1886. CIc.ronsatoplc.agus pa~asi t icuo.  A contribution to  the natural liistory of parasites, [translation of 

1879. Ueber die Fsindo der Fische, 1). 77. 

1894. Notes sur lcs Parasites-24 : Notc pr6liminsire sur uno espbce d’infusoires (Tclc.tA~~oplktkirius), 
parasites ollez des poissons d’oau douou b l’fixpositioii Interliatiol~alo do Chicago ; Compt. 
rend. do 1 : ~  soc. do Biologic, paris. 

E ~ E ~ Y ,  
Life and Death, pp. 150, 151, footnotes. 

London, 3 vols. 

pp. 1127-1136, 1 pl. 
1 4  VALETTE DE AT. GEORGE : 

(A circular of the German Fishery Association.) 
STII.IES : 

(Contains conclusions given in the prcsent paper.) 
WICISSMANN, A. : 

ZAC,IA~UAS, Otto : 

2891. Essays upon I-Ieredity and kindred Biological Subjects. 

1892a. Ein infusorioller Hautparasit bei Siisswasserfischen; C. f .  B. 11. P., XII, pp. 718-720. 

En@. Ed., Oxford, vol. I. 

(Pre- 
liminary notice to  1892b. ) 

1892.5. Ueber cine Ichthyophthirius-Art a118 den Aquarien der Biologisclien Station eu P18n; Fest- 
schrift euu 70ten Geburtstuge Rudolf Leuokarts. Leipeig. pp. 289-292, Taf. XXIX, figtl. 1-12. 
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HISTORICAL REVIEW.* 

t Hilgendorf and Paulicki (1869) of Hamburg seem to have been the first to place on 
record observations concerning this form. They noticed that a number of diEerent 
spcies  of fresh-water fish in the aquarium of the zoological garden in Hamburg were 
troubled with a slimy excrescence, which was followed by a growth of fungus aiid 
finally by the death of the fish. In each excrescence was fouiid one or more speci- 
mens of a large (0.5 mm.) protozoan. This parasite, which Bilgendorf and Paulicki 
thought might belong to Ehrenberg’s genus l’antotric7~a, seemed to possess neither 
month nor characteristic form; it was covered with fine oilist arranged in longitudinal 
spiral lines and possessed a uucleus, contractile vacuole, vacuoles, and granules ; it 
appeared to rotate always in the same direction. When the fish were placedin a special 
aquarium for study, it was noticed that the parasites left t,heir host, fell to  tblie bottom 
of the glass, encysted themselves, and multiplied by division. The small resulting 
oval bodies, Hilgendorf and Paulicki think, probably infest new fish. They believe 
that the function of the skin of the fish must be greatly disturbed by the presence of 
these parasites, and that  the fungous growth was ,only secondarily concerned in the 
malady. Among the fish infested, the authors mention especially the ‘‘ Schlammpeitz- 
ger (Cobitis foseilis L.). 

*As very little literature was at my disposal while on duty at the World’s Fair, the  greator part 
of this historical review has been writtcn since returning t o  Washington. Through t h o  kindness of 
Prof. Forbes, however, I had access t o  Biitschli (1887), a revicw of Kerbert’s work (1888), and to  
Fouquct’s article (1876), while still in Chicago. 

t Bei dem allgemeinen Intercslre, welches den niederon Organismen fiir die Entstehiing verschied- 
ener Krankheitsprocessc in neuercr Zoit beigelegt wird, durftc nachfolgende Beobaohtung, welche 
in dem Aquarium des Hamburger zoologischen Gartcns aiisgefuhrt wurde, eincr Mittheilung werth 
erscheincn. In den siimmtlichen Siisswwserbchiiltcrn wurde niimlich bereits seit lauger Zcit an den 
verschiedensten Fischarten das Auftrot en von schleimigen Excrescenzen beobachtet, die schliesslich 
zu Schimmelbildung und endlich zum Toclc der befallenen Individucn fiihrten. Die microscopische 
Untcrsuchung dieser Schimmelmassen zeigte nur die gewiihnlichen aufgequollenen Epithelzellen der 
Fischhaut. Aber schon bei der ersten Besichtigung t r a t  eine Art von Infusionlrthicrchen, die sich 
durch verhiiltnissmSsig enorme Grijsse auszeichncte (bis 0.5 mm. im Durohmesser) in dem Gesichtsfelde 
auf, wurdc indessen anfinglich fur  ein zufilliges Vorkommen angcsehen. Die microscopisohe 
Besichtigung yon bcsonders gecignetcn Stellen des Fischcs, z. B. den Bartfiiden und Flossen, zcigte 
aber bald, dms jede einzelnc Excrcsccnz im Inncrn eincn wharf couturirten wcissen Punot bcsuss, der 
eine unverkcnnbare Aehnlichkeit mit dcm macroscopischcn Aussehcn joner Thicrchcn verrieth, eine 
Vermuthung die sich bei Anwendung des Microscops viillig bcstiitigte. 

Die betreffende Form, welche wohl zu dcr Ehrenbcrgschcn Gattung Pantotriohum geliiiren 
kiinnte, zeigt wedcr Mund, noch duroh Griisso auegczeichnct Wimperheure odor Borsten, noch eine 
characteristische Karpergestalt; sie ist iibcrall mit fcinen gleichmiissig entwickeltcn, in  schwach 
spiraligcn, gedriingten Liingslinicn stehanden Wimpcrn besctzt, und l iss t  nur noch einen (bei grossen 
Exemplaren hufcisenfiirmigen) Kern, die contractilc Blase, Vacuolen und Kiiruchen erkennen. Ein 
Bartfaden von einem Schlammpoitzger zeigt die Einbettung des Thicrcs untcr dcm (hier golblichen) 
Epithcl und iiber der Schicht dcr Pigmcntzellen aufs dciitlichstc. Die Epithullagc bildot, ohne 
sonstige Veriindcrungen zu bicteu, einen ansehnlichon Hiigel iiber dcm Parasiteu, welclier sich in einor 
fortwiihronden, anscheinend stet8 nach dcrselben Scite gerichtetcr Rotation bofindet. Wonn, wic es 
iifter beobachtct wurde, eine Anhiiufungvon don Schmarotzcrn an ciner bcstimrntcn Stelle StattffiUdQt, 
so verbinden sich die epithclialen Decken der cinzelnen Individuen zu zusernmenh~~iigendon, ziemlich 
ausgedehntcn Massen, welche den ganzen Kikper des Fisches, Augen, Nufmurijhrchcn, Flossen, etc., 
iibersiien. 

In ein besondercs Glassgefiiss untergcbracht, verlorcn die Fischo bald eiuen Theil dor Iufusorien, 
welohe sioh auf deln Bod011 des Gleses anssmmeltcn, untl au dieson abgosondertou Thieren konnte nun 

’ 
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Thus, as we shall see, the first observers, although they did not go into minute 
details in regard to the microscopic structure of the parasite, made very exact obser- 
vations 011 its life-history, and all the work on this form which has been done since 
then confirms most of their observations, corrects some slight errors, and supplements 
their description by furnishing details which escaped their notice. 

Fouquet (1876) found numerous nearly spherical parasites, 0.3 mm to 0.8 mm in 
diameter, on small trout in Prof. Balbiani’s laboratory (Coll6ge de France, Paris), 
which he identified as the form found by Hilgendorf and Paulicki. They rotated, 
according t o  his observations, from left to right as well as from right to left in a cyst 
formed at  the expense of the epithelium; the cilia were arranged regularly in rows as 
already noticed by Hilgendorf and Paulicki. In  the cortical layer of the ciliate were 
found trichocysts end numeroua contractile vacuoles, 0.03 mm in diameter. The endo- 
plasm contained granules which carmine would not color and which werc insoluble in 
caustic potash and only slightly soluble in ether and alcohol. 

The larger specimens contained irregular patches of blackish pigment. The 
mouth was on the anterior extremity, non-contractile, 0.04 mm in diamete$ and 
surrounded by cilia which are slightly longer than those of the body; ‘an cesoph- 
agus was present. Fouquet does not believe that this orifice can be used as a mouth, 
but rather that it serves as a sucker, while the parasite absorbs its nourishment by 
endosmosis. The nucleus is described as horseshoe-shaped, 0.30 mm longby 0.09 mm 
broad; the nucleolus could not be discovered in the adult, but was found in the 
young. When the parasite has reached a certain stage, i t  leaves the fish, falls 
to the bottom of the aquarium, forms a cyst around itself and divides in the series 
2, 4, 8, 16, etc., until about 1,000 small cells are formed. The division ie completed 
in about 40 to 50 hours? the time varying according to the temperature. On tlhe 
third or fourth day tho young, which measure 0.046 mm by 0.028 mm, escape from 
the cyst and seek new hosts. The trichocysts are more visiblo in the young than in 
the adult. The nucleus is 0.015 mm in diameter and in part incases the nucleolus, 
but each h?s its own membrane. The nucleolus measures 3.1 /A in diameter. Fouquet’s 
attempt to  infeot fish with the young parasites gave negative results. The epizootic 
began each year towards the end of May, and lasted two or three months. While 
Hilgendorf and Peulicki considered this parasite related to Pantotrioha. Ehrbrg., Fou- 
quet considers it a representative of a new genus of Heterotrioha, for which he proposes 
the name Iohthyophtl&+us (I. mzcltifiliis). 

cine weitgehende Tbeilung nach vorheriger Encystirung beobachtet werden, wzhrend die unmittelbar 
vom Fische herabgenommeneu Individuen nio die Andeutung eines Theilungsprocesses erkennen 
liessen. Theilthierchen wurden in versohiedenen Beobachtungen 2, 4, 8, 16 bis xu etwa 100 und 
dariiber geztihlt. Wurde die gemeinschaftliche Hiille durch Druck zum Bersten gebracht, EO driingten 
sich die kleinen Naolikommen des Mutterthieres hervor uud schwammen in schneller Beweguug a18 
anfiinglich ovale, rotirende Gebilde lebhaft umher. 

Wahrscheinlioh werdun clime kleinen Theilspriisslinge wiederum einen Fisoh oufsuchen, um an 
ihm durch reichliqhe Nahrung Wachstum und abermalige Theiluligsfiihigkeit 211 erwerben, und urn 
d a m  denselben, soaben dargostelltell Kreislauf der Entwicklung zu wiederholen. 

bedoutend leidon, 111 dem sich die Oberhaut in Fetzen abliist und die Function der Haut wesentliche 
Beeintriichtigung erfdhrt. Die Pilzbildunp scheint erst auf dem abgeetossenen EPithel d B  secun- 
diirer Process vor sioh zu gehen, und darf somit wohl nichtalsoin wesentlichee Moment der Krankheit 
angesehen werden. 

- 

Die Fisohc Eelbat miisscu natiirlich, zumal durch lnassenhaftes Auftreten dieser Schmarotzerform . 

F. C. B. 3893-12 
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W. Saville Kent (188042, vol. I, p. 109) refers to Ic‘c7~tl~yoplbtkirius nnlultiflliis, and 
creates (vol. 11, p. 530) for it a new family, Iclbthyophthiriidoe S. K., with the diag- 
nosis :- 

Animalcules adherent, more or less ovate, ciliate throughout, oral cilia of larger size then those 
of the general cuticular surface, oral region adhesive, acetabuliform. 

Saville Kent (vol. 11, p. 531) seems to doubt the absence of a iiiouth becauseof the 
presence of black substance in the body and also upon other grounds. (Cited from 
Eerbert). 

Kerbert (lSS$)* noticed a skin-disease on several of the fresh-water fish (see list 
of hosts, p. 175) of the Amsterdam Aquarium, caused by an infusorian parasite, which 
he thought was probably identical with tfhe form described by Fouquet, but for which, 
on account of certain apparent differences in structure, he created a new genus and 
new speciss, Clwomatophaps parasiticus, which he places in Saville Kent’s family 
Trmhelocercidce. This diseasehas been termed “spot disease” (Flecken-Erankheit), and 
should not, according to Kerbert, be confounded with thedisease ‘( Pocken. Kraukheit 
or pox,” observed by Wittmack in various cyprinoids, where, on the surface of the 
skin, there appear bluish-gray spots of a slimy, fungus-like character, which spread 
more or less over the entire body, and extend to the eyes, fins, etc.” Kerbert never 
diseovered any infusoria in pox, although Wittmack thinks the cause of the disease . 
may possibly be traced to them. Spot disease, according to Kerbert, also occurs on 
salt-water fishes, but the ciliated parasite he found upon dlustelus vulgaris Mull. & 
Henle, and Acanthias vzclgaris Risso, in the pulp cavity of numerous placoid scales, is 
probably not the same as the form he found upon the fresh-water fish, although Kerbert 
simply states that the rapid decay of the fish prevented him ‘‘from making a thorough 
examination of this species of infusorians.” 

Kerbert then discusses the views of Hilgendorf and Paulicki, and Fouquet, at some 
length. He, agreeing with Saville Kent, loolzs upon the dark granules in the infusoria 
as the remains of cutaiieous pigment of the fish, and hence as positive proof against the 
view that these parasites have no mouth. Hementions a paper by Livingston Stone, t 
in which a, cutaneous parasite of Salmo fario is described and figured, which Kerbert 
thinks is probably a rotifer rather than an infusorian. According to Kerbert also, La 
Valette St. George refers to  the articles of Hilgendorf and Paulicki (1869) and Stone, but 
makes no further statements. As Kerbert’s paper appeared in full in the Fish Com- 
mission report, it will suffice here if the barest outline of his results is given. The para- 
sites measured 0415 mm by 0.408 mm j no trichocysts could be distinguished; mouth 
was lateral in position; pharynx was well developed; anus absent but the f w e s  were 
secn to escape from various points of the body. lteproduction not by fission, but essen- 
tially the same as described by Fouquet, the division always taking place in the dark. 

Butachli (1887) considers that  the parasites found by Hilgendorf and Paulicki, 
Fouquet, and Herbert are identical. He does not consider that IchtlLyophthirius 
should rank as a genus, but makes a subgenus of it in the genus Holophrya Ehrbg., 
1831, (subfamily) SHolophryba Perty, 1852 (Pam.) emend., family 5 Enchelina (Ehrbg.) 

. 

*As Kerbert’s original is not .at my disposal, I quote from Kerbert 1885 ;tiid 1886. 
tDomesticated trout: How to b r e d  andgrow them. 

tHoEophryince, according to the rules of the International 2001. Congress. 
$ Enchelyidcc, aocording to the rules of the International Zool. Congress. 

Third ed. ; Charlestown, N. H., 1877, p. 277. 
(Appendix I.) 
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Stein, 1860. Butschli believes that the trichocysts of Fouquet are rather to be 
explained a,s a plasm& structure,” aud he seems to  think that Fouquet’s statement 
regarding the absence of a micronucleus in the adult is erroneous: 

The following is Butschli’s definition of this family: 

I. FAMILIIE. ENCHELINA (Ehrbg.) Stein, 1860. 

Gestalt meist inelir oder weniger mon8son; kure bis recht leng gestreckt, judoch hihifig mit 
Neigung zur Bilatoralitiit, seltener zur Asyminetrie. Der Mund liogt stots terminal oder ia t  doch 
nur sehr wenig iiach hinten versohoben. Er ist meist rundlich, scltner etwas spaltartig in die Liinge 
gezogeu; gewiiliulich geschlosson, Gffnet or sich nur wiihreud der Nahrungsaufuahmc. Sohlnnd, wenn 
deutlich entwickelt, eine gerade nach hinten zieheqde kurxere odor liingere, stets uubewimperte 
RBhre, die meist YOU eiuom mehr oder moniger dentlichen Sttibcheuapparat umgebeii 1st. After in der 
Regel terminal. Die ineist grobe Nahrung wird wohl immer dureh Schlingen, nie durch Einstrudel- 
ung aufgenommen. Conjugation turmiual. 

I. UNTEIWAMILIE. HOLOIWRYINA Perty, 1832 (Fern.) emend. 

Bewimperuug fast stets gloichrnLssig und allseitig, nul* uin die Mundiiffnung xumoileu ein bis 
mehrcre Kriinze ansehultcborcr Cilien. Solten ist das Wimperkloid auf die vordere ICGrperhiilfte 
beschrtiukt. Teiitakolartige Gebilde fehlcn; ebenso eiue panxerartige Uuihiillung. 

E o l o p l q a .  Ehrbg., 1831 uud1838; Dujardin (1841); Cohn (1853) ; Stein (1854, 1859, 1869) ; Cionk. 
(1855) ; C1. 11. L. (1858-61) ; Eberliard (1858) ; Queunerstedt (1865-69) Mereschkowsky (1877-78) ; 
Maupas (1883); Deday (1886); Stokes (1887, 1888). 

Synon., Leuoopkm, p. p. 0. E’. M. (1786); Znchelys, p. p. Diesing. (1866). 
Parasit. Infiisor. Hilguudorf u. Paulicki = Iclbthgoplbthiriue Fouquet = Glwomatophngzls Kerbert. 
Taf. 56, Fig. 5-8 und 10. 
Mittolgross bis ensehnlich (0.4). Gestalt tbib reguliir ellipsoidisoh mit nahozu gleicheu Polen, 

theils gestreckter bis oylindrisch ; das Hintereudg d:mn auch otmas zugcspitzt. Eegsam, doch 
aoltcn erheblioh coutractil. Miind terminal, slrlteii sin menig nach hiuten verschobcn (Lieberk.) ; 
Mpalt oiler griibeufiirinig ; maiicbmal von sphinrterartigem Lippensanin urngeben, molcher auch etwas 
warzenfijruig vorqwingeti kanu. Zuweilen voii dichter gestollten, etwas lsngeren, nach vorn gerich- 
teten Cilien urngcben. Eiu Scliluud soheiut theils zu fehlen, theils ist er deutlich und dann kurz 
epaltart8ig oder rDhrig. Stiibohenapparat fohlou oder schwaoh entwickelt. After termiiial. Con- 
tractile Vaciiolo gewiihnlich einfacb, terminal; seltencr danebeii noch oinige kleinerc in  eiiior oder 
melireren Liingareiheu iiber den Kiirper vertheilt (Lieberkiilin) odor endlich sehr zahlreiclie kleiue 
(sog. loAlhyoplthirizi6). Cilien zart. Ma, N. kuglig bis eifGrmig, hufcisenfiirmig lang beudforuiig 
und dann gewundeu bis rosonkranzf6rmig; selten in eahlreiche kleine Brnchstiicke zerfallen. Mi. N. 
unbeknnnt. Nahrung grob una fein. Encystiruug i u  gallertiger oder zarter H811e; Cysteii kuglig; 
zuwei lo~~ in denselben energisclie Vermeliriing zii sehr eablreichen kleinen SprGsslingen (Icl t t lyo-  
ph thirius). Sichere Arten ca. 5-6. Siisswasser und Meer. Auch pnrasitisch (IchtJtyo~kthirius) im 
Epitliel der geearumten ICGrperoberAiiche von Siisswa~sserfischon (Cyprinoiden, Selmonideu, Esox.) 

Diu Gattong Holoplwya iii dem hier angeuommenen Urnfang liesse sich i n  einige Sectionen oder 
Uuturyattuugeu zorlegeii, welohe aber durch Ueberghge wohl eu innig zusammenhlingen, urn als 
besonilore Genera butrachtct eu mesden. 

Section I. uinfasst die Formen mit einfacher termiualer Vacuole und verschiedenartig gestaItetem, 
eiufachexn Ma. N .  (Tgpus Boloplb. discoior). 

Section 11. diejenigen, be? welchen der Mund nicht mbhr ganz terminrtl, sondern etwas nach hinten 
geriickt ist (eine unedirte von Lieberkiihn beobachteto Form). 

Section 111. diejenigen, hei welchen zahlreichc klcine V:wuolen iiber die gesammte Iciiperober- 
fliiche vertheilt siud (alleiniger ‘rypus der sog. I~l~tbyophthiriue mult@liia Fouquet = ChromalopAagwB 
Kerbcrt) und 

” “Die lielle iiussere Zone des ICiir era (Corticalplasma wahrsoheinlich) sei& eiue sehr deutliche 
radiiire Streifun wulclie Fouquet auPTric1mcysten bezieht (ich miicllte si0 fiir eino ~ ~ a s m a s t r u c t u r  
halten). Dass a k i n  diese kleinen Spriissliugc eineu MikronucleuR besiteen, wie Fouqqot vemivhert, 
riihrt jedenfd1,lle xinr von der schwierigkeit her, welohe die Beobaohtung diem Qeblldes bel den 
Erwechsenen bereitet,” 
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Section IV. die laugcylindrische sog. Eolophrya oblonga Maupes mit fein zertheiltem Nucleus, 
die wahrsohoinlich idcntisch rnit der sog. E. marina Daday’s (Makronucleus rosenkrauzfiirmig) ist und 
welcher auch wohl der Prorodon niarinus (Clap. u. L. 301, sowie Quennerstedt 40Xb und Miibius 1888) 
nahe stoht. Lstztgenanote Formeo besitzen jedoch such wohl Beziehuugen zii Chaenia Quenuerst. 

Weissmann (1891) mikes a passing reference to Fouquet’s species as an exam- 
ple of the phyletic origin of germs among the lower flagellata and gregarines.” 

Zacharias (1892a and 18923) found an Ichthyophthirius on Leuciscus rutilus and 
AZburnus sp. kept in a large aquarium in the biological station in Plon. The para- 
sitesformed pustules in the skin of their hosts, and were situated especially on the head 
and along the lateral lines; in some cases the fish were practically covered with them. 
The ciliates measured 0-65 to 0.80 mm long by 0.50 to  0.55 mm broad; the dorsal surface 
is described as convex, the ventral surface as flat, and the entire body is covered 
with short (5 ,~)  cilia; the protozoan possesses a large horse-shoe shaped nucleus, which 
is situated in the pointed anterior half of the body. By direct light the animal 
appears white; by transmitted light, grayish yellow. The anterior end is somewhat 
lighter in color than the middle and posterior portion, due to the uneven distribution 
of granules and crystals in the endoplasm. The endoplasm has a vacuolated struc- 
ture and contains in the plasma between the vacuoles numerous round and angular 
refringent bodies. Besides these are found collections of dark granules (= pigment of 
other authors) probably to be looked upon as metabolic products. The thickest portion 
of the nucleus is a t  the bend and measures 0.05 mm. Like Fouquet, Zacharias 
believes that although the nucleolus is present in  the young it is absent in the adult. 

Zacharias states that no mouth is present, but on thb ventral surface he found 
a depression 0,035 mm deep, 0.015 mm in diameter, which he interprets as a sucker 
by means of which the young fasten themselves to  their host. He found no portions 
of food in the endoplasm, and experiments to feed powdered carmine were negative, 
from which Zacharias assumes that the parasites feed in some way upon the body fluids 
of their hosts. Uontractile vacuoles were absent. As Fouquet’s species presented 
a terminal anterior “month,” and as this orgm in Zacharias’s species is situated 
ventrally in the anterior third, Zacharias looks upon it as a new species, for which 
he proposes the name I. oryptostomus. 

Zacharias believes that the paratJite which he observed is identical with the form 
found by Hilgendorf and Paulicki, basing this opinion on the statements of Hilgen- 
dorf and Paulicki that in their form the ‘(mouth” was absent, while Zacharias doubts 
whether it could have been easily overlooked had i t  been terminal, as in the case of I. 
multi$liis. Furthermore, Hilgendorf and Paulicki state that the encysted parasite 
segmented into 100 to 150 young, this agreeing with the form examined by Zacharias, 
while Fouquet’s species segmented into nearly 1,000. 

Regarding the reproduction, Zacharias states that the ciliates which have left 
the fish lose their cilia and form a cyst around themselves, which he looks upon a8 the 
thrown-off cuticle, the content dividing until the young cells measure 0.0’15 mm in 
diameter. The macronucleus of the young measures 0.025 mm, the micronucleus 
0.004 mm, and the cilia of the young are about twice as long as the cilia of the adult. 
As the young globular animals become oval or ovoid the globular nucleus elongates 
and becomes crescentic. While former authors had not found any stages of repro- 
ductiou while the parasites were still on the fish, Zacharias states that he frequently 
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fouiid “encysted” individuals on young Leuciscus rutilus, but does not say whether 
these were in process of segmentation. 

Accordiug to this author the iujury to  the fish is due to the fact that the epithe- 
lium is injured by the ciliate, and thus places are exposed where fungi (especially 
Saprolegnia ferax) gain a hold. The latter then retard the function of the skin to 
such an extent that the fish SQOU succumb. 

OBSERVATIONS A T  T H E  WORLD’S FAIR. 

The parasite (fig.1) found at  the World’s Fair is unquestionably an Iclbtlbyopkthirizcs; 
whether Icl~tl~yoplbtkirius should, however, be given generic rank, as Fouquet and 
Zacharias have concluded, or whether it should be. considered as a subgenus of the 
genus Holopkrya, as Butschli contends, is perhaps still an open question. Personally 
I lean decidedly t6 tho view of Fouquet and Zacharias, that Iohthyophthirius is enti- 
tled to generic rank, but prefer a t  present nevertheless to  follow rather than oppose 
an authority like Butschli, unless supported by stronger evidence against his view 
than I have a t  present. Accordingly, I have accepted Ic i~ t l~yopl~th ir i~s  as subgenus. 
The question of the specific: relations between the form I have studied and the animals 
studied by Fouquet and others will be discussed further on. 

In many respects the observations made agree perfectly with observations of other 
authors, as given previously; some of my observations may, however, be interesting 
and worthy of record, as they tend to complete the descriptions reviewed above as 
well 8s to explain some differences of opinion expressed by various authors. 

The size of the animals now under consideration agrees approximately yith the 
figures given by Fouquet and others, i. e., up to  0.7 mm OF 0.8 mm in diameter. These 
figures are, however, estimated, as no means for exact measurement were at  my dis- 
posal. The body is round to  elongate oval in shape when at  rest, but changes its 
form almost as much as an ameba. This change is naturally not due to pseudopodia, 
but to its twisting, turning, and contracting. Deep grooves may extend across its 
outer surface, or the body may be perfectly Rrnooth superficially; it may be flat on 
one surface and convex on the other, or i t  may be nearly spherical; in fact, it may 
assume almost any form when in motion. When at  rest the body becomes globular 
or oval, and this should perhaps be looked upon as the normal form, as it agrees with 
the form of the young. Even when not progressing in the water, but remaining 
apparently in one place, the animal is in constant motion, revolving not only to the. 
right and left, but in every other direction, that is, dorso-ventrally, ventro-dorsally, 
diagonally, etc. This may perhaps explain the statements of different authors in 
regard to the position of the mouth, for, as we saw above, Hilgendorf and Paulicki 
state that the mouth is absent (in other words, they observed none); Pouqnet found 
the mouth (sucker) terminal and anterior; Kerbert placed it on the left side, and 
Zacharias on the ventral surface in the anterior third. 

According to  my observations, when the animal has assumed an elongated form, 
one end being more pointed than the other, the mouth (fig. 1) is frequently situated 
terminally a t  the pointed extremity, while the nucleus is nearer the other extremity. 
If we observe the animal for Some time, however, we notice that any given Point of 
the surface o,f the animal may come to lie at  the pointed portion; that is, any portion 
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of the animal may become pointed, and hence appear as if it were the anterior 
extremity, and as fast as the pointed portion shifts the mouth will also apparently 
change its position, at one moment being apparently at the anterior end, at the 
apparent posterior end, on the right or left side, or on the dorsal (fig. 2 )  or ventral 
surface. In  all cases, however, I find the mouth at the pole opposite to the nucleus. 
On account of this constant apparent shifting of the w u t h  in position, I am led to 
doubt the validity of its apparent position as a specific character, and hence to call 
into question Zacharias’s species, I. cryptostornus, distinguished from I. multijiliis, as 
we saw above, by the antero-ventra<l instead of antero-terminal position of the mouth. 
If we now compare figs. 1 and 2 of Zacharias’s species with the statements just made, 
we see that our statements agree in so far that the mouth and nucleus are opposite 
each other? for he figures the mouth (fig. 2) as ventral, the nucleus (fig. 1) apparently 
as dorsal of it, i. e., he has drawn a dorsal view, according to his interpretation of 
the topography, and in this view the nucleus is anterior. I have seen this same rela- 
tion dozens of times in the form observed at Chicago. 

Eerbert’s figures, 1 and 3, support the statements here made, that the mouth and 
nucleus are at opposite poles and that the mouth apparently shifts” in position. 

Agreeing with Fouquet and others, I find the mouth round and noncontractile; 
surrounding the aperture is an area which is thickened slightly and devoid of cilia 
(others have found the cilia longer in this position than over the rest of the body), but 
the inner margin of the oral aperture, as well as the cesophagus, is provided with them. 
A short ciliated esophagus is present. As stated previously, Fouquet and Zacharias 
belicve that this oral aperture acts as a sucker rather than as a mouth. While not 
denying the possibility of its acting as a sucker, although I have seen no proof for the 
view, I see no reason for denying that food can enter the body through this opening. 
The oral and cesophageal cilia certainly would be of more use in forwarding food 
than in sucking fast to an object, yet at the same time I have not seen any food enter 
through this aperture, nor, as I intimated above, have I seen it act as a sucker. No 
anus was discovered, neither could I confirm Eerbert’s statement that the faxes were 
expelled from various points on the surface; I was also unable to discover any tri- 
chocysts. 

The entire body, with the exception of a narrow zone immediately surrounding the 
oral aperture, is covered with short cilia arranged regularly in rows. 

The protoplasm of the body is indistinctly divided into an endoplasm and an 
ectoplasm. I n  the ectoplasm are found numerous globules, such as have been described 
by former authors, and numerous contractile vacuoles. The latter are arranged, appar- 
ently in no regular order, throughout the entire ectoplasm, but each vacuole seems to 
be a more or less permanent structure, i. e., as soon as a vacuole has emptied itself to 
the exterior through a minute but perfectly visible canal it appears again a t  the same 
point. Following one vacuole under the microscope for some time I found that it 
contracted on an a,verage every 7 seconds. 

The endoplasm contains very numerous globules and a crescentic nucleus, both of 
which have been sufficiently described by former authors. 

*This apparent change in the position of tho irioutli is, of course, nothing inore nor less than a 
general change in orientation of the entire body. 



PLATE 12. Bull. U. S. F. C. 1893. On a Parasitic Protozoan, (To face page 182 ) 
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R@production.-Former authors have described the multiplication of these para- 

sites after leaving the host as taking place only in an encysted stage, but, as will be 
seen below, I have found several variations in this multiplication which may serve as 
connecting links between a simple division, as seen in other protozoa, and the repro- 
duction as described by the authors mentioned above. In the case of one specimen, for 
instance, which I liberated froin the fish and then placed in a hanging drop, tlle move- 
ments, which were at first very rapid aad in all directions, gradually became slower 
and t.he animal revolved in but one pl:tna. A t  tho end of about an hour, without form- 
ing any cyst around itself, it divided and each half swam off' independently of the 
other, resuming the rapid motion. This observation demonstrates beyond a doubt 
that I(:kthyOphthiYiUS is capable of reproduction by division, withoat first becoming 
encysted, which is, I believe, 8 matter of considerable iniportance from a practical 
standpoint, for former authors have observed--and I hum above confirmed their 
stateinents in this regard-that it is not unusual to find several specimens of the 
parasitto in a single epithelial pustule or gallery, and this may occur even when iufec- 
tion is comparatively light. There are only two possible explanations for such an 
occurrence. Either a multiple infectiou has taken place a t  the same point, or a single 
infection has taken place and the parasite has grown and multiplied in situ. The 
probabilities appear to me to favor the latter explanation, especially in view of the 
above observation upon a specimen artificially liberated from the host. 

Fig. 3 represents a specimen which had escaped from a trout and come to rest a t  
the bottom of a glass jar at about 1 o'clock p. m. The animal was revolving very 
slowly in different directions, so that the mouth was turned toward the obselver at one 
instant, in the opposite direction, or to the right or left the next instant. 

At  1:45 it had divided (fig. 4) into 2 cells, I and 11. Each cell revolved inde. 
pendently of the other, but they remained close together, although no surrounding 
cyst membrane could be discovered. 

A t  3:12 the cells had divided agaiu (fig. ti), I giving rise to Ia  and 1.5, I1 giving 
rise to IIa and I Ib .  No cyst was visible; cilia were present and the 4 cells were in 
constant motion. 

At 4 p. m. (fig. 6) Ia had divided into Id and Ia"; 12, into 11)' and IV/; IIa into 
IPd and IIa"; IIB iiito I I b '  arid IIb". By DO test, either by direct or oblique light- 
coloring methods could of course not be used-could I distinguish any cyst-membrane 
around this S-cell stago. 

At  ti p. m. tlie 16-cell stago (fig. 7) was reached. Ira' had given rise to IIa'l and 
1Id2; IIa" to IICC"~ and IICC"~; 1111' to I I b t i  and IIbi2;  I I b "  to IW', and IIb'I2; Ia' to 
Idt and Idz; Ibl '  to Ibol  and Ib/Iz .  

All of these divisions were observed directly and continuously. There can, there- 
fore, be no doubt as to  tlie origin of the various cells. The origin of the cells to,  Z, y, 
and x, however, can be given with less certain@, although it is almost beyond question 
that w arose from Ia" and x from Ib' and it is probable that y arose from Ia", and 
x from Ib'. 

During the formation of this 10-cell stage a distinct surrounding membrane grad- 
ually came into view, Dot, however, a common inembrano inclosing a11 16 Cells in One 
cavity, but a seporato cyst for each group of 8 cells which had resulted from the two 
cells I aud I1 (of fig. 7) respectively, while between the two groul>s the menlbrsnes 

Every cell continued to revolve slowly i i i  its own area. 
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appeared to unite in a common wall. Whether they really united, however, or whether 
the distance between them was so slight as not to be recognized (cf. fig. 8), I am of 
course not able to say, as any attempts to demonstrate the true coridition would have 
destroyed the specimen for further observation. 

A t  5 :30 the cells had changed position slightly, but no further division had taken 
place. 

By 7:30 the 32-cell stage was reached, but it was impossible to follow the origin 
of the various cells, as they changed position so rapidly. 

A t  8:30 the membrane surrounding the small cells resulting from cell II (fig. 9) 
broke, and all the young ciliates except three escaped. 

By 10 o'clock the cells of cyst I had undergone auother division. I: was able to 
count 27 with certainty, and in all probability tbis represented a 32-cell stage of this 
cyst (64-cell stage of the original animal), as several cases of doubtful division were 
not included in the number 27. One of the cells remaining in cyst II had divided, 
but the other two remained intact. 

A t  11 p. m. another .division had taken place in cyst I; the resulting cells were 
about the size of the cells of the 64-cell stage, and this theoretically evidently repre- 
sented a 64-cell stage of cyst I (128-cell stage of the original animal), although the 
young animals now revolved and changed place so rapidly that it was utterly impos- 
sible to count them. X o  change was noticed in cyst 11, or in the cells which had 
escaped from cyst I1 and were swimming around in the preparation; 

At 12 m. no change had taken place, and the preparation remained the same until 
1 :30 a. m., when it was placed aside for the night. 

At 11 a. m. nothing could be seen of cyst 11; cyst I had broken, and its contents, 
for the most part, had escaped, while the cells remaining in the cyst were dead. 

A number of other cases of division were observed, which were essentially t h e  
same as the one just described. In many cases, however, it was impossible to follow 
the origin of the various cells beyond the 8-cell utage, and considerable variation was 
iioticed in the time of the appearance of the surrounding membrane. The following 
are some of the more important observations: 

Many of the ciliates become encysted while still on their hosts, and there undergo 
a division. I have found cysts of the I, 2, and 4 cell stage on the host, but never any 
beyond this stage. [The hosts had been dead for several hours.] Many of the parasites 
encyst themselves shortly after leaving their hosts before any division takes place. 

The first division may take place before any encystment, one cell swirnming off and 
apparently undergoing no further division (for the time being, at any rate), while the 
other cell remains quietly in its place, encysts itself and divides into mmerous small 
ciliates; or the first division may take place before any membrane appears, the two 
cells may swim around independently of each other; each may then become encysted 
and proceed to divide. 

So far as my observations go, the surrounding membrane may appear in or art t'he 
end of the 1,2,4,  or 8 cell stage. That is to  sa^ I have observcd these stages when, 
so far as I could discover, there was no membrane present, but when themenibrane would 
gradually appear in the next succeeding (2,4,8,16 cell) stage. I repeat, for emphasis, 
that I did not.attempt to prove the presence of a membrane by resorting to any 
staining methods. 



REPORT TTPON A PARASITIC PROTOZOAN. 185 

Zacliarias has stated that the animal loses its cilia before encystment and has 
expressed his belief that the cyst-membrane is the thrown-off cuticle. From the above 
description it will be seen that my results do not agree with his. Admitting the pos- 
sibility that the forms we have studied represent two different species, in which case 
we might perhaps expect to find some differences in the mode of reproduction, etc., 
I will repeat here that in the form Forbes and 1 have seen the cilia are not thrown 
off either before or during encystment; that  the cyst-membrane in this case is not a 
discarded cuticle is shown conclusively by the fact that  it appears a t  different stages of 
division. The origin of the cyst-membmne is not clear to nie. The only explanation 
of its formation which occurs to me is that it is formed by an excretion of the cells 
which through the constant rotation of the latter is gradually moved centrifugally, 
condensing at a short distance from the organism. 

I was unable to directly observe the division of any specimen beyond the 128-cell 
stage, as described above, but the division certainly goes beyond that stage, for not 
only have former authors described and figured it, but I have also found ctysts 
containing more than 128 cells. Furthermore, the youngest stages fonnd on the fish 
are smaller than the cells observed in the 128-cell stage. 

In  one case a cyst contained 4 cells a t  3 p. m., 8 a t  4:10, 16 a t  4:25. A t  11 a. m. 
on the following day it corresponded to the stage given by Fouquet as the final stage 
of division, and must have contained from 500 to 800, or possibly 1,000, minute cells, 
the latter corresponding to the description of the young given by Fouquet, except that 
I could not distinguish the trichocysts. 

These young were also found swimming around on the bottom of a glass in 
which several trout had been confined, and were found in great numbers on the fish, SO 

there can be no doubt that this is the stage which serves to spread the infection from 
fish to fish. It will be noticed that this stage mas reached in less than 24 hours in the 
spe’cimen referred to. 

From the life-history as just given, in confirmation of the results obtained by 
former authors, it is evident that, although the parasites may, in all probability, mul- 
tiply by division while on the fish, yet they eventually leave their host, swim around 
in the water for a time, become encysted, and run through successive divisions in the 
geometrical series 2, 4, 8, lG, etc., and reinfcct fish as a minute body, invisible to the 
naked eye and about 30p (estimated) long. As a11 experiments to Bill the parasites 
while on the fish were unsatisfactory, it is evident that we still have a mode of pre- 
vention open to us in attacking the protozoan while it is free in the water. The problem 
of treatment now resolves itself into finding an inexpensive solution in which the fish 
can live until all the parasites have left the body, but tlie same solution must be fatal 
to the protozoa. The duration of life of the individual protozoan is a factor of con- 
siderable importance in this connection. It will be naturally expected that this will 
be subject to some variation and that no definite estimate ca4n be made of it. Nor is it 
possible to directly observe how long one of tlie protozoa is ab16 to live on the fish. In 
one of my experiments, however, a catfish was completely cleared of its parasites in 
about a week’s time, while a trout was cleared in ten days’ time, and these figures h a y  
form a basis for the estimatioii of the length of time it is iiecessary to Hubject the fish 
to treatm’ent. 
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EXPERIMENTS. 

A saturated salt solution kills the protozoa instantly, while the young trout, upon 
being transferred to it from fresh water, are killed in 10 to 40 seconds. 

By placing salt a t  the bottom of a deep (about 4 feet) aquarium and allowing a 
constant supply of fresh water to run in with as litt81e commotion as possible, me obtain 
ststrong salt solution at the bottom, with a layer of fresh water at the t'op, while the 
water at different depths will be of different degrees of salinity. As the salt gradually 
didsolves, the fish seek the upper half of the aquarium as their abode, but frequently 
dive down into the briny water, sometimes even wallowing in the salt for an instant. 
The fish will live almost indefinitely in an aquarium arranged as just  described, as has 
been demonstrated at the aquarium at the World's Pair, and elsewhere. As the para- 
sites leave the fish they will, however, bo killed upon reaching the salty water. 

' 

1. Saturated salt solution. 220 C. 

2. Satnr:Lted salt eolutiou. 22O C. 

3. Saturatcd salt solution, 50 cc.; lake watcr, 

4. Saturated salt sohition, 50 cc. ; lako water, 

5oocc. 22oc. 

1,000 cc.  220 u. 

5. 9:45 a. m. Lake water, 500 cc. ; saturated salt 

9 :46 a. m. Saturated salt solution added, 1 ec. 
9:47 a. m. SaSurated salt solution added, 1 cc. 
9 :48 a. m. Saturated salt solution added, 2 ec. 
9 :53 a. m. Saturated salt solution added, 6 cc. 
9 :59 a. m. Saturated salt solution added, 5 ce. 
10 :02 a. 111. Saturated salt solution acldcd, 5 cc. 
10 :03 a. m. Saturated salt solutionadded, 5 cc. 
10:05 a.m. Saturated salt solution added, 5 cc. 
10:OG a. m. Saturated salt soliitionaclded, 5 cc. 
10 :07 a. m. Saturated salt solution added, 15 cc. 

50 ce. 
6. Lake water, 1,000 D C .  j saturated salt sohition, 

solution, 1 cc. 22.8" C. 

- 
Total saturated salt solution, 

150 CC. 24" C .  

7. Lake water, 3,000 cc. ; layer of ordinary s:ilt 
on bottoni of jar. 2 3 . 5 O  C. 

Young trout (4 months old) overcome in 30 sec- 
onds; removcd t o  fresh water, but did not 
recover. Parasites on fish for tho  most part 
alive. Those which fell from the trout during 
its rapid movenients and struggles were killed 
instantly. 

Young trout (4 months old) affected instantly; 
killed in  10 seconds. Parasites on fish still 
alive. 

Young trout affectod immediatcly ; overcome in 10 
seconds, but  revived in fresh water. Parasites 
on fish still alive. 

Two young trout affected immediately ; overcoine 
in  10 soconds; revived in fresh water; p1:iced 
again i n  solution No. 4;  remained unaffected 
for 12 miiiutes,.when t h y  began to  weaken; 
transferred to  fresh water they revived again. 
I'ar'asites on fish still'alive; protozoa in  water 
dead. 

9 :45. Young trout placed in  solution No. 5. 

Trout begins to  weaken at 10:18, is gradually over- 
come, but revivcs in  fresh water. Returned 
to  same solution it is ovcrcomc in 40 seconds, 
but revives again in  fresh water. Parasites 
on the fish are a11 alive, but  those which have 
dropped into the water die instantly. 

(a) One trout overcome in 4 niinutes. 
( b )  O m  troiit overcome in 5 minutes. 
(c) One trout overcome in 12 minutes. 
Parasites on fish alive. 
((I) One trout overcomc iu  15 seconds. 
(b)  Five trout remain alive 4 hours and are then 

taken out. 
Ihr i i ig  experiment the  fish frequcntly showed 

s ips  of weakening and were then removed 
temporarily t o  fresh water and returned to  the 
solution immediately upon recovery. Para- 
sites on fish still alive; tliosc which fell into 
the water weru killed. 

In the above experiments, except Nos. 1 and 2,  fresh sir warns continually forced 
through the water. 
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8. Large a uaria, 4 feet deep; akout 25 pounds of 
salt llaced in each aqimriurn. Frcdi  lake 
water was constmtly running in at tlie sur- 
face, but  no attempt WBY metlo to  form air 
through tile meter. Expcriniont performed 
by the ettend:tnts of tho aquarium. 

9. Methylen bluc, 1 per aent eq. sol., 1 cc. ; lake 
water, 200 cc. 

10. Methylen blue, 1 per cent oq. sol., 10 CC. ; libkc 
water. 200 cc. 

11. Methyluh blue, 1 per ceut aq. H O ~ . ,  20 CC. ; lake 
water, 2,000 cc. 

12. Methylen blue, 1 per ceut aq. sol., 15 cc. ; lake 
wibtcr, 500 cc. 

Taulcs eoutaincd bidly infestcd trout end catfish. 
Most of thcrn stood tlie test. wcll, and after 
two weeks the infection was cwmtly lessened. 
some of the fisli, howevcr, st& 1m1 parasites. 

. 

(a) Trout alive ut entl of 2 minutea. Par:tsite also 
alive. 

(a) Trout diet1 in 18 uiiriutes. 
Trout alive; parasites unaffected a t  eurl of 5 min- 

utes. 
Trout unaffected at end of au hour. P:irasitos 

ou fish still alive; thow whiali escaped froin 
the fish die in  tho solution. 

Parasites. upon bciug freed fro111 the fish and 
placed in  this solutiou, dictl iu 12 miriutes. 
Trout werc unaReotod at the eud of :LII hour. 

For experjiiients Nos, 9 to 12 no air-pressure was available;. temperature varied 
from 220 C. to 240 0. 
13. Lake water, 10 L. ; methylen blue, 1 per cent 

22* t o  aq. sol., 30 cc.; coiistaiit aBration. 
24O C. 

Friday, 5 p. m. Fivo small trout badly infested, 
three of thc fish very ~veak. 

Saturday, 9 a. m. Olio trout, (lead. 
Sunday, 9 a. m. One trout dead. 
Monday, 9 a. m. One trout dead. 
Wetliiesday, 9 a. m. Two catfish added. 

Many of the parasites lied fallen from the fish, aud corlsiderable scum had left 
This scum, together with the parasites, was colored blue by the methyloii blue, them. 

and the solution was much weakened; 30 cG 1 per cent nlethyleii blue was added. 
Fridax, 9 a. m. One catfish dead; tlic trout had 

loHt most of their peraaites. 
Moncliiy, 12 m. Trout nntirely free froin para- 

sites; a fcw parasites left on thc cattisll. 

From this experiment i t  is evideut that inethylen blue is a substance which may 
be used t o  kill tile parasites. It is, however, htal  to the fish if used in too strong 
solntion, 01- if tho fish are very weak. Although this experiment does not justify the 
unqualified use of methylen blue, it is very suggestive 130intiilg out a line for future 
research and experiment. . 
14. Eosin, 1 per ccnt aq. sol., 5 00.; lake water, 

15. Eosiii, 1 mer ccnt aq. sol., 15 cc.; lake M’i tOr ,  
500 co. 

500’ CC, 

60 cc. 
16. Lako water, 10 L. Eosin 1 per ccnt nq. SO]., 

230 C., constant aijration.’ 

17. Eosin sOlutiOU8 used in  expcriments 14 t o  16 
kill the freo protozoa in 15 to GO minuteti. 

I Both fish (trout) and parmites d ive  after 10 
miun tes. 

Troiit iinafthted after two hours; pariisites on fieh 
still :~!ive; those which fell from the fish died. 

Friday, ti p. m., 2 trout. 
Monday, 9 a. m., 2 catfish. 
Wednesday, 9 a. m., all alive. 
The parmites have lesseuotl in iiurnbcr ; accidciit 

to  jar ends experiment. 

As the fi411 live very well in these solutions, eosin can be looketi upon as another 
possible remedy for parasitical diseases of fish. 

A t  the same time t,hst the above 17  experiments were made, numerous other experi- 
ments were also carried on. Although the details of some o f  the other experiinents will 
be given below, as of possible use to atiyono who takes up this subject in the future, 
I. m i  inclined t o  look upon the experiments thus far given as the most suggestive for 
future work. It was my intention to experiment with these threo substances-salt, 
methylen blue, niid eosin-on a, much larger scale, but a t  this point a coinbiuation of 
circumstances prevented my curryillg out tho matter further. 
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I n  most of the experiments given below, it will be noticed that the solutions had 
little or no effect upon the parasites, or that the fish were affected in so short a time 
that it was impracticable to experiment further with the solutions named. Constant 

, aEration was employed. 
18. Peroxide of hydrogen (H002), 1 cc. ; lake water, 

19. HzOz 2 cc. Sat. salt sol., 3 cc.; lake watcr, 

20: N,Op, 1 cc. Sat. salt sol., 1 cc.; lake water, 

400 cc.  

1,000 cc. 34oc. 

500 cc. 24 .P  C., 491 p. m. 
4 :42 H,O, added, 3 CC. 
4: 45 Sat. salt sol., added, 3 cc. 
4: 54 Sat. salt sol., 2 cc. 
5: 00 & 0 2 ,  1 cc. 
5 :  02 HzOg, 1 CC. 
5: 15 Sat. salt sol., 1 CC. 

21. * Ker. emul., 100 cc. ; lako water, 400 cc. 

22. Kerosene emulsion, 666 cc. ; lake watcr, 1000 cc. 

23. Kerosene emulsion, 100 00.; methylen blue, 

24. Ker. emul., 50 cc. ; lake water, 500 cc. 
4cc.;  lake water, 9OOco. 23O C. 

11 : 39. Methylen blue, 1 cc. 
23O C. 

25. Kerosene emulsion, 30 cc.; lake water, 500cc. 

26. Kerosene emulsion, 500 cc. 

Small trout overcome in 17 minutes; parasitelr 

Small trout lived 1 hour and then gradually weak- 

4: 11. Small trout. 
4 : 48. Small trout. 
5:  16. Both fish slightly overcome but revived in 

water. Parasites on fish alive. Considerable 
scum had fallen from the fish and those proto- 
zoa which fell from the trout were. killed. 

were unaffected. 

ened; parasites were unaffected. 

Small trout overcome in 3 minutes, rocovered in 
water. Parasites unaffected. 

Small trout overcome i n  22 min., revived in 
water. 

About half the parasitcs and considerable scum foll 
from fish, but  the protozoawereunaffected. 

Small trout overcome in 2 minutes, revived in 
water. parasites unaffected. 

10: 36. Small trout. 
11:51. Somo of the scum had fallen from trout. 
12: 10. Trout slightly. overcome; revive i n  water. 
12 : 20. Trout replaced in  tlie solution. 
4:OO. Still alive. Parasites on fish and in  water 

were unaffected. 
Fish and parasites were unaffected after 3 hours; 

some of the  scum was removed. 
( a )  Trout overcome in 2 minutes. 
(b)  Trout alive and well after 1 hour. Parasites 

unaffected. Some scum had fallen. 

Eerosene cleans the fish to some extent, but has little or no effect upon the proto- 
zoa. The individual fish are afTected very dift'erently by tho emulsion. 
27. Croosote, 1 drop; lake water, 200 cc. 

28. Creosote, 1 : 300 1 cc ; lake water, 300 cc 
29. Vinegar 1 cc.; lake water, 200 cc. 

13:35. Vinegar added, 1 cc. 
30. Vinegar, 15 drops; lake water, 105 cc. 

31. S&cilic acid, & gram; lake water, 200 cc, 
32. Permanganate of potassium, 1 minute crystal ; 

33. Chlorin@ted soda sol,, 200; sat. salt sol., 5 cc.; 

34. Same as No. 33. 
35. Tannic acid, 1 cc.; lake water, 500 cc. 

36. Chl. soda sol., 2 cc. ; salt sat. sol., 5 oc.; lake 
water, 500 cc. 

37. Same as No. 36. 
38. Seiler's tablets, 2-  lake water, 2,000 cc. 

39. Ferrous sulphate (copperas), small ciystal ; 

lake water, 700 cc. 

lake water, 1,000 cc. 

3:45. Seiler's tabiets, 2. 

lake water, 2,000 cc. 

Trout overcomo in 2 minutes but  recovcred in 
water. Parmites iinnffccted. 

Fish dies in  8 min., parasites alive at end of 3 hrs. 
12: 30. Small trout. 
2:  00 p, m. Trout died, .parasites alive. 
Trout affected immediately ; .free parasites die - .  

in 2 minutes. 
Troht dies in 4 minutes; parasites unaffected. 
Trout lives 2 minutes; parasites unaffected. 

Small trout died in  3 minutes; parasites nnaf- 

Same result. 
Trout unaffected after 1 and 1+ hours; parasites 

Trout overcome in 3 minutes; parasites alive. 

fected. 

unaffected. 

Trout overcome in  2 minutes; parasitas alive. 
12:55. Small trout. 
4:23. Fish artially overcome; parasites ou dah 

11 :43. Catfish. 
3 p. m. Fish dead; ,parasites in solution deed, 

those on the fish still alive. 

dive,  t lose in  the solution dead. 

* Two parte kerosene to 1 pnrt milk. 
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40. Cupric sulph. sol. (blue vitriol), 15 drops; 

41. Cupric sulphate, 1 cc. ; lake water, 200 cc. 
3 : 36. Cup. ml., 1 cc. 
3:38. Cup. sul., 1 cc. 

lake water, 2,000 cc. 24.3O. 

42. 3 : 06. Potassiumferrocyanide, 1 pcr oout, 3 cc. ; 
lake water, 700 cc. 

3: 15. Pot. for., 9 cc. 
3: 20. Pot. fer., 30 cc. 

10:35. Sat. salt sol., 5 cc. 
10: 50. Sat. salt sol., 5 cc. 
2 : 30. Salt sol., 5 cc. 

3: 12. Pot. fer., 3 cc. 

43. 10: 24. Pepsin, 1 teaspoonful; lake water, 
1,ooo'cc. 

Fish dies iu 7 minutes; parasites unaffected. 

3: 34. Small trout. 

3:42. Trout overcome; revivcd in water. 
3: 56. Returned to  solution. 
4: 10. Dead; parasites unaffected. 
Trout livcd 3 hours. Parasites unaffected. 

Trout died in 3 minutcs. 

10:55. New trout. 
Trout overcome at 3:OO. Slime loaves fish t o  sotno 

Parasites still alivy. 

extent. Parasites unaffected. 

44. Ichthyol, 7 drops; lake water, 500 cc. 23.50 C. 

45. Ichthyol, 3 drops ; lake water, 3,000 cc. 35O C. 
I 

11 : 30. Iohthyol, 6 drops. 
11 : 45. Ichthyol, 6 drops. 

12:Ol. Salt sol., 15 cc. 

3 : 16. Ichthyol, 9 drops : salt sol., 15 CC. 

46. Methyl violet, 2 cc, ; kerosene emulsion, 20 cc. ; 
lake watcr, 2 L., 23O C. 

3: 55. Catfish. 
4: 32. Partially overoome and removed to  fresh 

9: 55. Weak catfish. 
10: 30. Fish died. 
11:07. Secoud catfish. 
11 : 29. Parasites in water alive. 

12 : 00. Parasites in wator aljve. 

water; parasites alive. 

3:15. Parasites ou fish olive; those in  solution 
dead. 

4:45. Second fish partially overcome; died in  
fceeh water; parasites on fish still alive. 

( a )  11 :23. Trout. 
11:44. Overcome; revivcd in water. 
11 : 50. Returned t o  solution. 
2:20. Dead; parasites ou fish and many of 

3 : 45. Fish dies; parasites unaffected. 

those i n  the solution are still alive. 
(a) 2: 25. Trout. 
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SUMMARY. 

The following may serve as a brief summary of the foregoing studies upon this 
parasitic disease: 

(1) Two factors in partwular, a protozoan parasite and the high t,emperature of 
the water, ca8used considerable loss among the fresh-water fish in the aquaria of the 
U. S.  Fish Commission a’t the World’s Fair in Jackson Park, Chicago. Although 
some of the fish of the aquarium were infested with fungi, the latter were not present 
upon many of the fish which I examined. 

(3) This ciliated protozoan, belonging to the genus Holopkrya (Iclbtlbyophtlbirius), 
was imported by young catfish (Ameiurus albidus), and after a time spread to other 
fish. 

(3) The species observed is evidently identical with Fouquet’s Ichthyophthirius 
mult@liis. 

(4) From a study of its morphology and reproduction, it agrees almost equally 
well with Zacharias’s I. cryptostomus, and as the charmters upou which his species is 
founded appear to me to be opeu to question, I am led to doubt, although not to 
positively deny, the validity of his species. 

(5) I. multi$liis, :ts observed ttt the World’s Pair, may multiply by simple divi- 
sion, or by division into numerous small ciliates after becoming encysted. The two 
modes of reproduction are, however, not sharply separated, as numerous gradatioiis may 
be observed in this species. This reproduction is not confined to  the night time, as 
Kerbert supposed. 

(6) The encystmeut may take place either on tho fish or after the parasite leaves 
the fish. 

(7) The cyst-membrane may appear before division, or at; any period up to and 
including the 16-cell stage. 

(8) It is impracticable to try to kill the parasites while they are on tbe fish, for 
liquids endurable by the fish will not penetrate the slime in which the parasites lie. 

(9) Ijhperiments to digest this slime with pepsin or to wash it 08 with keroseiie 
emulsion did not meet with sufficient success to warrant recommendation at; present. 

(10) The most; practical method of destroying the parasite is to attack i t  duriiig 
its free stage prior or subsequent to encystment, or during its encysted stage. 

(11) The encysted stage lasts, according to  my observations, about a day; accord. 
ing to Eerbert and others, from 24 to 4 days. 

(12) The young cells resulting from the division during encystment swim around 
in the water and then attack new hosts. 

(13) Placing salt in the bottom of the aquarium and allowing a constant supply 
of fresh water seems at present to be the most feasible inetliod of troatlnent. 

(14) Very weak solutions of methylen blue and eosin give good results, but have 
the disadvantage of coloring the mater. Fish can live in these solutions for a iiuniber 
of days, but the parasites which leave the fish to  reproduce are killed in a few minutes. 
If these solutions are used, aBration must be resorted to. 



I9.-0PENING REMARKS OF THE CHAIRMAN OF T H E  FISH-CULTURAL 
SECTION OF THE FlSHERIES CONGRESS. 

BY EUGENE G. ULACKPORD. 

There is very little that I can say on the subject of fish-culture that the gen- 
tlemen here are not already familiar with. I have not prepared any paper from 
lack of time. I can say from practical experience, and from my own observation, 
that we, the citizens of the United States, have good reason to be proud of the posi- 
tion that we hold to-day in tho science of fish-culture. We have been honored by the 
different governments of the world in their sending embassadors and commissioners 
here to study our methods, that  they might carry out the mine systom and plans for 
the increase of fish food in their own countries. 

In  t h e  early history of fish-culture, and up to within twenty years, nearly all of tho 
efforts have been bestowed on theartificial propagation of brook trout. Trout-hatching 
was the commenceineut of fish-culture, so to speak. After tliat had been started in 
this country by Dr. Gerliclr, followed by Mr. Ainsworth and Seth Green, attention 
was directed to tho artificial propagation of other varieties of fish, and through t h e  
efforts of the American Fishery Society public interest has been stimulated and the 
fields broadened, so that what was in its first organization a ‘‘ trout-culturist exchange” 
became the American Fish-Culturists’ Association, and that expanded once more so as 
to take cognizance of everything in connection with the fisheries. That organization 
now stands under the title of the American Fisheries Society. 

What I particularly desire to call your attention to are certain indisputable suc- 
cesses in the art of fish-culture-notably, the planting of young shad in the waters of 
the Sacramento, through the efforts of tho U. 5. Fish Commission, from which tlie 
waters of the entire Pacific coast aro now abundantly stocked with this choice fish. 
A little over a year ago, while visiting the markets at Ban Francisco, I found shad 
there so abundant that they sold  for^ 5 cents each. Many of these shad weighed as 
much as 12 pounds each. One of the marketmen told me that they had had several 
specimens during the season that weighed 16 pounds each. This, as you are aware, 
is a remarltable growth. I also saw striped bass weighing from 10 to 15 pounds each 
that had been caught in those waters. These fish a few years ago, and until the waters 
had been stocked by the U. 5. Fish Commission, were not known in that region. 
Another item of interest in this coqnectiori is that the shad have gradually spread 
out, so that they are found on that coast as far north as the Uolumbia River. 

These facts prove that fish.cult,ure is an absolute and exact science, from which 
undoubted results can always be counted on, if it is carried out intelligently. 
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During the last two years I lmve made a special study of fish-culture outside of 
my country, and visited mmy liatclieries of importance in Europe and North America. 
I have thus been enabled to collect some material, which is summarized in the follo~v- 
ing short review. The figures of North America were taken from the reports of the 
U. S .  Fish Commission, State Fish Commissions, annual reports of the Ministry of' 
Marine and Fisheries of the Dominion of Canada, and from the report of the super- 
intendent of fisheries of Newfoundland. Those reports, regularly issued, are uniform, 
but do not include any information about private fish-hatoheries. For Europe tho 
figures have been taken from scattered information in special literature, from official 
information furnished by the respective governments, and private information from the 
proprietors of fish-hatcheries which I visited personally. 

I do not consider the following figures as absolutely exact; on tlie contrary I am 
sure that in one case, for want of regular reports, they are less than reality. Never- 
theless I believe that a review of figures already known upon this matter may have 
some interest. Concluding these introductory remarks, 1 ought to say that I do not 
deal in this paper with pond-culture, the only object of comparison being the hatching 
of fish in the establishments specially constructed for that purposeb 

The following tablo gives a11 idea of the number of fish hatched (in one season) 
in different countries of North America and Europe, with the date of iuformation, 
number of fish-hatcheries, and expenses of the government for fish-cul ture. 

- - - .  . -__---__-- 
-------1_ 

214,500,000 4,160.50 
25,500,000 Z?, 815.00 
13,700,000 2,207.00 
8,600,000 ............... 
6,400,000 ............... 
4.200. 000 3,960.00 
2,800,000 ............... 
1,100,000 ............... 
1, OM), Ooo 2,084. 00 
1.000.000 , 2,800.00 

Conntriea. 

North Amerioa: 
United Stake: 

State Bs1:-hatcherioa. ................. 
U. S. Fish Cominissio~i ............... 

Total United Statoe .............. 
Doininion of Canada .................. 
Newfoundland ................... .:.. 

Total North Ameriair.. ........... 
Eurx%ay. ................................. 

Germany ................................. 
Switzer aud .............................. 
Great Britain ............................. 
Sweden.. ................................. 
France ................................... 
.A ust,ria. Eun pary ........................ 
ltaly ..................................... 
Netterlmda .............................. 
Russia. ................................... 

Total of Europe .................. 
Grand total ...................... 

Datu of 
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1m2-02 
1801-92 

......... 
1890-91 
1800-01 

1890 
1891 
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1801 
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1801 
1891 
1891 
I891 
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......... 
1891 

46 I 410 000 000 $174,040.00 
20 491: 200: 000 I 150, 000. 00 

007,200,000 324,040.00 
128,000,000 39,496.50 

1 681.000.000 0,100.00 
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Most of the figures relate to 1891, so that we are able to consider the grand total 
fpr this year. On the other hand, all the principal countries being included in the 
table, we may estimate this total as representing the figures of fish-culture in the entire 
world. 496 fish-hatcheries are registered in the record, 416 of them in Europe and 
80 in North America. The fish-hatcheries of North America, included in the table, 
belong without exception to t h e  respective governments. Most of the European fish- 
hatcheries are private establishments, and only 82 out of 416 are controlled by their 
respective governments, viz, 14 in Switzerland, 1 in Germany, 5 in Prance, 2 hi Italy, 
58 in Norway, 1 in Great Britain, and 1 in Russia. 

The totals of the fish hatched in North America (1,616,027,192) as compared with 
Europe (2'77,973,016) show that only about 14 per cent are produced in Europe; sinong 
European countries, only Worway, thanks to the active part taken by its government, 
caii be considered as a serious competitor of the countries of the New World. The 
average production of one fish-hatchery is 668,000 in Europe and 13,400,000 in North 
America. Such a striking difference in favor of the New World is mainly due to the  
difference in the character of the hatcheries on both continents. As before mentioned, 
the European fish-hatcheries, being private establishments, do not pursue the task of 
restocking public streams, but only the streams belouging to the proprietors, aiid very 
often produce fry for sale to other proprietors of fish ponds, etc. Another circum- 
stance to be mentioned in connection with the small size of European establish- 
ments is that no hatcheries-or very few-exist here for hatching Clupeida', l'crcida', 
and salt-water fish; the hatching of these Binds of fish, to be snccessful, ought to be 
conducted on a large scale. The last and most important question is the financial one. 
While the Goveriinient of the United States, of diff'erent States, and of the Dominioil 
of Canada, grant very considerable amounts of money for fish-culture and take direct 
interest in this work, in Europe, with the exception of Norway, Germany, and Switzer- 
laiid, tlie respective governments do not pay much attention to it. 

The Government of the Unit'ed States has a very important bureau, known as the 
U. S. Fish Commission, with annual appropriations of $398,000, viz : $150,000 for 
propagation of fish, $50,000 for distribution, $53,000 for maintaining vessels, $5,000 for 
compensation of Oommissioner, and $20,000 for scientific investigations and statistical 
work. Besides this regular budget, the U. S. Fish Commission receives for extraordin- 
ary expeiises, a,s, for instance, tlie construction of riewliatcheries, new vessels, fish cars, 
etc., a considerable amount of money. 

The governments of seprate States also engage in this useful work, ineking 
large appropriations for building hatcheries and distributing fish. I must particu- 
larly mention the State of New York with a yearly appropriutioii of $34,000, tlio 
State of Michigan with an appropri:Ltion of $22,500, mid the State of PeniisyIv:~iiia, 
with a grant of $15,000. The total amouiit of iiioiiey granted for fish-cultural work 
by all the States is equal to $lG9,040 (1891).* The preseiit appropriations are lilrely 
to be increased, because in very many reports I have csniniiied the 6811 coinmissioners 
were aslriiig for a larger amonnt of nioney. 

The Governnierit of the I)ominion of Canada has becii tor a long time actively 
engaged in tlie propagation of fish. The expenditure for t h i s  work in 1891 was 
$374,202, which includes $39,496 for fish-breeding and $83,050 Sor fish-propagation. 

. ~- _ _  _ . _  .~ __ 
* (iencral cspouscs of' H : L I I I ~  States for fitrh-protection aut1 carp-ctll turo are not iiic*ludud iu this total. 
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The Newfoundland Government works quite successfully with :tn appropriation 
of $17,300, that is, $G,lOO for fish-culture and the reni:iintler for fish-propagation and 
fishery administration. 

In Europe, Germauy expends the largest amount of money for fish-culture, say, 
$21,515, which includes $18,600 of subsidy to tlie Deutsche Fischerei Vereiu, the lead- 
ing association of its kind in Europe, and $9,315 for the governmental fish-hatchery 
in Hiiningen. Many private hatcheries exist in that country, thanks to the orders 
for hatched fry given by the above association, wliich has 110 hatchery of its omn. 
The Huningen fish-hatchery-perhaps the largest on the continent-has no value from 
the standpoint of the modern fish-culturist, and, with regard to the accommodation for 
the work, many private establishments” in Germany leave far behind this big, but 
inconvenient, old-fashioned hatchery, which, I tliink, has completed its historical r62e 
in fish-culture. 

Norway is now one of the leading countries in rogard to the work for all kinds of 
improvements in fisheries. Its government grants for this purpose an amount of 
$67,788 yearly, which includes $41,665 for fish-culture in particu1ar.S One of the 
largest salt-water fish-hatcheries in the world, a t  Flodevigen, near Arenda1(200,000,000 
cod fry hatched in 1891), is controlled by a loca,l fishery association and gets a subsidy 
of 9,000 kroners from the Government. 

Next comes Switzerland, which operates, as compared vi th  its area, on a very large 
scale. The Federal Government of that country has an appropriation of $2,207 for 
the fry planted by private persoiis in the public waters. Besides that ,  almost every 
canton has one, two, and sometimes several cantonal fish-hatcheries. 

France-the cradle of pisciculture, the country which has contributed toward 
the development of this new iudustry more work than any other country-now ranks 
far behind many European countries. The .French Government does not pay much 
attention to fish-culture in general, having an appropriation of 19,SGO francs ($3,972) 
to maintain five not very large governmental fish-hatcheries and subsidize a private 
one (for shad-hatchiug a t  St. Pierre les Elbeuf, on the Seine River). Ouly quite 
recently, thanks to the stateinelits iiiacle by the SociOtG Centralc d’riquiculture do la 
France, the attention of the French Government has been called to fish-culture, and 
I ani informed that negoti~tions are heing iiiade to establish a special fish-culturist 
school a t  the Gremaz fish-hatchery, which belongs to M. Lugrin (tliq inventor of the 
method of artificially propagating live food for fish fry). 

Italy has only recently begun fish-cultural work under the control of tlie Govern- 
mont, which has appropriated 32,000 liras ($G,500) for $lie construction of a large fish- 
hatcliery a t  Brescia, now in operation, and has opeued auotlier sinal1 one at Ronie. 

The Netherlanc!s Govcnimcnt appropriates only 5,000 gulden ($2,084) for the 
salmon fry pl:bnted in the Rhine River. No appropriation is made by tho Austria- 
Uungarry Government, fish-culture being carried on by proprietors and associations. 

I 

I___ - -- _-_____ - -- _- __ - 
* I  call moiitioll hero tllo woll-situated ani1 nicely-fittcd fisll-h:~trhcrios in Selzoiihof, near t’roiburg 

(8,000,000 troiit oggs capacity), and iii Scewiosc, 110ar Gcmiinrlon, Ihraria (4,000,000 oapacity). 
t The total of 208,040 lrrorrors is thus cli8tributod : For scicntifia iuvoetigntiotl in fitrlicrics, 5,200 

kroncrs; subsidy to tho fishcry :Lssoci:itions, 45,000 krowrs (that iiicludcs 8,000 kronor8 for the IintcIlerY 
at Flodevigoii) ; niaiutonauae of fishery schools i i i  Bcrguii aiid I%odo, 11,~500 ltrarrors ; fish-culture work, 
7,250 krouors ; a d  tho rumnindor for fish-protoctiou nnd niln~inistmtion. 
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The same remarks must be made in regard to Great Britain with the exception 
of Scotland, the fishery board of which erected last summer a salt-water fish-hatchery 
at Dunbar; 110 special appropriation was made for this purpose, the expenses having 
been covered by money assigned for scientific investigation (331,800 yearly). 

The Swedish Government contributes to some extent to the iiiiproveiiient of the 
fishery industries in  its country, having a yearly appropriation of 47,000 kroiiers 
($13,155), but that  does not include any expeuse for fish-culture in particular. 

And finally Russia has an appropriation of $3,800, which is, in comparison with its 
area, quite insignificant. That includes 3,000 rubles f i x  maintaining one governmental 
fish-hatchery at Nicholsk, government of Novgorod, which was founded by the woll- 
known Russian fish-culturist, Mr. Vladimir Wrasky, the inventor of the so-called 
Iiussian or dry method of impregnation, and 5,000 Finnish inarks of subsidy to tlie 
Fishery Society of Finland. 

When we compare the total amount of money spent for fish-cultural work by sll 
European countries ($37,03230) with the appropriations of North Aiiierican countries 
($369,636.50), we shall not be surprised by the enormous difference in the work done 
in this line in the Old and New World. Of course that is only an explanation of the 
fact: not an eulogy. 

Europe has originated and developed the methods of fish-culture, but i t  becomes 
an industry only in America, and a very important one, from the standpoint of the 
Government. Only here is fish-culture carried on on a large industrial scale, and in 
connection with it here are invented and introduced in general practice inetliods suit 
able for large operations, quite different from those used in Europe. 

There is no better testimony of the importanco of fish-cultural work than the large 
appropriations made by the House of Representatives of the United States, and only 
hiNorth America is this work duly appraciated by tlie Governiiient as well as by inost 
of the populstion. 
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BY OSCAR NORDQVIST, 
Inspector of Fisheries of Fidand. 

A few days ago 13011. Marshall McDouald honored me with a request tso write 8x1 
article for the International Fisheries Congress in Chicago, containing a criticisin on 
American fish-cultuml methods. To thoroughly perform this task would require A 
far more comprehensive study of the snbject than I was able to make during the four 
months I spent in America, and inuch more time than I have liad a t  my disposal; still 
I feel it to be a debt of gratitude which I owe, both to the Fish Cornmissioner arid tlie 
otlier fish.breeders and scientists with whom I came into contact duriug my stay in 
America, to  write a few of my impressions on fish-culture in that great country. 

The enormous extent to which the work of fish-culture has attained iu the United 
Slates may be a t  least partially attributed to the prevalent rights of fishing there. 
While in Europe either the State or private persons iii most cases own fishing waters, 
nearly a11 such waters are public in the United States; that is t o  say, anybody niay 
fish where he likes. As private citieeps in that country can, therefore, have no direct 
iuterest in preserving or tryiug to increase the supply of fish, the General Governmelit 
or the State iiiust perform this duty. This has been done partly by the prohibition 
of fishing in all waters except the very largest, i. e., the sea and tlie large inland lakes, 
and partly by fish-breeding on such A large scale that Europe can not show anythiiig 
il,]>l~roa~lli~g it. As a consequence of this enormous fish-breeding, the Americans 
have invented a number of exceedingIy simple, cheap, and easily managed apparatus 
for the purpose, and have thus materially simplified the work. 

Iri the followiiig article I only intend dealing with tlie breeding of fresh-water 
fish, whicll I have principally studied. Both in America and Europe the dry method 
is almost exclusively used for tlie fecundation of the roe, and therefore there is nothing 
sl)e&illy characteristic in this in Aiiiericmi fish-cuItnre. A remarkable discovery, 
which has lately beeii iiiade in Anierica, is, however, worthy of notice, namely, Prof. 
I$eigliard’s method of preventing pibe-perch eggs from sticking together after fecun- 
ciation, by keepiilg them for soii~c hours in a dilution of starch. Tlie Michigan Fish 
Coinmission used this method last suniiner on a hrgo scale and with great success. 
111 Europe the artificial fecnndation of pike-perch roe has also been attempted, tllougli 
only on a small settle. In  these cases tlie roe has geiierally been iiiade to attach itself 
either to \\~eII-mashed grass-roots or to rnyriophyllum or other water plants. I t  lias 
tllen been ta,ken up a~ld liatdled in self-pickerN, whilst sticking iu this manner to 
water ~ l ~ l l t s  or otlier roots. This method is, however, scarcely sui table wheii hatchiiig 
is done 011 a large scnle aud can not give such good results as when the eggs are 
hatched quite free from ally otlier substances. 
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The manner of hi~,tchilig licavy eggs in Anierica in wooden troughs on wire 
trays, iii which the eggs arc laid in the troughs, either in sitiglo rows, or arranged 
one above the other, where they are wibshed by the water in the trough horizonta,lly 
(Atkins), or where the mater runs clown froin above (Clark), or is forced up from below 
(Williamson), seems to give as good results as call be desired, and the more complicated 
tronghs with their many partit,ions do not appear to do the work any more satis- 
factorily. The simpler method, therefore, is much more in use. Oiie apparatus, 
which I only saw at the U. S. Fish Commission7s excellent exhibition, but never any- 
where in use, is Livingston Stone's apparatus, which consists of a Willianison trough 
in which Mr. Stone, instead of a row of trays, had placed a basket made of wire cloth, 
and then laid the roe in inany layers one above the other. I have specially mentioned 
this apparatus because many modifications of it have been introduced and are largely 
used in Europe under the name of the Californian apparatus. 

The difl'erence between the European modifications and the original American type 
chiefly consists in the replacement of the Williamson wooden trough, with its many 
divisions, by various small varnished tin boxes, each containing only one wiro basket 
in which the roe is laid. These baskets are generally so small that  they mill only hold 
about 5,000 salmon or trout eggs. These so-called Californian apparatus are arranged 
one below another in the form of steps, so that water can run down from one into the 
other, aud  the results given are very good. Being of tin, and of small dimensions, 
generally about 40 cin. long by 25 cm. broad and 25 cm. high, they are also easy 
and conveniciit to handle. I also specially recommend to the American fish-breeder 
Max von dem Borne's funnel-shaped apparatus, which, althongh giviug excellent 
results, only holds a, few thousand salmon or trout eggs. It is especially suitable for 
hatching the rarer kinds of fish, of which tliere are only a small number to be had. 

Whilst Europe can still well compete with America in the breeding of trout and 
salmon, and even has a gtation, Howietonn, in Scotland, which is larger than any in 
America, the latter country is fax ahead of Europe in the culture of fish with semi- 
buoyant eggs, such as shad, whitefish, and pike perch. It is solely due to the self- 
pickers, first introduced by Fred. Mather and Charles Bell, and a,fterwards improved 
upon and perfected in various ways by Chase, Clark, Wilmot, aiid McDonald, that 
this great fish-culture has been made possible. It would be difficult really to say 
which of these four last coiistructioiis is the best for the purpose. I, for my part, 
should be inclined to give the preference, 011 account of its simplicity, to the Wilmot 
apparatus, which is made entirely of glass, but I think it would gain considerably in 
effectiveness if the bottom were iiiade a little broader iii shape, like McDonald's appa- 
ratus, and fitted, as his is, with three feet, by which a more regular circulation of mater 
mould be obtaiued. During late years a glass self-picker, constructed by a Swiss named 
Weiss, has also bceu successfully used in Switeerlaiid aiid Germany. This has the 
shape of a bottomless bottle, turned upside down, the water risiiig up through the neck 
and running out over the edges of tlie bottom. 

Conceriiiiig the packing aiid trausfcr of eggs there is iiot much to be said. The 
packing most used both in America and Europo is clainp nioss. 0 1 1  the other hand, 
in Canada, where the eggs are hatched 011 trays of perforibted ziuc, the sibme trays 
with a layer of moss on the eggs are often used for transferring tliein froin the place 
of fecundation to tlie fish-breeding stations. I11 this wa,y 0110 avoids moving the eggs 
(which are very delicate) for some time after fecundation, besides saving oneself the 

' 



SOME NOTES AI3OUT AMERICAN FISH-CULTURE. 199 

trouble of doing so. Aiiotlier way of packing, which is greatly praised by Mr. Wilmot, 
of‘ Newcastle, Ontario, is that  of covering the eggs with clean snow; aiid tlien there 

. is tlic liussiaii method of packing i n  clamp cotton, which, altliough I have never seen 
it done, is said to he very successful. As a rule the roe is not nlovcd in Europe until 
tlie eye-spots are visible, but in America they seem to transfer quite newly spawned 
roe without any liesitatioii whatever, and in some cases the transit occupies several 
days. Thus, Mr. Clark tells me, it happens that lake-trout roe is a whole meek 011 the 
way from the place of fecundation to N‘orthville, where it is hatched without any part 
thereof worth mentioning becoming spoiled. I can not, however, but believe that 
roe which has been sent such a long way must give weaker fry thaii that which has 
not been moved, and in this belief I am supported by Mr. Page, in his address lately 
at the yearly meeting of the American Fisheries Society. 

,111 the same way as the hatching of the roe is different in Europe and America, 
the fry are also treated differently i u  these countries, In  Aiiierics nearly all the 
hatcheries are exclusively intended for the prodiiction of fry or so-called yearlings, 
for planting in public waters. I n  Europe t,here are, however, besides stations for this 
purpose, a number of hatcheries where fish are bred in ponds or private waters for 
comiricrcial purposes. With regard to the period before the fry has absorbed theyollt- 
sack, there is not much perhaps to be said, for this is a comparatively quiet time for 
the fish-breeder. The goneral experience is that it is better to keep trout and saliiion 
fry in trays during this period, so that the water can also wash it from below aud pre- 
vent its being stitled in the sediment at the bottom. 

The next period is far more critical, when the fry begins to take in food. The 
fish-breeders of the old school have not, as is well known, troubled themselves about 
the fry during this period, but when the yolk-sack has begun to be arbsorbed they 
have let the fry out and allowed it to take care of itself. There is no doubt that iu 
many cases this has also giveu good results, and this iiiethod mill probably contiuue 
to be used for soiiie time to come, but  I, for my part, believe that as fish-culture 
becomes more and more developed tlie fry will be kept iu t’he ponds until it has 
reached tlie age of six mouths or even a year. It is with the greatest interest that 
I have followed Mr. Atkius’s experimeuts in feeding salmon fry iuitil it has attained 
the age of one year, which required a great deal of care and attelltion. The results 
attained by this clever experiuieiiter in breeding large quautities of salmon fry iu a 
limited space liave been very successful, and these experiments were the more interest- 
iug on account of Mr. Atlrins having tried to replace liver, whicli until now has beeu 
aliuost uiiiversally used, by living food. This is, in my opiiiioii, one of the important 
points for fish-breeders, as the use of artificial food, both for the animal and vegetable 
kingdoms, must be regarded as in a traiisitiori stage. 

The feeding of fry, and also older fish, with uatnral food may be doiie in two dif- 
ferent ways: $110 orgaiiisins iutended for feeding the fish can either be cultivated in a 
separate place i~nd  then transferred to t h e  basins or pouds where the fish are Irept, or 
the fish tlieinselves can be put into ponds wliicli have been specially prepared, SO as 
to produce a large quantity of orgsuisms suitable for food. Each metliod has its 
advantages, but if tliere is pleuty of room tlie latter way seems to nm tlie most suitable. 
In  America tlic? custom is to build very amall aud shallo~v ponds, arid Livingston Stone 
says, in his celebrated ~vork on Iloinesticatcd Trout, ‘‘ build your poiids small, that 
means busiue.;s;” but I think you follow t,bis advice far too closely in Anierica. 
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The fish bred in especially large quantities in America, such as whitefish, shad, and 
pike perch, are nearly always let out as fry, in the stage when they begin to take in 
food. During late years, however, Commissiouer McDonald has tried keeping shad in 
the ponds during the first year, and I think it would also be a great success if similar ' 

trials were made with whitefish and pike-perch fry. In some parts of Europe whitefish 
and pike perch are fed in large ponds until they reach a marketable size, and I can 
not help thinking that if the fry were kept at least the first year in ponds the results 
would be much better than those obtained by the present nietliod in America. 

The breeding of trout and shad has 110 doubt been atteiided with excellent results 
in many parts of th:Lt country, but as far as whitefish and pike perch are concerned 
much yet remains to be proved. It would certainly seem very useful to hatch the 
hundreds of million eggs (which otherwise would anuually be lost) by catching the fish 
in its spawning-time and planting the fry thus saved; but statistics do not show 
that the supply of these particular kinds of fish is increased thereby. This may be 
attributed to the large scale in which the fishing trade is carried on, and it may be 
that, without hatching, these kind8 of fish would have been exhausted, but all this is 
in any case oiily an hypothesis. It can not yet be shown conclusively how large a 
proportion of the whitefish and pike-perch fry that is plaiited attains the age of one 
year,-and still less how many fish reach a marketable size. 

We should doubtless be able to get uearer to the answers to these questions by 
planting the fry in large ponds and letting them remain there one or two years. But 
I should like to go further still. The culture of fish can not make any real progress 
by breeding only; there must be in addition sound legislation founded on a proper 
knowledge of the subject, and ail eKective enforcement of these laws. But how diffi- 
cult it is to obtain a really thorough knowledge of the influoiice which the various 
factors exercise; what do we know as yet about the quantity of fish a certain water 
can produce, aiid liow large a yearly demand it can sustain? And how little do we 
still kuow what tackle is at the ,same time the most advantageous for the fisherman 
and the least destructive for the fishery. 

The only certain hasis to go 11p011 to judge of these aiid relative subjects is, I 
believe, to found experimeiital fishing statioiifi, with the exclusive right to control the 
fishing in various lakes and streams for preference of different sizes aud nature. 
At  these stations fish would be bred, trials made as to the eff'ect of difl'erent tackle 
and close times, artificial spawning beds laid down, water plants planted, and an 
examination made of the food produced by these waters and the best means of 
increasing the same, etc. In this way one would obtain a reliable account of the prac- 
tical result of fish-breeding and a starting-point for fish legislation. A year ago I 
founded such a station in Finland, but lacking means arid not haviog sufficieri t time 
now to devote myself to it as I should, it is riot yet so organized as I would likc it. 
It is to be for fish-culture what experimental farins itre for agriculturc. 

There arc yet many important problems to be solved in the breeding of fish, but 
the Unit& States have won so many triumphs? arid inore espechlly since the forma- 
tion of the U. 5. Fish Commission, which has not only devoloped at  an amazing rate, 
but has also done work of the most substantial value, that  we must  all hope for the 
continuance of their grand work of improving the breeding of fish, in which America 
is so much in advance of other civilized countries. 



22.-FISH-CUI;TURE I N  MICHIGAN. 

BY HOYT POST, 
Of the hfiLA(gmr Fish Co~~imtission. 

In this year of reminiscences i t  may not be aiuiss to briefly review the work done 
iu fish-culture in Michigan. The record is fouiitl i l l  ten biennial reports of the Michi- 

’$an Fish Commission. This record, presumably like that of other States, shows some 
blunders, frequent mistaken, and mauy sad disappointments, but by persistence, energy, 
and pluck the bluiiders were overcome, the mistalies corrected, and the disappoiii t- 
luents were boriie with the Christiil~ resiguation which is characteristic of the craft. 
As an illustration of tliis spirit of resignation a quotation from the second report is 
in point. Tt says: d4Now what is our lake aud river farmer to do about it, when 
accident and insuperable force so coiifroiit him 9 What can he do more tlaii did the 
honest Dutchman who, when lie broke his leg, tlianked the good Lord that it was uot 
his neck. Few iiiortals, if any, cwi create circumstances, and tlic fish-culturist’s work, 
like all other 1iuiiieIi work, inust t:ilto its chalices.” The outcome has been a steady 
aird coutiiiuous progress, resultiug iii i i  fair degree of success. 

The board of  fish coiimissiouers of the State was established by :it1 act of the 
legislature ap -oved ,  April 9, 1573. At this time seveiiteen other States liad 
embarked upon the work. 

Tho first board of Michigaii coiisistcd of the governor and two iippoirited inein 
bars who were to hold office uiltil tlie expiration of the next regular session of the 

. legisleture. Their duty mas stated to be ((to select a suitable location for a State 
fish-breeding establislinierit for the :trtificiid propagation and cultivation of wliitefish 
mid s w h  other kiiids of the bettor class of fimd-fishes as they may direct, upon the 
best tcrms possible.” They were required to appoint a superinteiideut of fisheries of 
the &ate and to supervise generally the fislting interests wid Hecure tho enforcement 
of d l  the laws relutiiig to tlie protection of’ fish tirid fisheries in the State. Tho fact 
that the whitefisli was the oiily one specifically named in tho organic ROC, iudicates 
tlie rcgdrd flit peoplo of the State Iiad for this fish, and it has been ofteir siuce cited 
:LM a 1 1  argument against iuiy neglect of that branch of the work. 

Tl1c governor, at the time this 1cginl:ttion mas eiiacted, T V ~ S  13011. John J. Bagley, 
of’ Detroit, whose i~iterest ill arid appreciation of the work had much to do with the 
passage of tlie law, as well as with the public interest in the subject aud tho early 
success o f  the coillmission. His associates on the Arst board were Andrew J. ICeIlogg 
alld George Clark, the 1:ltter of whom had a11 experience of almost half a celltury in 
catching whitefish in tlie waters of the State. 
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The first board was singularly fortuiiate in securing ;is superintendent, the entliu- 
siastic ancl untiring George H. Jerome, whose spicy ai i r l  vigorous contributions to tlie 
literature of tlie subject, contaitied in the early reports of the commissioners, have won 
the admiration of each succeeding board and of every appreciative re;bder. The salary 
of tho superiiiteiidcnt was limited by the act to $1,200, but the meagcrxiess of tlie coin- 
pensation did not hinder him from giving to the work all thc enOrgy and ability he 
possessed. He was the life and spirit of the board so long as lie retained his place. 

The following words from the first report of the cornmission arc deemed worthy of 
quotation : 

The wator world, mbjected yom by year to now discovery and to a larger iluvolopmont, may bo 
implicitlyreliod upon in tho yonrs to coinc to contribute :I much larger quota. of food tlinn at aiiy pro- 
oxisting period. This, as viowcd from tho fish-culturist’s standpoint, is boliovcd not to bo morcly 
possiblu, but highly probable. Indeed this is tho fish problem, nothing more, nothing less; and to tho 
soliltion of this problem tho voteran baud of fish-culturists, with the applinuccs at hand nncl with n 
will nud courage equal to cvory conceivable omergeucy, have gono to work, resolved not to Iny down 
tlicir tools till every promise of thoirs i d  rodoerned and every prophecy fulfilled. 

The appropriation for the first two years was $7,500 a year. With this fund the 
commission established a State hatchery at  Crystal Springs, Pokagon, Cass County, 
on the Methodist camp meeting grounds, slid built a liatcliery 20 by GO feet, one story 
high with a roomy attic, and a small residence for the overseer. The earlier offorti3 
of the commission were devoted somewhat to the propagation and plaiitiug of several 
kinds of foreign fish, the Atlantic salmon, the landlocked salmon, the California salmon, 

, and the shad, and we are constrained to believe that much faith ancl enthusiasm, as 
well as labor mid inoiiey, were wasted in the effort to acclimato these foreigners t o  the 
waters of Michigan. The whitefish, however, was never overlooked or neglected. 

The first plant of whitefish was in the spring of 1874, ancl it exceeded 1,500,000, 
which was greater than the plant of all other kinds. These were hatched at  tlic 
hatchery of N. W. Clark, at Clarkston, Oakland Couiity. 

In the spring of 1875 there mere hatched a t  the‘state hatchery at Poliagon about 
150,000 whitefish, and about 2,000,000 were bought of N. W. Clark & Son,of Northville, 
at the price of‘ $1 per 1,000, The plant was over 2,200,000. 

In  the fall of 1876 a small whitefish hatchery, 20 by 50 feet, was built on a leased 
lot near the waterworlrs on Atwater street in Detroit, a~id tlie experiment tried of 
using the city water. 
hatching was done a t  first in the Holton hatching-box, for tlic use of which a royalty 
of $100 a year was paid. 

I n  the spring of 1876 nearly 10,000,000 whitefish were hatched, aiid the plant in 
Michigan was 0,310,000. The rather boastful mention of this then unparalleled hatch 
in the second report of the commission is somewhat amusing in the light of what is 
now being done iii that line. 

In the  organic act provision was lniide for cotjperation with other States contiguous 
to t8he waters of Rlichigau, which should make appropriations for the work and express 
il desire for joint action, and in the report of 1876 mention is made that several of the 
States bordering upon tlie Great Liilres, notably Ohio, Wisconsin, and Minnesota, “have 
got sharply to work upon the Tvlritefish.” 

The planting of salnioii trout was begun in 1875, wlleii 180,000 fry were purchased 
of N. VIT. Clark & Son, a t  the price of $2 per 1,000, and planted i i i  the inlmid lakes of 
the State. The work on the Atlantic, tlie California, aid the landlocked salmon con- 

Oreii M. Chase was put iii charge of this hatchery. The ‘ 
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tinuetl through tlie seasons of 1576 and 1576. In the incantime Eli 1%. Miller, of Rich- 
land, had succeeded Governor Bagley as commissioner, and was made president of tlie 
board, tlie statuto having been SO amended as to provide for three commissioners, ane 
for two ysars, one for four years, and olio for six years, their muxessors to be appoiuted 
to a tcrin of six years each. The appropriations for 1875 aiid 1576 were @7,000 for each 
year. Twenty-two States were at t.his time more or less actively engaged in fish-culture. 

In 1877 the whitefish plant exceeded S,OOO,OOO. Some experiments mere made in 
hatcliing the Iierring and the German whitefish. In the third report tho cornrnissioii 
congratuIates itself that while it had paid $1 per 1,000 for hatching whitefish it now 
was producing tlieol a t  a cost of not to exceed 10 cents per 1,000. The Chase auto- 
matic jar, an invention pntentod by Oren M. Chase, llad nom taken the place of the 
hatching-box and was the means of greatly cheapening the production. 

The hatching of lake trout and of' California salmon and landlocked salmon was 
continued through the years 1877 and 1878, and experiments were made with grayling, 
though with indifferent S U C C ~ R S .  I n  1577 tho planting of eels was first inaugurated. 
They were takeu in the Hudson, near Troy, and trausported in cans. 

In the third report the snperinteiideiit concludes the California salmon is too large 
a fish for the great bulk of the inland lakes and should be planted mainly in the rivers 
emptyinginto the Great Lakes. The brook-trout work commenced about this time at 
the hatchery at Politigon, the take being from 200,000 to 300,000 eggs. 

0 1 1  October 14,1577, George Clark died and was succeeded by Dr. Joel 0. Parker, 
of Grand Rapids, who continued as coinmissioner by successive appointments until 
January 1,1593. He held the office of coininissoner continuously longer than any otlier 
member and gave mucli valuable work aud thought to  the subeject of' fish-culture. 

The appropriations for the years 1577 and 1578 were $7,000 il year. Tmentyoight 
States were now engaged in fish-culture. Tho plant of whitefish for 1578 was upward 
of 12,500,000, aiid for 1579 upward of 14,500,000. During these two years the work on 
California aiid lendlocked saliiioii and lake trout and eels continued, and two new 
varieties, the Germail call) and the Califoruia or rainbow trout, were introduced. 

The appropriations for the years 1579 ani1 1880 were cut down to $5,000 a year. 
On July 1, 1879, George H. Jerome resigued as superintendeut, and was succeeded 
September 15,1579, by Jaines G. Portman, of Watervliet, Bemien County, and the only 
0110 of the old c~nployBs retdued was Oren Af. Chase, who had been overseer of the 
Detroit hatchery froin its start. 

Up to this time a considerable plant of whitefish fry had beeu made each year iu 
several of the inlalid lakes of the State. No extensive reports of tlie fa,vorable results 
of such plauting corning to tlie coinmission, tlie planting was thereafter confined to 
the Great Lalres and the rivers wid stwits connecting thorn, and such interior lakes as 
colitained native uvliitefisli, aiid thus another ulidoubted mistake was corrected. The 
cominission, bscomilig co~ivineed tliat the brook trout was capable of a much wider 
range throughout the State than ivas formerly supposed, begau to give additional 
attention to raisilig and distributing this populwr fish. The fourth report bravely 
suggests that  not less tlian 1,000,000 brook-trout fry should be liatehed yeltrly for 
Michigau streams. A few black h s s  were hatched and plaiitcd, and some experi- 
lilents ma(le in Irybridizatioii. Renewed etrorts were also made t o  :1ccomplish some- 
thing for the grayling, but without success. About this time the few rclnaining adult 
California s&non Were turned loose; their exit W88 preceded by thet of the A t h t i c  
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salmou, and his by tha,t of the shad, and thus was another inistake corrected. The 
landlocked salmon struggled along a few years later, but his name has since been 
struck from the list. 

In the suiiimer of 1880 the Detroit hatchery was remodeled and the last of the 
Holtou boxes discarded and their places supplied with tbe Chase jars, giving a total 
of 300 jars and a hatching capacity of more tliaq 30,000,000 whitefish fry. Six of 
these jars were exhibited by Prof. Baird a t  the International Exposition at Berlin, 
and MI’. Chase secured the “goldeii medal of‘ honor” for the invention. About this 
time the trout and salmon in the ponds a t  Polragon began to  sicken and die, aiid an 
analysis of the water demonstrated that it was not suitable for the trout work; and 
thereupon ground and waker wqs rentcd a t  Boyne Palls, where, through the liberality 
of Hon. Thomas S. Cobb, of Kalamazoo, a temporary hatchery was located. After a 
season’s use, however, tlie dam was carried away by a freshet and the hatchery aban- 
doned. The carp were retained a t  Pokagon for a while, but were soon after removed 
to Gleiiwood, where the carp-hatchery has since been carried on under the supervision 
of Mr. Worden Wells, in ponds belonging to him, and with unvarying success. 

The whitefish plant for 1880 was 10,G95,000, and for 1881 only 3,000,000. The 
cause of the falling off was the difficulty in procuring the ova on :Lccount of storms 
and the failure of the Detroit river fishery, where the fish had theretofore been obtained. 
About this tiirie the methods of securing tlie ova were much iiriprovecl nnder t h e  
suggostion and experiments of Oren M. Chase, who found it  feasible to retain tlie 
fish in small crates, through which the water flowed freely, and to liandle the fish 
from day to day and take the eggs when ripe, thus making a great saving of tlio eggs 
aud resulting in but trifling injury to the adult fish. 

In  July, 1881, the trout station a t  Paris, Mecosta County, was located on Cheeiiey 
Creek, and about 40 acres of land and the meander of the creek, 15 rods wide, across 120 
acres more, were purchased. Here, in the early fall of that year, mas built a trout 
hatchery, 20 by GO feet, a dwelling-house and barn, and the hatchery and ponds at 
Pokagon were abandoned. 

The principal trout work of the State has been conducted at  the Paris station ever 
siiice mithout any serious drawbsclrs. The work, however, has now about rcaclied the 
limit of’ the mater supply, and 0110 neighboring stream has already been brought over 
in pump logs, aiid i t  is contemplated doing the same with another. 

The whitefish plant of lS82 was upwards of 18,000,000. That spring tlio exlmri- 
incut \vas first made with’ the wall-eyed pike, and a plant was made of 1,180,000. 

The board had some difficulty with Superintendent l’ortman, and in September, 
18833, he was succeeded as superintendent by Oren M. Chase. Mr. Cliasc sorved’mitil 
November 11, 1S83, when he wa8 drowned in Little Traverse Bay wliile in  tho per- 
formance of his duties, sacrificing his life in his zeal for tUe work. Walter D. Marktl 
was then made acting superintendent until March 8G, 1SS4, when lie m;is regularly 
a1)pointed superintendent, and continued to act in that capwity until the early part 
of 1803, wlien he resigned. Mr. Marks was an early pupil of the veteran Seth Green, 
and was man of large experience in handling and breeding fish. l i e  was full of 
resources and nlwarys found some may out of every difficulty that beset his work. 

January 1,1883, Eli I%. Miller retired as commissioner at the expiration of his term, 
and John H. Bissell, of Detroit, was appointcd liis successor. The work had reached 
a somewhat low ebb a t  this period and needed just such an ellergotic, thoughtful, and 
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practical man as he p~oved to be to give it a new iitipulse. It is 110 disparagement of 
anyone else to say tliat Mr. Bissell is entitled to as largo a degree of' credit as :my- 
one for such success as the Michigan Fish Commissioii has attained. 

The appropriation for 1881 was $8,000 &nd for 1883, $7,500. In tho fall of 1883 
the work of obtaining accurate statistical iuformation as to the amouiit aud value of 
tho conimercial fisheries of' the State was commenced in a sinall w y .  Tlie whitefisli 
plant of 1883 was 23,735,000 and that of 1884 was 37,760,000. The brook-trout plant 
of 1853 was 269,000 and that of 1884 was 363,000. 

In the sixth report it is again urged that there ought to be hatohing-house room 
sufficient for a t  least 1,000,000 brook'trout. In  1883 a new site was chosen at the 
corner of Joseph Campau avenue and Laf'ayette (now Champlain) st.reet for the Detroit 
whitefish station. This site is 100 feet square. Tlie lots were rented and a hatchery 
40 by SO feet built, with a shop and barn 30 by 46 feet in the rear along the alley. This 
building cost about $5,600, and was equipped ent5rely with Chase jars. It held 312 
jars with a hatching capacity of about 42,000,000 whitefish eggs. About this time more 
land mas purchased, near the trout station a t  Paris, and the ponds increased aud 
grounds much improved. 

In August, 1883, a whitefish-hatching station mas established at  Petoskey upon 
leased grounds; but for various reasons, principally connected with the condition aiid 
quality of the water supply, this proved another inistake and a somewhat costly one, 
too. Without going into detail, suffice i t  to say that this hatchery, after being used 
two or three years, had to be abandoned. As early as 1853 ib moverneilt*was inaugu- 
rated toward the establishnient of a whitefish and trout hatching station up011 Lake 
Buperior, but it did not result in anything tangible until several years later. 

In October, 1883, a meeting was held a t  Detroit of the fishery cominissioncrs of 
the States bordering the Great Lakes, upon invitatioil of the Michigan Uommission. 
Commissioners attended from Minnesota, Wisconsin, Ohio, and Michigan, and a rep- 
reseiitative of the U. 8. Fish Commissioner was present. A movement to secure 
uniformity of legislation led to the consideration of the subject of Federal supervision 
of the fisheries,of tlie Great Lakes. At  the request of the Michigan Fish Coinrnis- 
sion, Mr. Otto Eircliiier, then attorney-general of the State, examined the authorities 
and presented au able brief to the effect that the Federal Government had no juris- 
diction of the subject, and that such protaction its mas had must con10 from the 
authorities of the several St,atcs. This conference was productive of' much good 
feeling and undoubtedly lielped on tho ivork of uniform legislation of tlie several 
Stakes bordering the Great Lakes for the protection of the fishing interests. 

In February, 1SS3, a secretary of the board was appoiuted for tlie first time. 
Herschel Whitaker wits designated, and served u n t ~ l  June 1, 1884, when lie resigned, 
:uid Andre@ J .  Kellogg succeeded him. Mr. Kellogg served until March 20, 1888, 

, when he was succeeded by George D. Muesey, mho has served ever sirice. OU the 
resigiiatiori of Mr. Kellogg as c o n i ~ i s s ~ o ~ ~ e r  to take the ;q,pointment as secretary, 
Mr. Whitalzer wa8s appointed coinniissionor in his place a i d  has continued in Office to 
the present time, Tlie colubiiiation of Mr. WhitaBer, Mr. Bissell, itUd Dr. P ~ U X  
made 8 strong board, and from this  time on a now impetus mas give11 to the work. 
The business was organized and the work classified aiid systematized as i t  never had 
been before. Through their influence larger appropriations were obtailied and the 
work oxtended in every department. 
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The commission in 1884 obtained control of one of the fisheries on the Detroit 
giver, and this policy has been extended until now they control all the fisheries on 
the American side of the river. 

The sixth report sumR up the conditfon of fish-culture in  1884 as follows: 
The present aspect of this subject is far diffcrent in many respects from what its advocatett and 

promoters of ten or mor0 years ago believed i t  mould be at this time. The general enthusiasm of the 
early movement, as it seized upon the naturalist and sportsman of ten or fiftecn years ago in thc blush 
of its first successful experiments, has not entirely Laled away, bnt has riponed into a deep convictioi~ 
011 the part of an evcr-increasing number of iiitelligent me11 that fish culture hits solvod one-half of 
the question, “Can the fisheries be preservyd?” and has now scttlod domil upon btisinoss-like pririciples 
aid methods to do its part. The other half of that question must depend for ita auttwcr upon wise 
measures for protection. This is true of almost every State and Territory in the Union. 

The appropriations for 1883 and 1884 mere $103000 for building and equipping new 
stations, and $10,000 a year for current expenses. 

In  AuE;ust,1885, Mr. Lyman A. Brant was appointed statiqtical agent for the board‘, 
aud visited all the commercial fisheries of the State and made a full report iu writiug 
of his work, which was much the best of its kind that had thus far been done, and 
afforded the commission much needed information. 

The whitefish plant for 1885 was 40,000,000, and for 1886 was 61,620,000. A few 
Loch Leveu trout were planted and the plants of California trout were continued, but 
the adult fish did not do well in the stock ponds and many of them were liberated. 
Further experiments with grayling mere made; a large portion of a grayling stream 
was stocked with them and barriers erected to prevent their escape and every induce- 
ment provided for them to spawn in a semiwild or natural state, but the experiment 
was sc failure. Additional ponds were built a t  the Paris station, and the grounds other 
mise improved by grading arid sodding. Further agitation was given to the question 
of the Upper Peninsula whitefish station. A sclteme of systematic examination of‘ a11 
the inlaud waters of the State, seriatim, was inaugurated. For this purpose a double 
crew of men was sent into the field and charts of each lake examined were mado and 
filed in the office, to be bound into books. These charts contain a rougli sketch of the 
shape of the lakes, give their name and location, dates of examination, kind of bottom 
and shores, temperature a t  top and bottom, soundiugs, riurnber and kinds of fish 
caught and horn, their condition and what feeding 11p011, the kinds and coldition of 
fish food in the water, and reconmendation as to kinds of fish to plant. This work has 
been continued each year until a t  present there are complete records of upwards of 
400 lalres which have been examined, the reports of which are bound together in vol- 
umes indexed and easy of reference. These volumes are consulted in passing upon 
applications for fish plants in the w‘ ‘b t crs. 

The capacity of the trout-hatching house at I’aris has already reached l,tiOO,OOO, 
and a new house is recommended to incrcase the capacity to 3,500,000. 

The hatching and planting of  whitefish, brook trout, lake trout, wall-eyed pike, 
carp, Loch Leven trout, lavdlocked salrnon, and California trout continucd through 
the years 1887 and 1888. In 1887, the first plant of German trout was made and the 
rearing of this fish has been continued ever since and iiiucli iiicreased in later years. 
It seems to  thrivein Michigan waters and has every appearaim of beiiig R hardy and 
vigorous iniportation. 

In 1887, an additional trout-hatching house, 40 by t)2h fect, was built at Paris at 
a cost of about $4,000 for the house mid fitbiugs. The old hatching-house was dis- 
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nlantled, but remains standing and is used for a storehouse and shop. It is capable 
of being restored and put in use again on short notice and at small cost, if needed. 
The capacity of the Detroit whitefish house was increased by the addition of the jars 
removed from Petoskey, so that i t  contained 525 jars, which would hatch 80,000,000 to 
90,000,000 mhitefiali a year. 

In 1888 the commission had a car built for transporting fry and fish. It is over 55 
feet long and substantially built, with passenger-conch trucks, air brakes, platforms, 
coupler, and buffers, so that i t  can be easily hauled in. any passeuger train. It has an 
office a t  one end and a kitchen at  the other, and is fitted with five berths, enabling the 
inen to live and sleep on the car. Its capacity is 175 cans. It is named it-4ttikuluaig,7, 
the Chippewa iiame for whitefish, meaning literally the “deer of the water.” This car 
has proved a great convenieiice, and has been the means of cheapening the distribution 
of fish and fry. It has been in continual use from February till the latter part of June 
of every year since i t  was built. The plant of whitefish in 1887 was 72,984,000, aud in 
188s about the same number. The brook-trout plant in 1887 reached 1,000,000, and in 
1885 was over 1,500,000. The wall-eyed pike plarit of 1887 was 3?280,000, and in 1888 
it was 11,492,000. 

Mr. BisselPs term of office expired January 1, 1889, and Hoyt Post, of Detroit, 
was appointed his successor. On March 20,1888, Mr. Kellogg resigned as secretary, 
&d the present secretary, Goorge D. Mussey, succeeded him. 

In 1888 and 1889 the secretary made trips of investigation of the fisheries and 
filed written reports, which are printed in the biennial reports of the commissioners. 
In January, 1890, Mr. S. 0. Palmer continued this work on a more extended scale. 
During the years 1891 and 1892 Mr. Charlos 13. Moore engaged in similar work for the 
commission and obtained complete reports of every fishery in the State, his work 
being as complete as could be made. Experiments were made in hatching sturgeon 
eggs, :bud a few mere successfully hatched. A successful hutch was also made of the 
eggs of white bass. These eggs are very small and hatch in about 48 hours. Subse- 
quently larger quantities were successfully hatched in the Chase jar. 

The coinmission has made several fish exhibits, embracing nearly all varieties of 
native fish, at tho State Fair and Detroit Exposition and elsewhere. These oxhibits 
were comparatively inexpensive and were very attractive and proved valuable aids in 
clissemiuating lcnowleclge of fish and fish-culture. The report of 1890 was the first 
illustrated report issued. It contailis cuts illustrating the hauling of the seine mid 
the stripping of fish, and interior aud exterior views of the hatcheries, and of the ponds 
and grounds a t  Paris, adding much to  the attractiveness of the report. 

Some attcntion now began to be giveu to scientific work, and Prof. Jacob E. 
Iteiglrard, of the University of Michigan, began his investigation of the developmeii t 
of the wadl.eyed pike. The motive that first led to this investigation W R S  the discovery 
of the cause of the large perceiitage of loss in hatching the eggs of this fish as coin- 
pared with those of the whitefish. He made extended microscopical examinations 
and accompaiiied the inen in tho field and followed the eggs to the hatchery and 
watched their developincnt and hatching. He reduced his observations to  writing, 
furnishiiig AIL article of upward of ($0 pages, with microscopical drawings, which was 
published in the ninth report, with plates of the drawings. This article is regarded 
as ati exceedingly valuable contribution to  the literature of fish-culture and has been 
in great deruand. Prof. ltoighard also conductod like experiments with whitefish 

’ 
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eggs. He also accompanied the crews for esamination of waters with his microscopes 
:ind a11 assistant and a botanist, and made quite extensive examinations of the fish 
food and aquatic plants, and incidentally of some fish-parasites. He also prepared a 
still more elaborate article oil the development of the embryo of the wall-eyed pike, 
covering about 80 pages, which, with the plates illustrating it, are published with the 
teutli report. He is a t  present inaugurating some experiments connected with tlie 
food of the whitefish and its life and abundance and when and how distributed, which 
it is hoped will be of value in determining the proper places for planting the whitefish 
fry. It is designed to make this examination as careful and exhaustive as the means 
a t  hand will allow, tind i t  is planned t o  interest the authorities of the University 
of Michigan to cooperate with the commission in extending work of this scientific 
nature from time to time. No work of the commission has attracted wider attentioil 
among intelligent readers than the work already done by Prof. Iteighard. 

A boiler and pump were added to the Detroit hatchery for use in case of an emer- 
geucy causing tlie stoppage of the flow of tlie city water, such as hat1 been once or 
twice experienced. By this iiiems the water in the storage tanks could on short 
notice be pumped up into the troughs which feed tlie 1i;ttchiitg jars and keep tho 
water circulating through the eggs until the stoppage of the regular flow of the city 
water. ceased. The storage-tank capacity of tlie hi1tching-house was also nearly 
doubled by e~ila~rging the wing of the building. 

In the summer and fa11 of 1889 the efficiency of the Detroit wliitefisli liatchery ' w : ~  

doubled by tlie erection of two additional franics of jars, which increased the number 
of jars in place to 1,050, with :I lititching capacity of ncarly 500,000,000; but tlie diR- 
cnlty of obtaining sufficient ova to fill the jars prevented for a year or two reaping the 
full benefit of the increascd capacity. The whitefish plant iti 1889 was 63,000,000, ant1 
in 1890 it was 100,750,000. Tbe wall-eyed pilre pla~t t  of 1889 was 44,340,000, :Lnd in 
1890 it mas 22,300,000. Tlie brook-trout plaiit of 1889 was 5,465,000, and in 1890 it was 
2,578,000. The appropriations by this time 1i;~d increased to upward of' $20,000 a year, 
and the inventory of the property of the comniission showed a valuation of upward of 
$35,000. 

The tenth report covers the years 1891 tiid 1892, aird is a substantial volume of 
228 pages. 111 the fall of 1891 a small hatchery for whitefish, lake trout, and brook 
trout was establislied at Sarilt Ste. Mark,  containing 200 jars, besides such hatching 
troixglis as the space in tlie building would ;idinit. The city paid the rent of a small 
store builcliiig in which this hatchery was set up, and furnished city water free. This 
hatchery was run duriug the seasons of lSOl and 1892, but, owing to difficulty and 
disappointment in procuring whitefish ov:b, was not filled until 189% The purpose of 
a wliitefish hatchery on Lake 6nperior was to provide for stocking that great lake, the 
hatch a t  the Det,roit house coming on too early to be planted, on account of the ice 
in the harbors, It )vas thought that the difference in the temperature of Lake Superior 
water would retard the ha,tch about two or three weeks, which proved to be the fact. 
The water a t  the Sault proved admirably adapted to the work of hatching both white- 
fish and brook trout. The temperature of tlie water is remark:ibly even and cold. It 
began November 15 a t  420, and for the month ensuing varied from 420 to 380, and 
about January 1 ran down to 340, where it remained without over 10 variation 
either way until April 26, and from then until May 15 it did not go above 400. A daily 
record of the temperature of the water is kept a t  each station while in operation. 
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The appropriation for 1891 and 1892 exceeded $27,000 a yew, and those j u s t  
granted for the years 1803 and 1894 are $25,000 a year. The inveiitorg of the property 
has increased to nearly $38,000. 

Never till the fall of 1892 had the Detroit hatchery been coinpletely filled with 
eggs. In  that year the commission controlled all the fisheries on the Michigan side 
of the Detroit River, and instead of letting them out to others to fish, hired the fish- 
ermen and absolutely coiltrolled and directed the fishing. 

Through the energy, persistence, and skill of the superintendent, W. D. Marks, in 
conducting this work, more fish were caught and more eggs taken than ever before. 
The total of wliitefish caught mas 13,074; the total eggs taken was 4,544 quarts, or 
142 bushels, iiialiing 173,630,400 eggs. It was a beautiful and inspiring sight to look 
upon the tiers of jars in the Detroit house, more than a thousand in number, a11 filled 
aiid in active operation. It was a sight never equaled elsewhere'end but once there. 

Tho whitefisll hatchery a t  Detroit is undoubtedly the largest, best arranged, best 
equipped, most economical, and most efficient iii the world. No other has begun to com- 
pete with it in output. And there are few if any brook-trout hatcheries that excel the 
OIE at Paris. The whitefish eggs are placed in the jars in November aiid December, 
and remaiu from 130 to 140 days, or until March and April, before they hatch, and the 
fry are no more than out of the way before the sam8 jars are filled with the eggs of 
the wall-eyed pike, which are placed in the jars in April and May and hatch in 28 
or 30 days, coming out the last of May and first of June. 

It has been the habit of the board for the past few years to hold regular montlily 
meetiiigs aiid such special meetings as may be found necessary, and full records are 

. Irept in writing, in bound volumes, of the proceedings, including everything of iiiterest 
in fish-culture which comes to the attention or knowledge of the members from time 
to time. Full books of account arc kept of all tho money transactions. All payments 
are by checks signed by the member of the auditing comiiiittce who certifies to the 
account, sild vouchers in duplicate are taken for a11 paymcnts. William A. Butler, jr., 
of Detroit, has been treasurer of the coinmission since about 1883. 

All appli- 
cations for fish are in writiug on printed blanks furnished, which describe the location 
and character aiid temperature and soundings of the water, and the surroundings 
where it is proposed to plant the fry. 

In  January, 1893, the term of Dr. Parker expired and Horace W. Davis, of Grand 
Rapids, N ~ S  appointed his successor. 

I n  December, 1892, aii international fish conference was held at Detroit under the 
auspices of the Michigan Commission. There were presen t Samuel Wilmot, of Ottawa, 
Canada; Edward Harris, of Toronto; Thomas Marks, of Port Arthur, arid W. B. Wells, 
of Chatham, Oiitario, and members of the fisli commissions of New York, Ohio, Minne- 
sota, Maine, and many others from different States, including some fishermen. The 
subjects discussed ivere connected with uniformity of legislation protecting fish and 
game, and more particularly the vital question of a close seasoii for the commercial 
fish. The main results of the meeting were embodied in a report of a committee which 
was adopted, as follows: 

Bound voluiiies are kept of the statistical reports and examining crews. 

1. That all sm:~11 fish and others iixifit for food, of d l  kinds, when takeii iii riots, shoiild be replaced 
in the waters when talcen alive; tlint fishormen slioiild not bo allowed to take such fish on shore nor 
expose them for sale. 

F. C. I3 1803-14 
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2. That no strings ofpound nets used in the lakes dial1 oxtond more than 4 miles from shore. 
3. That one-half part of all channels botween islands or elsewhere, where fish migrate to spawn, 

shall be kopt free from nota of all kinds at all soasons. 
4. That all whitefish taken of loss than 16 inches in lougth, and all salmon trout less than 2 

pounds in woight, shall bo immediately roturned to the maters whero taken ancl shall not be exposed 
for sale. 

5. ThLt the month of November in each yoar bo made a close season for whitefish, herring, and 
salmon or lake trout. 

6. That all penalties fixed for violation of any laws that shall be onacted shall bo made not only 
to apply to those who take fish, but also to all persons who buy, sell, transport, or have the same in 
possession. 

The following resolution was also passed, vie : 
RcSoh~d, That the law should authorize the seizure and destruction of nets which are used in 

Throughout all the ten reports of the commission are frequent ackuowledgrnents 
of courtesies and exchanges with the commissions of other States and especially with 
the U. 5. Fish Commissioner, to whom the Michigan Commission is under very many 
obligations for continued favors ancl grants of eggs and fry and fish of varieties that 
could .not be elsewhere procured. 

The Michigan Commission would be guilty of ingratitude and lack of appreciation 
if it ever permitted any account of its work to go forth without due aclinowledgment 
of its obligations to the railroads of the State, without whose aid, given for the asking 
and without stint, it could never have accomplished anywhere near what it has. 

Ever since the organization of tho commission it has at each legislative session 
given much time and attention to procuring the passage of proper protective legislation 
to preserve the fisheries; but it seems much easier to get IegisIation through to prop- 
agate fish than to lay any restrictions upon the catching. As against any such 
restrictions an active lobby always appears on the scene and cries out about the ruin 
and destruction of property and investments, and who ever knew a legislature that 
was proof against such a plea. 

From the annexed table it will appear that the total plants of whitefish aggre- 
gate the large number of nearly 750,000,000, commencing in 1874 with little above 
1,500,000. The 20,000,000 point was not reached until 1883, the 50,000,000 point until 
1886, nor the 100,000,000 point until 1890, so that more than half the whole number 
have been planted within the past five years. 

It is matter of deep regret to everyone connected with or interested in the arti- 
ficial propagation of whitefish that actual and tangible demonstration of the results 
of sucli large plants can not in the uature of things be obtained. The ,results of brook- 
trout planting in streams are so open to inspection and so easily observed and appre- 
ciated that it is not difficult to convince any caviler by proofs and demonstration 
that can not be gainsaid; but to reason from analogy it would seem that if the rela- 
tively smaller output of brook trout has produced such remarkable results as they are 
known and acknowledged to have, the miIlions of whitefish and wall-eyed pike that 
have been planted in the Great Lakes must have made a marked inipression on the 
commercial fisheries, and yet frankness compels the admission that thus far the in- 
creased watch of adult whitefish is not at all commensurate with what it seems ought 
to have been expected as the outcome of these great plants. It is true there are many 

violation of law. 
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........................... 21,350 ........................ 

........................... 130,000 ......................... ................................................................. 

................................................................. ................................................................. 

tliiugs to be taken iuto account in this matter, not the least of which is the slaughter 
of iminsture fish; but it .would be very gratifying if the autual outcome of these plauts 
could be proved as it cau with the plaiits i n  the streams. 

E’isli plaiLted in i l l ioli igai~ ~uutera, 1879-1S32. 

................................................................. ................................................................. ......................................... 

............. 1,093 
1,120,000 .................................................... 
2,040,000 ............................ ............. 2,088 .............. 
1, BOG, 256 3,422 
3,280,000 2,843 .............. 

11,402,000 3,878 

L2,300,000 5,798 .............. 
27,045,000 2,231 
57,300,000 2,025 ........ :-.-.. 

................................................................. 

p4,340,000 3,490 .............. 

................................................................. 

I Year. I I I%roolc trout. WhituAsh. 
___ . 

............ 12,000 ...................................... 

6,000 ............ 
25,000 ............ 

...................................... 
20,000 ............ ...................................... 
4,000 ............ 

+10,000 17.360 ...................................... ........................ 

1875 ............................. 
1870 ............................. 
1x77.. ........................... ..... 
1823 ................ 
1870 ............... 
1880 ............... 
1881. .............. 
1882 ............... 
1883 ............... 
1884 ............... 
1885 ............... 
1HK6 ............... 
1887.. ............. 
1888 ............... 
1889 ............... 
1890 ............... 
1801 ............... 
1892 ............... 
1892 ................ 

2,211,500 
0,310,000 
8,001.000 

.............. 
12,000 
50,400 

388,600 
251,000 
210,000 
353,000 
408,000 
710,000 

1,0D0,000 
1,030,000 
2,468,000 
2,678,000 
2,500,000 
2,422,000 

............. 

I ______ . . . .  _____-.--. ---- 
Bola. 

. 265,000 
405,000 
317,000 

. 300,000 

236, 000 

825,000 

............ 

...................... 
............................................................... 1887 23,638 

1888.. ............. 5,000 .................................... 73,424 .... L ....... 
18RD ........................... 20,000 11 13,000 5,000 

1891 ........................... 156,000 .................................... 273,000 

............ .............. 
lHB0 ............... 30,000 00,UOO 11467 ............ 44,000 ............ 
1892.. ......................... 271,500 1204,000 .......................................................... 

--__-- 
43,000 507,500 2,080,301 1,304,651 320,618 2,211,000 
. ~ __ .. 

. - - --- - _- 
W:dl.uyod 1 CurIl. I Atlairtic 1 California Swiss lako . pike. salmon. trout (fry). 1 trout. I 

Uluck urns, bass. 

................................... ................................... ................................... .................................. ...................... 
...................... ...................... 

3,500 ............ 
7,000 ............ 

...................... 

....................... 

.................................. 
................................... 

I ............ 
1,560 ............ 

185 ............ .......... 2.500,000 

................................... 

__- 
12,245 2,500,000 

170,723,256 I 26,868 I 160,350 I 83,476 1 17,360 I 
---I _________._______ 

I____ 

* Alwo 475 idu1t-b t From Dotroit station. + Bruin Ssult Sto. Mario station. 
p Adults. 1) 2 years old: 
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23.-HISTORY AND METHODS OF WHITEFISH CULTURE. 

BY FRANK N. CLARK, 
Superintendent of U S. Fish Cotamission Station at Northville, Michrigan. . .  

The history of fish-culture is claiming the public attention as never before. From 
earliest time the art has been rife among all peoplcs, even among the more rude and 
uncivilized. We read of the fisheries of Byzantium, old Constantinople, that were 
both lucrative and extensive. The fisheries of Rome in the vicinity of Sicily and in 
the Carpathian Sea, and those of the ancient Xgyptian inlandhkes are all of historical 
interest. Egyptian fisheries were protected by the most stringent laws. The revenues 
of the fisheries of Lake Maerie amounted to more than $500,000 annually, which 
is evidence of their extent. Early in the ninth century laws went into effect in 
western Europe touching the immense European fisheries. But while fish have been 
used as an article of food since the dawn of the race, pisciculture never reached its 
practical and scientific position till more recent years. . 

The Chinese practiced the art of rearing and fattening fish in confined bodies of‘ 
water, by placing twigs in the water during the spawning time of carp and removing 
thein when covered mith the spawn. The Romans followed a like method, while the 
Egyptian pictorial relics show a similar custom, a large vivary being built and main- 
tained for the purpose of growing fish for table use and religious sacrifice. Tho his- 
torian of ancient Rome tells us of the extensive and complete fish ponds of the Romans. 
Tlie Roman Hortensius was inoro concerned about his mullet than his men, and his 
fish servants were for number almost couutless. He employed sailors to  procure food 
for them, and when the weather prevented the tars from leaving port in sesrch of fish 
food, butchers and provision dealers would bid for supplying the fish with provender. 
Eis head man, or ‘‘ nomen-clator,” not only gave a name to each individual fish, but 
taught them to  “wag their tails, fawn like dogs, and permit themselves to be scratched 
arid clawed,” wheu exhibited t o  visitors. There is much fable concerniug the affection 
of the Romans for individual fishes, but the fact that they mere successfully reared is 
well established. This, briefly, is the general character of ancient fish-culture. It did 
not include what the culturist of to-day cousiders the most skillful item of his work- 
the taking of the eggs from the female fish, impregnating, and hatching them. 

As early as 1741 Stephen Ludwig Jacobi, a young German, discovered this art and 
successfully practiced it years before making it public. Since then, with various 
changes and improvements in methods, it has been in vogue in different countries, but 
nowhere has larger 8uccess been obtained than in the United States. When in 1880 
the International Fishery Exhibition occurred in Berlin, which was one of the most 
notable events in fish-cultural history, the grand prize was awarded this country for 
the best collection illustrating the fisberies, while the United States captured six out 
of ten gold medals awarded, Germany securing three, aud Russia the remaining one. 

213 
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And so the history of our profession has had its birth and growth, and is of vital 
interest to those who care for these matters. With this general introduction I turn 
to briefly consider the history of whitefish culture from the beginning of the work to 
the present, with methods, apparatus, etc. 

The first intimatioil we have of the artificial work with whitefish is Sound in a 
paper by Mr. Milner, deputy U. S. Commissiorier of Pisheries, on L L  The History of 
Fish Culture,” in which he says : 

In November, 1857, Mr. Carl Miller, of New Yorlr, and Mr. Henry Brown, of New Haven, Conn., 
visited Lake Ont,ario, and, taking males and females of whitefish alive from the nets of the fishermen, 
impregnated a large number of eggs, estimated by them at 1,000,000. They were packed i n  alter- 
nate layers with fine wet sand, presumably in  a box, but not stated, and transported t o  Saltonstall 
Lake, Conn., and there deposited upon sandy spots in  the lake. The eggs had the appearmoo of being 
in  good condition when they arrived at their destination. In March and April following, the  young 
were said t o  have been scen in  large numbers. Again, in 1858, 10,000,000 ova of trout and whitefish 
were obtained and placed in  the lake, aud considerablo niimbers were believed to  have becn hatched. 

Mr. Milner notes that the numbers were probably overestimated in both cases. 
From the Maine commission report for 1870 we find that in November, 1868, they 

laid down in the hatching troughs Sor experiment a number of whitefish eggs, and in 
the following March and Spril  a large number of young fry made their appearance. 
The fry escaped to a stream below the hatchcry, and later in the season whitefish of 
4 to 5 inches in length were noticed and some shown a t  the Provincial Show a t  London 

The first successful series of tests were begun in 1868, by Seth Grcen and Samuel 
Wilmot in applying artificial culture to this species, and in the succeeding year by 
my father, Mr. N. W. Clark, with whom I was associated at that time. 

Mr. Milner further says: 
’ They wero found to be very delicato and difficult to  hatch in the first few years of experimcnting, 

but  methods wore perfected that  made their production a8 certain and’ losses nearly a8 sniall as in  
othcr species. 

From.this it will be noticed that Mr. Wilmot and Mr. Green began their experi- 
ments one year previous to my father and myself. I have not been able to obtain the 
facts as to Messrs. Green and Wilmot’s plan of handling the eggs, but it may be pre- . 
sumed that it was carried forward in a manner similar to our own. 

Commencing, then, with the fall of 1869, we find that Mr. Clark, through the 
courtesy of Mr. Green, obtained 50,000 whitefish OVD arid placed them in gravel 
hatching-boxes fed by spring water a t  the teiiipei ature of 470 P. It was Sound they 
required much closer attention than trout ova and the eonstant removal of the dead 
eggs was necessary to avoid the growth of fungus, the whole bcconiing one mass of 
v’egetablo mold. However, 2,000 were hatched and through the wirc mesh escaped 
into a lake below the hatchery. 

Again, in 1870 a like number was obtained through the courtesy of Mr. George 
Clark, of Ecorse, Mich., placed iu the same troughs with the same teinperature of 
water. A much larger number were hatched, bursting the shell about January 15 to 
January 20. By the use of finer-mesh wire the young fry were retained in the troughs. 
Soon after the hatching Mr. J. W. Milner, deputy United States Uomniissioner, visited 
the hatchery at Clarliston and took some one hundred of the fry with him to his home 
at Waulregau, Ill., to experiment8, and, if possible, 1e:wn the food of the whitefish; 
some3,000 were retaiued in the troughs, but lator they all died, only surviving four weeks. 
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111 tlie fall of 1871 a larger liatehery was erected further down the stream, and a 
dam constructed, flowing over a large area, for the purpose of cooling the mater. 
My father’s experiments led him to believe the eggs should be retained to such a 
time as would seem to be more nearly the natural hatching time of the eggs spawned 
in the Great Lakes. Through the courtesy of Mr. John I?. Clark and George W. 
Clark, he was able to obtain upwards of 500,000, a fair percentage of which was 
hatched and planted near the hatc1iel.y and Detroit River. 

Again, in 1572 a ftlir number were obtained, hatched, and planted, aportion being 
carried forward for the TJ. S. Fish Commission. An estimat#e, by Mr. Milner, of good 
eggs, placed them at  66 per cent; the first considerable shipment of eyed eggs mas made 
to California from the Clark establishment by Mr. Milner, the deputy commissioner. 

In  1873 the take was 800,000. Experiiaents mere inaugurated with reference to 
the growth of the fish. Eggs were hatched in spring water in sixty days, and by a 
series of mixing the spring and ice-cold waters from the creek, it was possible t o  bring 
fry out weekly. From January 15 to April 1 weekly hatch experiments were conducted 
with regard to growth. Success was not very marked, however, till toward the last 
of the hatching. The fry produced after Marcli 15 seemed stronger, end from this lot 
we find that by June 18 those in tlie lake water had reached a length of 1& inches. 

As to the apparatus in use for transporting the eggs from the fishing-grounds on 
the Detroit River to  tlie hatchery at  Clarkston, I quote from Mr. Milner : 

An improved case for the carriage of eggs long distances by railroad is another device perfected 
by Mr. N. W. Clark in 1872. It is a modification of the ordinary case containing circular cups, the 
cups being squarc, and in this form economizing space w r y  much. Tlie cups of tinned iron, about 4 
inches squiire and 2 inches high, rest in trays with low partitions forming low compartments that  
retain the bottom of each cup and hold it solidly in place. The trays are act within a sqnme tin box, 
in which they fit with moderate tightness, and are placed, when containing the cups, eight or ten in 
a box, oue above the other; this box is set within another box of tiii lorgo enough to  leave an open 
space on all sides, t o  be fillod with sawdust; a tubo is inscrtod tlirougli the bottom of the inlier box, 
piercing tho bottom of the outcr one, so as to  permit coinmimication with the air on the outside; the 
whole is then plnoed for protection within n, strong wooden box, iu tmhe bottom of which is a frame 
rostixig upon stiff springs wliicli rclievo the eggs from honvy jarring; rubbcr or cloth bumpers on the 
sides of the box prevent lateral swaying and jolting. A cover is fitted on the inner box, which may 
thcn be covered with sawdust to  tho level of the higher outer one, when tho oover of this is to  beshnt 
down. The outsidc wooden box is fitted with handle8 and with a tight lid oil hinges, which may be 
locked. Small anger holes are bored through tho outer or packing box aud air may be admitted to  
the wholo interior of the egg case through tho tnbe refcrred to  in  tho bottom, tho cups being pierced 
with small holes, so that  when placed they are directly over oircular openings i n  tho trays and a com- 
miiiiication of air is established throughout. 

The eggs may bo packed in  nioss, in the ordinary manner, in tho cups, which expcrience seems to 
prove to  be the boat inaiiner for long journeys. 

The fa11 of 1574 brought out the flannel trays for transporting eggs from the 
fishing shore to the hatchery. These were used by Monroe A. Green and my father, 
for carrying the whitefish eggs to their respective hatcheries. A model of this carry- 
ing tray and box may be seen in the Fish Commission exhibit, In transporting white- 
fish and lake trout-eggs from fishing-grounds to the hatcheries, this apparatus has 
been continudly used to the present time, as no other carrying device has met with 
the success and convenience of these trays. 

During tho winter a small number of whitefish eggs were carried forward as an 
experiment in the hatching of whitefish eggs, which were laid in single layers of woolen 
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cloth &retched on very thin frames of wood, packed in a box imbedded in moss within 
a refrigerator, and the whole kept by ice a t  a temperature a little above the freezing 
point. Mr. Milner notes that “the eggs are left entirely undisturbed after they are 
first arranged; the only care on the part of the attendant is to keep the temperature 
above the freezing point.” It is true the eggs necessarily occasioned very little care. 
Once in two or three weeks the trays were overhauled and dead ova removed. Very 
little confervoid growth appeared, and in March the eggs were removed to hatching 
trays, where, in a very few days, the fry hatched. Other experiments were tried at 
this time, such as placing the eggs in fine sand with a drip of water falling on the 
case containing the sand and eggs. This period, up to the spring of 1873, is what 
I term the first stage in whitefish hatching. 

We now come to the invention of the Holton, Clark & Williams box, ar descrip- 
tion of which you are all familiar with, and a model of which may be seen in the exhibit. 
The Clark box was used successfully in hatching some 2,000,000 whitefish during 
the winter of 1873-74, a t  which time my father and myself were engaged in hatching 
for the Michigan Fish Commission, thus inaugurating the work of turning out white- 
fish by the State. I quote from the Michigan Fish Commission report of 1874: 

During the winter of 1873-74 there were hatched at Clarkston, OaklandCounty, under the auspices 
of the fish commission, upwards of 1,500,000 of whitefish. The eggs.were laid in the latter part 
of November, 1873, and commenced hatching the latter part of  February. Tho hatching operations 
at Clarkston last winter were eminently successful end hnvo established, beyond all cavil or doubt, 
the absolute feasibility of multiplying, to any desired limit, the whitefish, the acknowlcdged queen 
of the lhkes. 

The Rolton box was not used to any great extent until the season of 1875-76, 
when the Michigan Commission placed them in a newly coiistructed hatchery located 
at Detroit, Mr. 0. M. Chase, superintendent. The work of laying in the eggs and 
hatching was very successful, and a large number were deposited in numberless lakes 
and the Detroit River. 

The Clark box was used the same season in successfully turning out upwards of 
2,000,000 for the U. S. Fish Commission. 

The tray-box method of Holton, Clark & Williamson was of great importance in 
economy of space, in the facility of manipulation of the eggs, and in saving expense, 
because smaller buildings were sufficient for the accommodation of the apparatus, 
from the compactness of which more labor ca,n be accomplished than with the extended 
trough method. 

The shipment of 216,000 whitefish eggs made by the U. S. Fish Commission early 
in February was not successful, as they arrived in bad condition. This lot was packed 
upon alternate layers of sponge and eggs, the whole surrounded with fine sawdust. 
Early in March another shipment was made of llG,000, which arrived in good con- 
dition, being packed in moss. 

We now pass from the tray-box method to themore compactform of bulkhatching. 
During the season of 1875-76, Mr. Oren M. Chase, of the Detroit establishment; Mr. 
Welsher, of Wisconsin, and Mr. Samuel Wilmot were a t  work on a bulk hatcher for 
the whitefish. Messrs. Chase and Wilniot continued these experiments, atlid the use 
of the Chase jar has become quite general, notably with the States of Michigau and 
Wisconsin. Up to the period of bulk hatching of whitefitsh eggs the dead and fun- 
gused eggs were removed by tweezers, and it was necessary to devise some method by 
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which the bad eggs might be removed automatically and thus lower the cost of pro- 
duction. By the tray method whitefish fry in 1874 and 1875 were costing from 80 
cents to $1 per 1,009, but by the bullchatchers the cost has been reduced to  from 5 
to 15 cents per 1,000, The Chase jar was somewhat modified. and successfully used 
by myself in the Northville establishment in 1877. 

Other devices have been invented for handling whitefish, such as the Bower 
trough hatcher, and a hatcher consisting of tin, devised by Mr. I'iolt of New York 
State; but none of the devices, to my knowledge, lias been used to  any great extent. 
The Chase and Clark jar (a modified Oliase jar) were practically the only ones used up 
to about 1850, when the McDonald jar was invented for the hatching of shad, from 
which time the McDonald ja r  bas taken the front rank with that of the Chase jar for 
hatching whitdish, being used in the Put-in-Bay hatchery, tlie Alpena hatchery, and, 
I think, at the hatchery at Erie, Pa. Since the invention of these jars they have 
practically brought the hatching of whitefish almost to perfehtion, and 110 practical 
invention has been brought out to take their place or sixpermdo them. 

GROWING WHITEFISH. 

To my knowledge, the first whitefish grown that were held for rearing, to amount 
to  anything, was in 1882, when at Northville we held some few thousands of tho fry, 
of which we sucoeeded in raising several hundred to be one year old. These fish were 
raised entirely upon chopped liver, and me kept them a$t the Nortliville Station until 
they were large enough to spawn. We have taken the eggs from the parent and 
hatched them in the automatic jars. In packing mid shipping whitefish eggs since 
1876 we have practically followed the same plans each season, namely, that of the 
flannel-tray method, and in shipping to long distances, such its New Zealand, Mexico, 
etc., the tray has been packed in a refrigerator box. 

It is a rare thing nowadays to find any of our shipments of eggs arriving at 
their destination in poor condition, hardly an instance in a seasoii. The work of col- 
lecting eggs is practically carried on after the same Iiietliod as in the beginiiing, with 
the exception of certain localities where the fish, after being caught, are held in crates 
till ready for manipulation. The work of the Michigan Fish Commission in collecting 
their whitefish eggs is almost wholly upon this plan. Whitefish fry have been planted 
in our great lalcos from 10,000,000 upwards to GO,OOO,OOO each season siisco lS'iG, and 
it is to be regretted that the increase of whitefish iis these lakes has not been larger. 
The cause has not yet been satisfactorily demonstrated. The fish are planted in the 
same time of the year tha,t the eggs naturally spawned are supposed to hatch. They 
are also planted upon the natural grounds where the fish 8panw, aid still the increase 
is not so great as we might suppose. 

Since 187G there have been planted in the Great Lakes aud inland waters through- 
out the United States by the U. S. Fish Commission 677,176,000 whitafish fry. The 
inajority of these have been planted in the Great Lakes, and by Canada and the 
States of New York, Ohio, Michigan and Wisconsin there has, undoubtedly, been 
planted double this number, and it would seem proper that the time has arrived when 
we should see if there might not be some better means for introducing t lm fry in the 
Great Lakes especially. It is true that in some few of our inlaud lalces throughout; 
the United States the whitefish planted have done remarkably well, but for 0x11' 
(heat Lakes some new method innst bo sldopted for introducing the fish in the waters. 
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Statement of the distribution of tukiteJs1~ eggs and f r y  by the U. S. Cominiasioii of F’isb and fli811erie8, from 
1873’ to  1893. 

EGGS. 

Assignmonts. 
~ - _ _ _  
State fish commis- 

dons. 

Califoniia .......... 
Maine.. 
Iowa. 
Minnesota 
Kentucky.. 
Nevada 
New Jersey. 
Connecticut 
Marylaud 
New Pork 

1872. 1873. 1874. 1875. 1876: 1877. 1880. 
- -__ ___ __ -__ -___ 

332,000 25,000 20,000 100,000 250,000 500,000 500,000 
.......................................................... 1.000.000 

....................................................... 250,000 ...................................................... 500,000 
.......................................................... 25,000 

............................................. (. ................ 
............................................................... ................................................................. 
................................................................ 

........................................................... 500,000 

Private applicants. I 1 I j I 1 I 

1883. 1884. 
~~ 

.................... 

Total.. ...... 
- ~- ._.__ ____- - __ I Assignnients. 1 1885. I 1880. I 1887. I 1888. ~ 1889. 

100,000 
10,000 ......... 

.._I.. ... ......... ......... ......... 

1881. 1 1882. 

.................. .................. ......... 
......... 

150,000 
1,u00,000 

200,000 
250,000 

2,000,000 

750,000 I 600,000 

_ _ _ _ _  _ _  _ _ .  

.................. 
500, 000 ......... 
........ .5,000, 000 

.................... 
250,000 

Wisconsin 
I’enmylvania 
Missouri 

Foreign countries. 

Germany 
France 
New Zealand. 
Australia 
England 
Switzerlaud 

............................... 100,000 ......................... 
.................................................... 10@,01)0 .................................................................. 

......................................................... 250,000 .................................................................... 
................................................................. 

................................................................... 
............................................................. 

............................................................... 
,922,000 0,810,000 I 
1890. 1 1891. 

312,000 
250,000 ’ 

................... 

.................. .................. 

510,000 
200,000 

.................. .................. 

.................. 

.................. 

.......... 

.................... 
I 200 000 1 000 000 
5: 000: 000 20: 000: 000 

.................... 
50,000 

.................... .......... 1 .......... 

.................... 

____-----___ 
State fiah commts- 

siono. 

California ...................................................................................... 
Maine .......................................................................................... 
Iowa ........................................................................................... 
Ninnesota 15,000,000 10,000,000 10,000,000 
Kentucky ...................................................................................... 
Nevada. ........................................................................................ 
New Jersey ..................................................................................... 
Connecticut. ................................................................................... 
Maryland .......... 500,000 .................................................................. 
New Pork ......... 1,000,000 1,000,000 1,000,000 ........... 1.000,OOO 4,000,000 
New Hampshire.. .. 500,000 ................................................................. 
N0rt.l; Carolina.. ............................................................................... 
Pcnnsylvanis . ._ _ _ _  10, BOO, 000 10,000,000 15,000,000 24,400,000 10,000,000 14,000,000 
W oiniiig .......... 500,000 .................................................................. 

800,000 1,600,000 ........... 1,000.000 1,000,000 ..................... 
Wisconsin.. ......................................... 5,000,000 0, 000,000 10,000,000 
Indiana ........................................................ 10,000 125,000 
Uliio ...................................................................... 47,500,000 

Private applicanto. 

Wiuconsin ...................................................................................... 
Missouri ........................................................................................ 
Foreign countries. 

Gcrrnany ........... 2,000,000 1,000,000 ........... 100,000 ........... 100,000 
Franc0 ........................................................... ..........................(... 
New Zealand.. ..... 1,000. 000 1,600,000 ....................................................... 
biistrdia ...................................................................................... 
k:114and ........... 2,000,000 2,500,000 ........... 150,000 200,000 200,000 
dtzer land . .  ...... 1,000, 000 ....................................................... 

l o h l . .  ....... 40,800,000 27, 000, 000 2G, 000,000 YO, G50,OOO 18,210,000 75,025,000 

......... ........................................... 

DeYawar? ........... 

I’ennsylvania ..................................... 1. ........................................... 

---- 
r .  

I 

.................... 
200,000 1,000,000 

L,000,000 1,000,000 
200 001) 200,000 
500: 000 1 .......... 

.......... 

12,500, OLIO 

.......... 
100,000 

8,000,000 

........... 

100,000 
100, 000 

20,800,000 

......... ......... 

......... ......... 

...... __._(.___._-.-- 

2,077,000 
1,000,000 
3,200,000 

05.250.000 

......... 

......... 

......... 

......... ......... ......... ......... 

......... 

......... 

1,000,000 1 1,500,000 

100,000 
100,000 
50,000 

0, 772, 000 
450,000 

3,500,000 
1,000,000 
5,400,000 
1, 000, 000 

.......... I .......... 
1,000,000 .......... .......... 1,000,000 
.......... 250.000 
.......... 1 500;000 

D, 100,000 20,750,000 

1892. I Total. 

I 

000 

200,000 208,210,000 
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Statemeiit of 2 1 ~ 0  distribution of iohitcfislr. eggs and f r y  by the U. S. Con~nbissioi~ of F$ah and Fisheries, from 

IS72 to lS93-Coatiuuod. 

FRY. 

Lake Erio * ....... 
Lake Miohignn ... 
Lako Huron 
Lnke Ontario 
Lnko Su orior.. 
ln~iind %keN of 

Water8 stooked. I 1870. 

1,000,000 
130,000 

................. ................ 
............. 

........... 

....................... 

....................... 

............ 
90,000 

DO, 000 

1888. 

Micliigaii ....... 1,340,000 
Inland lakes of 

1o\m.. .......... 100,000 

(........... ...................... 

15,000 

........... 
...................... 
...................... ~- 

9, 205, 000 
~ - I _ _  

1889. 
____ 

Indiann. ........ 100,000 I Iiilnxid lakea of 

liilaud lnkes of 

Wisconsin.. .... 
Inlnnd lnkcs of 

Iowrl 
Illland lnkos of 

Iiidinnn.. 
Inland lakoa nC 

Now Jorsuy 
Inland lake" of 

IdILhO. 
rnlai~cl 1nk1.s of 

I,*,an~ Ore on lnkon ol 
Washington 

Nohraka waters 
Potouiao River.. 

,I l o t n l  __.___ .. 

New Jersey.. .............. 
NobrnHkn witers ............ 
Potomno Rivor. .............. 

...................... 
................... 

................ 
...................... 

....................... 
................ ............. 
.............. 

02,070,000 
-- 

-- 
Total ....... . I  2,G70.000 

.__ ._ .____. 

........... 

........... 

Water8 stockod. 1887. i T  

...................... 
3,250,000 

885,000 

385,000 ....................... 
...................... 

Lake Erie* ....... 
Luke Michigan.. . 
Lnko 11 uron ...... 
Lake Ontario.. -. . 
Lake Siiporior .... 
Stmits of Mnrk- 

12,000,000 
17, 000,000 
YO, 000,000 
3, 000, 000 

iiino ........................ 
Miolii wii . .___._ 70,000 

........... 

Inlniid l i ikw nf 

Ininnil jake8 of 

1879. 1881. 
_c_-___ 

........... 2,250,000 

........... 5,000,000 ........... 2,000,000 

........... 8,000,000 

...................... I 2,000,000 I _ _  ......... 

...........I ........... 

....................... 

........... I ............ 

20,012,000 1 81,135,000 

1882. 

4,750,000 
7,600, 000 
2,000, 000 
3,500,000 ........... 

........... 

........... 

........... 

........... ........... ........... -- 
17,750,000 
___- 

1890. 

31,028,000 
0,000,000 

24,400,000 
3, 800, 000 

24,850,000 

.......... 
........... 
.......... 
.......... 

100,000 

.......... 

.......... 

.......... 

.......... .......... .......... 
90,178,000 

1883. 

7,000,000 
11,000,000 
lG,000,000 
9,000,000 
4,000,000 

............ 

............ 

............ 

............ 
400, 00b ............ 

47,400,000 
- 

18Ql. 

10,000,000 
4,500,000 

14,500,000 
3.312,OOO 

13,830,000 

2,500,000 

............ 

.............. 

............ 

............ 

............ 

............ 

............ ............ 
........... 
48,702,000 

1884. 

12,000,000 
20,000,000 
27,500,000 
6,000, 000 
0, 000, 000 

500,000 

............ 

.- ......... 

............ ............ 
1, GOO, 000 

73, GOO, 000 
-- 
-___ 
_I__ 

1892. 

G,000,000 
4,000. OOO 

10,750,000 
3, 990, 000 

1G,727,000 

............ 
2, 000,000 

2,000,000 

........... 
............. 
........... 
........... 
............ 

............ ........... 
45,407,000 

I- 

1885. 

25,000,000 
25,000,000 
34,000,000 

4,000,000 
........... 

.......... 

........... 

........... 

............ ........... 
1,550,000 

89,550,000 
---. ____ 

1893. 

22,370,000 
2,000,000 

ll,L40,000 

10,627,000 

I, 500,000 

............ 

2.000, 000 

............ 

............ 

............ 

............ 

............ 

............ 

............ ............ 

............ 
49,037, OOO 

1886 

15,000,000 

30,000,000 

6,000,000 

29,000,000 

12,000,000 

............ 

............ 

............ 

............ ............ 
2,000,000 

94,000,000 
--- 

._ 

Total. 

188,598,000 
lt35,130, 000 
255,070,000 
52,109,000 
94,034, OW 

4,000,000 

8,410,000 

2,000,000 

100, 000 

90,000 

215,000 

3,250,000 

885,000 

385,000 
400,000 

5,150,000 

732,420,000 

A Includos Detroit River. 

Prof. Rasch, of the Norwegian University of Christiania, has made a very successful 
and, a t  the same time, suggestive experiment in the method of propagating salt-Gator 
species. Finding A deep natural lagoon that extended about a mile inland from tho 
sea, narrowing at  the oud to the width of a large trench, a basin was formed, covering 
some 300 acres, with R inemi depth of 40 feet, into which the waters emptied. A 
fence was constructed across the lagoon, which, while i t  did not interfere with the ebb 
and flow oC the tide, prevented tlie outward passage of fish. Within the inclosure tho 
llntchiag apparatus was erected for salmon and sen-trout spawn, having connection 
with two sinell fresh-water lakes supplied by springs. Tlic fry in the ponds are for a 
time fed on fine-chopped mussels and theii permitted to go into the salt-water basin. 
Tlius they become 

A like experiment might be t ~ i c d  with our fresh-water fish. The matter should 
come before our State comiuissioiiers aud the National Government. Suitable places 

so to speak. 
' 
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could readily be found. The work might prove costly, but unquestionably the results 
mould evince the expediency and wisdom of the attempt. Ponds and grounds in 
dose proximity to the Great Lakes-and indeed a pert of them, as in the instance 
above cited-with a hatchery within the inclosure, would procure for the fry the most 
natural and therefore the best accommodation and preparation for a larger and 
stronger life. The plans might take in such extensive cribbing as lake commerce 
demands, where the ‘< breakwater” and storm harbor are necessities. . If 10,000,000 
fry could be placed in such confinement till they were from 2 to 5 inches long, and at 
the proper time permitted to escape into the larger body of water, it would not be 
death to them, for “what seeins so is transition.” They mould find no change in 
element or provender, and our lake flsheries would soon begin reaping the rich 
reward of an experiment in pisciculture that must of uecessity yet lead to a wider 
field in the domain under our consideration to-day. 



24.-METHODS EMPLOYED AT CRAIG BROOK STATION IN REARING 
YOUNG SALMONOID FISHES. 

BY CHARLES G. ATKINS, 
Supevintrndent G! S. Fish Commission Station at Cya+ Brook, Maine. 

The station of the U. S .  Fish Commission at Craig Brook was founded in 1889, on 
the same site where, in 1871, the first attempt at the artificial spawning of salmon in 
the United States was made. This site had been selected by the commissioners of 
fisheries of t,he States of Maine, Massachusetts, and Connecticut for that experi- 
ment because of its proximity to the salmon fisheries of the Penobscot River and 
the facilities presented for the maturing of the spawn that might be obtained 
The collection of spawn has been carried on in the vicinity knnually from 1871 to the 
present time, with the exception of the three years 1876,1877, and 1878, and since 1879 
the development of the spawn has been conducted constantly a t  Craig Brook. No 
attempt was, however, made to rear the fry of any species until 1886. Two years 
later it was definitely determined to found a permanent statioii at Craig Brook, and 
in 1889 the purchase of the grounds was effected and permanent? improvements begun. 

The station is located in the town of Orland, Me., 7 miles east of Buclrsport, a 
seaport on the Penobscot River. Its territory embraces a tract of land exteridiiig 
between Allamoosook Lake and Craig Poud and embracing within its limits the 
entire length of Craig Brook, which connects those two bodies of water. I ts  latitude 
is about 440 42' N. The mean annual temperature and precipitation are believed to 
approximate those of Orono, 25 miles distant, namely, 42.480 F. [5W 0.1 arid 45.44 
inches [116 cm.]. The range of air temperature observed at the station is from 183 F. 
below zero to 92-50 F. above [ -27.70 C. to 33-60 0.1. Frosts not infrequently occur as 
late as the 1st of June and as early in autumn as the first week in September. The 
lakes in the vicinity are commonly covered with ice before the end of November, and 
they are not often released until near the end of April. 

The water supply is derived from Oraig Brook and from three large and several 
lesser springs. The source of tho brook is Craig Pond, which afYords a const:hnt sup- 
ply of exceedingly transparont water, warm in summer arid cold in winter, moderated, 
however, in both extremes by the water from the springs, which mingles with the 
brook in its lower course, forming about a third of its volume. It is this mixed water 
which is mainly used in the rearing of fish. Its temperature ranges from 34O F. 
[ l - lo  0.1 t o  700 F. [21.10 0. I. The lowest monthly mean in 1893 was 35*S0 F. [2.1° c.] 
in February. The highest was 64-60 F. [ 18-10 0.1 in August. The total volume is 
Variable, ranging from 875 to 3,000 gallons and averaging about 1,200 gallons per 
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minute. The difference of level between the source and mouth of t,he brook is about 
190 feet. Tho sharpest descent is just above the hatchery and rearing troughs, which 
therefore receive well-a8rated water. The conformation of bhe ground offers good 
facilities for the distribution and utilization of the water. 

The leading motive in  the foundation of this station was the desire to apply to the 
Atlantic salmon the system of reariiig fish to the age of at least several months before 
liberating them. This motive has determined not only the principal subjects of tlie 
work, but also to & considerable extent the fixtures and methods. The scheme of 
work was determined in outline several years before the acquisition of full title to the 
premises, and, circumstances rendering it desirable to enter at once on its develop- 
ment, it became necessary to have recourse to movable apparatus, pending authority 
for permanent improvements. Hence the erection of a series of m a l l  troughs in the 
open air, which gave such excellent satisfaction that enlargement took the same direc- 
tion; and it has thus come about that the rearing operations of the station down to 
the present time have been almost exclusively conducted in open.air troughs. A 
series of ponds has been coiistruoted, but with the exception of a few small ones none 
of them have been as yet brought into um. 

The troughs are for the most part such as are used in the hatchery for the 
maturing of spawn, and their form and size have been adapted to the hatchiiig appa- 
ratus which hss been in use a t  the Maine station for many years. The eggs are 
developed on wire-cloth trays measuriiig 125 inches in width mid length, and the 
troughs are therefore 122 inches wide. Their depth is 9 inches and their length is 10 
feet G inches. Such short tronghs were adopted for two reasons: (1) It was thought 
tlint a greater length inight involve the exposure of the eggs near the lower elid to 
the danger of a partial exhaustion of the air from tlic water by the eggs above thein; 
( 2 )  these short troughs are very conveniont to cleanse and to inove about for repairs 
or other purposes. They are made of pine boards seven-eighths inch thick. 011 tlie 
inside they are planed aiid varnished with asphaltum. Wlien used for rearing fish 
each trough is fitted with a pair of thin wooden covers reachiiig its ent,ire length, 
hinged to the sides and meeting each other, when closed, at a right angle, forming, 
as it were, a roof over the trough. When closed they protect from predatory birds and 
other veriniii j when open they are fixed in an upright position, in efect adding to the 
height of the sides and preventing the fish jumping out. The time spent in  opening 
and closing the troughs is by this arrangement reduced to a minimum. 

Water is fed through wooden tubes, and the volume admitted is regulated by slides. 
The exit of the water is through another tube or hollow plug standing iqxight near 
the lower end of the trough, and by its height governing the depth of the water. The 
outlet tube is movable and is taken out in cleaniiig. A wire-cloth screen just above 
the outlet tube prevents the fish escaping. 

I11 a trough of standard size 2,000 fry are generally placed, and to accommodate 
the large numbers of fish reared we bring into use sometiines nearly 200 troughs, 
which are.of necessity placed in the open air. They are arranged in pairs with their 
heads against the feed troughs, supported by wooden horses at a couvenient height 
from the ground. They are given an inclination of about 2 inches to facilitate cleaning. 

The volume of water fed to each trough has varied from tiwe to time, but is ordi- 
narily about 5 gallons per minute, which r e n e ~ s  the water every four minutes. The 
ordinary arrangement is to use the water but once in the troughs, letting it waste 
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into some small ponds in which yearling and older fish are kept; but there is one 
system of 52 troughs arranged in four series, which use in succession the same water. 
From these we have learned that young salmoii thrive quite as well in the fourth 
series as in the first. Indeed, by an actual test, with fish of like origin and character 
in each series, the fish reared in the fourth series were found to grow faster, to an 
important degree, than those in the first. This phenomenon probably resulted from 
a somewhat higher temperature which the water acquired in passing through the 
several series. A like observation has been made on a few salmon maintained for a 
few weeks in the mariner water of a neighboring brook. 

As already stated, the activity of t h e  station has bcen mainly occupied with 
Atlantic salmon, but there have been reared each year a few landlocked salmon and 
brook trout, and occasional lots of other salmonoids, such as Loch Leven, Von Bohr, 
Swiss-lake, rainbow, and Scotch sea trout. All these havc received the same treat- 
ment. With the exception of the rainbow trout, they are all autumn-spawning fishes, 
aud their eggs hatch early in the spring. 

The embryos of salmon begin to burst the shell in the month of March, and the 1st 
of April may be stated as the inean date of hatching. If the open-air troughs are in 
order-and we aim to have them so-the eggs are, counted out into lots of 2,000 or 
4,000 each and placed before hatching in their summer quarters. The water is a t  that 
time very cold, the development of the alevins is slow, and it is not until the latter 
part of May that the yolk sack is fully absorbed. June 1 is, therefore, the date when 
feeding is ordinarily begun, The growth of the fish is at first slow, the water being 
still cool, but is accelerated as the summer passes away. In  October and November, 
beginning commonly about the middle of October, most of the fish are counted out and 
liberated, but a small number, rarely more than 15,000, being carried through the 
winter a t  the station. 

The reserved fish are sometimes left until midwinter in their summer quarters, 
and with a careful covering of the conduits and banking of the troughs themselves 
with coarse hay and evergreen boughs it is possible to  keep them there the year 
round; but for ordinary winter storage there is provided a system of sunlreu tanks 
covered by a rough shed with a constant water supply. These tanks are molasses 
hogsheads, securely hooped with iron, sunk nearly their entire depth into the ground, 
each with an independent water supply and waste, the perforation for the latter being 
near the surface. They have a capacity of from 100 gallous of water upward, aud 
will carry safely each 500 to 700 fish in their first winter, that  is, just  approaching the 
age of one year, This arrangement has answered its purpose fairly well, and in a 
very rigorous climate or where the water is very cold it is to be recommended; but 
since its construction. it has been discovered that at Craig Brook it is not a t  all 
difficult to protect the ordinary troughs in such a may as to insure their safety from 
freezing, and their attendance through the winter is less troublesome than that of the 
sunlreii tanks. 

A list of the articles employed for food at the station since its foundation, if 
desigued to include those used on :tn experimental as well as a practical scale, would 
be 8 long one, and I will content myself with naming tile following: On a practical 
scale we have used butcher’s offal, flesh of horses and other domestic auimals by the 
Carcass, fresh fish, iuaggots; and 011 an experimental scale, pickled fish, fresh-water 
mussels, mosquito Iarv%, miscellaneous aquatic animals of minute size. In  the pra- 
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ductiou of maggots we have also made use of large quantities of stale meat from 
the markets and some barrels of fish pomace, in addition to the articles mentioned 
above. 

The butcher’s oEal comprises the livers, hearts and lights of such animals as are 
slaughtered in Orland and Bucksport-mainly lambs and veals. These are collected 
from the slaughter-houses twice or thrice weekly, arid preserved in refrigerators unt’il 
used. The quantity of such material to be had in the vicinity has beeu inadequate to 
our needs and we have been compelled to look in other directions for food. 

The flesh of horses has been used only during the seasou of 1893. Old and morn- 
out horses and those hopelessly crippled or dying suddenly have been bought when 
offered, and used in the same way as tlie butclier’s 0fM; the p:Lrts that could be 
chopped readily have been fed direct to the fish so far as needed, and other parts 
have been used in the rearing of maggots. The season’s experience has been so satis- 
factory that greater m e  will be made of horse flesh hereafter. 

Next to tho chopped meat, maggots have constituted the most important article 
of food, and their systematic production has received much attention. A rough 
wooden building has been erected for the accommodation of this branch of the work, 
and one man is coustantly einployed about it during the summer and early autumn 
months. The maggots thus far employed are ekclufiively flesh-eaters, mainly those of 
two undetermined species of flies-the first and most important being a small, 
smooth, shining green or bluish-green fly occurring at the beginning of summer and 
remaining in somewhat diminished numbers until October, and the other a large, 
rough, steel-blue fly that makes its appearance later and in autum~i becomes the pre- 
dominating species, having such hardiness as to continue the reproduction of its bind 
long after the occurrence of frosts sufficiently severe to freeze the ground. 

In  outline the procedure is to expose the flesh of animals in a sheltered loo a t’ ion 
during the day, and when well stocked with the spawn of the flies to place it in boxes 
which are set away in the ((fly house” to develop; when fully grown the maggots are 
taken out and fed at once to the fish. The materials used for the enticing of the flies 
and the nourishment of the maggots have been various. Stale meat from the markets 
has been perhaps the lending article, but we have also used such parts of the butcher’s 
offal and of the horse carcasses as were not vel1 adapted to chopping; fish, fresh, 
dried or pickled; fish pomace from herring-oil works, and any animal refuse that came 
to hand. Fresh or slightly tainted meat has been used to greater extent than any 
other material, and has proved itself equally good with any. Fresh fish is very 
attractive to the flies, and when in just the proper condition may be equally good 
with fresh meat, but some kinds of fish are too oily, for instance, alewives and her- 
ring, and all sorts thus Fir tried are apt to be too watery. A. very limited trial of 
fish dried without salt or smoke indicates that  it is, when free from oil, a very 
superior article; it has, of course, t o  be moistened before using. Its preparation 
presents some difiiculties, but in winter it is easily effected by impaling the whole 
fish on sticks and hanging them up, (after the manner of alewives or herring in a, 
smokehouse) under a roof where they will be protected from rain without hindering 
the circulation of air; in this way we have dried many flounders and other refuse 
fish from the smelt fisheries, which are conducted with bag nets in the vicinity of 
Bucksport. Doubtless a centrifugal drying machine might be successfully used for 
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this purpose in summer. Pickled alewives, freshened‘ out in water, have been found 
t o  answer fairly well, when other materials are lacking, a t  least to give growth to 
maggots otherwise started. Fish pomace has not thus far given satisfaction, but 
seems worthy of further trial. 

It is commonly iiecessary to expose meat but a single day to obtain sufficient fly 
spawn; the larva are hatched and active the next day, except in cool weather, and 
they attain their full growth in two or three days. To separate them from the rem- 
nants of food and other debris was a t  first a troublesome task. It is now effected as 
follows: the meat bearing the fly spawn is placed on a layer of loose hay or straw in 
a box.which has a wire-cloth bottom, and which stands inside a slightly larger box 
with a tight wooden bottom. When full grown the maggots work their way down 
through the hay into the lower box, where they are found nearly free from dirt. When 
young salmon or trout first begin to feed they are quite unable to swallow full-grown 
maggots. Small ones arc obtaiiied for them by puttiiig a large quantity of fly spawn 
with a srnall quantity of meat, the result beiirg that the maggots soon begin to crowd 
each other and the surplus is worked oE into the 1ower.box before atta,ining great size. 
No attempt is, however, made to induce the young fish to swallow even the smallest 

. maggots uiitil they have been fed a while on chopped liver. 
I n  the above methods maggots are produced and used in considerable numbers, 

sometimes ea many as  a bushel in a day. Through September, 1893, although t h e  
weather and some other circumstances were not very favorable, the average daily 
production was a little over half a bushel. They are eagerly eaten by the fish, which 
appear to thrive on them better than on dead meat. Having great tenacity of life, 
if not snapped up immediately by the fish they remain alive for a day or two, and, 
as they wriggle about on the bottom, are ahnost certain to be firially eaten; whereas 
the particles of dead flesh that fall to the bottom are largely neglected by the fish and 
begin to putrefy in a few hours. In  thefish troughs there are, therefore, certain gains 
in both cleanliness and economy from the use of maggots which may be set down as 
compensating the waste and filthiness of the fly-house. 

As the growth of maggots can be controlled by regulation of the temperature, it 
is possible to keep them all winter in a pit or cellar, and advantage is taken of this 
to use them during winter as food for fish confined in deep tanks not easily cleaned. 

The offensive odors of decaying flesh may be largely overcome by covering it, on 
putting it away in the boxes, after the visits of the flies, with pulverized earth, and i t  
is not improbable that by this or some other method the business may be made almost 
Wholly inoffensive, b u t  in its present stage of development it is too malodorous to 
admit of practice in any place where there are human habitations or resorts within 
half a mile of the spot where the maggots are grown. 

As remarked above, only flesh-eating ma’ggots have yet been tried. It would be 
well worth’while to experiment with the larva of other species, such as the lioiise fly, 
the stable fly, etc. There is also a white maggot known to grow in heaps of seaweed. 
should the rate of growth of either of these species be found to be satisfactory they 
might be substituted for the flesh maggots with advantage. 

When thrown into 
the water after choppiiig it breaks up into fibers to such an extent that i t  is not very,’ 
satisfactory, and I do not suppo’ie we shall use it in the future, unless in a coarsely 

Occasional use has been made of fresh fish for direct feeding. 

P. C. H. 1803-15 
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chopped form for the food of large fish. A few barrels of salted alewives have been 
used, and if well soaked out and chopped they are readily eaten by the larger fish 
and cau be fed to fry, but are less satisfactory with the latter, and like fresh fish they 
break up to such an extent that they are only to be regarded as one of the last resorts. 

Fresh-water musselshave beeu occasionally gathered in the lake close to the station 
when there has been a scarcity of food. Those employed belong almost whoIly to a 
species of Unio, which abounds over a considerable area of soft bottom, under a depth 
of 2 to 10 feet of water. Many were taken with a boat dredge; more were scooped up 
with long-handled dip nets of special confitruction, Finally a wide, flat dredge was 
made, tc) be drawn by a windlass on the shore and mariiyulated by means of poles 
from a large boat. When needed for food the mussels were opened with lmivgs-a 
great task-and chopped. Tlie meat is readily eaten by all fishes, and appears to form 
mi excellent diet. Being more buoyant than any other article tried, it sinks slower 
in the water and gives thc fish more time to seize it before it reaches the bottom, a 
consideration of considerable practical importance. The labor involved iu dredging 
and shelling is a serious drawback, but were the colonies of uuios sufficiently extensive 
or tlieir reproduction rapid enough to warrant expenditure of time in experimenta- 
tion, improved methods might be devised, which would put this food-source 011 a 
practicable basis. 

During the seasons of 1886 and 1888 some use was made of mosquito 1arv;e. Near 
the station is an  extensive swamp where these insects breed in great numbers. From 
the pools of water the larvn: were daily collected by means of a set of strainers spe- 
cially devised for this use. Barrels filled with water were also disposed in convenient 
places near the rearing troughs, and were soon swarming with larvn: from the eggs 
deposited by the mosquitoes on the surface of the water. When near the completion 
of their growth, which was only some tcii days after the  deposit of the eggs, the larvae 
(or pup t~ )  were strained out aud fed to the fish. No kind of food has been used a t  
this station that has been more eagerly devoured, and so far as our observation has 
gone no other food has contributed Iiiore to the growth of the fish; indeed. I am 
inclined to put them a t  the head in both respects. It was found, however, that  the 
t ime expended in collecting thein was out of all proportiou to the quantity of food 
secured, and pending opportunity for further experiment their use was discontinued. 
I think it quite possible that an arrangement might be devised whereby the greater 
part of the labor might be saved. Perhaps a series of breeding tanks arranged in 
proximity to the fish troughs, into which the water containing the larvz might be 
drawn when desirable by tlie simple opening of faucet, would solve the problem. 

Various methods of serving the food have been tried, but a t  present.everythiug is 
given with a spoou. The attendant carries the food with the left hand-in a 2-quart 
dipper if chopped meat, in a larger vessel if maggots-and, dipping i t  out with a 
large spoon, strews it the whole length of the trough, being careful to put tlie greater 
portion a t  the head, where the fish )nearly always congregate. Finely chopped food, 
for very young fish, is slightly thinned with water before feeding. At one time the 
finest food was fed through perforations in the bottom of a tin dish; the food was 
placed in the dish, which was dipped into the water a little and shaken till enough of 
the food had dropped out of the perforations; this practice was laid aside becauso it 
was thought that the food was too much diluted. In  feeding maggots it was, a t  first, 
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the practice to place them on small “feeding boards” 6f special construction suspended 
over the water in the troughs and let them crawl off into the water; but whatever 
advantage this method rnqhave had in furnishing the meal to thefish slowly was more 
tlian counterbalanced by the extra labor of caring for the boards and by the offensive 
odor, and i t  was abandoned. For USB in feeding fish in pond a box containing a 
series of‘shelves, adown which the maggats slowly crawl, was found sufficiently useful 
to be retained. 

It is the connilon practice to feed all meat raw except the lights, which chop bet- 
ter if boiled first, except also occasional lots of meat t h t  are on the point of becoming 
tainted and are boiled to save them. All me:& fed dire@ to the fish are first passed 
t’hrough a choppiug machine. The machine knowii as the UEnterprise” is the one 
now in use. It forces the meat through perforated steel plates. The plate used for 
the smaller fish has perforations inch in diameter, aiid for coarser work there are 
two plates -& iiich and 6 iuch, respectively. It is operated by a crank turned by hand. 
Food is given to those fish just beginning to eat four times a day (in some cases,even 
six times). A s  the season progresses the number of rations is gradually reduced to two 
daily. 

The cleaning of the troughs has been a troublesome matter, and the subject of 
much study aiid experiment, but nothing niore satisfactory has, been found than the 
following practice: The troughs arc all to be cleaned daily-not all a t  one time, but 
as time is found for i t  in the intervals of other work. To facilitate cleaning, the 
troughs are inclined about 2 inches. The ootlet is commanded, as already explained, 
by a hollow plug. When this is drawn tlie water rushes out rapidly and carries most 
of tho d6bris against tlic screen, The fishes are excited, arid, scurrying about, they 
loosen nearly all dirt from the bottom; what will not otherwise yield must be started 
with a brush, but after the first few weeks the brush lias rarely to be used excepr; to 
rub the dbbris through the outlet screen. Owing to t h e  inclination of the trough the 
water recedes from the upper end until the fishes lying tliere are almost wholly out of 
water, but, althougli they are loft in that position sometimes for 10 or 15 minutes, no 
harm has ever been known to result. 

It has been the comiiion rule a t  the station to count all the embryos devoted to the 
process of rearing, either before or after hatching; to keep an accurate record of losses 
during the sea,son, and to check the record by a recount in the fall. When eggs a,re 
cniiri ted they are lifted i r i  a teaspoon. 

The counting of sindl fish is effected in this way: The fish are first gatliered in a 
fine, soft bagnet, commonly one made of cheese-cloth, and from this, hanging meanwhile 
i n  t,he water, yet so that the fish cannot escape, they are dipped ?ut a few at  a time, 
in a small dipper or cup, counted, and placed in a psi1 of water or some other recep- 
tacle. This counting is generally preliminary to weighing, and in this case the fish, 
after counting, are placed in ailother bag-net, in which they are lowered, several 
hundred a t  a time, into a pail of water which has been previously weighed, and the 
increase noted. With care to avoid transferring to the weighing pail any surplus 
water, this is a correct niethod and very easy and safe for the fish. 

In  September, 1893, we fed fry 
that were estimated at  the close of tile nioiitli to  number 238,300. There wcre also a 
few hundred larger fish. Prom the known total oublay for food, attendance, and 

In winter such fish as are carried tliroiigli are fed but once a day. 

In conclusion, I submit ~onie  estiinates of cost. 
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coat. 

Food.. ................................ 
Attendance. .......................... 
Superintendence ..................... 

Total .............................. 

Total. Por fish. 

$155.00 $O.O0005 
09.79 .00049 

205.06 .00086 

460.75 0.00193 

-_ 

-~ 

Applied to the rearing opera6ions of 1891, a similar calculation gives us this 
result: The fry that were carried through the season from June to October, inclusive, 
cost, for foocl, attendance, and superintendence, $0.0081 each ; that is, about, four-fifths 
of a cent each for the term of five months. 



X¯]� THE PROPAGATION OF BLACK BASS I N  PONDS. 

BY WILLIAM F. PAGE, 
Superintendent U. S. Fish Commission Sfafion at Neosho, Missoirui. 

About 1852 seveml gentlemen a t  private expense introduced the black bass into 
the Potomac River by transferring the adult fish from Wheeling Creek, West Virginia. 
The wonderful multiplication and dissemination of these fish throughout the entire 
Potomac basin attracted the attention of the various State fish commissions which 
were created in the seventies, and in many States the effort was made to add to the 
fish supply by broadening the habitat of the black bass. But while fish-culturists 
were everywhere striving to perfect the methods and apparatus employed with the 
salmonidB and shad, nowhere was any systematic effort being mado toward the propa- 
gation of the bass by artificial methods. Several reasons obtained for the apparent 
neglect of this prince of fishes, among which may be mentioned the meagerness of the 
appropriations for propagation; the fact that  nearly all States, as well as the Enited 
States, engaged in fish-culture were annually, at the period of the bass spawning, 
devoting every energy toward the multiplication of the shad; and, above all, the fact 
that the eggs of the black bass belonged to the class commonly called glutinous, a 
class until recently considered impossible of treatment by artificial methods of impreg- 
nation and incubation. 

In  the light of late achievements in this direction, notably in .the imprepation 
and freeing of t he  eggs of the wall-eyed pike by Prof. Jacob E. Reighard, and the 
successful hatching of the glutinous eggs of the white and yellow perch at the Central 
Station of the U. S. Commission of Fish and Fisheries, it is pertinent to ask if it was 
not a hasty judgment which placed the artificial propagation of the black bass beyond 
the pale of the possibilities. If I dared to express an opinion on this subject it would 
be that a part of the effort which has been expended on fishes of less value would 
place the secret in our hands. However, within the past decade the bass, by the 
demands of its ardent friends, the anglers of the United States, has commenced to 
attract and hold the attention of fish commissioners and fish-culturists. The U. S. 
Commission of Fish and Fisheries has for several years been engaged in collecting 
the adult fish from the overflow districts of Illinois and distributing them into new 
and depleted waters, on the same plan, though on a larger scale, which proved SO 
successful in stocking. the Potomac River. Not only this, but at the Neosho Station 
an effort was inaugurated, not without success, in 1889, to propagate the young in 
ponds. The fish commissioners of the State of Missouri have also been engaged for 
some time in the propagation of the black bass in ponds at Forest Park, in St. Louis. 
In the fourteenth report of the Wisconsin Fish Commission an earnest plea is presented 
for the construction of a system of ponds to be devoted to bass culture. 

229 
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The following remarks on the propagation of black bass in ponds are based upon 
extracts from Dr. Henshall’s “Book of tlie Black Bass,” reports of the Missouri, Wis- 
consin, and Virginia Fish Oommissions, newspaper articles, and the ‘(log book7, of the 
Neosho Station, embracing a period of four years. ltecognizing the probability of the 
inaccuracy of a part of the data and conclusions, free criticism is invited. 

I n  the first place, it should be understood that reference is had to the large- 
mouthed black bass (Micropterus salmoides) which nature has the better adapted to 
raising in ponds; and, in tlie second place, the object is to obtain a large number. of 
youug fish for stocking purposes, not a limited number of large fish for angling. When 
we come to consider tlie question of food for the bass under domestication the impor- 
tance of this latter point will be recognized. 

 awning period.-Dr. Henshall says : 
The period of spawning extends from early spring to midsummer, according to the section of 

country and temperature of water; * * * ill tho Southern States occurring as early as March, and 
in the Northern States and Canada from the middle of May until the middle of July, always earlier 
in very shallow waters and somewhat later in those of greater depth. 

This can be accepted as a safe guide, for in the main it is undoubtedly correct, 
though instances have come under my observation which would suggest a modifica- 
tion of the periods. In  January, 1893, I saw the bass on their nests in  Sen Marc08 
Spring at San Marcos, Texas, and in Olinos Creek at  Sen Antonio, Texas. The 
questions which then presented themselves to me were, (‘Are these sporadic cases ?,7 

or “DO the bass in Texas produce more than one crop a year?” It should be under- 
stood that these waters (particularly the Sari Mwcos Spring) are generous warin 
springs, never freezing, and at the time of which I speak the Caladium esculentuin 
was luxuriating on the Inargin and the Nelubium Zutem growing in mid-stream in full 
bud, ready to flower. From my knowledge of other fishes, close allies to the bass, I 
a m  of the opinion that under the conditions just described the generative organs of 
the bass do not wait upon the seasons, for under such conditions it is always summer. 

Nest-?nnking material. -However this may be, the fish-culturist having the bass 
under care will receive ample warning of their intended spawning. A few days in 
advance the fish pair off and select a place for their nest. The selection of the loca- 
tiou as to depth of water, material for nest, environment, etc., secm in a large measure 
to be matters of individual choice. I have known bass 00 decline a nice lot of clean 
gravel, in water 3 feet deep and 8 feet away from the embankment of the pond, to 
build a nest on the naked clay bottom, within hand reach of the bank on which 
visitors were passing almost every hour. My experience is that  a majority of the 
bass prefer a nest of clean gravel in water about 30 inches deep. But no matter how 
dirty the gravel may be, or how overgrown with moss and alga, wheu the bass need 
it they will clean it as bright as if every particle ha8d been polished with a brush. It 
is A fact worthy of comment that the nest-building on the part of the bass does not 
wear so hard upon their fins as in the case of the trout. In the ponds a t  Neosho are, 
bass which we know to have built a t  least three series of nests. (As they were adult 
fish when captured from the Illinois River, they ma,y have built more.) Not one of 
these bass shows the least fraying of the caudal fin. On the contrary, I have known 
trout, after one seasoii’s work, to seriously impair the caudal and anal fins, The 
nests are generslly circular, though often times irregular in shape, sliglitly depressed 
toward the center. In  size they vary from 18 inches to 3 feet in diameter. Dr. Hen- 
shall says: “The diameter of‘ the nest is usually twice the length of the fish.” 
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Nest guarding-As before intimated, the eggs are viscid aud attach tliemselves as 
soon as voided and impregnated to the floor of the nest. Then commences a pareutal 
devotion worthy of imitation on the part of some higher animals. For a time I \vas 
under the impression that the female deserted tho nest mid the male fish took charge. 
From closer and more extended observation I am now of the opinion that the female 
is in direct clrarga, whilst the male acts as an outer sentinel, patrolling S or 10 feet 
away. There is uothing sinaller than a man that a bass won't attack wheu on duty 
guarding a nest, and there is nothing smaller than B man who attacks a bass a t  this 
time. It might be well here to remark that, because the nest is bright it makes tlie 
female a shining mark for the natural enemies of the bass. On one occasion I saw a 
fislihawk dart down aud take a feinale from over her nest. The fish-culturist can 
lessen the probabilities of such disasters b.v planting 21 variety of wator lilies ill the 
spawning pond, under tile broad leaves of which thc bass may seek shelter wheu in 
danger. 

Hatching-The eggs usually hatch in from 8 to 10 days (9 days is the average a t  
Neoshoj, though undoubtedly the period of' incubation, as with all other fish eggs, is 
dependent upoil temperature. Prior to tlie liatchiiig of the eggs the female stauds 
guard directly over the nest, meintaiiiiiig a gentle iiiotion OS the fins for the purpose, 
i t  is thought, of providing a change OS water over the eggs. When the fry leave the 
eggs the tactics of the mother fish are changed. She no longer stands guard over the 
nest, but circles around the school, whipping back truants aud driviug off intruders. 

Size and appewance of t he  fiy.-In the Missouri Fish Coiiimission report (fourth) it 
is stated that the young bass when first hatched are of minute size. The Wisconsin 
report (fourteenth) says they are transparent and so small as to be invisible to the naked 
eye. Dr. Henshall says: 

When hatched, tho yoiiug bass are almost pcrfoctly formcd, from om-fourth t o  om-half inch iu 
leugth, and cover the eiitiro bed, whore they can bo easily dotocted by thoir constant motiou. 

The bass which have been under my care do iiot fill either of these descriptions. 
They do not average over one-fourth inch in length and are colorless for the first iliree 
to five days. A t  the end of that time they are schooling well snd pigment forins along 
tho back, making them appenr quite dark when viewed from above looking downward; 
though when caught upon a fine net of boltiiig cloth or cheese cloth the color in an 
individual fish is hard to distinguish. 

Tlw sc1~001.- It is not easy to determine any definite tiina or age a t  which the scliool 
disperses. I have found individual iiieinbers of a school, scarcely half au inch long, 
widely separated in a pond; and again, have removed an entire school of perfectly 
formed bass over ari inch in length. The brcaliing up and dispersal of the school 
would seem to depsncl partly upon the scarcity or abundance of food, tlie continued 
watchfulness or neglect of tlie parent, and possibly to some oxteut upon the degree 
of venturesomeness auimatiiig a particular school. Wheu the school has dispersed 
the young seek the minute crustacea, larvm, arid insects iu  the shallow water. The 
Wisconsin report asserts that the femnle locates the young in the shallow waters, but 
I am incliued to think that it is not a matter of parental direction but of instinct which 
guides the young bass to the source of greatest safety mid food supply. 

Necessity for  the work.-rt may be aslied, if bass are such excellent parents and 
accomplisli the high rate of impregnation' which some writers ascribe t o  them, where 
is the necessity of putting inore than a few a d d t s  in a pond, letting thein aloiie, and 
later harvesting a crop of youugY To such a question I would answer that after the 

. 
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dispersal of the school, unless food of an acceptable kind be present in abundance, 
an adult bass does not stop to examine the birth-marks of a straggling youngster 
who may cross his path. There can be no question but that the largest part of the 
young so zealously guarded early in the season later furnish food for some eclult bass, 
possibly its own progenitor. Again, the bass are like the trout in that every school 
fiirnishes its examples of giants, which make short work of their weaker brethren. 
In  the autumn sorting of the spring crop, left undisturbed through the summer in the 
nursery pond, three and sometimes four sizes of young bass will be found, the largest 
of which show by their very size they have been guilty of fratricide. 

Propagating ponds.-The Missouri Fish Commission, in their report for 1885-86, 
recommend for ordinary pond culture stocking on the basis of three males and three 
females per acre. In their propagating ponds in Forest Park they formerly used 75 
breeders for a lake of 34 acres, though last year they employed 100 males and 100 
females for the same lake. So far as I have been able to determine, Mr. W. C. Ger- 
main, an employ6 of the Missouri Fish Commission, was the first to copy from the 
German carp-culturists the method of transferring young bass to nursery ponds. 
Mr. Charles Wilmot, superintendent of fish-culture for the Domjnion of Canada, 
recolhmends the oj)posite course of removing the breeders after the nests are hatched 
out. This latter method is open to objection in that it is difficult to capture tlie 
breeders without injury either to them or  their young. 

&pawning pond.-With my present information I recommend the following course : 
Let the spawning pond be built so that a t  least one-fourth of it will have a depth 
ranging from feather edge to 1 foot deep. In  this portion of the pond plant Pota- 
mogeton to facilitate the propagation of crustacea to furnish food for the young bass 
which will escape the net in the prockss of transferring from the spawning pond to 
the rearing pond. The remainder of the pond should hsve a gradually slopiiig 
bottom, and consequent increase of depth, to the kettle (or draw off ), where the water 
should be at least 3 feet deep for the warm Southern States and 12 to 14 feet deep for 
the Northern States or Canada. In  the middle third of the pond plant lilies, preferably 
those having the largest pa.ds. These will not only furnish the breeding fish with a 
place to hide from the fishha,wks, but also serve as sunshades during the sunimer. 

Preparation and management of spawning pond.-Clean gravel ranging from the 
srnallest shot to hazelnut size should be provided in the pond. The disposition of this 
gravel is a matter of some importance. I prefer it put in water from 18 inches to 3 
feet deep and near the pond bank. As before stated, the fish will not always use the 
gravel, but the majority will. By putting the gravel near banks, and so inducing the 
fish to make their nests there, the entire process of spawning and incubation is under 
easier observation, and labor and time sre saved in transferring the young. More- 
over, if it is desirable to remove a nest 10 feet or more from the bank it can be done 
only by wading into the pond. This is not only awkward work but it disturbs the 
other fish at a time when nature is demanding the greatest degree of quiet. Pu t  the 
gravel about 5 or 6 feet from the banks in a number of small heaps. W lien the bass 
cominence nest-building the attendant will do well to keep the pond and its contents 
under constant surveillance. Maintain a close watch for fishhawks and herons; 
but frogs, snakes, and turtles getting into the pond just now need occasion no irnme- 
diate alarm. A few years since 1 disturbed' a snake, which, running into the pond, 
crossed the dead-line of a bass nest. Quick as B flash the bas6 had his snakeship by 

' 
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the middle and was shaking him as a terrier does a rat. Observe and record, as near 
as may be, the date each lot of eggs is laid, and so know the better when to expect 
the young to hatch. 

The nets.-Before the fry leave the eggs be prepared with a net of cheese cloth 
to  use in collecting them for transferring to the nursery pond. Two nets will be 
found serviceable for this purposo. The main net should be about 30 inches square, 
supported by ribs from above. To the center of the ribs arrangement should be 
macle for attaching a handle when the net is to be used 5 or 6 feet from the shore. 
The net should sag to an open pocket in the center, which can be closed and tied with 
a draw string. Messrs. A. B. Shipley &E Son, of 503 Commerce street, Philadelphia, 
Pa., advertise a folding minnow net which answers admirably, except, that the mesh 
they furnish is too coarse and needs to be replaced with a yard of closely-woven 
cheese cloth. The secondary net is easily made from an ordinary landing net by 
replacing the netting with cheese cloth. This will be found of service in finishing 
up the remnants of schools which escape the larger net. 

When to net.-After the hatching is completed and the young, under the guid- 
ance of the parent fish, are schooling, commence to net them out into tubs filled with 
water from the pond. Do iiot make the mistake of filling the tubs with any other 
water than that from the spawning pond-not because this water has any virtue in 

. itself, but because by using it you avoid the risk of change of temperature. I have 
yet to handle an embryo fish more seiisitive to change of temperature than the bass. 

How to net.-The process of netting, to be thorough, requires patience and that 
degree of skill which comes only with praatice. When possible sthid on the bank, 
introduce the net with a gentle, scarcely peycep,tible side inovenient under the school 
of bass, and cautiously lift it out. As soon as the net has cleared the water! with a 
quick turn bring it over the tub so that that part of the net holding water and fish 
comes into the meter in the tub, An assistant standing iiear the tub, by catching 
the sides of the net, helps in the accuracy of the latter part of this operation. The 
operator continues to hold the rod to which the frame of the net is attached; the 
assistant slips his hands into the tub and unties the dram string of the net pocket. 
The net is thon gently lifted out of the tub. Alongside of the tub should be a pail of 
poncl water and a dipper. As the operator lifts out the net the assistant should wash 
off such fish as may stick to the olieese cloth with mater from the pail. For this pur- 
pose never use anything but water. By no means resort to a feather or the equally 
bad practice of shaking the net. There is but one portion of the operation of collect- 
ing the young bass which requires celerity. It is the time when the' net is being 
moved from the pond to the tub. All the remainder requires the utmost degree of 
painstaking care and time. 

Transferring and planting. -The fish being in the tub, i t  remains to transfer them 
without loss of time to the iiursery pond. It is, of course, a simple niatter to kake up 
the tub and walk the few steps intervening between the ponds, but tlie proper intro- 
duction of the young bass into the nursery pond is an operation requiring some degree 
of care, patience, and skill. I n  the first place the water supplying tlie two ponds 
should be from the same source, in which case i t  mill be found that tliere is but slight 
difference in the temperature of the shallowest part of the nursery pond and the 
Surface water of the spawning pond., Hofvever it may be, the water in the tub should 
alowly be brought to tire temperature of that of the shallowest part of the nursery 
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pond. It is here will be found the miuute crustacea, daphnia, cyclops, and larva of 
the gnats on which the young bass are to forage; and it is here, in this shallow water, 
that they should be liberated. Not all dumped in a t  one spot, but slowly, carefully, 
gently ladled in-scattered all around the margin of the poud. 

Construction of the nursery.-To attain the survival of the largest number of the 
young bass, the construction and management of the nursery pond demaud their 
protection from erietnies and the production of the greatest quantity of insect life suited 
to~tlieir sustenance. It will be found advantageous to have a number of small ponds 
rather than one large one. A good working-size will be a width not exceeding 12 or 
15 feet, from 40 to 50 feet long, with a depth from 30 to 36 inches a t  the kettle. Where 
the lay of the  ground is such as to permit, it is recommended to have the nurseries 
immediately adjoining and supplied by the same water as feeds the spawning pond. 
Such an arrangemeut simplifies the operation of transferring the young fish: and at the 
same time robs it of some of its dangers. As in all other ponds for fish propagation, 
the supply and discharge for each nursery pond should be independent of any other. 
They will be better when provided with bottoms sloping to the kettle. If the locality 
is infested with crawfish it is advised to pile or otherwise protect the banks. The 
entrance of snakes, frogs, and such enemies may be prevented by surrounding the 
pond with finely-woven screen, or, better yet, boards let into the earth a few inches 
and projecting 18 inches above the ground. 

Axount and temperature of water for  nursery.-The proper ainouii t of water for 
the nursery is the minimum which will replace evaporatiou and seepage. In  the 
early age of the ‘bass any approach to a current must be strictly gunrded against, 
for the young large-mouthed bass is:rrot a strong fish or one loving a current. A 
current sweeping through the nursery pond would be about as desirable as a colony 
of snakes. Whilst these remarks are intended for the nursery pond they will apply 
to the spawning pond, especiaIly a t  and for some time after the spawning period. 

The young bass is able to  stand any temperature to which the sun raises the 
water of the nnrsery. 1 have found the bass, just hatched, ill water a t  560 I?., and 
two months later they were thriving with the temperature at 860 17. The first week in 
August, 1893, I found wild young bass in stagriant water a t  950 17. Caution sliould 
be accepted here that bass grown in such very high temperatures are exceedingly 
tender and impossible of handling and transportation until the approach of fall arid 
winter has gradually reduced the temperature and so hardoned thorn. Moreover, 
under such conditions they are more liable to the attack of parasites, both external 
arid internal. Whilst the bass lies the ability to live in the extremes of 330 to 980 
F., there are limits which, if they can be secured, will be found advantageous. M. 
Duraiid, of the National Society of Agricultnre of France, states, as the result of his 
experiments, trhat the cyclops reproduces best at a temperature between 680 and 770 
P., and that they can not resist higlier than 950. The young bass being so adaptable 
as to temperature, it is a safe conclusion that the best temperature for them is that  at 
which their food best multiplies. 

This 
very riatural questtion is not easy to answer, for it depends upon the size of the pond and 
its capacity to produce food. With an unlimited quantity of food there would be little 
liability of overstocking. The secret how to produce natural food without limit is 

Stocking the mnursery.-How many young bass sliall be put into a pond? 
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not yet in the possession of tlie iiiass of fish-culturists, slid nntil this secret is conimon 
kuowledgc we must move with c:intion. If the nursery has been prepared in advance 
with the aquatic plants already suggested, some crustacea will be found to have taken 
up a home aiid cominenced their reproduction. To a nursery in fhir condition from 
3,000 to 5,000 young bass may be allotted. The death of a part of these inust be 
expected. However, should a large .part of them by good forkune survive the first 
few weeks, they can later be divided into other nurseries. 

1Management of the mnzlrsery.-As tho summer advances those fish which hiwe 
commeiiced life with the highest degree of initial vitality will be noticed to be out- 
stripping the less vigorous ones, and a closer observation will disclose that soiiie of 
the larger ones are guilty of caniiibalism. ’ 0 1 1  the first signs of this-sooner would be 
better-the young bass should be collected and the sizes sorted into diEerent ponds. It 
may be urged that wlieii the work is conducted on a large scale this operation would 
require too much time aiid expense of labor. The answer is, neglect to do i t  arid you 
will reap a diminished harvest of large fish. In my opinion the midsummer sorting 
of the youiig bass is of iniportance surpassed only by the necessity for removing the 
young from the spawning pond. The average length of six months’ bass at Neosho is 
3 inches, though I have frequently seen tlieni of the smie age measuring from S to 10 
iudles. Whoever has seen a bass choked to death by tryiug to swallow one of equal 
size will iiot doubt that the 8-inch fellow will diininisli the number of the 3-inch fishes. 

Food for the nursery.-So far I have been going on the supposition that 110 

artificial food mill be used, or auy natural food supplied in addition to that which the 
pond will produce. It is evident that if even a fair per cent of the 3,000 or 5,000 fish 
ill a nursery of the size recomineuded are to survive they inust have inore food than 
tlie pond can grow. For reasons already given, any addition of the smaller crusta- 
cea (except the Gramtnarus) can iiot yet be undertalteu. At  Neosho we resort to finely 
chopped beef-liver for the bass, :~nd I ani free to coiifess with iiot the most satisfactory 
results. A t  the Forest Park ponds of the Missouri Fish Commission a method is 
piirsued which is iiot without advantages, but one wliicli I am not prepared to  unqual- 
ifiedly indorse. Several weeks before the bass spawn the actendant catches the 
little brarich chub anti puts them iuto the poiid. Tile chub spawns and hatches out 
before tlie bass. When the yoiing bass are transferred to the uursery they find a lot 
of young chub waiting to bo eaten. One of my objections is that they allso find a lot 
of old chub waiting to eat them. It is true tliat this objection could be obviated by 
hatcliiiig tlie chub artificially (as call easily be done) and turning only the young 
chub iuto tlie pond. To thwe who do riot fear tlie risk of pampering to  the nihtural 
cniinibalistic propensity of the bass, this metliod will appeal by reason of its simplicity 
slid cheapness; but this is something that I fear as muoh as auy other factor yet 
ellcountered in tlie cultivatioii of tlie bass. My advice is, never feed your bass, old 
or young, on any kind of fish, unless it be crayfish; but start with the determination 
that they inust be trained while under domestication to forego their natural inclina. 
tion for fish diet.. I arn aware of the escello~it work done with the bass at the Carl! 
Poiid, a t  Washington, D. C., in the summer 1892, when the ponds were infested with 
SunAsli. But there are noineaiis of determiniIig whatproportion of the young bass were 
devoured by tho suiififili before they fell 8 victim to the parout bass. 

Haruestiqq.-The liarvestiiig should occur in the cool days of autumn, at which 
time the young bass with the greater ease and safety can be transported for distribu- 
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tion, and the ponds be allowed to remain bare during the winter to increase the 
quantity of insect life to serve as food for the next year’s crop. Whatever iiecessity 
there is to avoid leaving any carp in the nursery or growing pond, the necessity is 
increased many fold in the case of the bass. The pond should be drawn very slowly, 
every opportunity allowed the fish to follow the receding water, and every circum- 
stance avoided which would tend to frighten the fish into burrowing into the mud. 
Under fright the bass will burrow into the mud and live there an incredible length of 
time. Some three years ago we used a pond for bass one season, and when it was con- 
cloded to  use it for shad the following season it was drawn off in the autumn to harvest 
the young and thoroughly rid it of bass. Unusual precaution was exercised to remove 
every fish. The pond was left empty for three week8 exposed to t&e frosts and winds 
of November, until the mud was dry and cross-checked. The pond was then filled, 
and in December 200 tons of ice were cut from it. To malm assurance doubly sure 
the pond was again drawn in the following April and left enipty for ten days. The 
young shad were introduced the first week in June. By the first of August it was 
noticed that other fish than shad were jumping for the flies in the dusk of early morn- 
ing +nd evening. One hundred and fifty bass, averaging half a pound each, were 
captured from this pond, from which all the bass had been so carefully removed. There 
were no means within the limits of reasonable probability for 1.50 fish to have gotten into 
this pond, except by having burrowed in the mud and lived there several weeks while 
it was drying. 
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BY J. J. QUELCH, B. sc., c. M. z. s., 
Curafor iit charge Bvitish Guiana Museum ana’ SpeciaZ Coitwzissioner for Britislr Guiana l o  

the li4oyZd’s CoZunalrian Exposition, Chicago, 1893. 

The importance of the subject of fish and fishing in Guiana is one that can hardly 
be overestimated, and though the sea and rivers, and even the swainps, are stocked 
with palatable and delicious fish, yet thousands and thousands of salt fish are annu- 
ally imported, and form, with plantains and sucb like fruit and vegetables, the staple 
diet of the poorer classes along the coast. There is no sufficient permanent supply of 
fresh fish in the local market, the people engaged in the fishing industry being either 
too few in number, or by no means constant in’ their catering to the wants of the 
community, though there is always a certain steady demand for their commodity. 

The common food-fishes found in tho markets include such forms as the snook 
(Centropomus), the gilbaeker (Platystoma), the querriman and mullet (Mugil), the 
cuffurn (Begalops), the bashaw (Xciuma), the jewfish (Plectropoma), the pacumah 
(Batrachus), and the flounder (Platessa), which are ckught in the shallow water off 
the coast, or in the sheltered bays and mud-flats, and in the estuaries of the river 
even at some considerable distance from the sea. A t  certaiii times, especially during 
the long dry seasons, three species of fresh-water fishes are extraordinarily abundant. 
These are the “hassar” (Ca22iol~thys), and the b‘hoori” and ‘6 yarrow” (Erythrinus), 
which, on the drying up of the smaller creeks, are found in enormous quantities 
migrating across the savanna outlets to the larger streams, or inclosed in the small 
ponds, where often the hassars are densely buried in the soft mud. A t  such times 
groups of the village people will be found collecting along the creek beds, and bringing 
to the towns and villages barrels and boat loads of these fishes which have either 
been densely packed alive or have simply been thrown into aome small vessels with 
but small quantities of water and a little grass for their protection from the sun. 

Further inland these three species are equ,ally abundant, but other much finer 
and larger fishes are obtainable and are largely used. Among such may be mentioned 
the haimura (Macrodon), the sunfish and lucanani (Geophagus), the pacu and morocot 
(Nyletes), the perai (h’errasalmo), the cartaback ( Tetragonopterus), biarra (Hydrolycus), 
the partiarima, (.Hemiliopterus), the daree (Leporinus), the tiger-fish (Platystonaa), the 
lanlan (Piratinga), the arrowana ( Osteoglossum), tbe arapaiina (Sudis), and many others. 

The daree, cartaback, and perai are small species, ranging from a foot to nearly 
2 feet in length, though deep and thick in body; the haimura, tiger-fish, and paru- 
arima are larger,reaching to  from 3 t o  6 feet, while the lanlan and arapaima are giants 
of their Bind, and attain a length of from 12 to 15 feet respectively, the former being 
caught by long ground lines set a t  night, while the latter is shot by the Indians .with 
their long harpoon arrows with separable barbs. The pacu are secured only in the 
higher parts of the rivers where they feed on the abundant water meeds (Laois) grow- 
ing on the rocks amid the rushing waters of the rapids and cataracts, at which tinlea 

. 
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they are easily secured by the deadly flight of the Iiitlian’s arrow. The others are 
commonly scoured by long liues or traps, oouvtaritly to be found along the rivers 
and creeks, and so arrauged :is to prevent tlie fishes caught from being devoured by 
other fishes and aquatic aniinals, such as alligators and others. The lines are set by 
means of long spriiig rods, which, when the fishes are caught, hoist them well above 
the surface and out of reach except to the fishing people who visit the lines a t  intervals 
and reset them with fresh bait. 

The voracious and predaceous ‘6 perai” are so abundant in certain parts that they 
may be continuously caught by the inere dropping of the baited hook into the water, 
with a total disregard of the nature of the fleshy bait. Unless the hook be well secwed 
by a s t o u t  wire, the fish generally, however, snaps himself free by a bite from tlie 
strong and sharp teeth, which, on account of their strength and sharpness, are made 
use of by the native Indians for cutting purposes in hunting, the jaw of this fish 
being always a part of the furnishing of the quiver in which the poisoned (oorali) 
arrows for the blowpipe are carried. These fishes are the great pests of certain parts 
of many of the great rivers, wouiided and defenseless animals being often the victims or 
sufferers from their attacks-the armed stingray, even, generally showing a shortened 
tail-and a much damaged fin expansion, owiug to the bites from these water tyrauts. 

The lucaiiaui and sunfish a re  almost equally abundaut, and in certain places aud 
a t  certain times of the year they can be caught by the inere cast of a fly, though the 
larger and heavier ones require much careful playing to secure them. These and 
many other common fishes readily take a fly and atford considerable sport to the angler. 

There are easy methods in use by which tlie native people secure all varieties of 
fishes in almost unlimited quantity. The smaller fishes, like the dame, are easily 
secured by throwing pellets of‘ the crushed leaves of the connami plant (Clibadium 
asperurn) into the water. The fishes greedily devour tbe pellets, and being narcotized 
float helpless on the surface, and are rapidly picked up by the Iudians ere the effect 
passes off’, and are either used for bait for larger fishes or directly themselves for food. 

On a much larger scale enornious quantities can be obtained by poisoning the 
water by rneaus of the fish poison or “haiari.” The haiari ylaiits are cut into short 
pieces and pounded into pulp, and then mixed with water, SO that the riiillry poison- 
ous juice might the more readily be dissolved out. By casting thih mixture into a 
stream or channel of the river that has been dammed u p  to prevent the rapid escape 
of the water, all tlie fishes in the immediate vicinity are aEected and float after a 
time, according to their size, either quiescent or struggling on the surface. The 
larger kinds are rapidly killed or stunned by blows on the head and the desirable 
ones quickly secured. In this way hundreds of specimens of all sorts may be secured. 
It is a very effective but wasteful method, since it leads to the wholesale. slaughter 
of large and small fish, the greater part of which is never secured. 

When the larger fishes, such as the lucanani, the sunfish, the pacu, the tiger-fish, 
the hairnure, and others, are secured in very large quantities and of sufficient size, 
they are preserved for future use by t h e  natives along ths  rivers by means of the 
method known as babracoting. Thi8 consists in smoking and drying the fish, as is 
done with other fish, on a wooden stage over the wood fire-the wooden stage being 
known as the  6ibabracot.77 Pishcs thus prmerved can be kept with very little 
attention for long periods, and babracoted pacu and lucanini can often be obtained 
on the coast aftcr A successful season in the interior. The conimoii hasaar, yarrow, 
and hoori are often thus cured by the negroes on the coast and kept for future use. 
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A species of Jfjlletcs, known as the l L  ~norocot,~~ and very abundant in the rivers of 
the northwest district of Guiana, has recently become the subject of a small curing 
industry, and this might be extended, with enormous advantages, to other species. 
Tlie lack of enterprise i l l  the prosecution of such industries is certainly deplorable, 
though consideriug the ease with which the wants of the common people can be 
uupplied under such favorable tropical conditions as exist in Guiana, it, can hardly 
be remedied. When inen, women, snd children, with but a fish-hook and the 
corninonest ground bait, call secure even from the canals and trenches hi the town 
and the iuzinediate iieigltborliood more than a sufficient supply of fish for their own 
requirements, the difficulty of the problem can hardly be removed. 

To the ichthyologist a considerable degree of interest attaches to the subject of 
fish in Guiana, the more especially in that so little research has ever been prosecuted 
in this direction. Since the work of the Schomburgks, and the publication of the 
“Reisen in British G~iana , ’~  and tlie two voluines in the Magazine of Natural I-listory 
series, no detailed attempt has been made to work up the subject, though various 
descriptions of fishes froin Guiana havu been published at different times. An inter- 
esting field for work here lies practically untouched. Hundreds of species that fre- 
quent the estuarine reaches, the canals and trenches, the sheltered and open savanriali 
creeks, the distant forest streams, and the upper reaches of the rivers in the various 
parts of the country, are practically unknown, and yet await the description of the 
naturalist and the illustration of the artist. 

Interesting as are the relations of distribution of the great groups-as, for instance, 
the extreme developinent in size and number, both as to species and individuals, of 
families such as the Siluridm and Characinidm as contrasted with paucity in others, as 
the Cyprinidm, special interest is attached to many individual forms, of which tliu 
electric eel (Gyinnotus electricus), the river stingra,y (Trygon kystrix), the barker and 
paruarima (Henailiopterus orizatus), the four-eyes (Anableps tetropktkalnms), and the 
common hassar (Catlicl~thys littoralis), may be mentioned. 

Tlie electric eels are coiniiioii both iu the higher and lower reaches of the rivers, 
and especially in certaia parts of the estuary of the Essequibo, where they are 
frequently caught in the seine of the fishennaii. The river rays too are conimon in 
the higher parts of the rivers, where extensive sand and mud flats abound, the colors 
of which they so much resemble as to be hardly distinguishable in the shallow waters. 
The wounds from the poison spines of these fishes are peculiarly dreaded by the river 
people, owing to the dilBculty in healing the intense ulceratiou resulting from them. 

The paruarima inhabits the upper reaches of the rivers and is remarkable for the 
peculiarly loud grunts or barks which it makes, and which evidently are intensified 
by the greatly disproportionate size of the liead and thoracic portion. The peculiar 
diviRion across the eyes of Aiaableps is too well known to require description; so marlied 
is this development, however, that  its common name, “four-eyes,” would appear to be 
peculiarly appropriate. These fishes are met with in astoiiislring iiumbers all along 
the estuarine mud flats and creek mouths, aud at low water especially will be found 
feeding along the courses of all the little inud rills over the exposed flats, from which . 
they rush, on disturbance, with rustling noise to the water, where they can be seen 
cresting the surface in all directions-a great part  of the head and even the body being 
exposed, projecting above the water, as tthey propel themselves lrigorously forward 
with the tail and hinder part of the body. 
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Tlie eoinmon hassar ( Calliclhthys littoralis), the commonest of the Guiana fishes, is 
noteworthy in many respects. The enormous size and the peculiar arrangement of 
its scaly armor; the hardiness of its constitution, by means of which it can survive 
exposure for hours outside the water without damage, or exist buried in the soft mud 
during the dry weather, and its immense propulsive power, as shown in its migration 
from place to place on the savannahs during the progress of the dry weather, are full 
of interest. Its power of movement on the land, due to its great strength and to the 
peculiar size and structure of.tlie anterior spine of its pectoral fins, by which it makes 
huge jumps and leaps, and generally manages to work itself back into tho water if it 
be placed on the land, is a constant source of surprise to those who witness it for the 
first time. But the most curious feature in their life-history is to be found in their 
breeding habits. Unlike the generality of fishes, the hassars prepare a nest for their 
eggs, the structure being made up of leaves, straw, or grass, drawn or heaped together, 
in which the eggs are deposited, and the males then congregate in the vicinity of the 
nest, keeping guard as it were over the safety of the eggs. 

Of the great coast monsters, the selachians, several species are known, though 
but little detailed observation has ever been made of them. Many species of the 
Carckarias and Caleocerdo, from 6 to 10 feet in length, frequent t h e  shores, especially 
along the outsides of the wharves, where they are sometimes seen and are occasionally 
caught. Young specimens of these genera are frequently taken in the nets of the 
fishermen, and at times great damage is caused by the presence of those of larger 
growth. Further at sea the species of Zygama are obtained, small specimens being 
met with on the mudflats. Great eagle rays, cow-nosed rays, aucl devil-fishes (Ceratop- 
tera, Rhinoptera, AZtobatis, etc.) occasionally are caught entangled in the nets, though 
more usually they drift into the rivers, among the wharves and shipping, and get 
entangled at the fall of the tide. So, too, with the species o f  Pristis ( P .  pectinatus 
and perotteti) which a t  times are obtained about 23 feet long, with a girth of over 10 
feet. These are usually stranded by the fall of the tide on the flats, or in some narrow 
drainage trench along which they have traveled, unable to turn back. 

As will have been gathered from the foregoing, native fish products play but little 
pert in the trade of Guiaua. Isinglass, or fish-glue, is exported in small quantities, 
this being the dried swim-bladder of the gilbacker fish, which is perhaps more plenti- 
fully taken than any other of the common food-fishes of the coast. 

The chief fresh-water fishes, as already described, form the chief portion of the 
animal food of the native Indians, who, when no better can be obtained, boil up any 
of the smaller kinds, with an abundant supply of peppers, thus making a palatable and 
nutritious, but extremely hot, sauce, to  be taken with the baked cassava or manioc 
cakes, which, to them, take the place of the ‘‘ staff of life.” 

Parts of a few species are applied to industrial purposes by the Indians, of which 
the jaw of the perai, already mentioned, may be taken as an example. The finely. 
toothed palate bones of the arapaima (Xudis gigas) are highly prized by them, and are 
used as files to rub down and smooth off the bgws made of the hard woods ‘‘ washiba,” 

. “tibicuse,” and ‘(letterwood.” The skins of a few species, such as the tiger fish 
(Platystoma tigrinum), are made into pouches, and the fish mentioned is usually selected 
by the peaiman, or “medicine man.)) By many of the savannah Indians, scraping 
implements or tattooing instruments are made of thg anterior serrated spine of many 
of the siluroid fishes, the sharp edges being protected by a small bamboo case. 
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ORATORY, SCOTLAND. 

By W. C. McINTOSII, M. D., LL. D., F. R. S, 
Member of the Pislrery Board for Scotland, efc. 

1.-ON T H E  FISHES DEVELOPED A T  T H E  ST.  ANDREWS MARINE LABORATORY 
(UNDER THE FISHERY BOARD FOR SCOTLAND). 

Since 1883 special attentiou has beeu devoted at St. Andrews to the subject of 
the development of marine fishes, an attention which was first stimulated by the 
absence of reliable knowledge on this subject as well as of the eggs and life-histories 
of even the commonest and most important of our food-fishes. A t  t,his period the 
greatest uncertainty prevailed as to the floating or sinking of the eggs of such fishes; 
indeed, among strictly scientific men in Great Britain no adkention liad been given to the 
subject, and the most eminent of them thought that the floating or sinking of theseeggs 
might be due wholly to the temperature of the water, just as others deemed it might be 
due to the oil-globule, overlooking the fact that mauy are devoid of that  structure. 

Previous to this period the life-history of scarcely a single lnariiie food-fish had 
beeu studied in Great Britain. It was lrriown that Sars had observed the development 
of the cod in Norwegian waters, and that Agassiz, Ryder, and others in the United 
States of' America had paid considernble attention to those of their shores, but the field 
was almost untouched iu this couutry. A commencement was made during the trawl- 
ing,expeditions of 1884, and, with the aid of Lord Dalhodsie and the Fishery Board 
for Scotland, a systematic examination of such f o r m  as were available was begun at 
the St. Andrews Marine Laboratory, and it was fortunate that, shortly afterward, 
the aid and coaperation of Prof. E. E. Prince, now Commissioner of Fisheries in 
Canada, were available. 

On the present occasion I shall devote my remarks to the mention of those fishes 
which for the first time have been hatched a t  the St. Andrems Marine Laboratory- 
the oldest institution of the kind in Great Britain. 

No pelagic egg is more abundant on tho east coast than that of the grey gurnard 
(Trigla gurnardus), and it is quite easy to fertilize ripe eggs from the females and 
hatch them ill the tanks. The larva :we hardy, and in open-air tanks communicating 
with the sea could readlly be reared to tho young stages. The minute characters of 
t h e  egg, larvae and young stages have been described aiid figured in the publications 
emanating from the laboratory, and the same remarks apply to the subsequent forms. 

The armed bullhead (Agonus cataphractus) deposits its demersal eggs on the bottom 
of the bay and on stones; while the larvm and young are only common in the bottom 
nets. The ova are easily hatched in the laboratory, and the bright colors of the young 
are characteristic. 
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The floating gelatinous ribbands containing the ova of the frogfish (Lophius pis- 
catorius) are less frequently encountered on the east coast than one would expect. It 
is possible, however, that the constant destruction of the adults in the stake nets and 
in trawls may account for the comparative rarity of the ova. Isolated eggs are occa- 
sionally obtained in the tow nets, but the best examples of the developing ova were 
procured from the salmon stake nets off the east rocks, and the larvae have been care- 
fully figured and described by Prof. Prince. 

The demersal eggs of the spotted goby (Cfobius minutus) have occasionally been 
found on stones, aud more frequently in tlie valves of Solen siligua, Lutraria, and other 
mollusks. They have been described by Mr. B. W. L. Holt, who has also carried on 
able researches a t  the St. Andrews Laborhory. The young are very abundant. 

The small but beautifully reticulate pelagic ova of the dragonet (Callionywus lyra) 
are not uncommon in the tow nets all along the eastern and western shores. They 
were first described in 1885, and have frequently been hatched in the tanks. The 
larvae have been described both by Prof. E. E. Prince and Mr. Holt. The very ywng 
stages are frequently observed in the bottom tow nets; indeed, all stages have been 
thus procured. The abundance of black pigment on the ventral surface of the young 
forms is one of the most striking features. 

The masses of the demersal ova of the lump-sucker (Uyclopterus lumpus) are very 
abundant in spring off the rocky shores, and the remarkable devotion of the males in 
guarding the eggs is not surpassed by any other form. Many so expose themselves 
amongst the tidal rocks close to the eggs a t  low water that crows pierce their sides 
and devour them alive after picking out their eyes. The eggs are easily hatched in the 
tanks, and the larva and young are v e q  hardy. They likewise abound in the tidal 
pools and in the inshore waters amougst floating seaweeds. Instead of being thrown 
away as manure, the multitudes of adults might be utilized for making mook-turtle 
soup, Their thick gelatinous skins are well adapted for this purpose. 

One of the earliest demersal eggs  of the season is that of Montagu’s sucker (Lipparis 
montagui) which occurs in clusters on Delesseria and other seaweeds and on zoophytes 
all along the east coast. The larvae in the tanks are as lively as those of tihe lump- 
sucker-shooting through the water like swarms of ephemera in the air. 

The largest marine demersal egg hitherto met with in Great Britain is that of the 
wolf-fish (Anarrhickas lupus) a huge mass of which was brought to the harbor by a local 
trawler early in 1886, and subsequently hatched in the laboratory. The ova are only 
a little less than those of the salmon-for which the local fishermen mistook them, 
but they differ wholly from that species, not only in regard to  the single large oil- 
globule, but in the faat that the ova are fixed to each other in masses. The large 
larva is one of the most interesting forms in the group. The skins of the adults Rhould 
be utilized for leather, as in tlie case of the Norwegian species. 

The eggs of the gunnel (Centronotus gunellus) are ofteri met with in spring as masses 
in holes of the rocks near low-water mark, the female fish ge~ierally enveloping them 
in 8 coil ofthe body, arid the same feature is observed when the eggs are deposited in the 
tanks. They are hardy, and the I a r v ~  and the young are also easily kept in con- 
finement. 

The demersal ova of the 16-spined stickleback occur in nests formed of seaweeds 
in the higher littoral parts, and they also are readily hatched in confinement, as 
detailed by Prof. E. E. Prince. 
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The pelagic ova of the cod-procured during the trawling expeditions of 1 S S A  

were among the earlier forms treated at the laboratory, arid every year since have been 
under observation. The same may be said of the eggs of the haddock and whiting. 

The pelagic eggs of the poor cod (Gadus minutus) have also been frequently 
under observation, but fertilized eggs about which there could be no doubt have only 
recently been obtained, as detailed in. the accompanying pages. 

The pelagic ova of the ling have been fully described and the larva? and subse- 
quent stages figured. The ripe ova and milt were obtained from the distaut offshore 
waters by the long-liners, and though the su~roundings of the jars were by no means 
favorable in the fishing boats no difficulty was experienced in conveying Dhem to the 
laboratory for hatching. 

The pelagic eggs of the torsk (Brosmius brosme) in a fertilized condition were 
only recently procured from Shetland, and are distinguished by their pinkish oil- 
globules, as described in the following pages. 

Great uncertainty prevailed concerning the eggs of the sand-eels, both larger and 
smaller, but it has been found that the ova are deinersal 'and adhesive, probably 
sticking to  sand or other substance in the sites frequented by the adults. The eggs 
of the larger sand-eel (Ammodytes lanoeolatus) have a deep-greenish oil-globule, that 
in the eggs of the lesser sand-eel being paler and with a pinkish hue. The larvae 
have long beeu known, and occur in great number8 in the bottom tow nets. They 
also, however, at a somewhat later stage are occasionally found at the surface. 

The pelagic eggs of the long rough dab (Eippoglossoides liwtandoides) have been 
familiar since 1884, and every season lave been hatched at  the laboratory. The egg is 
remarkable for the size of the perivitelliiie space, which gives it a large diameter. 

The pelagic ova of the brill have been successfully hatched, and the boldly colored 
larvae described. The difficulty is to get a sufficieut Iiumber of ripe ova and a suitable 
male for fertilization. The egg has a single oil-globqle. 

The pelagic eggs of the sail-fluke (Arnoglossus megastonta) also have a siugle oil- 
globule, and they and the larva? are described in the followiug part of this paper. 

The large pelagic ova of the plaice have long been familiar a t  the laboratory as 
one OS tho earliest captures of each Heason. The ova are hardy and the larvae are 
easily reared. The growth of the young is comparatively rapid. 

Large numbers of the pelagic ova of the lemon dab (Pleuroneotes wicrocephalus) 
have frequently been hatched, and the larvm reared to the late stages. There should 
be little dificulty in rearing this species in suitable open-air tanks. 

The small but ubiquitous pelagic ova of the dab (Pleuroneotes Zimanda) have been 
familiar every season since 1884. They are hardy and so are the larvz. The same 
remarks apply to the eggs of the flounder (Pleuroizectes~esus), which cau survive con- 
siderable changes in the temperature of the water. 

The pelagic ova of the sole (SoZea vulgaris) were first observed in the trawling 
expeditions of 1884, and have been found every season in the bay when carefully 
looked for. The eggs and larvm are very hardy, and experiments on a larger scale at 
Dunbm will soon be made with both. 

The transparent pelagic eggs of the sprat (Clupea spruttus) occur in enormous 
numbers every season. They are easily hatched in the txanlrs. 

The eggs of many other fishes have, moreover, been examined and most of them 
de8cribed, such as tho& of the short and long-spined Cottus, bilnaculated sucker, 
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shanny, Yarrell's blenny, viviparous blenny, 3-spined stickleba,ck, bib, green cod, . 
pollack, the rocklings, halibut, turbot, Muller's topknot, salmon, gar-pike (ovarian), 
minnow, conger (ovarian), twaite-shad (ovarian). Further information has been gained 
about eggs which had been hatched elsewhere, such as the lesser weever, rockling 
( MotelZa mustela), little sole, herring, and others, besides the youiig of various skates, 
dogfishes, and the viviparous blenny. 

Besides the study of the living eggs, larvz, and young fishes, large collections of 
preserved pelagic ova, larvae, and young fishes have for several years received special 
attention. They are made by the Garland, the ship used hy the Scotch Fishery Board 
for scientific observations, according to specid instructions, and the ova are preserved 
in 4 parts alcohol, 4 parts acetic acid (2 per cent), and 1 part camphor, after being 
killed in a saturated solution of picric acid in 5 per cent hydrochloric acid; the la,rvE 
and young fishes are killed by a saturated solution of corrosive sublimnte, washed, and 
then placed in methylated spirit, and cliauged if many are in one tube or bottle. By 
careful study and compa,rison tlie nature of many of the ova call be ninde out, and 
the numbers of each in the respective areas determined. The nets of course, are kept 
down for a fixed period, anc both surface arid bottom nets are used simultaneously. 
By summing up the results of the trawl and of the conteiits of the tow-nets, the con- 
dition of the several areas in regard to food and otlier fishes is determined witli consid- 
erable accuracy, while the occurrence and distribution of ova 'are also observed. 

11.-ON T H E  HATCHING O F  MARINE FISHES IN RELATION TO THE FISHERIES. 

Though from the foregoing remarks i t  will be seen that most of the important 
food-fishes have been hatched at the St. Anclrews Marine Laboratory, yet i t  can not 
be said that in this country the hatcliiiig of such fishes has been carried out on alarge 
scale. The Fishery Board for Scotland have nearly completed an est:bblishment of this 
kind at Dunbar (see pp.257-263), and fishes have been collected for next season, but no 
actual hatching on a large scale has occurred. The importance of the issue demands 
that a thorough trial be made, thougli i t  has not yet been proved that the artificial 
hatching of sea fishes will be beneficial to the Hslieries generally. In  perforining 
experiments of this kind it is best to select a fish not only suitable and hardy, but 
one comparatively rare in the vicinity of tlie hatchery, jf not entirely foroign to the 
area. The increase of such a fish after the operations call not tliiis be mistaken. For 
example the sole (8oZen vulgaris) has been selected as the best fitted for experiment 
at Dunbar, since comparatively few exist in the neighborhood, and the larva and 
young are hardy. The same species lias been chosen for experiments in transporting 
the adults and adolescents into new areas, such as St. Andrews Bay, into wliich 
several hundred were placed this antunin. The plaice (Platessa vu7garis) will also be 
hatched a t  Dunbar. For experiments of the first-mentioned kind the fjords of Norway 
are admirably adapted, since constant fishing has greatly thinned the native cod (a 
small variety). If', therefore, Capt. Dannevig can show that his millions of larvae, 
which for some years have been sent into the water, have had the effect of increasing 
tlie number of cod captured by the fishermen of the locality, a strong case will have 
been made out. 

So far as we in this country can judge, tlie American experiments have not re- 
sulted in anythiug very definite in regard to sea fishes. It is doubtful, however, if 
the scale on which such experiments have been conducted lias been sufficiently large 
to merit oonfidence. Again, we are in want of accurate data to guide us in regard to 
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the period at  which the fishes ought to be freed; that is t o  say, whether they should 
be placed in the sea just before the yolk-sac is absorbed or retained i i i  large open-air 
inclosures until they are adolescents. The clitticaltg of makiiig the inclosures pre- 
cisely resemble tho open sea i i i  their pelagic fituiin atid flora (both of which are so 
closely related to the well-being of the fishes) is well known; indeed, no perfect substi- 
tute for the open sea can bo fouiid. Further experience, however, may enable us to 
overcome many of these difficulties. . 

111.-FURTHER REMARKS ON THE DEVELOPMENT AND LIFE-HISTORIES OF 
T H E  FOOD-FISHES AT T H E  ST. ANDREWS MARINE LABORATORY, 

ON THE EGGS AND L A R V X  O P  THE POOR COD (GADUS MINUTUS). 

Raffaele" briefly alludes to the egg aitd larvt8 of this species, which seems to be 
one of the most ubiquitous gadoids, ranging froai the Mediterr:uie;ul to the Bir th  
Sea, remarlri!ig that the fomier (eggs) agree i l l  gencrd structure with those of the 
cod, but that the lervie differ in tho arrangaaieiit of tho pigment. Marion t also found 
zl large number of ov:i i i i  the Gulf of Merseilles, 011 the 7th March, which he considered 
were those of the oapelaii (Bndus fninutzm). aud he gives :i, figure of the larva. Lastly, 
Mr. Cunningham states that  iii April he found this species ripe a t  Plymouth, the diam- 
eter of the ova 1.02 inin., and the p.x-ivitelliiie spme small. 

For several years the spawniiig of this species lies bee11 under consideration, but 
a more or less coinpleto aocouiit I I ~ L S  only been obtdiietl recently. 111  1854 and 1885 
many ripe feniaIcs were seen, but 1 1 0  ripe inale was availnble a t  the same time. By 
the skill :~nd care of ;L fisherrnwii at St. Antlrews (Jeines Cfoiirlay) nuiiierous fertilized 
ovii were brought f'roin the iieigliborhood of the Bell Rook in June last year (1892). 
The newly ripe ovarian egg has, as usiial, a denser capsule, which, moreover, is 
wrinkled. In dinmeter the ripe eggs ranged from -990G min. to 1.0287 mm., sizes 
extending on both sides of the average given by Mr. Cunnittghatu. Aud the series 
of ova, procured in tho @pen sea off Aberdeen were from -9525 to -900G mm., and were 
thus somewhat less than the pmeding. 

The developnient wgs coinparatively rapid, as might hrtve beou anticipated in 
the warm weather. Ripe ova fertilized at 0 a. m. on the  Gth June were in the multi- 
celled condition a t  5.45 p. xn., with a well-marked perivitelline space. The temperature 
at this period rapidly iIicreased, so that corisiclerable iuortalit,y ensued. Indeed, the 
mere hqndling of the water contitilling then1 under the uiiscroscopc, killed the embryos, 
which on the 7th were outlined and t,lie optic vesicles indicated. 

The eyes of the advanced embryos are silvery (0110 of the most characteristic 
features of the egg), and yellowish pigment is scattered over the head, body, and yolk. 
The young larva somewhat resembles tlie whiting in coloration mid measures from 2.2 
to 2.4 xnm. The eyes are silvery greenish, and the entire head and body are dappled 
with minute yellow specks, invisible under a lens, but seeu by triinamitted light 
under a low power of the microscope. Black chroinatophores occur along the ventral 
border of the muscle-pl;ites, the tip of the tail alone heiug free. A less distinct series 
lies along the dorsal edge, ;nid a few finely branched specks exist on the head. The 
rectum terminates blindly a t  tlie posterior and upper p i r t  of the yolk, which see1ns 

* Mittheilnngen 2001. Stat. Noap., VIII Bd., 1 Iluft, sop. ahth., p. 36, tav. I, f. 25, et tov. 2, pp. 20, 

t Ann. du Musee d'Hist. Nat. de Mnrseilles, Zoolog., IV, p. 188, pf. 2, fig. 14. 

He did not hatch them. 

Only e very few reached 1.0287 min. 

- ~ _ _  .- . 

21, 1888. 
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to be comparatively large. Thus in a specimen with the tail slightly shortened (by 
curvature) the total length was 2.4 mm., while the yolk-sac from its anterior to its 
posterior border was 1.2 mm. 

Five days after hatching stellate black chromatophores appear on the yolk-sac 
and along the sides of the body, only terminating near the tip of thc tail. The yellow 
chromatophores are also more evident on ths  yolk-sac. The otocyst shows a double 
border. The yolk-sac soon dimin- 
ishes and the growth of the branchial arches, gill-slits, pectorals, and other parts is 
apparent, while the mouth opens. 

Two days later the yolk in some had quite disappeared, and the mouth is widely 
open, though the mandible is as a rule rigid. The pectorals are large fan-shaped 
blades and are carried upward. Even before the yolk has been absorbed the larvae 
swim on edge, resting afterwards on the side. The eyes are silvery on the bottom by 
reflected light, but have a gorgeous bronzed hue by. transmitted light. In the older 
examples the yellow pigment seems to be less conspicuous, for it is present only on the 
head and anterior region, with a few s p e ~ k s  on the pectorals. The increase of the 
black pigment over the abdomen is noticeable. The circulation of the colorless blood 
is visible in the dorsal aorta and the cardinal veins. The swim-bladder is well marked. 
They constantly dart  about with open mouth, seldom resting more than a secoud or 
two, so that  delineation is difficult. 

A t  a slightly later stage the yellowish pigment had disappeared except from the 
cheeks, and the pectorals had increased in size. The marginal fin became vesicular; 
indeed the specimens were coinparatively delicate, often perishing if placed in water 
on a slide. A few survived till the 24th June without presenting any noteworthy 
change except the appearance of a dorsal and a ventral skeletal bar represeiiting the 
shoulder girdle. 

The position of the rectum is almost unchanged. 

. 

ON A PECULIAR EXAMPLE (HYBRID?) O F  THE POOR UOD (GADUS MINUTUS). 

A fisherman procured by a hook on the 24th March a fish which he and others 
supposed to be a hybrid between the whiting and the bib, or between the former and 
the poor cod, and he sent it to the laboratory. 

The extreme length of the specimen was 78 inches, and the greatest depth 13 
inches. In  general outline it somewhat approached the whiting, though the dusky 
bronzed pigment of the dorsum anti dorso-lateral regions, the somewhat coarsw scales, 
together with the shape of the head, the presence of a barbule, and the condition of 
the pelvic fins leaned to the poor cod. Yet it distinctly differed from the latter in 
general aspect, and in the much more silvery infero-lateral regions and abdomen. 

In regard to the shape of' the body and the course of thelateral line it most nearly 
approached the poor cod, though it was more elongated. Moreover, the curve of 
the lateral line kept at a nearly uniform height, or even with a tendency upward 
till beyond the tip of the pect'oral, and the downward curve was decidedly more 
abrupt. It differed in this respect not only from the poor cod, but from the whiting 
and the bib. This curvature may be related to the marked depression in the dorsal 
outline from the posterior border of the first dorsal fin to the middle of the second, 
but it is not connected with any abnormality of the vertebral column. 
' The fins agreed more or less with those of the whiting, the first dorsal espe- 
cially diftering from that in the poor cod and bib, aiid correbpoudiug rather with that 
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in the whiting, sincc it was much less acutely triangular and much less elongated. 
It posscssed 14 rays (Day attributing 12 to 15 to the poor cod). The second dorsal 
corresponded geiicrally with that in the last-mentioncd species, and it had 22 rays 
(Day giving 19 to25). The fin rays, Iiowever, were lessuniform. The third dorsal had 
25 rays (Day, 1 7  to 22) and resembld that in the poor cod. The first anal commenced 
in a, line with the posterior border of the first dorsal, and extended slightly beyoud 
the commencement of the l;hird dorsal. The longer rays anteriorly, and its general 
shape, approached the condition in the poor cod. It had 27 rays (Day, 25 to 28). A 
vertical line from the posterior border of the first dorsal touched the commencement 
of this fiu, whereas in the whiting a considerable portion of the first anal was in front 
of the line. 

The caudal had a somewhat larger iLbite” in the middle than usual, and had 30 
rays (Day, 26). The pectorals require no special remark, except that the black spot at 
the base was more pronounced than in the poor cod, but corresponded neither with the 
bib nor the whitiug, beiug less distiiict thau in the former, and larger than in the 
latter. It proceeded nearly to the middle of the base, instead of being confined to 
the region above the base. There were 18 rays in the pectorals (Day, 13to16). The 
pelvic fins agreed with those in the poor cod, each having 6 rays. 

When viewed from the dorsum the snout was considerably narrower than in a poor 
cod of the same length. In profilc, also, the head was more elongate, the mandible 
especially differing, since it projected in front beyond the premaxillaries. The eyes 
were Considerably smaller than in an average example of the poor cod, and the loose 
corneal covering was less developed. The barbel was comparatively small. 

The specimen was a female, with the ovaries even more advanced than in asl ordi- 
nary example of the species, and it would certainly have spawned this season. The 
ova ranged from ,3810 mm. to 1.1430 mm. 

The tceth diflercd from those of the poor cod and the bib, being nearly uniform; 
that is, the larger teeth of the outer row, usually so characteristic, were not distinctly 
differentiated. They diverged still further from the teeth of the whiting. There 
were 37 gill-rakers in the outer gill, 24 in the next, 23 in  third, and 18 in the inner, all 
thus diverging from the average condition in the poor cod. 

On the whole the differences warrant notice, especially as these became even more 
marked after preservation in spirit. Instead of the pale- brownish and somewhatl 
loose, wrinkled skin of the dorsum and lateral regions of an ordinary preparation of a 
poor cod, this presented slightly darker pigment on a smoother surface (smaller 
scales). The region below the lateral line was also much smoother, and, moreover, 
the firm surface had a sheen as silvery as in the whiting. 

The second anal had 20 rays (Day, 25 to 29). 

ON THE EGGS O F  THE COALFISI-I (GADUS VIRENS). 

Some remarks were made last year * on the unfertilized eggs of this species, and 
the continued exertions of Dr. Fulton and the staff of the Fishery Board have enabled 
me to add to our knowledge of this species. In  a ripe female the ovaries are charac- 
terized by walls of considerable thickness, so that a t  first sight they resembled those 
of the wolf-fish, inore especially as they were very distiiictly connate. In  section the 
ovarian wall appeared to liave a well-marked circular coat, then a thick layer of 
longitudinal fibers, followed by a somewhat mixed inner series, chiefly circular, but 

*Tenth Annuel Report of the Fishery Board for Scotlmd, 1x1, p. 287. 
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also containing numerous longitudinal fibers. The belly in this sex at maturity is 
prominent (a feature specially noted by Mr. Holt), as in the cod, pollack, and others. 

On March 31 Mr. R. Duthie, assistant fishery officer a t  Lerwick, Shetland, skill- 
fully fertilized a series of ova at 4p. m. and transmitted them to St. Andrews. 
p. m. on April 3 all seemed to have perished, but a more careful survey of the demersals 
showed that there were some living eggs on the bottom. These had a diameter of 
1.0257 mm., whereas others from the same fish, imperfectly preserved in weak picric and 
spirit, had a diaineter of 1.1430 mm. The general appearance of the egg resembled that 
in the cod, and the micropyle agreed with that of the haddock. The blastopore WAS 

still open, and the optic vesicles had formed. 
On April 4 the blastopore had closed (with radiate streaks) and Kupffers' vesicle 

had formed. The 
yolk presented a faintly granular aspect, perhaps from indications of the future pig- 
ment corpuscles. The pectoral folds are large aud show many granules. The radiate 
strands of the latter region had become only distinct on April 6, and black chromato- 
phores had appeared over the yolk, while indications of siniilar pigiiient were present 
along the body. The black chrornatophorcs had generally increased on April 7, though 
there were variations in this respect. On the 8th the sides and yolk-sac of the embryo 
had a series of conspicuous black chromatophores, and the tip of the tail now reached 
the head. The arrangerneiit of pigment thus prominently differs from that in the cod 
and foreshadows the mort: geiieral distribution of the chromatophores so characteristic 
of the species in the young condition. Oue hatched ou April 9, the color being similar 
to that described in the advanced embryo. All the eggs remained throughout on the 
bottom of the vessel, but retained vitality. 

It is remarkable that so few opportunities of seeing the fertilized ova of this 
species have occurred, a d  yet i t  is a common form OD the eastern and western coastis. 

A t  

The perivitelline space varied in size. 

Themuscle plates were defined and the notochord more evident. 

REMARKS ON THE EGGS AND YOUNG O F  THE HALIBUT. 

The ripe females of this specie., seem to have been met with chiefly toward the 
end of April and beginning of May. Those observed last year" were procured on the 
former date, those of this year on the latter, vix, on the 5th of May. It was thought 
last year, from the condition of the specimens, thwt the zona radiata of the eggs in 
this species was delicate; such, however, is not the case. 

I n  size they are among the largest pelagic eggs known, ranging from 3.0861 
to 3.8 mm. Raffaele, in the Bay of Naples, appears to have foiind none over 3 nim. in 
diameter, though Wenkebach subsequently procured one of 4 mm. The capsule (zona 
radiata) shows faint scribbled markings, as first tnentionetl by Mr. Holt, who obtained 
the eggs at Orimsby about the beginning of May last year. I n  those from Bergen 
Bank the markings resembled fine creases or folds, which sometimes even assume a 
stellate arrangement like those of the lemon dab or brill. The usual minute punc- 
tures occur all over the surface. The folded edge 9f the zona radiata is marked by 
closely arranged striae, an appearance often seen in the shriveled eggs of other species. 
A simple micropylar orifice only occurred. without surrouuding lines, and it generally 
presented a pinkish hue, probably from refraction, as iu the large pores in the egg of 
the torsk. This form has been included under the pelagic eggs, both from its appear- 

"Tenth Annual Report of the Fishery Board for Scotland, part III, p. 285. 
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ance and structure, but since it has never been obtained in a tow net in the neigh- 
boring seas it is possible it may be less buoyant than the smaller eggs. 

The larval and post-larval stages of the halibut have hitherto escapgd notice. A 
form procured by the Garland, on Smith Bank, in Juue, 1859, off the coast of Caithness, 
however, approaches what is conceived to be the type of this genus. It is distinguished 
by the great thickness of the body (the depth of which, moreover, is comparatively 
moderate), by the character of the  head, and the presence of branchiz projecting 
behind the opercula. It is not a very young fish, to judge from the thickuess and firm- 
ness of the body and the condition of the branchia, yet the embryonic tail (opisthure) 
is still present. The total length is 9.5 mm., and the greatest depth is about 3.8 mm. 
The vent is situated a little in advanco of the median line of the body, which is 
speckled with minute brownish-black points (in spirit) on the head aud lateral regions, 
and by similar specks over tlie abdomen, the latter chromatophores, however, haviug 
uudergone considerable change from the spreading out of the marginal pigment, while 
a black speck remains in the center. Tho chroindtophores 011 the lateral region are 
somewhat regularly arranged. Indications of two pigmont-touches occur in the dor- 
sal (marginal) fin, viz, one above tho tip of the pectoral, and the other about the center 
of the first abdominal region of the body. Ventritlly :I single patch is situated inidway 
between the anus and the hypnral region. The pigment iuvades tlie fin, and thus 
resembles that in the pleuronectids generally. On viewing the dorsum from above, the 
cephalic and the two marginal touclics, which extend t.0 the fin, are best seen. Ven- 
trally a little pigment over the abdomen and the patch in the anal fill are noticeable, a 

while chromatophores are dotted round the anus. The, pigment is alike on both sides. 
The eyes are of considerablo size and are lateral in position. The marginal fin is 

injured, but seems to have beeu of moderate depth, traces of true rays appearing both 
dorsally and ventrally, and partioularly in the caudal. The termiual curve of the 
uotochord is pronounced, but does not taper much, and the embryonic fin forins a 
shorter lobe than i u  the pleuronectids hitherto examined. A few black specks occur 

The thickness and elongation of the body of this specimen suggest its relationship 
to the halibut, yet nothing in its structure would militate agaiust its being auother 
form. I am inclined, 'however, to connect it with the'species mentioned. 

Specimens of the young halibut are extremely rare, perhaps because they are 
found onIy in deep water on the great fishing-grouuds. The smallest examples hitherto 
examined here were two froin St. Andrews Bay, the larger being a foot long. They were 
obtained by a local trawler, but similar speciinens are occasionally caught on lines. 
Last year a specimen, apparently of this species, was procured in the deeps about 50 
miles from Norway on May 31, measuring 97 mm., or a little over 3% inches. It had 
been swalIowed by a greeu cod, The fin formula is D. 07, A. 73 ( Y), caudal 19, pectoral 
11, pelvic 6, though it must be stated that diaestiou had cousiderably affected the fins. 

The chief digerences between this and au example 1 foot long are the proportion- 
ally larger size of the eyes and their proximity to the auterior border of the snout- 
the smallness of the gape-tho posterior angle of the mouth being somewhat in front 
of'the eye; whereas i u  the larger (1 foot) it passes to the anterior fifth of the eye, and 
the maxilla is boldly marked. The arch of the lateral line behind the eye on the right 
side is much more pronounced in the larger specimen, for in the smaller it is gently 
curved upward and runs forward with a very slight declivity. On t h e  left side the 

, 

. inside the abdominal cavity. 
I 
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arch is more distinctly curved. Variations, however, are frequent in the larger exam- 
ples. The =udal rays proceed from a nearly vertical line in the smaller specimen, 
but from a semicircle (i. e., a line convex backward) in the larger. The opercular 
region also differs, but the action of the gastric juice had made changes in the small 
specimen. The thichess  and narrowness of the body are more or less diagnostic at 
this stage. 

ON THE EGGS AND LARVZE O F  THE TORSK (BROSMIUS BROSME). 

The literature on the spawning and development of the torsk is very meager. 
Thus, Couch says it comes from deep water near the coast at the time of spawning, 
which is in January and February. Parnell, again, stakes that it spawns in April and 
May amongst the seaweeds along the coast. Day, like Parnell, seems to have copied 
this remark without query. Brook, in the Report (1886) of the Fishery Board for 
Scotland gives, on the authority of the fishery officers, March at Wick, May and 
June at Peterhead, and the same two months at, Berwick. Dr. Fulton, who examined 
two very fine specimens of 34 inches, and weighing, respectively, 15 pounds 54 ounces 
and 15 pounds, calculated that the partially developed ova in the former were about 
2,283,979 in number, whereas in the latker, which, he thinks, had discharged part of 
them, the ovaries contained 790,064. In the latter exampl?, 40 or 50 in 3,612 ova 
which were counted were large Clem eggs, having a diameter of 1.4 to 1.32 mm. 

Little was known of the breeding of the species, though from its relationship 
with the ling and the rockling it was supposed to have an egg with a11 oil-globule. 
Various attempts had been made by the Fishery Board for Scotland and others to 
secure ripe examples, but without success. The energetic efforts of Dr. Fulton and 
the fishery officers (smong whom must specially be mentioned Mr. Mackie, msista<nt 
officer a t  Peterhead, and Mr. Duthrie, assistant officer a t  Lerwick) a t  last solved the 
difficulty. Mr. Mackie procured ovarian eggs, the latter a fine series of fertilized ova. 
I n  the ovarian ova a number of unripe were mingled with others more or less ripe, 
the diameter of the  latter in a fluid consisting of one-half saturated solution of picric 4 

acid and half spirit, ranging from 1.2573 to 1.3335 mm., the latter being approximately 
the average of ripe eggs after preservation. The ripe fertilized eggs, the securing of 
which under many difficulties reflected great credit on Mr. Duthrie, were got on the 
25tli of May. He had less trouhle in obtaining females; i t  was t,he condition of the 
males which puzzled him; for the spermaries are small, reaching in the proportions 
only from 2 to 3 inches in a male of good size, and having the form of a small frilled 
cord or ribband. They thus differ materially frorii the condition in the cod and its allies. 

The ova on their arrival from Shetland were almost dry, and their hardihood was, 
perhaps, partly due to the fact, so often Reen in other forms, that  they had reached a 
certa,in stage of development, viz, the fourth day. They had an average diameter of 
1-333.5 mm., so that the preserved examples from Peterhead must have been exception- 
ally fine or had been slightly dilated. The large oil-globule, which had a diameter of 
0.2386 to 0.2667 mm. appeared, under the lens, of a pale reddish-brown hue, but by 
transmitted light of a pale red; indeed, no pelagic egg, with the exception of the 
sand-eel, has presented a more distinctive color. In some a series of minute fatty 
granules were also present under the large globules. The zona radiata is remarkably 
tough and resistant, and the egg can only be ruptured by the exercise of considerable 
force. A series of boldly marked punctures are present and they have in some views 
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a slightly pinkish hue from refraction, while under a high power they give the capsule 
a minutely punctured appearance. If a fragment of tfhe zona be dried on a slide, 
each of the punctures enlarges sild becomes the center of a curiously wrinkled margin 
with numerous processes, such as might have been due to protoplasmic environment. 
This appearance was, however, probably due to the wrinkles or folds of the dried zona. 
The latter in the fresh examples is further marked by faint lines or creases, which in 
some are crossed by another series of'similar lines, so that it resembles the zona of 
the brill, lemon dab, and Bail fluke. The micropyle is very evideut and after the plan 
of that in the haddock; the external aperture, which is in the center of a depression, 
is smaller than the internal. 

On the fourth day, when the eggs reached the laboratory, the blastopore was 
closing or closed, the optic vesicles formed, and a broad alar expansion was present on 
each side. ' The perivitelline space was small. Developiiieiit proceeded normally, so 
that two days later a number of myotomes were formed laterally, besides lenses and 
ototys ts, while slight contractioiis occurred in the heart. A considerable porttion of 
the tail was free, and a few simple I)igment-specks were scattered over it. The embryo 
jerks body and tail. Next day (May 28) black chromatophores were studded along 
the sides of the body arid the head, and some on the latter and in the proximity of the 
pectorals were slightly stellate. Each otocyst hac1 two otoliths. The pectorals pro- 
,jetted outward as rounded lobes. The tail was much elongated and had a group of 
black chromatophores at the tip. The perivitelline space mas larger. All the ova lie 
on the bottom of the vessel. 

Before hatching, a greenish yellow hue (by transmitted light) appeared 011 the 
hend arid tlie tip of the tail. Some emerged on May 30 before iiooii (ninth day after 
fertilization). The larva measures about 4 inm. and is characterized by the large 
pinkish-brown oil-globule, which is generally fixed a t  the posterior border of the yolk. 
In  sotne, however, the oil-globule was freely movable, a feature which had not hitherto 
been observed in such larval forms. By depresaiiig the tail of the larva the oil-globule 
glides forward to tlie middle of the yolk, and by elevn,tiiig the head it mouiits to the 
highest point, viz, the anterior border of the yolk. Nothing could bettor illustrate the 
features formerly pointed out in  regard to the movement of the oil-globule iu the 
gurnard," and the passage of the briglitly colored globule through its yolk (and not 
merely a t  the surface of the yolk iLS some thought) was in this instance easily followed. 

The free condition of tlie oil globule of the larval torsk iu  these instances mas 
probably abnornml, but i t  is worthy of note. Five conspicuous black touches or bars 
further distinguish the larva, vie, one 011 the head aiid four 011 the body. The chro- 
matophores on the liead arc somewliat irregulurly scattered, though a front view of 
the liead in the egg shows that a more or less symmetrical series occur over ea,ch eye. 
The first patch or bar 011 the trunk is placed rather behind the middle of the y o k  
though a little variation exists, mid i t  is rendered the more conspicuous as the black 
pigment, of the subnotochordal region exists beneath. The chromatophores in this 
and the other areas are very finely ramose. The next pihtch or bar lies on the muscle- 
plates behind the yolk; the last is a t  the tip of the ttiil, while a less definite one is 
intermediate. As already ineritioned in conuectioii with the embryo, the larvra have 
a slightly yellowish hue (greenish by transmitted light) on the head, yolk-sac, and the 
tip of the tail. The rectum is high up on the inarginal fin, with the lulnen Just 

' 

. 
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"Tram. It. Soc. Edin., vol. 35, p. 687. 
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within the tip. The urinary vesicle is distinct. The notochord is multicolumnar. The 
surface of the yolk-sac, the pectorals, and the marginal fin are miiiutely vesicular. A 
little black pigment appears in the eye. The healthy larvae are active. 

Next day (May 31) the chief feature was the increase in the greenish-yellow hue 
on the under surface of the head, on the yolk sac, and the tip of the tail, this hue 
being due to the development of the cutaneous vesicles formerly mentioned, and it 
makes a bold contrast with the pinkish oil-globule. The ramifications of the black 
chromatophorex have everywhere increased, those a t  the tip of the tail having a 
radiate arrangement like fin-rays. The liver appears on the ventral border of the 
gut, while the rectum has moved downward a little and often contains a round mass. 
The pectorals and otocysts are larger. In  one a peculiar abnormity occurred, viz, the 
presence of a long narrow process-resembling a diverticulum-in the rectum, which 
in this instance bad reached the somewhat defective border of the fin. 

The changes which were visible on June 1 consisted of the projection of the 
cartilages of the mandible, increase of pigmeht in the eyes, and the passage of the 
rectum, with the urinary vesicle near the fin-margin. The little fishes are restless, 
and the use of the pectorals in balancing is more evident. The yolk has consider- 
ably diminished. Next day the eyes showed a greenish silvery luster, and peristaltic 
movements occurred in the gut. Moreover, though the mouth is still closed,  pasi in odic 
movements of the mandibular region take place. As in the cod, rockling, aud other 
forms, $he black chromatophores, when seen against a dark background under a lens, 
look brownish. 

June 3 the larvae were characterized by their activity, and especially by the rapid 
vibration of the pectorals. Only a small anterior portion of the yolk now remained, 
while the reddish-brown oil-globule has been drawn forward and almobt concealed 
under tlie greatly increased black pigment of the upper region of the abdomen. 

About a week after hatching (June 6) tlie larvae swam more readily, and the mouth 
had opened-the mandible being moved up and down with .the hyoidean appwatas. 
The yolk was almost absorbed, only a trace of the oil-globule being visible. The 
rectum bad not yet reached the border of the marginal fin, but it was close to i t  sild 
its margin was papillose. Little change had taken place in the pigment of the body, 
but the caudal patch had spread out in a characteristically fan-shaped manner (coin- 
cident with t’he development of embryonic rays in tho tail) and the yellowish tint of 
the marginal fin iu the same region had somewhat increased. The caudal region 
of the marginal fin seemed to have diminished. They are hardy larvae, and could 
without much difficulty be reared in large numbers in a suitable inclosure. 

ON THE DEVELOPMENT OF THE SAIL-FLUKE (ABNOGLOSSUS MEGAST~MA). 

The earlier ichthyologists do not appear to have seen a ripe sail-fluke or “megrim,” 
a8 it is often termed by the Scottish fishermen. No information on the mbject is given 
by Parnell arid Oouch. Day observed that “Thompson, on October 31, at Belfast, 
procured one which had just shed its ova, only a few mature ones remaining.” Raffa,ele* 
pointed out that the ova of Arnoglossus have a single oil-globule, and his figure 011 the 
whole resembles the present species, except that lie does not show the minute structure 
of the zona radiata. His figure of the larval Arnoglos8us (tav. 4, fig. 20), however, 
_________ . L. - ~ 

sLe nova galleggianti, etc., Mit. a. d. Zool. Itol. zu Neap., I I I B ~ . ,  1 Hoft, 1888, sep. ebd., p. 49. 
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differs materially from that of A. megastoma, both in structure aud coloration; and i t  is 
unknown whether the careful Italian author refers to A. laterna or another form. He 
represents the post-larval Arnoglossus, again, with a long ray like a flagellum anteriorly. 

Mr. Eolt., who found ripe forms of both series in March, April, and May, states 
that the eggs axe very'translncent, have a diameter of 1-08 to 1.13, and possess a 
single oil-globule, -30 mm. in diameter.. He thinks, from his observations OR the west 
coast of Ireland, that spawning takes piace on13 in moderately deep water, and heces- 
sarily therefore a t  some distance from shore, always at a great distance from the coast 
when the declivity is very gradual. On the eastern shores of Scotlaud the species is 
an inhabitant of the deeper water. 

Three series of ova reached the laboratory in May, 1892, but i t  will be sufficient to 
allude only to the last, which were a t  an early stage of development 011 the 28th of 
May a t  11 it. m. They had a diameter of 1.1430 nim., while the oil-globule measured 
-3048 mm. All the living eggs were remarkably buoyant and had a perivitelline 
space. The zona radiata conforms t o  the type seen in the brill and lemon-dab, being 
covered with raised lines or ridges with very tine strine between them. The usual 
minute punctures densely cover the surface. The micropyle is difficult to distinguish, 
but i t  appears to be sometimes situated in the center of a, radiel series of lines in a 
space bounded by other ridges. It is best seen by settirig several eggs together in a 
cell, so that they support each otlier and give special positions unattainable when 
each is free. 

On the 29th Nay (next day) the rim hild either reached the equator or extended 
beyond it, and a dimple was often present on each side (in optical section) where the 
rim constricted the yolk. The followiiig day (30th May) the embryo was fully half 
rouitd the yolk arid the perivitelline space had increased. The lenses are now present, 
and black chroinatophores appear under the oil-globule and in the caudal region. 

Further changes before hatching were the increase in the perivitelline space from 
the diminiztiou of the yolk, the ramifications of tho chromatophores under the oil- 
globule and on the tail. Black pigment also appeared along the sides of the embryo. 
Larva were hatched on the 1st June, perhaps prematurely. They possess only black 
pigment, which is somewhat uniformly scattered over the body with a few specks 011 

the head, and it also occurs both docsally and ventrally in the marginal fin. Thixs 
five or six V-shaped chromatophores are found near the margin of the dorsal tin 
behind the yolk-sac-almost intermediate between it and the tip of the tail, and two 
similar or somewhat triangular ones opposite the former ventrally. The large oil- , 
globule lies at the posterior and inferior part of the yolk. The otocysts are simple 
sacs. No pigment exists in the eyes. The notochord is multicoluinnar. The solid 
strand of the rectum comes to the edge of the marginal fin, and a pro-mal portion of 
this fin is present. The urinary vesicle shows only a small central chamber. The 
oil-globule in lateral views is somewhat elliptical. 

Two days afterward (June 3) yellow pigment was apparent a>mongst the black in 
the inarginal fin, and along the sides of the body posteriorly, The yolk-sac, as a rule, 
has no chromatophores, one or two only occasionally being situated a t  the u w e r  part 
of the region. The enlargement of the otocysts, liver, and other organs is wnsiderable, 
and the skin is minutely vesicular. In  larvoe which only escaped at this date (June 3) 
the yellow pigment was not noticeable on the caudal region. 

* 

. 

*Report of Council, Roy. Dub. SOC., 1891, p. 238. 
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The mouth seemed to open coinparatively early, since i t  formed a conspicuous 
aperture on June 6. It differs considerably from that of the gadoids, as themandibular 
cartilages are much less developed, yet it is proportionally large and the movements 
extensive. The pericardial chamber was very large in the eyes on the 7th. The large 
pectorals are used for balancing. Black pigment was developed. The skin is minutely 
vesicular, and the canary-yellow pigment is conspicuous in the posterior part of the body. 

REMARKS ON THE DEVELOPMENT OF THE BRILL. 

Some remarks were formerly made* about tlie development of the ova of the brill 
fertilized with the milt of a turbot. A further series fertilized with a male of %lie 
same species was obtained on May 22,1892. They had a tliaineter of 1.3335 mm., the 
oil-globule measuring a2286 mm. The latter behaved as in the gurnard, rolling under 
the periblast and beneath the disk, and passing through tlie yolk when suddenly 
inverted, Without going into minute details i t  may be stated th'at on the 27th the 
embryo had lenses and otocy8ts, the tail projected from the yolk, while a yellowish 
hue pervaded the head, body, aud yolk-sac from the development of numerous chrom- 
atophores. So numerous are these over the yolk-sac that it seems to be densely 
speckled all over with minute yellow grains, Black chromatophores are likewise 
present on this as well as on the body. The remarkable development of the deep 
brownish-yellow pigment is one of the characteristic features of the species, and the 
fact was elicited that the milt of the male turbot did not seem to have made any 
striking variation in hue, so far as could be observed in the embryo and larva. 

LIST OF PAPERS. 

The following list of papers published in connection with the St. Andrews Marine 
Laboratory might yoperly include tlie work on the Invertebrate Marine Fauna and 
Fishes of St. Andrewst and numerous papers published since 1861: 

List of published papers dealing with work done at St. dndrews Havine Laboratory f rom the opening of the 
Laboratory in 1884 up  to and including 189%. 

1. Report I t o  the Fishery Board for Scotland, 1884. 
2. Report on Trawling at the request of Lord Dalhousie, chairman of the Trawling Commission, 

3. Report 11 t o  tho Fishery Board for Scotland, 1885. (1 plate.) 
4. Regort 111 to  the Fishery Board for Scotland up to  31st December, 1885. 
5. Report IV t o  the Fishery Board for Scotland (year 1886), 1887. The foregoing by  Prof. McIntosh. 
6. On the Occurrence of Lumpenus lampetriformis off the east coast of Scotland; by Francis Day. 

Proceedings Zoijlogical Society,, 1884, p. 445. 
7. Notes from the St. Andrew6 Marine Laboratory, I. b. On 

the Reproduction of dlyti lus edulis. Prof. McIntosh, Ann. Nat. Hist., Peb., 1885. 
8. Nofes from the same, 11. On the Spawning of certain Marine Fishes (Herring, Vivaparous Blenuy, 

Chfish, Short-spined Cottlcs, Armed Bnllhead, Bimaculated Sucker, and Monta U'6 Sucker) j On 
Pelagic Ova, the Young of the Ling and the  Eel. (1 plate.)-Ibid, A h .  Nat. hist., June, 1885. * 

9. Lecture on the Ova of Fishes.-Ibid, Nature, April, 1885. 
10. The Phosphorescence of Marine Animals, the Presidential Address to  the Biological Section of 

11. Notes from the St. Andrews Laboratory, III. b. On a new 
British Staurocepl~alus. c. On certain Processes formed by Cerapus on a b u l a r i a  indivisa. d .  On 
certain Peculiar Ova from the Forth. e. On aFemale Porpoise. (1 plate.) Prof. McIntosh. 

12. Note on the  Chemical Composition of the  Milk of the Porpoise. Prof. Purdie, Ann. Nat. Hist., 
December, 1885, and Chemical News. 

13. On the Development of tho Food-Fishes at the St. Andrew8 Marine Laboratory. E. E. Prince, 
Rep. Brit. Assoc., 1885, p. 1091. 

1884-85. 

(1 plate.) 
a .  On tho British species of Cyanea. 

the British Association, Sept., 1885. Ibid. \ <  

a.  On the ova of Callionymus lyra. 

___---___ . _  

'Ninth An. Ecpt. Fishery 13oard for Scotlsntl, HI, p. 317. tA. & C. Black, 1875. 
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14. On the  Nest and Development of Gasfroatetcs 8pinachia n t  tlio St. Andrews Marine Laboratory. E. 
E. Priuce, Rep. Brit. Assoc., 1885, 1093; priutcil in full with 1 plate, Ann. Net. Hist., Dec., 1885. 

14a and 15. On the  Reproduction of the Coliinion Mussol. Joliii Wilson, Rep. Brit. Assoc., 1885, p. 1094, 
and Report Fishery Board for Scotland, 1886. 

16. On GoZ$iagia M’Intoehii, a new Sip~inc~rlua from the Neighborhood of St. Andrews. Prof. Ray- 
Lankester, M. A., LL. D., I?. R. s., ctc., Trails. Lin. soc., vol. 11, part 16. 

17. Notes from tho St. Andrews Laboratory, IV. (1 plate.) Prof. 
McIntosh, Ann. Nat. Hist., April, 1886. 

18. On the British Weevers, the Bib, and thc.Poor Cod. Ibid, Ann. Nat. Hist., May, 1886. 
19. Early Stages in the Devcloprnent of the Food-Fishes. 
20. Further ltemarks on the Tunny. Prof. McIntosh, Ann. Nut. Hist., ,fune, 1886. 
21. Remarks on the  E gs of Marine Fishes. 
22. On the Prosence o f  Oleagiuous Spheros in tho Yolk of l‘eleostenn Ova. E. E. Prince, Ann. Nat. 

23. Points ?u the  Development of the Pectoral Fiu and Girdle in Toleosteans. K. E. Prince, Rep. Brit. 

24. Some Remarks on the  Egg Membranes of osseous Fishes. Dr. R. Scharff, lbid, p. 698. 
25. Note on a Peculiar Medusa (Tlaaztrnanlias) from St. Andrew Bay. Prof. McIntosh, Ibid, p. 710. 
26. On the structure of the Tail in Jfyzine. Prof. Clelaud, M.D., LL.I)., i?.it.s., Report Fishery 

Board, 1886, p. 211. 
27. Report of the Committee for the Purpose of Continuing the Researches on Food-Fishes aud 

Invertebrates at the St. Andrews Marine Laboratory. Roport Brit. AEJSOC., 1886. 
28. Notes from the St. Andrews Marine Laboratory, V. On the Paternal Instincts of Cyolopterus 

Zumpu6, etc. Prof. McIntosh, Ann. Nat. Hist., Aug., 1886. 
29. Notes from the St. Andrews Marine Laboratory, VI. On the very Young Cod and other Food- 

Fishes. Prof. McIntosh, Ann. Nat. History, Oct., 1886. 
30. On some experiments in Prescrviug Mussels for Bait. Report Fishery Board for 1886 (pub- 

lished 1887). 
31. On the Intra-ovarian Eggs of Osseous Fishes. Dr. R. Scharff, Proceed. Roy. Soc., 1r387, and Quart. 

Jour. Micros. Sci., Aug., 1887. 
32. On the Pelagic Fauna of our Shores in its Relation to the Nourishment of the young Food-Fishes. 

Prof. McIntosh, Ann. Nat. Hist., Fob., 1887. 
33. Notes from the St. Andrews Marine Laboratory, VII. a. On the Occurrence of Peculiar Gelatinous 

Bodies in Profusion. c. 011 the Comruensalistio Hebits 
of the Larval Forms of I’eaohia. e. On the 
Occurreuce of Clionc borealis, Pall. Ibid, Ann. Eat. Hist., Aug., 1887. 

a. On a Post-larval Labrue, with Remarks 
on the Color of Pclvic Fins. b .  On the Post-larval Couditiou of Lipuria. c. On a Peculiar 
Teleostean Yolk-sac. d.  General Reinarks 011 Post-larval Food-fishes. Ibid, Ann. Net. 
Hist., Oct., 1887. 

35. On some Rare and Remarkable Forms a t  St. Audrows Marine Laboratory. Prof. McIntosh, Meeting 
Brit. ASSOC., 1887. 

36. On the Development of the Ovary and Oviduct in  Certain Osseous Fishes. E. E. Prince, Ibid, 1887. 
37. On the so-called Luminous Orgeus of hfatwolicus pennantii. E. E. Priuce, Rep. Brit. Assoe., 1887, p. 

769. 
38. On the Ova of Tonaoptwia onisoiformis, Each. 
39. On the Ciliated Orgaus of l’omopterie. 
40. The Emigration of Amcloboid Corpuscles in the Starfish. 

41. Note ou the Madreporite of Cribtdla ooulala. 
42. On the  Reproduction and Developmeut of the Common Mussel. 

(2 plates.) 
On the Structure of the Tunny. 

E. E. l’riuce Ann. Not. Hist., May, 1886. 

Ibid, Nature, 1886. 

Hist Aug., 1886. 

ASBOC., 1866, p. 697. 

(1 plate, 4to.) 

b. On Syncovyra decipims Dujardin. 
d. On the Presence of Swarms of Appendicularians. 

34. Notes from the St. Andrews Marine Laboratory, VIII. 

E. E. Priuce, Rep. Brit. Assoo., 1887, p. 769. 
E. E. Prince, Ibid, p. 769. 

Herbert E. Durham, B. A., lately Vint- 
nor Exhibitioner, King’s College, Cambridge, Proceed. Roy. Soc., vol. 43, p. 327 (1 plate). 

(3 4to. plates). John Wilson, 
u.sc., Demonstrator of Zoijlogy, St. Andrews Univcraity, V, Report Fishery Board for Scotfand, 

Ibid, Proceed. Roy. SOC., vol. 43, p. 330. 

p. 247, 1887. 

1887. (1 plate.) 
43. The Significauce of the Yolk in the Eggs of Osseous Fishes. E. E. Prince, A m .  Nat. Hist., July, 

1888. 

44. Further Remarks on the Development and Life-History of the Food-fishes. Sixth Annual Report 

45. On Annelids and other Forms used 8s Bait. 
46. Pelagic and other Fauna of St, Andrews Bay. 
47. Report of the Committee for the purpose of continuing the Researches 011 Food-Fishes a t  the St .  

48. Note on the  Bib and the Poor Cod. 
49. Notes from the St. Andrews Marine Laboratory, No. 1X. 

.W. C. M. 
Sixth Annual Report. 

Andrew8 Marine Laboratory. liepart British Association, 1888. 
Ann. Net. Hist., Oct., 1888. 

W, C. M. 

Sixth Annual Report. 

1. On &8ueU?’ia, a Ctonophorc new to Bntam. 
2. On the Development of Mussels. 
3. On a Post-larval Pleuronectid (Sole). 
4. On a Post-larval Cottue contrasted with the Gadoids. 
5. On the appearance and disappearance of Luoernaria aud other Forms. Ann. Nat. Hist., 

Dec., 1888. Ibid. 
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50 On the  Embryology of the RetiEa of the Teleosteqns. Dr. Marcus G u m .  Ann. Nat. Hist., 
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28.-DESCRIP'l'ION OF T H E  MARINE HATCHERY AT DUNBAR. SCOTLAND. 

BY *DR. !I.'. WEMYSS FULTON, F. R. S. E., 
Superintendmt of SciPizt$c Investifations, Fishery Boavii for Scotland. 

In  a paper by Prof. W. C. McIntosh, included in the present Bulletin (pp. 241-256), 
refereiice is iiiade to an establishiiient for hatching marine food-fishes at Dunbar, 
wliich has beeii erected by the Fishery Board for Scotland, and of which 1 have been 
asked to furnish a description. It may be briefly premised that in Scotland, as in so 
maiiy other countries, the comparative scarcity of certain important sea fishes has 
been manifeetcd in recent years. This has been especially evident with the more val- 
uable l'leuronectidm, sucli as turbot, brill, and plxice. Notwithstaiidiiig the extension 
of beam.trawling-the method of fishing by which the pleuronectids are principally 
obtained-the number captured off' the Scottish coasts has diminished year by year; 
as indeed they have dimiiiished throughout the North Sea geuerally. 

Certain regulative measures have been tried, which, if it can not be said they 
have quite failed, have at least not had the results they were expected to have. In  
l5SG and subsequent years beam-trawling was prohibited within certain firths and 
areas; and in 1889 practically. the whole of tlie territorial waters of Scotland, and 
also some bays and firths which extended beyoid the territorial limit, were closed by 
statute to this mode of fishing. But tlie quaiitity of flatfishes landed continues to 
decrease. That this is not due to restriction in the extent of fishing ground in con- 
sequence of tlie prohibition referred to, is shown by the scientific observations and 
experiments couducted by the GTarlaiad since 1886. These are given in full detail in 
the various anaual reports of the Fishery Board; but it may be mentioned here that 
while in the period 18861888 the average number OS flatfishes captured in each haul 
of the net in the protected waters of the Firth of Forth and St. Andrews Bay was 
188.6, it was oiily 13G.4 in the period 1890-1892. The diininution indicated is prob- 
ably largely explairied by increased trawling in the waters outside the territorial zone 
where the fishes congregate at the spawning seasou and where fishing operations 
can not be interfered with under any powers a t  present existing. At a,ll events i t  
shows that the regulative measures referred to have not succeeded in increasing the 
abundance of fish in the protected waters, and points to a hopeful field for the appli- 
cation of fish-hatching. 

When it was decided to proceed with the erection of a, hatchery for sea fish, tlie 
writer visited and iiispected the well-knowii Norwegian establishiiieut a t  F16derk 
which is wider the direction of Capt. G. M. Daniievig; and later this gontlelnrtll came 
to Scolla11d and made an exaininatioii of the site proposed at Dunbar. He having 
reported favorably, work was thereafter commenced, and a hatchery 011 the iiiodel of 
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Capt. Dannevig’s has now been cornplcted. Tlie est8ablishuient may be described 
under the following heads: (1) the liatchery house; ( 2 )  the spswniiig pond; (3) the 
6ltering gallery; (4) the tidal pond; ( 5 )  tlie puinping apparatus. 

The hatching house consists of a substantial and oruamental wooden buildiug 35 
feet iu length, 24 feet broad, aud 18 feet in height. The walls, which are double, 
stand upon a foundation of brick and concrete, a space of 2 feet being left between 
the flooring and the ground for the circulation of air and the convenience of piping. 
As abundance of light is desirable, there are 12 large windows in the sides and gables 
and a door is placed a t  either end. A t  present 1G of Dannevig’s hatching apparatus 
are fitted up, each capable of containing about 5,000,000 of cod eggs, or :L total of 
about 80,000,000. 

The apparatus consists of an oblong wooden box, S feet in length, 2 feet 3 inches 
iii breadth, and 1 foot deep. It is divided into two series of 7 water-tight cornpart- 
meiits by one central longitudinal and 6 transverse partitions, making altogethcr 14 
compartments. The first aud last compartments iu each series-those at  the ends- 
are narrow and communicate with one another, the pair at one end receiving the 
water from the inflow pipe, and the pair at the other end communicating with the 
outfkow pipe. The intervening teu compartmerits are wider, and it is into these that 
the hatching boxes which contain the eggs are placed. 

Each hatching box is 12 inches long, 10 inches broad and 10 inches deep; the sides 
are made of wood, Q inch thick, and  the bottom o f  hairclotli, fiue enough to preveut 
any eggs from passing out while admitting a free circulation of water. The boxes are 
attached by leather hinges to the trausverse partitions ; :And into the top of each par- 
tition, between the Iiinges, a broad, flattened inetallic spout is inserted, which fits into 
a correspouditg spout ttttached below it to the edge of the hatching box. The appa. 
ratus, with its ten boxes, is placed. with one cud against the end of the room, end 
rests on wooden supports so arranged that this end is 3 inches higher than the end 
which projects toward9 the center of the room, this clifferenc*e in level giving what 
experience has shown to be tlie most suitable flow of water. 

The supply pipes, inado of galvanized iron, are led along tlio walls, R brass cock 
beiug inserted above each apparatus. The water falls from the cock into one of the 
narrow end cornpertments, wiiich comtuunicate with one mother, and when these are 
full it flows over by the spouts into the first pair of hatcliiug boxes. It passesthrough 
tlie haircloth bottom into the cornpartments in which the boxes are placed, t ud  wheu 
these are full it overflows in turn into the secoiid pair of boxes, and so on until it 
reaches the narrow end coinpa~tments,.whenc~e i t  escapes by a pipe passing through 
the floor of the room. 

As has beer] said, the hatcliing boxes are hinged a t  one side, and 8,s the compart. 
ment becomes full the fore edge of the box is floaked up and ultimately projects about 
3 inches or so above the surface. This gives occasion for tlie applicatiou of one 
of the special fetttmes of Dmnevig’s inetliod, iiainely, an up-and-down movement of 
the box, by means of which the eggs are kept equally tlistribnhed tlirougliout the 
mass of water, as limy be shown by testing any part of the box with a dip-tube. The 
movement is acconiplished in tlie following way: An iron rod, 8 feet long, is hinged 
a t  the upper eud of the apparatus, riext the wall, and. passes down the middle botweeii 
the two series of liatcliing boxes. It possesses five short, transverse pieces, one 
opposite each pair ofboxes, arid resting upoil the froe edges of tho latter; a ~ i d  jt, js so 

. 
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weighted as just to be sufficiently heavy to depress them. Wlieii the rod is raised 
the buoyancy of the boxes causes tlieni tn rise aiid to regain tlieir former position. 

The moveiiient of the rods is broiiglit about antoni;itic;~11y by a system of wires and 
pulleys, the wires‘ being connected on the one hand with the free end of the rods, aiid 
on theother hand with tlie end of a woodeu beam which rests upon an eccentric wlieel 
kept in motion by a waterwheel driyeu by the overflow \niter from the spawning 
pond. As the eiid of the beam rises and falls on the eccentric the iron rods also rise 
and fall, and tlie hatching boxes are raised am1 depressed. The rise is gradual ant1 
the depressiou rapid, the water in the latter part of the movement being forced 
upwards through the hair netting arid the eggs whirled gently about and kept in coii- 
stant motion. The speed of tlie eccentric wliecl call easily be regulated; about two 
revolutions in three iniriutes is generally sufficient. 

The spawning pond or tank, in which the spawnirig fishes are placed during hatch- 
ing operations, is constructed of solid concrete sunk in the ground, the thickness of 
the walls a t  the top varyiug from 2 to 4 feet. It is 40 feet in  length by II& feet 
deep, the breadth att orto end being 2G feet and at  tlie other eiid 1s feet, the vari- 
ation in breadth lreiiip due to tlrc nature of the ~ I ~ O U I I ~ ~  It is c:bpable of containing 
a little over 60,000 gallons of water. This 1,oud is situated S’i feet from the hatching 
house, and on higher ground, so that tlic level of tlle water in i t  is ;r,bout 1S feet 
above the level of the hatching boxes, and i t  is inclosed by wooden walls which 
rest upon the outer edge of tlre concrete, and is covered by I roofing of galvanized 
iron with movable skylight windows, which can be darlxmetl when necessary. The 
upper flat surface of the concrete forms a converiient pathwtty all round the pond. 

The feed pipe froin the pumps is carried along the top and enters a t  one corner 
(that furtliest from the overflow into the spat”n-collector), and i t  is so arranged that 
the water can be put in a t  any height. I n  order to empty the polid, or lower the level 
of the water, two 4-inch iron pipes pass tlirough the bottom, each controlled by a 
cock worked from above hy ;i fixed rod, aud coinniniiicatiug outside with the waste 
and drain pipes, and iiiside with a series of movable perforeted p i p s  lying on the 
concrete floor, and by iiiva,iis of mhioli the bottom layer of’ water can be rapidly 
removed. About IS inclies ; h v c  t l iu  bottom is a flooring of smooth boarding, with 
spaces between, the width of whiclr tii:iy be increased or diminislied according to cir- 
cumstances. Tho object of this arratigemclit is to :hllow excreinentitious waters, 
remains of food, otc., to pass beiieatll the flooring, whence they may be quickly taken 
away by the perforated pipes. Three !&inch galvaiiieecl iron pipes are also carried 
through the wall at diEerent levels mttl pass into tlie filteriiig gallery; they are 
provided with cocks, and their use will be presently explained. 

It is into this poiid that the spawning fishes, males aiid females, are placed, and 
t h e  spawniiig process, the ejection and impregnation of the eggs, goes on naturally as 
it would in the sea. As the buoyant cggs rise to the surface they are carried by the 
overflow into the 6‘ sp:iwii-coIlector.” “lie eggs are retained, and the water passes on 
into the chute to supply the watermliecl for the movement of the boxes, as thbove 
described. Tlt e spawn-collector coii,sists essentially of i i  large wooden frailie, the 
bottom, sides, and one elid of which are covered with haircloth. It is placed in a large 
horizontal wooden box, which may bo described as a dilatation of tlie water-chute to 
the wheel with which i t  coinmnnioates. This box is deoper and wider than the hair- 
cloth frame, so tllat a space ai:iy exist all arouud tlru latter; and it is colitiliuous with 

9 
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a short chute passing between the spawniug poiit1 and the open end of the spawn- 
collector. All the overflow water must pass through the liairclotli, aud by means of 
wooden slides the height and Bow of the mater may be regulated so that tlie retained 
eggs may not be subjected to injurious pressure. The eggs are transferred from the 
collector to the hatching boxes. 

The filtering gallery passes down the sloping bank between the spawning pond 
and the hatching house. The Boor is made of concrete, and a stair passes up tlie 
ceuter to the spawning house. On either side are arranged the filtering boxes, eight 
in number, forming duplicate series of four each, and through these four filters all 
the water that goes to the hatching boxes must pass. 'Eacli filtering-box is 4 feet 
long, 2 feet wide, and l& feet deep. The top is covered by a movable frame of filter- 
ing niaterial, made in two pieces for convenience of reinoval; and ns the boxes are 
arrauged at different levels, in step-and-stair fashion, the water passes in suecessiou 
from tlie first to the secoiid, arid so on to the fourth, aud thence to tlie pipo leacling to 
the hatching boxes. The filtering material 011 tlie first box is m;de of coarse material 
(cheese cloth); that on the secoud, coarse flamel; finer flannel on the third, and still 
fiuer on the fourth; but, as a rule, iio sediinent is to be found on this 0118, and tlie 
water passing to the hatching house is absolutely liinpid mid pure, One object in 
having ~1 duplicate series; wliieh call bo used alteriiately or together, is for conveiiieiice 
in cleaning. There is also a mooileri sink, supplied with water froin tlic water~vheel 
shoot, in wliicli the filtering frmies inay be scrubbed. 

The spawn-collector, above described, is contailred in the np11er part of the gallery, 
and the filioot to the weterwlieel passes down one side, 1ie;ir the roof. The mater- 
wlieel is placed a t  the side of the hatching house, at. the lower part of the gallery. It 
is 6 feet in diameter, of the Avershot variety, and the axle passes tlirougli tho wall of 
the hatching house, the movemeut beiiig transferred to the eccentric wheel by a stop. 
Prom 700 to 900 gallons of water a11 hour is sufficient to supply the wlieel, tlie waete 
mater being carried 08 by a drain pipe. 

The tidal pond is situated about 50 yards froin the hatchery, 011 the rocky shore. 
It was originally a caveni, * tlie walls aiid roof being of solid rock, 2nd the easterii 
part closed by the castle walls. The seaward entrance has been closed up by acoucrete 
wall varying in thickness from 0 feet to 2 feet. Through tlris m:tll two G-incli pipes 
are carried, one a t  the bottom which is controlled by a d i d o  valve worked by a rod 
from above; the other a t  a height of 5 feet. The valve in connectiou with the latter 
is such that it can work autoniibtically, adiuittiug water wlieii tlic level outside is 
higher than th&t within, aiid preventing water froni oscapiug wlieii i t  is lower. The 
bottom pipe is for wnptyiog, or partly ernptying the pond wlieii tlic title is low. Thus 

*It  may be of interest to state t h t  the hatcliory lies witliiii tlic l)rc:i:iiicts of one of tho iiiovt 
historic spots in  Scotle~i&-the old castle of Diinbar-ossoci:~ted with Scottish history for 800 ywrs, 
imd disiiiantleit su1)scqucnt to  the flight of Qoeen Mary and 13othwel1, ;vho took refuge in it. A 
himan skiill aiid :I 1:trge qiiaiitity of tlie boucs of horses were disinterred iu digging tho foiiudatrioiis 
for the spawniug pond. A portion of tho cavern, iiow convortod iuto :I pe:wLiil Gsh-ponil, forriteii 
the dungeon in whicli the poet Uavin Doiiglas, I3isliop of Diinkcld, ant1 m:my other illustrious priu- 
oners wero confined. A dark ant1 tortuoiis passage still exiRtH, 1c:bdiug upwart1 betwceii massive walls 
towards the citadel. The westward opening, now closed, is coiijectiired to have boeu the portal 
tliroiigh which tho brave Sir Alexnuder Remsay, of Ualhoiisie broiigli t Rticcor to Black Agiies during 
tho sicgo of tlio castle Ly the 1Siiglish under the Ea;rls of Sali8biiry :itid Arirutlel i n  1838, and i t  was 
prob:~bIy by this postern t h t  King Edward I1 esc:rpcd i i i  a fishing boat :Iftor his c1iri:istroiis defeat at 
Bauiioclcburn in 1314. 
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a t  every tide it fresli supply of water may be admitted if desired. Both pipes open 
on tlie inner side into 0 long, vertical water-tight woodeii box, which fits against tlie 
coiicrete wall, aut1 is open above so that the valve may be controlled. Large filtering 
Dames are fitted into apertures in this box by india-rubbor joints, so that practically 
every drop of water entering the pond may be passed through them-a very useful 
provision in stormy weather. 

A t  the end opposite to the concrete wall is a stone-work platforin continuous wit,li 
tlie harbor quay, and a door is let into the mall, a t  this part of which entrance to 
the pond is obtained. The length of the pond is 42 feet, the average breadth about 20 
feet, and the depth of water a t  high tide about 9 feet; it can therefore contain nearly 
50,000 galloiis of mRter-all of which, RS has been explained, filters itself as it passes 
in. The bottom is laid with concrete, and when fish are present this is covered with 
a layer of clean sand. The purpose of the tidal pond is twofold: (1) it serves :is a 
storage place for the spawners, in which thoy may be collected before the spawning 
season, and (2) as a reservoir of pure filtered water which 1n:ty be puinped up to the 
hatching liouse during the prevalence of storms, when the water outside may become 
solnewhat turbid in certain winds. As the tide rises the water pours in by the upper 
pipe and passes through the filtering apparatus into the poiid; wheu the tide falls, 
tlie valve closes automatically aiid prevents the escape of t h e  water. 

The pumping 'apparatus consists of two Worthiugtoii brass-lined, direct-acting 
steam pumps, each capable of throwing over 3,000 gallons per hour. The boiler is of 
tlie best locomotive type, inado of steel, by Robey &k Go., Lincoln, and of 8-llorse 
power. The pump house is placed betmeen the hatchery and spawning pond on the 
0 1 1 0  liand, and the harbor and tidal poncl 011 the otlmr haud. It is 24 feet long by 18 
feet in breadth. The floor is of concrete, sud a partition separates the boiler froin the 

Built against the boiler compartment is the coal house, which can accommo- 
date about 12 tons of coal. The pumps are so fitted up thitt one may pump from the 
entrance to tlie harbor, and the other from the tidal pond, or one or both ]nay pump 
from the Iiarbor and the pond at  the same time. Tho suction pipes are 24 inclics in 
diameter, and 111ade of the bust gitlvauized iron j they are supplied with foot-viilves 
and roses. Tile supply pipe to tlie spatvning pond and liatchery is of the siiiiie 

diameter mid iiiaterial. At  tlie side of the spewniiig po~id a branch is given ofY to 
the filtering-gellery, arid this braiich on entering the gallery bifurcates to su1)l)ly cach 
of the two series of filtering-boxes. Coolis are placed SO tliat the volume of water 
entering the spawning-pond or the filtering gallery can be easily regulated. The 
Worthirigton pumps have worked very smoothly, without any noise, aud have given 
satisfaction. 

There is a special feature in coniicction with the working of this iitbtcliery to which 
:ttt,ention iiiay be drawn. At  tlie Norwegian establishment aud, I understa~id, a t  
others, the pumps are kept working during the night as well as iii the day, SO that a 
eollstaut supply of water may be obtained for the spawning pond and the hatching 
boxes; this, of course, necessitates extra staff aud expense. A t  the Duribar hatchery, 
however, the night work is dispensed with, water from ths spawning ponds beixig used 
for tho hatching boxes and the waterwheel, by means of the three pipes, previo11slY 
referred to, which pass through the wall of the pond. These pipes are fitted on th.3 

inner end, mhicll projects into tlie poiid, with largo haircloth roses or filters, which 
Prevent any eggs passing out \pith the water. Oiie of theso is connectecl in the gallery 

' pumps. 



262 BULLETIN OF THE UNITED STATES FISH COMMISSION. 

house with the pipes supplyiug the tilteririg boxes, aud mother is led into the lower 
part of the shoot for the waterwheel. By ineaiis of tlie cocks, the supply of water for 
both these purposes call be easily regulated. 

Since each of tlie sixteen hatchiiig boxes requires between 90 and 100 gallons of 
water per hour, aud the waterwheel about SO0 gallons; and since each inch of depth 
in the poud is equivalent to about 480 ga,lloils, the utilizatiou of the water in this 
manner from 11 o'clock a t  night to about 6 iu the iuoriiing will reduce the level of 
the water in the poiid to the extent of only about 24 to 3 feet. This can sooil be made 
up when the pumps are piit on. The fish a t  presgut used-plaice-do not require a 
constant circulation to be maintained j indeed, i n  some preliminary operations in tho 
tidal pond it was found that eighty large flatfish (iucluding a few common soles) could 
be kept for two days and three nights in about '7,000 gallons of water, in peifect health, 
without the water being reiiewetl or any circulation maintained. It would be proba- 
bly difl'erent with more actively-breathing fish, such as cod. 

Another advautage of retaining the water in the spawuiug pond duriug night is 
that the impregnation of all the eggs is made more certain and with a relatively 
smaller number of males than would be the case were a constant overflow kept up. 
Spawning takes place a t  iiight and the eggs are confiued floating in the pond for 
many hours. Iu  the morning the pumps are started, aucl a very gentle circulation 
maintaiued during the (lay; in the afternoon a large volume of water is poured iu, 
and in the course of a few hours practically ;dl the eggs ii i  tlie pond are collected in 
the spawn-collector. 

The uulnber of plaice a t  present in the spawiling pond is 820, rangiiig in length 
from 14 to 25 inches; but they are being added to, i t  being estimated that tlie poiid 
can accommodate inore than double the number named. There are two males to three 
females, this beiug the proportion of the sexes which obtairis in the sea;" but i t  is 
probable that the proportion of females may be cousiclerably increased (and therefore 
the functjonal capacity of the pond), owing to the special facilities for inipregnatiou 
adverted to above. 

The hatchery has been in operatiou only for a few weeks, and, so far, with the 
greatest success. The death rate among the eggs has been exceedingly small, far 
below what is usual with cod eggs. Mr. Harold Darinevig has charge of the hatching 
operations, aud to his systematic attention much of the success is clue. It is hoped, 
later in the semon, to proceed with the hatching of the cornmoil sole, leniou sole, aild 
possibly the turbot; and it should be stated that tlie preseiit plant-boiler, piinips, 
ponds, waterwheel, etc. A is sufficient for a hatchery double the size of the one exist- 
iug, i. e., for between 30 and 40 of Dannevig's apparatus. 

Fishes: Tenth Annual Report Fishery Board for Scotland, part 111, p. 239. 

' 

* Vide a paper 1)s the writer on Tho Reprodnction, M:itiirity, and Sexnal ltolations of the 1pood 
1892. 



29.--THE PAST, PRESENT, AND. FUTURE OF THE OYSTER INDUSTRY OF 
GEORGIA. 

BY A. OEMLER, M. D. 

We have but one species of oyster (Ostrea virginiann) on the coast of Georgia, but 
the shape and quality varies with the food and with the conditions whiclt surround 
eachindividual. When found in large masses above ordinarylow-water mark, bordering 
the marshes of rivers and creeks, it assuntes the LLcoon” or ‘Lrazor- blade” type, grotving 
vertically, long, thin, aud very sharp, like trees too crowded in i i  forest; a veritable 
illustration of a contest for the survival of the fittest. The usual width of these coon 
oyster ledges is from 8 to 10 feet, but the nearer to  the sea we find them, OF the greater 
the salinity of the water, the broader they become, reaching in some cases near the 
line of ordinary high water. As further consequences of the higher density, t h e  
oysters reniain of poor quality later in the season, not improving in dry xeukons until 
November, and spamniiig later than those situated in water of a lower degree, or 
approaching the standard of 1.0140, and better adapted to the American oyster, 
which is strictly a brackish w:iter molluslr. The density of the mater over the ledges 
in the lower creeks aud rivers in  South Caroliw ranges between 1.0214 and 1.0250. 

Not being constantly subtnergcci the deposit of‘ mud 011 these coon oysters is slight, 
mid that is removed by the action of sun :~nd wind, heiice they tbrrn oleail collectors 
for an annually heavy set, producing :I very crowded coudition of living oysters with 
110 room to grow laterally. When, however, a full set oociirs on a planted, cleaii 
shell, the developinent is in all directions, the cluster soinetiiiies breaking apart froin 
the pressure of its ow11 growth, and the shape and quality is better. Finally when :b 

spat or two finds lodgmeut on a sindl object, or on a pnrtially clean shell, me have 
the ideal single oyster to be enjoyed on the half shell. If oysters drop from these . 
coon ledges ncar the sea into the stream below Dhe line of low mater, they usually 
perish, hence we‘find here 110 rocks or beds of oysters in mid rivers or creeks; but 
when this occurs from ledges not in so close proximity to the ocean, tbhess :‘dropped 
off’’ oysters iiul)rove in form aud quality, and here beds occur beyond tlte shore sus- 
tained by annual sets. The drill ( Urosalpinx cinerea), the only enemy of tltc coon oyster 
in our waters, is found i n  these locations with greatest density, but not in such 
11 umbers as to account for the tlestruction. This difference in the life-history of 
slm31tiens of the same species is evidently attributable to the difference in dsusity, 
the American oyster not being ablc to survive and prosper in water of great salinity. 

From my earliest childltood, I can remember the great abundance of oysters in 
Chatham Oounty, attd one of my carliest inetnories is, seeiiig my grandfathe!, a Ztevo- 
llltionary patriot, eating roasted oysters atlid sweet potatoes a t  tny present h o l ~ ?  011 

Wilmingtoil Islaud. With tile exception of tcii years in Germany, I have resid4 
2(is 
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here, off and on, for sixty years, and constantly for tlic past twenty-seven years, near 
to what were formerly the finest and most productive oyster-grounds in the State of’ 
Georgia, and have been able to observe their rapid exhaustion, and thus have feared 
their impending total extinction through improvident fishing. Fifty years ago, when 
the city of Savannah had a population of about 13,000, and there was no outside demand: 
the market was readily supplied, without any necessity to resort to tongs or any other 
implement, and even when ten years later shipments into the interior began to be 
made, they were rarely employed. 

The shores of the larger creeks, and of the rivers in favorable locations above 
low-water mark in Chatham and Bryan counties, mere lined with L‘coon oysters,” 
which supplied the stock for opened or shucked oysters. The bottoms of high.mater 
creeks, or such as went dry or nearly so, under favorable circumstances were more or 
less covered with single oysters, which were gathered by picking.’’ Sometimes the 
finest specimens mere procured by hand, about a foot deep. This method required no 
culling, and had the great advantage of involving no disturbance of the empty shells. 

Population having increased and the demand having become greater the beds both 
above and below low-water mark had commenced to deteriorate, when the enforced 
rcst during the period of the civil war restored them to a greater degree of prodnc- 
tiveness. The period of most rapid depletion of the grounds of Chatham and Bryan 
counties, which had formerly supplied the trade of Savannah, is therefore ellibraced 
within the last tmenty-seven years. Three years ago all the ledges and banks of coon 
oysters, other than those at private landings, being in sight and easy of accc~s, had 
completely disappeared, and the natural beds below low-wa,ter mark had decreased in 
productiveness fully 874 per cent. The culls ok tonged oysters are nom used for 
opening, and for the several years past the trade has had to be supplied from the 
southern counties mid from the Iess-ravaged beds in South Carolina. In  1886 my sons 
shipped 1,546 barrels of shell oysters to Philadelphia, but during the next season they 
mere only able to procure 881 barrels with nearly double the number of tongers. 
About ten years ago I applied to the agent of the Ocean Steamship Coinpany for 
space in the ship% ice box to send a 2-gallon can of opened oysters as an experiment to 
New York. He replied it was like sending coals to Nemcastle; but since then the 
trade has greatly increased; a single party who visits Savannah every season for the 
purpose ships about 13,QOO gallons, mostly to Boston, Mass. He lias never been able 
to procure more than half the quantity wanted during the months of November, 
December, January, and February, and the supply has been decreasing annually. 

Ensign Drake, in Bulletin No. 19 of’ the Coast and Geodetic Survey, estimates 
the total area of the public oyster beds at 1,700 acres, and even if he had included 
the few exhausted beds, which he intentionally omitted in his delineations, it would 
still be inconsiderable. According to the somewhat incomplete survey, South Caroline 
has 773 acres, nearly exclusively coon oysters. Lieut. Frailcis Wiuslow reports 10,165 
acres in North Carolina, and the oyster commission of Marylaud, in their report of 
1884, quote 123,520 acres in that State. To have maintained our beds in any satisfac- 
tory state of productiveness as public oyster beds, would have required the exercise 
of a high degree of intelligence and the most vigilant care from the start, instead 
of which they have been constantly ravaged by the most outrageous improvidence of 
their pripileged destroyers, and but for the fact of usually an annual set in our 
climate, they would have been exterminated in a much shorter period, 
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The colored oystermen (there is not a single white man now engaged in the prc- 

carious occupation of tonging oysters in Chatham County, although a few had assisted 
in the process of depletion) fill their boats during the last quarter of the ebb tide and 
the first quarter of the flood, indiscriminately with oysters, loose shells, a11d other 
d6bris of the beds, aud while drifting homewards they cull their loads. All the 
young oysters, of the most recent set, aid all the empty shells, so indispensable ,as 
collectors to replenish the beds, are thrown overboard to be engulfed in the soft mud 
of the river bottom, or when the culling process has iiot been completed in transit, 
they are as effectually destroyed by being cast upoii the shell heap at home. Thus, 
thc oyster beds are bodily removed; the elevations, which had prevented the deposit 
of silt, are reduced to the general level, and an area which might give employmcnt 
arid ~usteiiaiice to their descendants vanishes forever as a source of food for the public. 

That community or State enjoys the greatest degree of prosperity which eucour- 
ages private enterprise, enhances production, a d  increases its exports; herice any 
trcatnient of the natural oyster beds (beloliging to  no class of inclividuals, but to the 
people a t  large of the State) which could rcstore them to their former condition or 
would increase their yield a thousandfold could not fail to give more employinelit 
to labor end promote the public welfare. 

Being an eye-witness to tlie rapid march of our beds to the usual fate of exter- 
mination; believjng in the correctness of the Mtlthusiari tlieory that the population 
increases in a geoinetrical ratio while the production of food CRU only increase in an 
arithmetical ratio, .cvhen all tlie arable land is cultivated and when all other sources 
of food ‘are developed by the application of iiitelligence aud enterprise; and desiriiig 
to provide every oysterman with 511 oyster farm of his own, upon which he could a t  
least save his enormous waste for fiiture use, I commenced an agitation in 1857 for a 
more enlightened, more progressive, and inore protective oyster law. The old law of 
1876 only restricted the oysternieii to the use of t h e  tongs previously in common use, 
atnd secured riparian rights aiid the privilege of planting oysters opposite their habit- 
able highlands to the land-owi~ers to the distarlce Of 120 feet below low-water mark. 

In order to inform the people of the merits of the case, I addressed several com- 
lnunications to the public through the medium of the daily press aiid delivered a 
lecture on the 6‘ Life-history, propasgation, and protection of the American oyster” at 
tho two monthly ineetiiigs of Mercli a i d  April, 1880, of the Georgia Historical Society, 
Subsequently a printed copy was distributed to each member of the two houses of the 
Georgia legislature, a t  the sessions of 1859 m d  1801. 
encountered violent opposition. The dealers in Savannah were the principal oppo- 
nents. The public were informed that the clause providing for a close sea8on mas a~ 
interference with a free trade in oysters: I quote froin one of the contributions: 

Tho returning of the sl~ulls to the banks i8 ribther a ridiculous and unct~nny undertaking, aa thoro 
are always enough shol l~ left there to fiirnieh restingplaces for el1 the loose y u m n  that may be 
floating around, and, besides, it is not an uncommon thing for it to take root, in tho mud, which the 
doctor olairus is such a merciless encmy to the young oystor. Tho oystcrs do not need any protootion; 
there are tIlo118al1ds of bedB on the deorgie Coast that have nover beon molested, and thousands of 
bods being formod every year. 

Whereas, in fact, we have not e single record of the formatioil of a natural bed, 
and lrilow that a whole century is not a sufficient period. One legislator from the 
coast stated if 111y bill became a law the governor would be coinpelled to cell out the 
militia to suppress riot among the oystermen. However, after being amended,. it 

AS usual with every reform, I . 

, 
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passed the house without a dissenting vote, and was signed by Governor Gordon in 
September, 1889. The most important feature of my bill, which failed of passage, pro- 
vided for a salaried oyster inspector for each three of the six coast counties. No 
game, fish, or oyster law can ever be properly enforced without such a respousible 
officer. One of their duties might have been the enforcement of tho law for the pro- 
tection of terrapin, which I liad framed, advocated, aiid was instrumental in getting 
previously passed some years before by the Georgia legislature. The appointment of 
these officers would have obviated subsequeii t litigation by supplying a very effective 
witness in every case of oyster piracy, and would have been a valuable aid to the county 
commissioners when called upon to grant leases in strict conformity to the law. 

The legislature provided, at the same time, principally at the instance of the 
opposition, but in accordance with the desires of the friends of the oyster industry, 
for the appointment of three oyster commissioners for the purpose of investigating 
what further legislation should be recommended at the next ensuing session to perfect 
the law, and Governor Gordon appointed d. L. Warren of Savannah, R. W. Grubb of 
Darien, and James Postell of Brunswick. After an interview with Governor Gordon 
I wrote a resolution, which was presented by Hon. James Postell to the legislatiire 
aud.passed, and then, upon application to the U. S. Goveriimeut by the governor for 
the purpose, Ensign J. C. Drake, the most avei1:ible expert, was detailed to make a 
survey of the oyster grounds and waters of Georgia. His report was issued as Bul- 
letin No. 19 of the Coast and Geodetic Survey. 

Themost important features of tlielaw were: (1) A dose time from May 1 to Sep- 
tember 1; (2) the culling of oysters over the beds; ( 3 )  the carrying of lightsin boats 
employed in tonging a t  night; ( 4 )  the leasing by t h e  county coinmissioners Of 5 acres, 
and no more, a t  $lper acre, for the term of twentyyears, within 1,000feet froin shore, i ~ o t  
to extend beyond the center of the stream, and the ground was not to have been Iweyi- 
ously resorted to by the public to procure oysters for consumption or sale, and these 
1ea.ses were not transferable j ( 5 ) the leasing on similar terms and restrictions of 500 
acres in mid-stream, or beyond 1,000 feet from either shore. No lessee could take 111) 

ground within 120 feet from low-water mark opposite habitable highlands. The reiita1 
in all cases went into the school fund, and the land Iiatl to be returned for taxation. 

Under the provisions.and protection of this law, four oyster companies, three with 
canning outfits and each with considerable capital, were promptly organized. Each of 
the three employed nearly as much labor as Ernest Ingersoll reported in the Tenth 
Ceiisus of 1880, the entire number of the planters, tongers, and wholesale dealers 
engaged in theindustry of the State being 300 and the estimate of tlie value of all 
the shore property being $5,000. 

In Chatham County the Oemler Oyster Company took up 357 acres in Wilmington 
River beyond the 1,000-foot limit and secured 300 acres in 5-acre lots. These latter 
being nearly all opposite the habitable highland of Wilrningtoti Islaud, were not nearer 
than 120 feet from ordinary low-water mark. Private oystermen, white aud colored, 
took up about all the bare bottom in shallow water fit €or oystewulture, not aggregbt- 
ing 100 acres. Larger areas were taken up in Glyun and in Oamden counties. 

When Ensign Drake first appeared with the U. 5. schooner Beady in our waters 
he had several native oystermen to locate on his chart d l  the natural beds known to 
them, whether depleted or otherwise, and E do not believe a single one was overlooked 
in Chatham County, not as an aid merely in his work, but in order to learn what were 
claimed by the people as public oyster beds. During tlie progress of his survey he 
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found areas so claimed, and to my own knowledge soindicated, to be virtually valueless 
as public beds, and, therefore, omitted them in his delineations, believing they would 
become of more benefit to the public if token up, cultivated, and made productive. 
In his report he refers to two such cases specifically, as follows: 

A few natural beds were foiintl in tliia river ( Wilmington) principally between Thunderbolt and 
Turner Creek, but they are of no conseqnenc.e, having been about oxterminated by exccesive tishing, 
being 80 hear the oyster market. ' * vary few oyster8 are now foiutd in Oyster Creek, but they 
are of fine quality. Tltere arc a few wrttered oysters and dead shells over the upper half of the 
creek, but they have not boon coiisiderod tliick cnough to be indicated 011 the chart. 

Now, although sucli territory was not subject to lease under the law of 1889 and 
very well known to have been natural beds, leases were granted here iu  violation of 
the law, and iu the lower counties large areas were Ieased. twtually indicated on the 
charts of Bulletin No. 19 as natural beds. I n  cases before the courts for trespass, the 
defendants arid their witnesses might swear, and have sworu, that barren ground 
wliicli had beeu leased and cultivated by a colored inan had been a natural bed, and 
negative facts are difficult of proof. In oiie such case I had myself prepared tho 
application for a colored oysterinail (gratuitousIy) and made affidavit before the 
county comrnissioiiers about the barrenness of' the bottom. In order to prevent further 
encroachments on the productive grounds, so necessary for a public supply, at least 
until the leaseholds could beconic? productive; in order to supply absolute proof of the 
presence, under the h w ,  of a public bed, and thus to dimiuish or preveut litigation 
and piracy, aud, also, in order to incroase t81w very small area fit for ogster-culfure in 
shallow water, the oyster comrriissioiiurs recoininended that Bulletin No. 19 should be 
legalized as conchisive evidence of the looatioii of the natural beds, all vacant grounds 
on the charts to be leasable. This uow met the views of the two largest country 
dealers, who each ow11 several sloops aud scliooiiers for the gstheriug of oysters for 
the city trade, who have inore capital invested thau the city dealers and who desired 
to becoirie oyster cuItivators. 

The other inost important features recommended by the commissioners were the 
trausfer of leases, and that lessees of 600 acres sliould be permitted to suppleinciit 
their areas by inshore territory when they were unable to find the full acreage in mid. 
Stream. A bill was prepared by myself in strict conformity with the reconinieiida- 
tiorls of the commissioners, aud it passed both houses of the legislature without 
opposition. An attempt was made to induce the governor to withhold his signature, 
atlid subseqnently to amend tlie law a'nd make Bulletin No. 19 only prima-facie evidence, 
but both fortunately failed. I n  reference to the mode, policy, or benefits of preserving 
tlie exhausted beds for the support of futture generations, Prof. W. I<. Brooks, our 
greatest authority upon the oyster, mroto me: 

The only way I see to restore and nmintain exhausted beds is by cultivation, for, even if few 
of them should pccovcr under natural conditions, they would again be destroyed :M soon as they are 
opened again to the public. 

Ensign Drake, ill a letter from Yokohama, Japan, November 16, 1891, wrote: 
For the good of tho State and its tlclf??d oitizcns I woU1d havc curtailed the delineat,iolie of the 

natural beds far Inore thtbn in B~~l le t in  NO. 19, had I known that the legislature might adopt the 
report as legal evidence ,of public oyster-gronnds. 

In Bulletill No. 19 Ensign Drake says of Wilmington River: 
It is believed tl1:bt oysters car1 be grown siiccessfiilly in the major portion of this river, especially 

in the deep and k4rder bottom from Turner's l h k s  to the mouth. 
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MP. H. J. Lewis, an extensive and experienced oyster-culturist of New Haven, 
Conn., and president of the Oyster Cultivation and Canning Uompany, of Brunswick, 
Ga., dredged this river carefully with a view to taking it up, actually began negotia- 
tions to that end, and pronounced it the best river in Georgia. Its depth of from 20 
to 35 feet was not considered objectionable, in view of the fact that some of the best 
grounds in Long Island Sound have 14 fatboms over them. 

In  March, 1890, tlie Oemler Oyster Company planted 11,520 bushels of oysters on 
the upper end o€ its territory in deepest water o'f midstream, which the expert, Ensign 
Drake, had pronounced the most promising; and partly along shore in close proximity, 
aud partly near the middle of the river, the depth ranging fiom 20 to 35 feet, it put 
down in May 18,500 bushels of shells. On the sliore area simwners were distributed 
with the shells. A t  the first examination the oysters were found to be perishing, and 
in a few months hard1y.a living speuimen could be discovered, yet not a starfish'nor 
drill had appeared, nor did the oysters suffer for food. 

The company then discarded all its inidstream grounds, but planted, between 
November, 1890, and April, 1891, 111,158 bushels within the 1,000 feet limit, opposite 
Wilmington Island and opposite and below Skidaway Island, a portion being virtually 
over 2 miles from any habitable highland. These were examined several times and 
always seemed promising. When they had been down about sixteen months 400 
bushels were dredged up in the presence of the directors, Ayself being one of them, 
from diilerent portions of the ground for the purpose of determining wbetlier we would 
utilize them a t  once for canning or not. They seemed to be still prosperous and came 
up perfectly free from silt; in fact all the oysters on the lower surface of large 1ie:Lvy 
bunches, upon which t.hey had rested, mere as sound as any, indicative of a very hard 
bottom, free of silt or sand. The superinteiideut of the company wished to use 
some of them, but the board unanimously voted they should remain longer for the 
anticipated improvement in growth and condition, and in the meantime we would 
depend upon other sources. Two very small starfish were found on this  occasion near 
the lowest part of the ground. When, eight months later, we proceeded to dredge 
them, so many had perished that the entire planting of 123,500 bushels had to  be 
considered a total loss, BS it would not pay to take up the survivors with the much 
greater maps of dead oysters. Thus, instead of an increase of a t  least 50 per cent in 
two years, or about 200,000 bushels, the company got virtually nothing. Full.grown 
starfish were now found, but still exclusively on the lowest end of the territory, and 
their presence could not account for the deakh of the oysters. 

On the other hand, the company planted 56,311 bushels of oysters in the spring 
of 1892, and 16,500 bushels of shells in  May, 1802, on a part of it!s 180 acres in the 
shallower and fresher waters of Oyster Creek, the latter beiiig about and above low- 
water mark. The depth of the creek nowhere exceeds 15 feet. The shells put down 
hero, and elswhere, in shallow water in 1891 and 1892, of' high or low density, secured 
an astonishing set, and if  left undisturbed would have supplied nuclei for coon-oyster 
ledges in both densities alike. When recently examined the oysters seemed in a 
prosperous condition. A t  the time the first shells were deposited I was aware of the 
failure at Brunswick, the year previous, to secure a set in deep water, and subsequently 
learned that the absence of a set in the deep waters of the south was being investi- 
gated by the U. 8. Fish Commission. My opinion, therefore, is t l ~ t  tlie deficieirt set, 
the death of the spat, and the destruction of mature oysters in Wilmington Biver, a t  
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Brunswick and elsewhere, is attributable to the salinity of the water, and that the 
American oyster can riot efidure coilstant submersion in water of great density a t  the 
South, and that the mere specific gritvity tloes not affect the set. The theories advanced 
explaining the absence of a set in deep water at the South are as follows: 

1. The extreme density of the water preventing the swimming embryos from sink- 
i w  at the fixative stage. 

2. The extreme softness and film-covered character of the bottom preventing the 
oyster from fixing. 

3. The suspension of slowly depositing silt in the deeper water, whose clogging 
action is fatal to the delicate respiration of the microscopic youilg. 

4. Changes in the composition of the oyster-bed mater, either in its salts or food 
coiistituents, a t  different levels. 

Dr. Basliford Dean remarks in “ The Physical aud BiologicaI Characteristics of 
the Natural Oyster Grounds of South Carolina” that “if the first theory be correct, 
spat in no instauce should be found in deep water of high specific gravity,” and that 
“spat has bcen sparingly found affixed to deepwater shells, but we must admit that 
i t  may have been attached before tlie host itself dropped into deeper water.” 

When the shells we had planted in water not anywhere less than 20 feet deep were 
examined, a slight set had undoubtedly ocourred, and but for the exceediugly warm 
winter and early spring, which induced tlie mother oysters to emit their spawn very 
early, i t  would ]lave been heavier. In fact, we first attributed our failure entirely to 
this fact. But in every instance the youug oysters, a11 less than one-eighth of an inch 
in diameter, were dead. The upper shells were intact, but could be brushed off by the 
slightest touch. Previous fixation could not have occurred in our case, for all the 
shells were 8 or 10 years old, and time and rough handling must have removed all 
such young oysters before the shells were deposited. If a set occurs a t  the Nartli in 
consequence merely of the ability of the spawn to sink a t  its fixative st’age, and does 
liot do so at the South in water of exactIy the same Specific gravity, then the inevitable 
~onclusion follows that the spawn of all northern oysters is heavier than that of all 
southern oysters of tlie same species. 

Dr. Dean a180 says that as the water becomes fresher the oysters, with spat of 
undeniably recent attachment, as in the North, should be found in favorable localities 
covering the bottom; and, accordingly, as tile water beCOllleS less salt the raccoon 
ledges should gradually and entirely disappear. He says : 

This does not maintain. Notwithstanding the water becomes fresher in character, deep beds of 
Such as are found rarely bave 8pat 

AR tho water becolues 
Oyster ledges occur in Winyaw Bay, where the specifio 

single oysters do not become common in au increasing ratio. 
attached, and in every way appear still to rupresent the dropped-off raocoons. 
hss  dense raccoon ]edges do not disappear. 
gravity of the water is as low ~tl1.010. 

Now, as ilas been stated, coon oysters dropped from the ledges and confitalltly 
sublnergecl in water of high density perish, and while there does not seem to be ally 
reas011 coon ledges should not be able to form i u  water of low density under 
hvoreblo circumstencos of freedom from silt and the presence of collectors on the 
sllore, tile fact is undeniable that thej. do generally diminish as the water becomes 
fresller in rivers receiving a large ~ I I I O U I I ~  of fresh water, and that the oysters imiwove 
in quality as tlie de11sity declines. This obta’iiis ill the rivers of Georgia, and natural 
beds iu&l>eudent of coon reinforcement heve remained Self-SUStailliUg in the fresher 
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waters from generation to generation for centuries. This fact is perhaps more evident 
in Chatliain County, receiving the maters of the Savaiinah and Ogeechee rivers, tliaii 
elsewhere. Of the 384.7 acres surveyed and reported by Ensign Drake as natural 
beds in Chatham County, nearly all are below low-water mark, and there are no ledges 
now, nor have there beeu for years, to supply the spawn or the dropped-off oysters. 

Ensign Drake indicated the location of a natural bed in the upper part of Tybee 
River, reaching from shore to shore, where it is 320 yards wide, and the nearest coo11 
oysters are on a sinall bed at my landing, about 11) miles below iu Sheds River. 
The only oysters in the niaiii channel of Savannah River are about 80 acresof natural 
beds a t  its inouth, 900 yards from shore, and now being destroyed by the harbor 
improvements, with no coon oysters in tlie vicinity. The lowest, deusity a t  the mouth 
a t  low water mas 1.0090, and the meaii of 39 observations at intervals of 4 hours was 
1.0146, about the standard density. 

That the sct is uot now more abundant on the old oysters and dead shells of the 
natural beds of (Jhatham County is attributable to the fact of their exhaustion mid 
of their uncleanliness. The nornial shape of these single oysters of all ages and sizes 
oil the natural beds precludes the idea of coon origin. The river i n  South Carolina 
whioh best illustrates the eff’ect of fresh water upon the life of the oyster and best 
proves the facts I have enumerated, is Xew River. It not only receives fresh water 
from the Savannah ltiver through Walls Cut, but i t  drains Great Swamp arid during 
every freshet the Savannah overflows into i t  through Great Swamp. 

Mr. John I). Battle, in his survey of the coast waters of South Carolina, reports: 
The only raccoon oysters observctl aloiig the shores of New River are foundbctweeii Ramshorii 

Creek and the mouth of the river, in narrow patches, about 10 fcct wide, of‘ dead shells and living 
oysters, the former largely in  excess, due in a inanner t o  ov erfishing in this limited area. 

Had the survey extended higher np the river than Ramshorn they would have 
found some extmsive, self-nustaining natural beds of single oysters in Tea Kettle 
Creek in a depth of 14 to 20 feet,, about 4 miles above these ledges, and there are no 
coon oysters above Ramshorn. These beds supplied a part ofthe stock foi. the “Col- 
ossus Brand,77 put up last year by the Oemler Oyster Company, and a company located 
at Beaufort, 5. C., had previously also used ih stearn dredge upon them extensively. 

The Oemler Oyster Company planted 18,300 bushels of oysters in Wilinington River 
below Skidaway Tslnnd. Four months previously it had planted 38,496 bushels 28 
miles above this poiiit in water of the s:tine depth. Five miles still higher up, at 
Thunderbolt, is, accordiiig to Ensigri Drake, the upper limit of ground fit for oyster- 
culture, on account of decreasing density, but here oysters, having grown naturally, 
are now successfully cultivated in a depth of !O feet and over. The destruction of tlie 
oysters of the Oemler Oyster Company has increased with t h e  increase of density 
over the grounds, notwithstanding the lowest were put down 4 months later. 

In regard to the effect of floating and deposited silt, I will merely remark that it  
is greatest iu the fresher waters. The water is purer near the sea, and, in consequence 
of the greater velocity of the current, the deposit is slighter. Exceptional cases of a 
set and of a bed below low water may and do occur near the sea in water generally of 
high density. Sometime$ such a bed succumbs to adverse influences, after a few 
years’ existence, to beaome rehabilitated under a phenomenal influx of fresh water. 

The only case in Georgia of an oyster reef extending into the ocean occurs off the 
northeast poiiit of Little St. Simon Islaud, where Eusign Drake found the density 
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a t  low water to be 1.0067. At oue-half flood tide it was 1.0124 at the surface, while 
at the bottom it  was 1.0214. Three full-grown starfish were dredged up. One of 
them, placed in the surface water, died in t~enty-four Ilours. 

We kirow that attempts heve beeu made to introduce the American oyster in 
Fraiice, arid while it survives but Will iiot spawn at Arcachon, in a deusity of 1,023, 
it perishes in the general density of the Frerlch coast of 1.026, the dieerenee being 
only 0.003. 

In the soiithern oyster the greater Saltness of the water is at once apparent in the richuess of 
iiiany forms of food regarded as exclnsivly marine, :m Triceraiircnb j’wncr and sevtwl Tricevatin, 
apparently undescribetl, that I heve seen in tho Caribbenn s e : ~ .  The lack of br:ickish-w:Iter diatoiiiv 
slrortl8 :L irmrkecl contr:sst to the Long Island forins. 

It appears from the report of the North Carolina survey, by Lieixt. Francis Wins- 
low, that no oysters were found in the deep-water sections. 

We know the density increases with the depth. Ensign Drake reported t h e  
surface density a t  tlie mouth of Wilmington River a t  1.0271, which is in excess of the 
density fatal in France, and i t  was probably still greater a t  20 to 35 feet deep, a 
little higher np the river, after the two seasous of excessive drought which had suc- 
ceeded the plautiiig and during which the river could have brought down only a 
small quantity of fresh water. Large lakes in Florida and Georgia Iiad gone dry, as, 
for instance, Lake Newrnan, or Paiue’s Prairie, 68,000 acres j and Lake Miccosukee, 
9,999 acres. I took out of the basin of the latter, about 3 acres in extent (at one spot 
GB feet deep), with one seine, in four days, 123 barrels of terrapin, and G barrels with 
the first haul. All the trout had perished as soon as the water became stagnant. 
They had been so abnndaiit that the dried carcasses still lined the shore. Buzzards 
had not been numerous enough to devour them, although I counted 91 on an area 
not more than an eighth of an acre. The shores of the lake had been pleasure-grounds 
for fishing parties from the neighboring cotinties of Georgiib and Florida, and the 
lake had supplied the population with fresh fish; yet tlie ueighbo~ing farmers mere 
congratulating themselves upon the destruction of the trout, because they hsd 
afforded a precarious suppovt t o  and demoralized their labor. Whatever be the 
cause, the fact rainatins, that the deep waters of Georgia within or beyond the 1,000 
feet limit must be excluded from ground heretofore heId fit for oyster-culture, and 
it emphasizes the value of the last law, wliicli slightly increased the actually valua- 
ble area subject to lease, especially in Chatham County. Without t,hat accession 
Chatham County would have to rely, at no distant day, upon the cultivated crops from 
less than 100 acres to supply the population of Savannsli (now over 50,000) and its 
entire oyster trade. 

Eusigii Drake estimated the entire area of tho State fit for oyster-culture at 30,000 
acres, of which 6,000 is outside aut1 24,000 inside the 1,000 feet liniit, and of this Idtter 
the Oemler Oyster Company have demonstrated the unfitness of about 5.00 acres in 
Cliatham Gounky alone, and that of tlie entire 6,000 acres of tho State in mid-streanr. 

When the oyster-calming compariies weut into operation they anticipated tbe 
tetnporary use only of &lie inferior coon oysters until they should be able to avail 
themselves of the product of their non-cultivated grouuds, but the disastrous expe. 
rieuce here and at Bruiiswick has shown that such companies can not become Self- 
Sustailiing, because they now lack the territory ou which to grow a better qnatlity of 
stock than the native coon oysters. The best of these me not satisfi&ctoV’ a d  Yield 

3 r .  Bashford Dean says: ’ 

‘ 

’ 

. 
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such a small quantity of nieat to the bushel that, under the present low prices of 
caniied oysters i t  will not pay to procure thein from distant points for the purpose. 

What the success of oyster-culture on an exteiisive scale might have been in 
Chatham Couuty under more propitious circuinstances, and, may yet become if suit- 
able grounds can be secured, lies been foreshadowed by tlie fact that one of the most 
extensive and justly.renowned packing companies of tlie United States paid the 
Oemler Oyster Company, in Baltimore, an extra price for the oysters we were able to 
put up of our own cultivation, with the privilege of using their own labels. 

In  his “general conclusions” Ensign Dralre, with ilie lights then before him, 
properly and wisely observed : 

As :L iiieyis of rapidly dopleting tlic nzitural beds no more effective rriethod could be instituted 
tlian the establisliinent of factories for tho canning of oysters. Thew in tho oiid will bo of groat ben- 
efit to the State, because the sooner tho natural hcls aro depleted the sooner will Ihe citizens engage 
in private cnltivation and enact laws that will give in~liicemeiit to capital. 

At, that time, however, ueitlier he nor anybody else had any prevision that a very. 
large portion of the area held fit for oyster-culture would be demoiistrated to be useless 
for tlie purpose, and that capital would be wasted in’ its attempted development. 

TIN aggregate area taken up in Chatham, Glynii, and Camden counties under the 
last i5vo laws is 8,228 acres; ltence $8,228 have gone into the school fund and 8,228 
acres of previously useless territory have been entered for t?xation. Of the 5-acre 
leases in Chatham County, 67 are held by white and 44 by colored people, aggregating 
555 acres. Under the wonderful fecuudity of the oyster and the usual certaiiity of 
an annual set, this territory could, under favorable circumstances, doubtless be made 
exceedingly productive. 

While the present acreage.fit for oyster-culture in the waters of Georgia is very 
siriall in extent, tliat of the marsh lands, which inay be readily exca8vated for pond cult- 
ure, is very great. A t  a rough estimate, there are 35,000 acres in Chathani County, 
belonging, under au old grant of the State, to the two educational iitstitutioiis-the 
Chatliam Academy aud tlie Uiiion Society, with its orphan asylum at Bethesda, 
founded by John Wesley. The demand having already excecdecl the supply before 
the exhaustiou of the natural beds liad reached its present sta,te, the cultivatiori of 
oysters being only successful in sl~allo~v water and the quality of such stock being 
of superior grade, the future hope of ally extensive oyster-culture in Georgia seems to 
lie in these 11i:irsh luuds. 



30.-DEEP-WATER OYSTER CULTURE. 

BP HENRY C. ROWE. 

It is conceded, I think, that the oyster-growers of Ckmnecticut have taken the lead 
in the artificial propagation and cultivation of oysters in deep water; by deep water 
I mean a depth of from 30 to 75 feet. It is but twenty years since the commencement 
of this industry, but during the past few years there have appeared no new features 
of special importance. Consequently I can offar no novel information on the subject, 
and will attempt simply to give a brief outline of what has been done. 

The amount of capital now invested in oyster-culture in Connecticut is about 
$4,000,000; the annual product about 451,500,000; the number of men employed about 
1,100, and of vessels 453. You will remember that these figures represent Qnly the ’ 
direct results of the industry, and that there are many kinds of manufacturing and 
other business which are dependent upon and are maintained to a greater or less 
degree by it. 

The official 
records show that in 1874 I applied for and received the first grant of oyster-ground 
outside of the harbors, rivers, bays, and reefs in Long Island Sound, extending into a 
depth of over 35 feet of water. The proposed enterprise of propagation and cultivat- 
ing oysters in deep water was then ridiculed as visionary, and many reasons were 
given why it must necessarily prove a failure. The authors of these prophecies, how- 
ever, were neglectful of the admonition of Mark,Twain when he said! ‘‘ If you don’t 
know, don% prophesy.” I am gIad to say that the enterprise thus inaugurated has 
proved a success, although many obstacles and difliculties were encountered and 
overcome? especiaIIy in the early years of its development. 

Oyster-ground is now owned by 336 owners, to  the extent of 68,686.8 acres, which 
is practically all the ground suitable for oyster cultivation in the deep waters of Oon- 
necticut. The product of the cultivated grounds is estimated in bushels a t  2,500,000 
per year. 

You will bear in mind that none of these oysters are the product of the natural 
beds, but are propagated and grown upon our private farms, in much the same way 
that the farmers of the great West cultivate their grain. 

The first step toward OUT oyster-cultivation was, of course, to secure a lawful 
title to  the grounds necessary for its prosecution. This was difficult to obtain, owing 
to the prejudice against any private ownership of oyster-grounds; also because the 
boundaries of jurisdictions in the waters between towns and States and the United 
8tates were not defined. 

Twenty yexrs ago this deep-water oyster-oultivation did not exist. 
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As to the question of State boundaries, commissions were appointed by New 
Pork and Connecticut-that from Connecticut being led by Hon. Liizon B. Morris, the 
present governor of the State. The lines having been agreed upon by these State 
commissions, the agreement was ratified by the general assembly of each State, and 
afterwards by the Congress of the United States. 

Many other questions arose in connection with this industry which required l e g  
islative action, and several questions of importance were settled in the Supreme Court. 

Let us suppose that we have a,cquired a good title to a thousand acres of ground 
suitable for the cultivation of oysters and over which the water is not too salt or too 
fresh, too shallow or too deep. The first step is to buoy it out 70 that  its boundaries 
may be distinctly marked, and that we may avoid planting the grounds of others. 
In the grant or designation its area and position is designated by distances from 
certain fixed points, such as light-houses, steeples, prominent rocks, etc. The buoys 
marking the limits of the ground are usually located in the first place by moans of 
the sextant, angles for which have been previously taken from the map on which the 
grounds are marked. After the buoys have been once set by sextant, if carried away 
by storms or ice, they are usually replaced by cross ranges, using any prominent 
objects upon the shore or adjacent islands, such as steeples, prominent houses and 
rocks, light-houses and beacons. It is usual to take several different ranies, so that 
if the objects are destroyed in any of them, the others can be successfully used, 

After the ground is buoyed we would place 30,000 bushels of adult oysters on it 
to furnish the eggs and milt to stock this thousand acres with oysters. A single 
female oyster produces several millions of eggs yearly, which, during the warmest 
weather, are expelled into the water, where they float hither and thither in the tides 
and currents. Doubtless but a small proportion are ever fertilized. Vast quantities 
fail to come in contact with the fertilizing element which also floats and swims in the 
water. Millions are devoured by animalculae, and still more are destroyed by sudden 
falls of temperature in the surface of the water, caused by cold rains, a t  this critical 
period of the existence of the oyster. 

The embryology of the oyster is an interesting study. In 1882, Lieut. Francis 
Winslow, U. S. N,, well known for his able and exhaustive studies of the oyster under 
the direction of the U. S. Government, was with me for several weeks, during which 
time many millions of oysters per day were propagated under artificial conditions, 
and the impregnation, segmentation, and other interesting changes which they experi- 
ence, were observed under the microscope. Many millio~is of oysters which had 
developed nearly to the stage of attaching, were deposited in Long Island Sound. 

Sometimes infusoria would generate in the jars of water in which the oysters 
were kept, and would kill the oysters by millions. 

The little oysters float about for several days, many of them on or near the sur- 
face of the watJer; after this roving existence, during which they are subject to many 
changes, the survivors reach what is called the “attaching stage,” when they are 
ready to adhere to some hard, clean substance and commence a more settled existence. 

The shells commence to form and the specific gravity of the shells assists in car- 
rying them to the bottom. The greahr proportion of the embryo oysters fall upon 
mud or fine sand and are destroyed. It is for this reason that we furnish hard, 
clean material to which they may attach themselves. After having planted our adult 
oysters to serve as parents for the new crop, our next step is to plant upon the aame 
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ground, in the month of July, from 10 to 20 times as many bushels of clean oyster 
shells or other hard, clean substance, such as broken stones, tiles, etc. 

Upon this 1,000 acres we will suppose that we plant 500,000 bushels of shells, 
and by the end of July, in the climate of Counecticut, we begin to look with our mag- 
nifying glasses for the first appearance of the young oysters, which we shall hope 
have attached to the shells or other “cultch,” which we have provided for them. 

In some favorable years, the attachment os ‘‘ set,” as it is called, is very plenty, 
and most of the shells which are planted are well covered with the little oysters. In 
other years the ‘(set” is very light, or an entire failure. Such wahs the case in 1889; 
due, as I believe, to the great amount of rain which fell in July, chilling the surface 
of the water suddenly and thus destroying the floating embryos. 

In case the season is unfavorable an& them k not an adequate quantity of the 
young set upon the shells, it will be necessary to replant the ground another year; 
but before doing so, it is desirable to catch up most of the shells previously planted 
and let them remain upon land for several months, for after they have been plauted 
for a month or two, they hdve very little value for catching the tiset,’? as they become 
coated with mom or less sediment and vegetable growth, and are not available unless 
cleaned in some way. 

After attaching, the oyster grows very rapidly and reaches in the fall about the 
size of a finger-nail, varying much, however, in the different localities and in diflerent 
seasons. 

When oysters are 1 or 2 years old, if there is an unusually large crop, it is 
necessary to catch a portion of them and transplant them to other grounds, so that 
they may have room to grow without crowding. If crowded they do not grow in good 
shape. Those experienced in the industry sometimes transplant large quantities of 
oyster8 from one kind of ground to another, for the purpose of improving their shape 
and making them fatter when marketed. 

But the dangers to the life of ths  little oysters are by no means over when the 
attachment occurs, especially while they are still small. Vast quantities are destroyed 
by starfish, drills, storms, mud, sand worms, etc. The starfish has been the oyster’s 
greatest enemy, bu t  the drill is becoming even more destructive. . The little starfish 
attach temporarily to the shells at about the same time that the young oysters do, and 
begin immediately to prey upon them. As they become older the starfish move in 
armies, as the grasshoppers and locusts do on land; an army of them will destroy 
thousands of bushels of oysters in a few days. I estimated the destruction of a crop 
of oysters planted by myself in 1882 at $90,000 in six months, while $9,000 were spent 
in the same period in catching the starfish which were doing the mischief. 

For mtching starfish, contrivances called ‘‘ tangles” or ‘4 mops” are used, which 
consist of frames of iron attached to ohains, which are dragged by tihe oyster steamers. 
To these frames of iron are attached about 20 small ropes, to which large bunches of 
coarse cotton-thread waste are fastened. As these mops” are drawn over the beds, 
the starfish become edangled in the meshes of the cotton thread, and after a few 
minutes dragging are pulled to the surface by steam power; one drift of a few minutes 
Somgtimes catching as many as 1,200 or 1,500 starfish on a single mop.” 

The common sand worm, Habellaria zrzclgaris, is occasionally found in sufficient 
numbers to destroy a, whole bed of young s e d  oysters. This is simply because in 

- 
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building their sand houses over the little oysters the oysters are smothered and 
poisoned by the sulphureted hydrogen thus generated. 

The drill has been long found in our harbors and rivers, but for the last few years 
it has become much more plenty iu the deep water of the Sound; they destroy vast 
quantities of oysters by boring a minute hole, about as large as a needle, in the upper 
valve of the oyster. The invention of some appliance for catching the drills is very 
desirable. I estimate the damage they cause at over $1,000,000 annually. 

The periwinkle is another persistent enemy, but is more destructive to the older 
oysters, while the others mentioned work faster among the younger ones. 

Occasiofially vast quantities of oysters are destroyed by storms; this is caused by 
the agitation of the water when the wind is in such a direction and of such velocity 
as to cause a heavy sea. During the past August the damage by a heavy gale to 
the oyster industry has been estimated by some authorities at $3,000,000. At  that 
time the wind reached a velocity of 53 miles an hour, and undoubtedly a large amount 
of damage was occasioned, but in my opinion the above estimate of loss was much 
too high. 

For catching oysters from the farms steamers me now mostly employed. Pre- 
vious to the deep-water cultivation oysters had been gathered by hand power, with 
rakes, tongs, and dredges. 

In 1878, when I commenced to use the first.oyster steamer owned in New Haven, it 
was said that steam could not be used to advantage in this industry, and its expense 
would consume more than the profits of the business. 

There are now 68 steamers employed, one of which oan take up 2,000 bushels of 
oysters in a day (more than 60 men can catch), in twice or three times the depth of 
water. 

Oyster and fish culture have added much to thefood supply of the world. We 
who grow oysters hope that you who multiply the fish will recognize us as in a com- 
mon cause. We who devote our efl’orts to devising new methods of providing food 
can not have the honor to benefit mankind in the same way as those who minister to 
their religious, governmental, and educational needs, but so long as famine and want 
occur, if we help to prevent the suffering of our fellow creatures, we may hope in some 
humble degree to be clamed, like “Abou ben Adhem,” with “those who love their 
fellow men.” 



31.-BREEDING NATURAL FOOD ARTIFICIALLY 
ARTIFICIALLY HATCHED. 

FOR YOUNG FISH 

BY A. NELSON CHENEY, 
Editor of Shooting and Fishing. 

It is an old maxim that nature's methods are the best methods; also that  one 
can not improve upon nature. This may be true in a degree, bu t  artificial fish-propa- 
gation, as practiced by modern scientific fish-culturists, refutes these statements in part 
and proves the fallibility of nature a t  least in one contest when opposed to the skill 
and fertile resources of man. When it was demonstroted that nearly 100 per cent of 
the eggs of fishes of the salmon family could be successfully hatched by artificial 
means, and that only 2 per cent of salmon eggs deposited in a natural manner were 
impregnated," it was an achievement so great, so gratifying, and so productive of good 
to all the world that, figuratively speaking, the disciples of artificial fish-cuIture 
rested from their labors to view the result arid listen to the plaudits of the world, 
This was but natural, fitting, and proper, for it was a grand victory; but when the 
victors were crowned some were crowned with laurel and some with poppy, from 
the soporific .effects of which they have not yet recovered. 

With tho hatching of 90 per cent of sdmon and trout eggs there was a return to 
rlatural conditions, and the helpless fry were takon from the liatching-troughs and 
plauted in wild waters to take their chances where their enamies swarmed to prey upon 
them in their helpless state. Admittedly this was a great stride in solviug the problem 
of restooking our exhausted waters, but there were men mho were not satisfied with 
this result and Were keen enough to see that other steps were required to make fish- 
propagation by artificial means a complete success. Something like six years ago the 
chairman of this Oongress said to me : 

We are i10m serioiisly contemplati~~g tho establishment of a station for the special purpose of 
holding salmon ani1 troiit in ponds and feeding them until they aro of such size as to be safe from 
capture hy the small pedaceous fish which 8wIvm in some waters. I shall read a paper before the 
Biological Socioty at its next nleeti~g, pointing out tho reasons for our failure heretofore in success- 
fully stocking waters wit11 the fry of oiir salmonidio. Faihiro in surli work, barring a few excoptional 
cnsos, 11as been the rule, and will be confessed by those who are hqnest enough to confess their failures 
und wiso euougli to learn froin thorn. 

particularly in a matter of this kind, that is a, failure only in degree. 

. 

' 

I 

It requires courage of a superior order to admit of failure in any nndertaking, 
In planting fish 

*This is not giiosemork, but the results of tlie aotual count of the egg8 in a s d ~ ~ ~ o n  river in 
-_I --__ .~ 

Canada, the details of which I gave in Forest and Stream, Fcbruary 18,1892. 
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fry there have been so many successes that it made it more difficult to convince the 
satisfied fish-culturist that the system was wrong and a failure, in that it did not 
accomplish what might be accomplished by rearing the fry to a year or more of age 
before they were turned into wild waters. The U. S. Fish Commission was the first 
in this country to recognize the fact that the system of planting helpless fish fry was 
wrong, and quite naturally was the first to set on foot experiments to discover the 
remedy. 

Under date of December 4,1889, Mr: Charles G. Atkins, superintendent of the 
salmon-hatching stations of the U. S. Fish Commission in Maine, reported to the Com- 
missioner the details of his method of rearing the larva of certain flies as food for 
young sahonidz,  at the Craig Brook station o f  the U. 8. Fish Commission. This 
report has not been printed in any of the Fish Commission publications, but an abstract 
from it was printed in Shooting and Fishing, December 26, 1889. I believe that Mr. 
Atkins is the only fish-culturist in the United States who has cultivated the larvac: of 
insects on alarge scale for the purposc of feeding young fish. In Englimd, Mr. Thomas 
Andrews, of Guildford, a noted pisciculturist, has cultivated insects and crustacea 
in breeding boxes and in ponds, as food for trout fry, and I quote from a letter he 
wrote me last year: 

M y  experience has taught me that one yearling fish is worth a hundred or D thousand fry for 
stockingpurposes. * * * I gct fewer fish perhaps (by fceding natural food), but I get nionsters of 
6, 7, 8, and 9 inches in a year, and my yearlings fetch three times tho price of some other piscicul- 
twists. 

The system of Messrs. Lugrin and du Roveray, in France, of self-reproducing food 
for young fish, has been practiced in Gremae since 1884, and is too well known to  need , 

more than passing mention, as it is not unlike the method pursued by Andrews, and 
it has been adopted by Muntadas in Spain, and is printed in detail in the Bulletin 
of the IT. S .  Fish Commission for 1887, and is copied into the proceedings of the 
American Fisheries Society for 1892. I do not pretend to mention all of the fish- 
culturists a t  home or abroad who practice this rearing of natural food for young 
fish, and what I have said has been said briefly, only that I might introduce a new 
experimenter in this particular field. 

Early in the current year I wrote an article for the distinguished German fish- 
culturist, Max von dem Borne, upon the ‘( results of artificial fish-culture in the IJnited 
States,” and this being translated and printed in an Austrian newspaper, was read 
by Carl Edler voii Scheidlin, an Austrian engineer, who wrote me a letter, from which 
I make this extract: 

The first and most important question to be solved in the artificial culture of all fish is as to the 
proper food for them with reference to their kind, stage of growth, and tho purpose thcy are to serve. 
This question, so long unsolved by all nations, I, by following further on in the line of the Frenchman, 
Lugrin, havc solved, and have tested the solution as good, cheap, and praoticnlly feasible. 

Mr. Von Scheidlin propowd to make over to me for use in the United States his 
method of rearing natural fish food, which is called ‘6 The Scheidlin-Rakus method of 
fish breeding and feeding,” and I entered into correspondence with him to this end. 1 
have already received several long papers on the subject, but the correspondence has 
not reached that stage where it would be proper to enter into the details of the 
system, but when all the p q m s  proniised are received I shall turn t,hetn over to the 
U. S. Fish Commission,.and iftliey prove to be what I now believe they will, the system 
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of Mr. Von Scheidlin will probably be inado known by the Commission. In  the mean- 
time, I quote from the letters already received : 

The entire question of the food of fish rests upon two important points: (1) Upou the recognition 
of the fact tha t  their food consists of insects, infusoria, crustace:i, worms, amphibia, aud fish, in  
tlicir various stages of trausformation; and (2) upon the observatiou o f  the  fact in nature that  the 
fcmalcs of insects, amphibia and fish doposit their spawn only in those places in which are found 
suitable conditions for tho future survival of the young; and if tho pisciculturist produces these con. 
ditions according t o  the noeds of tho animals; he can iuduco them Ito deposit their brood in  definite 
placcs, sild cnii prodncc the food for the fish wherover he likcs, and in greatcr quantities than are 
produced in  the waters by natural processes. Fish food should be living and consist of bits or pieces 
as large as the mouth-opcning of the fish to  bo fed. 

The principIe of rational feeding according to  Justus von Liebig, Boussingault, and Gronven, 
i s  briofiy this: The chcmical composition of the food should conform to the chemical composition of 
the body of the animal to  be fed-that is to  say, in tho case of fishes, being cold-blooded animals, 
thcy qiust receive food tha t  in  turn consists of cold-blooded :mimals-a principle that  rum through 
all nature. For  example, you can raise maggots casier, quicker, and in  greater quantities upon the 
flesh of amphibia and fish, than upon that  of mammals. ' * ++ One kilogram of food composed of 
insccts, amphibia, or fish, is equal in  quantity to  16 t o  18 kilograms of the flesh of mammals. 

By means of nat8uralfood the fish fry grow seven times faster than by the food of mammal flesh. 
* Since May of last year [the letter is dated in  August, 18933 I liavu been fecding curp fry 
with artificially-reared natural food, and the fish which when put  into the pond were 1+ centimeters 
long (10,000 of them t o  114 acres of water surface) are to-day 16 t o  18 ccntimeters long. Those that  
were 18 decigrams in weight are now 3& Irilograms, and those that  were 5 decigrams are now 1 to 1s 
kilograms. * * * Of all those natural €oodstuffs, 24 to  3 kilograms produce thc same increase in 
the fish fed as 14 to  20 kilograms of the flesh of mmmals ,  and it is produced three-fourths cheaper 
with the  natural food. * * * Two years ago I produced within 100 days by meam of iiatural 
food, from carp fry 14 ccntimeters long, carp of l+ kilograms in weight. 

quoted from these papers, I will give one more extract : 
Not till  now do I 800 from your lctters that  you lay the greatest stress upon the culture of young 

fish up to  the first or second year; and that  is the correct idea and the one I hold to myself. The food 
of the brood after tho loss of tho umbilicaJ sac must be Eiviny, not finely-chopped mammal flesh, because 
while the fish upon the latter diet may become large they willuot bccome strong. If you can not give 
them living food give them, a t  any rate, Aucly-chopped fiborless amphibia or fish flesh, as this is 50 
per cent better than mammal flcsh, while living food, on the other hand, is 1,000 per cent bctster. 

The production of living food for brood and young fish is the easiest and cheapest, and this food 
call be fed until the  fish liavc grown to 15, 20, or 30 decigrams, when they milst have niore substantial 
food, such as earth worms, bcetIes, larvca, maggots. .* * This year I introducedmy method of young 
fish feeding in two trout-breeding establishments, as a tcst, in  order by the result to  make a repii- 
tatioii for my method. Both establishmeuts were in the  habit of feediug horseflesh. Tlle one fed 
50,000 the  other 80,000 fish-fry, so that  in two years they were fish of 1 to  2 kilograms. By my method 
both establishments used only one-seventh of the food formerly used, and the cost, of food per kilo- 
gram was reduced more than one-seventh. 

One of the '6 foodstuff's reared by Mr. Von Scheidlin is the larva of flies, and 
i t  is interestiiig to noto that his method is very like that practiced by Mr. Atkins 
already referred to, Mr. Von Scheidlin tells me that  as the result of 30 years' experi- 
ence and experiments in fishmlturc ho is fixed in hiis belief that to obtain the best 
results young fish must be fed uutil they are at least 1 year of age before they are 
turned out to seek their own living, end certainly 30 years' experience should count 
for something. 

' 

. 

* * 

At  the risk of repeating a portion of the substance of what has already been 

One increased its plant to  120,000, the other to  200,000. 
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32.-WHAT WE KNOW OF T H E  LOBSTER.” 

BY FRED MATHER, 
Superintendent of Nm York State Hatchpry at CoZd Sprinf Harbor. 

Within the past five years we have learned much of the life-history of the com- 
mon American lobster that is new, the most important item being a discovery of its 
spawning habits, which will simplify our attempts to  hatch this valiiable crustacean 
on a large scale. We knew that the female lobster carried a mass of eggs under her 
abdomen or “tail,’7 as it is improporly called, and tha t  they hatched there, or that we 
could hatch them under proper conditions of temperature and density of water, and 
there our knowledge of lobster propagatiou ended. There are many other things 
about the life of tlie lobster that are not popularly known, and without going into a 
technical description of its anatomy, we may find much to interest us in its habits: 
development, morle of reproduction, and other incidents, from its emergence from the 
egg to its capture for market, where we will leave it to the mercies of the chef and the 
lesser deities who preside over our kitchens. 

To begin at  the beginning is difficult. It recalls the old problem, “Which was 
first’, the egg or tlie hen?” But in order to break into the life circle we will begin 
with a small lobster of a few months old, say in September. The temperature is low- 
ering and no more growth is to be made until next year; therefore a gradual move- 
ment toward deeper water is begun in order to be beyond reach of the rapidly cooling 
waters near shore and to get below the influence of frosts, as the tortoises, frogs, and 
some of our land mammals do. A t  this time our young lobster will measure from one 
to two inches, exclusive of the claws, according to the circumstances of food and the 
date of hatching, the latter being entirely a question of temperature. Living at a 
depth where there is sufficient warmth to sustain I life, but not enough to rouse inuch 
of an appetite, our young lobster lives through the winter without making any growth, 
and in the spring crawls up, as the waters warm, into the shallows and begins to feed 
on such animal forms, alive or dead, as may come within its reach. 

Incased in a hard, unyielding she11 which does not grow, it may be compared to 
a knight in armor, who would be obliged to get a new suit if he should outgrow the 
old one; therefore, after accumulating a store of material for growth, the shell either 
splits up the back of the carapace or .the latter separates from the first ring or seg- 
ment of the abdomen and the hinder portion of the animal is withdrawn, and then, 
with great labor, the forward parts follow and the lobster lies soft and helpless, a 
toothsome morsel for any predatory fish that may clience along; but instinct teaches 
the lobster that down among the crevices of the rocks id a sanctuary, arid there it 
remains for several days until the skin liardens into a irew shell and it can again fear- 

“ 

-__ __________----- __ _-. 
I * Printed iu. the Scicntific American Supplement, Febriisry 10, 1894. 

281 



282 BULLETIN O F  THE UNITED STATES FISH COMMISSION. 

lessly face its enemies in search of food. It has been my fortune to witness this oper- 
ation several times while connected with the New York Aquarium, Thirty-fifth street 
and Broadway, in 1876-78, and twice since in lobster cars in Vineyard Sound, and it 
is wonderful what a great increase in size takes place a t  once after the animal leaves 
its shell. Another wonder is how the great claws are drawn through the very small 
joints, one or two of which split lengthwise while others seem to soften and expand 
enough to permit the passage of the claws. When we realize that the lining of the 
stomach is attached to and cast with the old shell, i t  will be seen that the change of 
armor is a complicated and difficult process, not unattended with danger. The new 
shell is often to be seen under the old one, and then the lobster is in the same condi- 
tion as the ‘‘ shedder crab, so eagerly bought by salt-water anglers for bait, the 
bocly being somewhat shrunken from the shell. After casting the shell, the lobster 
resembles the “ soft 77 crab, whioh is ao esteemed by the epicure that they are sold a t  
many times the price of the ‘ 6  hard 7’ crab. These names apply to the common edible 
or ‘ I  blue crab,,’ of the Atlantic coast, a t  different periods of growth. 

There is a singular prejudice among lobstermen against eating a soft lobster, which 
does not extend to epicures. I b v e  eaten of them when soft, and I think them excel- 
lent; -surely the animal is fat and in prime condition or it mould not shed preparatory 
to taking on greater size. Just  how long it may take for the new shell to harden may 
depend on temperature or other conditions, One in the New York Aquarium, in sum- 
mer, became quite hard in about twenty hours, and took food the third day after shed- 
ding. There seem6 to be Q provision of nature that the female shall not cast her shell 
until the eggs are hatched, otherwise they wodd be JOB$ a8 hheyare greedily devoiued 
by eels and other fish. The law of Massachusetts forbids ‘iberriedll lobsters to be 
sent to market. The honest lobsterman, therefore, puts such a lobate; in a car which 
has holes large enough to admit eels, and in twentyfour hours she can be sent to 
market in compliance with the law, for she will have no eggs left. 

I have purposely skipped from the little lobster that we left foraging on his first 
spring campaign to the habits of the adult, which am the same, because we know 
nothing of therate of growth beyond the first season. Wo know that lobsters shed 
their shells at irregular times during most of the year, more frequently in the warmer 
portions, and that this only occurs because the creature is growing and its armor is 
not large enough. Just  how old a marketable lobster of 2 to 10 pounds may be, no 
man knows, and such knowledge could only be obtained by rearing them in confine- 
ment, and then i t  might not be conclusive under different circumstances of food and 
temperature, and the casting of the shell forbids marking individuals. 

The female spawns but once in two years. Notes made on the eggs of lobsters in 
the New York Aquarium show that they hatched before July, or when the water 
reached a temperature of about 600 F. In  1891 I began the hatcbing of lobsters for 
the New York State Fishery Commission, of which I am one of the superintendents, 
and found that eggs taken from lobsters from the middle to the last of July did not 
hatch that yea’r. Then it seemed as  if the lobster might be a biennial spawner, but I 
did not dare to say so. A report of my observations sent to Prof. Samuel Garman, of tlie 
Museum of Comparative Zoology, Cambridge, Mass., brought a letter dated August 
30, 1892, complimenting my studies on the life-history of the lobster and inclosing a 
report to the Massachusetts Fish Commission, dated December 17,1891, in which he 
sliows that his investijintions proved that the lobster spawned but once in two years. 
Therefore, I have solid backing in making tlie statement that  heads this paragraph. 
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Since this I have taken, for the New York Fishery Commission, a large number 
of lobster eggs and have turned out this year from Cold Spring Harbor, Long Island, 
177,000 young lobsters into tho waters of Long Island Sound. These ’were from eggs 
which otherwise would have been sent to market with the parent and have been boiled 
and thrown away with the shells, and were therefore just so many saved from 
destruction and given a chance to struggle for life. There is no law in the State of 
New York relatirig to “berried” lobsters, and from what is said above of the Massa- 
chusetts law, it does not seem that one would be advisable, unless so framed that the 
lobsterman should take tlie cgrs from the lobster and either keep them in a place 
where they would hatch or,better yet, save thein for an agent of the fishery commission, 
who could collect them a t  intervals and would reward the lobsterman sufficiently to 
make him interested to turn in a s  many good eggs as possible. 

The eggs, which, as before said, are carried on the appendages under the abdomen, 
number 15 to the linear inch, and measure 6,090 to the fluid ounce, are attached uot 
only to the swimmerets, but also to eaoli other by threads, and are aarated by an 
almost constant motion of the appendages, and in confinement many eggs are loosened 
and fall off, perliaps from the habit that the parent has of poking among them with 
her legs. In the spider crab this poking is not only frequent, but  the eggs are eaten 
by the parent, a t  least when in confinement, but I have never seen a lobster eat its 
eggs. It has been said that lobsters spawn a t  all times of the year. This is not so, 
for the reason that they are not as active in winter and do not feed as much as in 
summer, and also because the young do not hatch until the water reaches a tempera- 
ture of about 600 F., which in IJOUg Island sound might occur aftw tlie latter part 
of May, and in  that  region the hatching season is over by the middle of July, and as 
the mother has been feeding while carrying her eggs, she can tlien shod her shell and 
begin to develop the so-called ( 6  coral” that epicures prize, mhich will forin the eggs to 
be laid the second year. The fact that fernale lobsters bearing eggs outside while 
others have the coral inside are talreu in winter supports the theory of biennial 
spawning. August 16,1893, I took a lobster froin a car which the owiier told me liad 
spawned two days before. The microscope could detect nothing in tlie eggs, because 
the yolk filled them entirely. Four days later tlie yolk had shrunken and the “inul- 
berry” stage could be seen in the clear space, and by the 25th the eye was visible. The 
eggs are dark when first laid, and grow lighter in color as they develop. From this 
until October no change was seen. The water growing cooler, the mother did not take 
as much Sood as before, but seemed as pugnacious as ever, shomiug fight to anyone who 
approached the glass. A t  present she is living in a tmlc about 12 by 18 iuches and 
may live all winter. She had been plugged in tlie claws to prevent danger in haud- 
ling, but I removed the plugs, and she can now use her claws as well as ever. 

When our little lobster comes froin tlie egg an inexperienced eye niiglit easily 
suppose it to  be a young shrimp or any other crustacean, for, unlike its fresh-water 
prototype, the crawfish: which a t  hatching resembles its parent in everything but size: 
the young lobster is :m embryo or larval state, as inucli so as ail embryo trout, which 
has no resemblance to its parent. It molts perhaps 4 to 6 times during the first ten 
days of its life, and makes, according to Prof. 8. I. Smith, of Yale, three changes of 
forin in this time before getting the large claws and assuming the shape of its parents. 
They swim tlirougliout all these changes and perhaps long after, which ~nakes it 
certain that a plant of young macle at a particular spot may be repeated lnally times 
without danger of overstocking that locality, for as they swim away the tides and 
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currents scatter them, and when the time comes to  settle down to steady habits they 
are wide apart. Still, as the plantings made by me for the New York Fishery Com- 
mission were all made a t  Cold Spring Harbor, on the south shore of Long Island 
Sound, Borne 15 miles west of the middle of that body of water, the varying tides 
would not take the little swimmers outside its limits, because the returning tide would 
bring them back again. Therefore there is no doubt about the value of saving the 
lobster eggs and planting them in the sound. Some New York lobsters may oross 
the sound and be taken iu Connecticut. traps, just as New York salmon and shad are 
taken by New Jersey fishermen, but that  is not a thing to be considered seriously. 

A very natural question for a reader to ask a t  this point is: “Why don’t you 
retain the youthful lobster until it ceases to swim and settles down to crawling, and 
thereby stock a certain district in which your State, that pays for the work, is inter- 
ested?” To this I should reply that in theory that would be the proper and most 
correct thing to do, but in practice we find that there is a factor that will not be Ieft 
out of our calculations, and this factor is cannibalism. 

There is, at present writing, no food for a larval lobster known to me that is as 
acceptable as another larval lobster that has just  molted. I have tried to bribe 
them by hanging flesh of eel, clam, beef, lobster (adult), blue crab, and fiddler crab, 
but without avail; their love for their fellows which prompted them to take their 
brethren in out of the wet, lest they might be devoured by small fishes, baffled my 
efYorts, and there was no resource but to plant the fry as soon as hatched. If each 
youngster could be placed in a tank or even a small compartment by itself, no doubt 
i t  would accept any, or all, of the foods named, but at present we are not prepared to 
feed a million or more individual lobsters in separate stalls for months before turning 
them out to shift for themselves. They cannot be reclaimed from cannibalism by any 
known means. They are fighters by nature, and when a lobsterman has  a lot of adults 
in a floating car and a storin comes up each lobster blames his neighbor for any colli- 
sion that may ensue and they engage in a general fight, wliicli is not only disastrous 
to themselves but to the lobsterman, for lobsters are not ma,rketable in fragments. 

The size of marketable lobsters has been on the decrease for the past fifty years. 
Half a century ago my father never brought home a lobster for family use under six 

. pounds, and it was often twioe that weight. One under six pounds was not thought 
worth picking the ineat out of, for the labor is the same, no matter what tho size; but 
today a 2-pound lobster is considered of good size, although an occasional ‘(docp 

lobster of 20 pounds, or more, is seen on the stands. These usually have large 
barnacles, oysters or other animals of good size attached to their shells, showing that 
they have not molted in some years, and their claws are always bruised and blunted 
as additional evidence that their armor has not been recently renewed. The taste for 

lobster has done much in recent years to kill off 6he young and to prevent 
their attaining a larger Bize, but the canneries are,credited with taking in all t h t  
may be rejected bylaw. The State of New York had a law that no lobstcrH ineasuring 
less than lo& inches,.exclusive of claws, should be sold. This excellent law was, I 
believe, obtained by Mr. Eugene G. Blackford when he was president of the New 
York Fishery Commission, but was repealed. 

That lobsters of 20 pounds weight have been taken within a few years I know, 
for I have seen them weighed; but the monsters of twice that weight that  we read of 
are not well authenticated, and the story of the judge who, after the manner of 
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Solomon, decided a bet on the weight of these crustaceans against the wan who 
brought sworn testimony of old fishermen, who &membered lobsters of 40 pounds, by 
saying “aEdavits are not lobsters,” has passed into history. A century hence, my 
statement of having seen a 20-pound lobster may be received in the same way, and 
some judge, yet unborn, may paraphrase the above decision, and solemnly declare 
that “statements are not lobsters.” 

A curious thing about a lobster is the difference in its claws. One is thick and 
blunt and the other is long and slender. One seems t,o be for crushing hard objects 
and its mate seems formed to  hold them. This is the case with every individual, but 
there are right-handed and left-handed lobsters. Some years ago Mrs. Mather painted 
lobslers surrounded by celery, oil, vinegar, and all the necessaries for a mayonaise, but 
one of the lobsters had the big claw on its left. When allowed to see it, I remarked that 
there was either a mistake or her speciinen wad abnormal. She insisted that llhe 
original must have been so, aiid on my next visit to Fulton Market, where over 100 
lobsters were handled for m y  edification, I found that a lobster might be either right 
or left handed without violating any rule, and then made niy apologies to the artist. 

The color of lobsters sometimes varies from the ordinary olive-green, with reddish 
tints on the claws, to red all over, and a mottled coak is quite often seen. Red ones 
are quite rare, and the few of this color I have seen have been lighter than the boiled 
lobster, soruetimes with a yellowish cast. The cause of the variatious is not known. 

The lobster feeds upon animal food oxclusively, for its digestive system could not 
assimilate vegetation. Its stomach is a sac, just behind the mouth, and has no other 
opeuing, save the small pores through which the digested portion of chyme or chyle 
is filtered into the thorax, there being a space of some inches between the stomach 
and the only intestine, or drain tube, which begins a t  tho first segment of the abdo- 
men and runs without couvolution to the cloaca. The stomach is fitted with rough, 
bony plates to masticate tlie food, and when opened shows a fanciful figure called I C  the 
lady in the chair.” All bones and undigested portions are ejected through the mouth. 
In dressing a lobster for the table, the so-called  poisonous parts” are rejected. 
They are the stomach, which could not be oaten, and the vein-like intestine spoken of. 
To remove the latter it is only necessary to split the abdomen, or so-called tail, length- 
wise, when it will be seen as a greenish thread. All other parts are eatable, and the 
tender green 6‘  fat 7’ in the thorax, arid the delicate, white 4‘ fat” lining its shell, should 
never be lost, as they contribute both flavor and digestibility to the harder portions. 

The lobster does not range far south on our Atlantic coast, because it is sandy 
south of New Jersey, and does not afford protection for them when in the soft state, 
even if other conditions were favorable. Large individuals are sometimes taken on 
the coasts of Delaware and Maryland, and they range as far north as Labrador, the 
bestlobster grounds of the Atlantic being Nova Scotia and Maine. They were formerly 
abundant in Long Island Sound and about New York harbor, but the pollution of the 
waters, especially with ‘( sludgeacid” from the petroleum works, has driven them away. 
This abominable stuE does not drift far, but settles on the bottom, and, while it may 
not disturb the shad and salmon, which are migratory, it kills out the oysters, clams, 
mussels, snails, and all those forms that live on the bottom, including the lobster, and 
compels the fishes which seek food in those waters to go elsewhere. The canning bf 
small lobsters in Maine may affect the product there, but the worst of all euemies is 
man. Of all the destructive agents to animal life of most kinds, man stands at the 

* 
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head, a t  once the wisest and most ignorant of all aiiimals. His ignorance is especially 
in contrast with his intelligence, when he deals with other creatures. And thelobster- 
man is an instance; he wants to see lobsters plenty, because he finds a ready market 
for all he can get; but, when he raises a lobster pot and finds that two or three 
small lobsters of 4 or 5 inches in length have ventured to eat tho whole or part of 
his bait, he is angry, and, instead of returning them to the mater to grow, he mashes 
them on the bottom of his boat. As well might the farmer shoot his young fowls for 
eating his grain! The lobster will, eat fish, clams, mussels, and other animal food, 
fresh or stale, but in the pots a fresh bait is more attractive, and the,lobsterinen use 
almost all kinds named for bait, and could, with small expense, so make their traps 
that, when a lobster entered the pot, it could not devour the bait, and so aff’ord to let 
the young go free if tlie larger ones did not devour them in the pots. 

The power of the lobster to reproduce a leg or claw is well known. It is not 
done until the next molt, when the new limb appears as a very small model of the 
original, but after a few changes of shell the claw is restored to its normal size and 
usefulness. The animal can and does cast a claw when frightened, especially in cold 
weather, probably to satisfy its captor with a portion instead of the whole-a tub to  
the whale, as it were. The claw is snapped off’ with a jerk, as if to say, “Take this 
and let me go.,, The lobsterman never lifts the animal by its claws for this reason, 
but grasps it by the thorax, leaving the large claws to hang down or turn up in a 
vain attempt to pinch his hand. 

Our friend has two means of locomotion. When in danger it can go backward 
rapidly by meaiis of a few vigorous flaps of it,s tail, but ordinarily i t  crawls forward 
on the bottom, holding its large claws well up. If left in a pool by t h e  receding tide, 
it would stay there and perish before trying to go overland to  the sea, even if not 10 
feet away.” When taken from the water the lobster is very helpless. Its specific 
gravity is great; its enormous claws can not be lifted in air, and when laid on the 
market slabs it remailis where it is placed from sheer inability to move. 

Just  how the eggs are inipregnated is not known. It i8 said that the milt is 
placed near the oviduct some time before tho extrusion of the eggs, and that they are 
fertilized by passing over it. Of this I know nothing, and merely insert this para- 
graph to show that this question was not overlooked. The sexes of lobsters can easily 
be distinguished without the presence of eggs, but it is no part of my purpose to enter 
into the realm of anatomy 01- theory, as the title of tliis paper is d l  What We Know,’? 
etc.t When the pairing takes place and how it is performed no man knows. A study 
oi‘ the reproductive organs has developed a theory, and there we stop. 

The increase of population has naturally increased the consumption of lobsters, 
and the great decrease in the size of this crustacean, referred to above, is an evidence 
that they are slow of growth, and the marketable lobster of to-day, weighing from 
one to two pounds, may be from four to six years old, possibly more. In  all these 
estimates of weights R fairly plump, well-fed lobster is meant, aud not one that would 
be rejected by the housewife as not worth picking the meat from, for slie has learned 
to weigh them in her hand, and of several of the same size, to choose the heaviest. 

We hope to increase the supply of lobsters by saviug the eggs from destruction, 
but the ever increasing demand for them will prevent their becoming cheaper. 

. 

. 

* See Eighth Report New York li’ish Commission, 1875, p. 23, tenth to eighth lines from bottom. 
See “ Fisheries Industries,” section 1, pp. 795-809. 



33.-REMARKS ON T H E  MAINTENANCE ANI) IMPROVEMENT OF T H E  
AMERICAN FISHERIES. 

BY HUGH M. SMITH, M. D., 

Assislant irr c h a r p  Divisiorz of Statistics a id  Methods of Lfie IGsficries, U. S. lFi,sh Comniissiorr. 

Addrrss as Chairman of the Fishcrics Section of the lP>orld's Fisheries Co?t.rress, 
Co hm6ian Exposition, Chicago, October 18, s893. 

In opening this session of the Fishery Congress devoted to the commercial 
fisheries, the apparatus and methods of fishing, and the utilization and handling of 
fishery products, I desire, in the short time I shall occupy before proceeding to the busi- 
ness of the meeting, to invite your attention to a few thoughts regarding the general 
field which lies open for our consideration, and to point out some of the important 
questioiis with which those interested in tho prosecution, maintenance, and regulation 
of the economic fisheries have to deal. I shall speak chiefly with reference to the 
preservation of our fisheries and to certaiu benefits which may bo expected from 
changes of methods and means of capture and utilization. 

Conspicuous instances now exist of the general or local decline, failure, or threat- 
ened exhaustion of some of our important river, lake, shore, and ocean fisheries. 
Among the river fishes whose present exten t is markedly less than at an earlier period 
are the sturgeon and the Uhinook salmon; of the lake fishes which aronotably scarcer 
than formerly are the whitefish and sturgeon j lobsters and terrapins, among tbo shore 
fishery objects, have undergone a serious diminution in abundance; aiid the ocean 
fisheries for whale and mackerel are, as is we11 known, much less valuable than they 
were a few years ago. In  nearly all these cases tho decrease is undoubtedly due to 
unwim and wasteful methods, and it is au open question whether the decline in 
many of our sea fisheries may not be at least partly attributable to the same cause. 

In  view of the increasing importance of our fisheries as a source of national wealth 
and food supply, it is not especially remarkable that the present period should be 
characterized by a deeper appreciation of the necessity for preserving our natural 
fishery resources, a more determined effort to ascertaiu the conditiolis prevailing and 
the influences operating, and a fuller realization of the urgent need of more definite 
knowledge regarding many of the phases of the fisheries than have existed at any 
previous t ime in the history of this industry. 

The present time is also marked by a wonderful spirit of progress in fishery 
methods and an assiduous search for iIuproved appliances. Forms of apparatus, t.YW 
of vessels, methods of capture and utilization, which a very few years ago were 
enlployed are giving place to improvements directed to an increase of the catch, a 
reduction of the labor, and a mitigation of the hardship and danger of fishing. 
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The entire aspect of our fishing industry to-day, in its protean manifestations and 
multitudinous relations, warrants the earnest consideration of all tliose engaged in its 
prosecution, intrusted with its regulation, or concerned in its welfare, in order that 
such action may be taken as will preserve this great source of wealth for the present 
generation and transmit it, unimpaired to posterity. This idea has been well brought 
out in the interesting paper presented by Dr. MacCallum at the opening of this 
congress. 

As to the ultimate success of the measures for the restoration and preservation of 
our lake, river, and shore fisheries, I entertain no doubt. The history of our black 
bass, shad, and oyster fisheries, for example, shows the possible influence that man 
may exert on the abundance of our economic water animals by adopting positive or 
direct methods for the increase of the supply, rather than by placing sole reliance on 
legal restraints on the capture of the products. 

As an oeset to the degeneration of some of our prominent fisheries through the 
influence of man, stands the unquestioned improvement that has been effected in 
other fisheries through the same instrumentality. 1 think the facts bear out the asser- 
tion that the decrease in the value of those fisheries which to.day present a decline as 
compared with the most prosperous period of their existence is less than the increased 
production of other fisheries as the direct result of artificial methods employed for 
their maintenance or improvement. The oyster alone, owiiig to the adoption of plans 
for its active cultivation and preservation in nearly every oyster-producing State, iu 
contradistinction with the do-nothing policy that formerly and so long prevailed, has 
increased in value as an economic commodity to an extent that almost overbalances 
the combined decrease of all other fishery products. 

There is reason for great satisfaction with the results achieved in behalf of the 
commercial fisheries by artificial propagation. There seems little doubt that t h e  
most important river fishery of the Atlantic coast, that  for shad, is almost wholly 
dependent for its present existence and future prosperity on the means taken by fish- 
culturists to aid nature in securing the fertilization and hatching of the largest possi- 
ble percentage of ova. The noteworthy results accomplished on the Pacific, coast by 
'the experimental introduction of relatively small numbers of shad fry into a few of the 
rivers afford an invaluable basis for determining the influence on the abundance 
of shad in native waters of enormous annual plants of fry and yearlings. The recent 
inauguration of R shore cod fishery on parts of the New England coast where cod were 
previously scarce or almost unknown is unquestionably attributable to the hatching 
operations of the U. S. Commission of Fish and Fisheries, and has proved couclusively 
that, even in the case of such an eminently pelagic species as the cod, man may be 
potent in influencing its abundance. 

Few subjects connected with the commercial fisheries are more important than the 
relations which exist between the kind and quantity of apparatus used in a given 
region, on the one hand, aiid the supply of fish, on the other. Unquestionably, certain 
modes of fishing are more destructive than other modes, and some forms of appa- 
ratus are more harmful than other forms, independently of the quantities of fish that 
may be taken. Paradoxical i s  it may seem, i t  is nevertheless true that two different 
kinds of apparatus, taking exactly the same quantities of fish at  the same time, may 
be very different in their effects on the maintenance of the supply; and, again, two 

' 
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similar devices operated under the same conditions and taking the same quantitiee of 
fish, but at different seasons, may also have widely diff’erent influences on the ulti- 
mate abundance of the species captured. In  other words. the character of the appa- 
ratus does not necessarily afford a basis for determining its effects. A number of 
modifying causes and circumstances are to be taken into consideration in determining 
the actual and relative effects of apparatus, among which are: (1) the season when 
the fish are caught; (2) their condition with relation to the spawning process; (3) the 
~shiiig-f;round,’especially with reference to the shore or the spawning Beds; (4) whether 
the fish are taken in schools, singly, or in straggling bodies. 

One of the most vital questions now before the fishery interests of the Atlantic 
coast is the eflect of the purse seine on the abundance of mackerel and menhaden, 
The failure, year after year, of the maclrerel fishery has, to many persons, seemed a 
positive demonstration of the injurious influence of t h e  purse seine. Granting the 
present relative scarcity of mackerel on our coast to be due to the effects of unre- 
strained fishing, the fact should not be lost sight of that many more fish were taken 
in the old days of hook-and-line fishing than have been caught with the purse seine; 
and even conceding that the purse seine is responsible for the conditions now prevail- 
ing, care muRt be exercised in ascribing to that apparatus its p:~rticular influence in 
reducing the supply of mackerel, especially in view of tho easily verified statement 
that less fish have thus beeu directly sacrificed than by the nicthods pursued prior to 
the introduction of the seine, The question does not seem to be, Has the purse seine 
caught too many mackerel? but, Has it taken them under conditiolis that were 
UnfaVQrable for the continuance of supply? The apparent m,zintenimce o€ the supiily 

, of menhaden on our coast, in the face of au exceedingly large annual Catch, even in a 
circumscribed area like the Chesapeake Bay, is an argumeii t on the opposite side of 
the question. Similar references might be made in the case of certain other fishes 
obtained with pound nets, trap nets, and other forms of apparatus which take large 
quantities of fish and are, iu the opinioii of some, responsible for the decreases that 
have occurred, while other fishes captured uuder the same conditions and in as large, 
or even larger, numbers, are apparently holding their own. 

While no one attempts to deny that by the reckless use of fishing apparatus in 
many of our rivers, lakes, and shore waters certadn fishes have decreased very 
rioticeably in abundance; and while it is entirely possible, by the abuse of appliances, 
to effect almost irreparable injury on the fish supply of more or less Circumscribed 
bodies of water which years of rigid protection and exteiisive artificial mean6 may 
not be able to overcome, still it is far from being an easy questioii to determine to 
what extent tile capture of free-swimming fish in the open woters of the ocean may 
go without producing a perceptible diminution in the supply or vitiating the natural 
fecundity of the species. 

1 think we have reasoil to expect that the studies of the’ life-histories of our 
economic marine and fresh-water fishes now going on, when tiken in connection with 
investigations of the fisheries for these species, wiI1 do much to solve many of the 
problems and explain many aliparently contradictory phenomena now presenting 
themselves in connection with our economic fisheries. 

The nkcessity for restriction in certain lines having been determlned by compe- 
tent authority and proper means, the reform should be promptly and eaciently car- 

B. c. R. iem-ie 
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ried out; and I believe that no one will be more ready to accede to rational measures 
for the preservation of a fishery or the perpetuation'of a species than the commercial 
fisherman. But sentiment and prejudice, unsupported by facts, should not be allowed 
to abridge or destroy a long established industry. 

In an able paper, which every one interested in the fisheries, from whatever stand- 
point, should read, presented to the Internat,ional Fisheries Exposition in London in 
1883 by Prof. E. Ray Lankester, the author laid stress on the importance of scientific 
study and knowledge as a basis for  legislative restrictions; his remarks are so timely 
that they may well be quoted in part: 

Legislation is continually demanded, and has been from time to  time carried out, in  reference to 
such matters as modes and seasons of fishing and pollution of waters. But it is undeniably true that, 
in most cases, the accurate knowlodge ati to  the life-history and circumstances of fishes is too small to  
justify legislative interference. No doubt zoologists have suggcsted some valiiable restrictions which 
have been adoptcd by the legislature in regard to some fisheries, and i t  is to  Linnmus, the great 
Swedish zoologist of the last century, that  Sweden owes important fishery laws. But if we are to  
have effective legislation at the present day in  regard to  our sea fisheries, we must, before proceeding 
any further, have more knowledge. Those (and there are many) who earnestly detiire additionel 
restrictive fishery laws should do their utmost to  enable zoologitit8 to  carry on researches which will 
provtde tha t  accurate knowledge of fishes and shellfish, their food, reproduction, and conditions of 
life-which must be obtained before legislation can reasonably be proposed. The only mode of 
deciding between tho conflicting opinions which have so often been expressed during this congress, as 
t o  the  necessity for this or that  legislativ~enaetment, is by bringing new knowledge t o  boar upon the 
questions at issue. That now knowledge is nothing more nor less than a par t  of zoological 8cience, 
and can only be obtained through tho exertions of those who are already acquainted with the actuel 
condition of tha t  science, and with its methods of minute and thorough investigation.-(The Scientific 
Resiilts of the  Exhibition ) 

Next to an abundant supply of fish, and of probably greater consequence from some 
points of view, is the importance. of having the fish reach the coiisumer in the best 
possible state of preservatiou. Improvements in the construction of fishing vessels, 
the more general use of ice, and the more ample facilities for transportation which 
exist, have already done much to improve the quality of the fresh fish landed from the 
high seas and the Great Lakes, but the interests of the fishermen and of the public 
urgently demand further reforms in this direction. The very rapid deterioration 
of fish which ordinarily ensues upon their capture, owing to the large percontage of 
unstable albuminoids entering into their composition, requires more serious considera- 
tion on the part of fishermen and dealers than is usually bestowed. 

Certain modes of capture are responsible for placiug on the market an inferior 
article of food which, under other conditions, would be all that is desired. Fish that 
are caught by the gills and are left to die in the water by slow degrees undergo a rapid 
decomposition which quickly unfits them for consumption. The pernicious practice, 
especially prevalent in Lake Erie, of setting such long lines of gill nets that they can 
be lifted only at intervals of several days, results in the destruction of enormous 
quantities of whitefish which have to be thrown away and of very large numbers that 
are of poor or doubtful edible value. If there is one line of fishery legislation for the 
Great Lakes more demanded than another, it is the prohibition ofthe use of gill nets 
that are not drawn daily. 

The generally observed custom of permitting fish that are landed alive to die 
slowly is also to be condemned on hygienic and economic as well as humane grounds. 
The longer the time occupied in dying, the softer and less wholesome the flesh becomes. 

. 
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Fish that are killed immediately on being caught retain a firmness of body and bear 
shipment better than those which are permitted to die a lingering death, a fact which 
is well known. . .  

While t h e  extensive use of ice during the fishing operations and in the transpor- 
tstion of fish greatly reduces the impairment in quality, still the present generally 
pursued method of applying cold for the preservation of fishery products is far from 
being satisfactory. A person witnessing for the first time the unloading of a vessel 
engaged in the market fishery for cod and other ground fish, is bound to be forcibly 
impressed with the soft, slimy, and uninviting appearance which t,he catch presents 
when taken from the hold, notwithstanding the evisceration of the fish soon after 
being cgught, and the use of large quantities of ice applied directly to them. 

This is one of the lines along which improvements are to be suggested, in the 
interest of a better quality of fish, as well as for the pecuniary benefit of the fisher- 
men. Vessels often arrive from distant fishing-grounds during the warm months 
with thousands of pounds of soft and stale fish in their holds, and with little or no 
ice. The moisture which the melted ice imparts to the fish favors the development of 
putrefactive bacteria and accelerates decay. The impairment of the quality of fish 
which ensues when insufficient means for their preservation are taken can never be 
dissipat,ed by secondary attempts to stay the deterioration, and the most careful 
efforts to maintain the freshness of the fish should be made a t  the time they me 
caught and pending their arrival on shore, and not from one to ten days after being 
taken, as is now too often the case. 

Among other things that seem to be demanded in the interests of fresher fish is the 
construction on fishing vessels of dry-air refrigerators. Much good will also accrue 
to the fisheries by the use of steam fishing vessels and steam carriers in the offshore 
market fisheries, not only by permitting the discharge of the catch in a better condi- 
tion but also by enabling the fishermen to visit more distant grouuds. The successful 
eforts of dealers to  properly handle fish on shore, prior to and'during shipment, by 
the adoption of modern refrigerator and rapid-transit facilities, fix 011 the fishermen the 
necessity for making further improvement in the quality of the fresh-fish supply. 

Much, I believe, may be done indirectly for the protection and preservation of some 
of our fishes now decrc:bsing in abundance by devoting attention to other fishes now 
rarely or imperfectly utilized, in order to keep UP the supply of fish food. The history 
of the sturgeon, eel, and other species in the United States aEords ground for the 
belief that many fishes now considered worthless may be brought into favor and thus 
reduce the destruction of other more valuable fish. Alrcady the much despised 
skates are becoining a factor in the food supply of the Middle Atlantic region and are 
materially contributing to the income of the fishermen, as they have long donu on the 
West coast; but there are numerous excellent fish in our waters, some of which exist 
in almost limitless numbers in certain places and at certain seasons, that are scarcely 
Utilized. Among these, aud deserving of specid mention, are the sea-robins (Priornotw) 
and the, whiting or silver hake (Menticirrus). Sua-robins, which are taken by thou- 
sands of tons on the southern New England and Middle Atlantic coasts and are almost 
invariably thrown away, are very similar morphologically and scarcely, if at all, 
inferior in food value t o  the highly esteemed gurnard of our Xnglish brethren. The 
whiting, one of the Badidm, in a, perfectly fresh condition, is superior to the cod, and 

' When pickled is a valuable article of food; yet only a few thousand pounds are annually 
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consumed on our coasts, while in Cape Cod Bay alone over 100,000 barrels are turned 
out of the weirs some seasons and left to decompose on the shores or drift out to sea. 

The increased attention paid to the utilization of refuse products of fish in some 
parts of the United States, especially New England, where not many years ago they 
were generally thrown away, marks an advance in our industrial life. Every waste 
product ,of fish and other aquatic animals resulting from their cleaning, curing, and 
canning has a commercial value in a crudc state or after further manipulation, but in 
most regions no regard is paid to anything but the actual flesh; and many thou- 
sands of dollars are thus annually lost to a class that is least able to afford it. As 
one instance of the loss our fishing interests are yearly incurring, mention may 
be made of the economic value of the roe of fishes as an article of food. Practically, 
'the eggs of only two species of fishes-the sturgeon arid mullet-are utilized in this 
country, but there is hardly a fish whose roe is not suitable to be made into a valuable 
caviar, which could meet with ready sale abroad as well as at home, and would be an 
iniportant addikion to our fishery output, in that it would represent the expenditure 
of little time and money and the sacrifice of no additional fish. In the utilizattion and 
appreciation of our resources we can emulate the Chinese to decided advantage. 

Akin to  the foregoing topic is the advantage which will accrue to ouz' fisheries 
through the occupation of new fishing-grounds and the adqption of new appliances 
for the development of latent resources. 

The recent establishment by Texas capitalists of an extensive fishery for red snap- 
pers and groupers on the distant offshore banks of the Gulf of Mexico is an important 
event in the history of our southern fisheries. The advanced policy displayed in 
having a fleet of sailing vessels remain on the fishinggrounds and in employing steam 
vessels to take the catch to market affords a suggestive example to the entire country. 

The practical experiments made within two or three years and the explorations 
by the vessels of the U. S. Fish Commission have demonstrated the existence of vast 
deep-water areas on our coasts which arb suitable for the prosecution of beam-trawliug 
and which will yield an almost unlimited supply of excellent fishes which now seldom 
or never appear in our markets, includirrg a number of flatfishes similar to the most 
highly esteemed fishes of the European seas. 

The adoption of steam propulsion in our ocean food-fish fieheries, as already sug- 
gested, may be expected to have a doubly beneficial influence by enabling the fisher- 
men to develop the more remote grounds where fish are likely to be more plentiful, 
and by relieving the present drain on the inshore waters. 

. 



34.-REFORMS AND IMPROVEMENTS SUGGkSTED FOR THE I;'ISHERIES 
OF GREAT BRITAIN AND IRELAND. 

BY J. LAWRENCE-HAMILTO", 

Member Royal Colleze of Suryeons, Lotta'on: Licentiffte h'oyffl CoZlele of Physicians, &finbuyglr. 

[This valuable papor ha8 b e o ~  abstracted and armuged by the undersigned, with the consent of 
Dr. J. Lawrence-Hamilton, ptmtly from articles which baVe appcared in scientific journals and public; 
1)rints of Great Britain during tho ]'ash few yams, but OhiOflY from a privately printed and copyrighted 
pamphlet, issued in  1890, cousistiog of u, " Ruport upon tho fish markets, fish-trade abuses, And 6811 

Supply of the uietropolis" and a '' Supplementary roport UpOU necessary practical reforms in the fish 
eupply of the Unitod Kingdom." While tBhe work of this author ib ~ c l l  known in Europe, whero his 
writings have boon extensively circulated and read, the fishiug interests of tlio Unitod States have 
not generally had his papers brought to their tlttciition. With a view t o  socure thie result, tho prosea- 
tation of this paper to the World's Fishcrios COngI'eLiB W a s  Buggesteif to  the author. Tho paper is full 
of iniportmt deductions, USOfUl suggestions, aud interesting information having application to  the 
fisheries of the United States, and will doubtless attract muCh deserved :Ittention.-HUGH M. SMITH.] 

GOVERNMENT FISH INSPEUTION. 

For the safety and protection of the public it is necessary that Parliament should 
. have .fish inspection carried out by sfficieiit government o'fflcials, to be appointed to 
guard over and to protect the interests and health of the public or fish-consumers. 

Owing to the general ignorance iu detecting fish unfit for food by reason of its 
decomposition, putrefaction, or poisonous qualities from disease, parasites, and other 
causes, it would, at any rate for a time, be necessary to appoint special fish-inspectors 
to examine, seize, and condemn all fish unfit for human food. These official inspectors 
should be duly trained and coinpetent fish experts, fish naturalists, and fish micro- 
scopists familiar with fish diseases and fish parasites, and thoroughly acquainted with 
the chemical and inicroscopical characteristics of stale, tainted, decomposed, putrid, 
and poisonous fish, whether such poisonp were normal, occasional, or accidental. A 
knowledge of the various spawning periods and conditions of Bsh would be desirable. 

Fish markets, fish shops, and stores of fresh, cured, or cooked 6sh, fish vehicles 
and barrows and their contents should, when necessary, be inspected. Also fish 
curing, salting, preserving, botlling, potting, canning, and tinning establishments, 
Wharves, warehouses, stores, etc., specially devoted to storing fish. Fishing smacks 
and vessels, steam and other fish-carriers, including refrigerator vessels, when neces- 
sary, should be inspected. It is, of course, in the interest alike of the public and 
fish-traders tllat all premises and appliances in which fish are placed or stored should 
be kept scrupulously clean, so as to avoid bacterial putrefactive infection. As soon as 
this economical and sanitary lesson has been learned and appreciated by the public 
and the fisherfolks, it is to be hoped and expected that fish inspection and fish inspectors 
will be but very rarely required. 

~ 
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PROHIBITION OF UNBLED AND UNGUTTED FISH IN MARKETS. 

Parliament should prohibit unbled or ungutted fish entering any market or retail 
shop or from being offered or exposed ror sale. Prohibiting the sale of unbled or 
ungutted fish which spoil unspoilt fish in their vicinity would be equally advantageous 
and profifable both to the fisherfolks and to the public. A small fragment of bad 
putrefying or putrid fish may destroy whole cargoes or loads of fresh dead fish. The 
products and bacteria of fish putrefaction are preeminently diffusible, as is shown by 
the smell of bad fish being so long retained and diffused. Exposing unbled and 
ungutted fish for sale in marlsets or shops i8, or should be, even under the public-health 
act of 1875, the carrying on of an offensive trade, with a penalty not exceeding &2 for 
the first offense, whilst a subsequent conviction may even amount to a fine of 2,200. 

In  considering the preservation of fish, its red muscular fibers are comparatively 
so few that for practicall purposes the study of the pale fibers is sufficient. Whilst in 
the higher animals used as food the muscles are arranged in close, thick,firm bundles 
of lollg fibers, in fish nearly all the muscles are in the form of' loose, short, soft bundles 
arranged in narrow rings in a zigzag fashion, separated from each other by delicate 
partitions of thin connective tissue. Except, in the eel, salmon, and mackerel, fat is 
usually absent in fish. The flesh of salmon yields from 63 to 68 per cent of water, 
whilst that of ordinary whitefhh furnishes from 75 to 82 per cent, which are much 
larger proportions of water than is contained in meat. Not only in the intestinal 
tract, but also in the blood, lymph, and tissues of healthy living sea and fresh-water 
fish, active and multiplying bacteria are found. Though fish up  to a certain point 
apparently are able to tolerate the presence of these bacteria in their blood and lymph, 
yet, should the vitality of their tissues become lowered by confinement, injury, star- 
vation, or disease, the fish wilI probably be overcome and die. The same applies to' 
external and internal parasites, which almost invariably frequent healthy fish, which, 
up to a certain point, are also tolerant of these parasites. 

On death, fish readily absorb water from moisture, whether naturally in the 
atmosphere or foolishly supplied by the custom of using meking ice as well as by t h e  
continual watering of fish on the fishmongers' slab. Eow excessively deleterious the 
absorption of the moisture will be is apparent upon recollecting the filthy state of the 
fish boxes, barrels, and baskets in the equally filthy fish boats, fish markets, and some 
fishmongers' shops. 

NEED O F  A DEPARTMENT O F  FISHERIES AND A ROYAL FISH COMMISSION. 

Parliament should create a special department of fisheries, to be presided over 
by a minister of fisheries, to  protect, advance, and develop the fishing industries and 
trades of the United Eingdom. This is necessary and imperative upon commercial, 
financial, and economic grounds : 

(1) To supervise the production and provision of healthy, fresh, cheap, abundant 
fish food for the poor and the comparatively poor. 

(2) To develop a large foreign and colonial export fish trade. 
(3) To gain a knowledge of available fishing-grounds. 
(4) To secure and maintain the naval supremacy of our empire from gradually 

falling into the hands of foreigners by recognition of the fishery marine as the recruit- 
ing school of the navy. 
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I maintain that the fishing industries and trades of the United Kingdom are 
nationally more important than those of agriculture, which has its representative 
minist,erin Parliament. In 1882 it was calculated that already, out of the 60,000 square 
miles of fish-bearing rivers in England, manufactories and town sewage had sopoIIuted 
these waters that upwards of one-sixth of these rivers were then no longer able to 
support fish life. This is an additional reason why national compensation to the 
fishing industries, in order to cheapen the price of fish to the poor, should be effect- 
ively undertaken by Parliament. 

I strongly urge upon Psrliaineut to grant a special cominission upon fish, fish 
preservation, fisheries, fish-waste produots, fish-hatching, and all allied subjects. I 
suggest that  this proposed royal cominission on fish should investigate and report 
upon the legal, administrative, economical, financial, commercial, trade, and scientific 
reforms relating to the improvement, development, distribution, and cheapening of 
the fisk supply of the United Kingdom, upon the lines indicated in my report. 

THE TREATMENT O F  F I S H  WHEN FIRST CAUGHT. 

Very great Senefit; Tvould accrue to the fisheries by the more genera1 possession 
of knowledge regarding the best methods to follow iii caring for the fish as they are 
caught. Much avoidable loss annually results to the British fishermen through lack 
of information on this point. TO prepare fish properly for consumption in a fresh 
condition, they should be killed as quickly as possible. 

Immediately on capture, where, practicable, fish, prior to the coagulation of its 
blood, should be gashed under the head, just behind the gills, the usual situation of 
the heart in most fishes, or else above the tail, which has been the practice from tinlo 
immemorial in Scandiuavia and in Holland ; nevertheless British fishermen 8eem still 
unwilling to listen to end to learn this wise economical practice. Compared with 
land animals, fish have but very little blood to lose, and hence fish, on being bled, 
become at once faint and rapidly pass into insensibility. Next, speedily gut the 
fish so as to remove its entrails, including the liver and roe. Finally, thoroughly clean 
each fish inside and outside with abundant washing in clean, fresh-flowing water, sea 
water being for every class of fish better than s ~ r i n g  water. Though gutted fish keep 
better and longer by $he addition of salt ,or brine into the cavity of the body, I recom- 
mend peat moss as being cheaper and much more efiective. Universallyabunda~it in 
Ireland, peat moss should be freely used by its fishermen. 

Norwegian fishermen roughly estirnme that by bleeding, gilling, and gutting flat- 
fish about one-sixth of the total weight is lost, whilst long fish by bleeding and gutting 
forfeit about one-fourth of their weight. In spawning fish, being full of roe, these 
proportions would be materially increased. A codfish weighing 21 pounds is said to 
have furi~ished 12 pounds of roe. Thus,  especially for railway-borne fish, this econ- 
omy in freight would mean a great saving to tlie public-the fish-consumers. 

The Dutch, introducing the Scandiuavian plans of bleeding, before clotting and 
gutting, herriugs 011 capture, together with the plan of pickling and curing herrings, 
reinvented by an Englishman, Will Blenkinson, secured for their countrymen from 
the fourteenth to the eighteenth centuries the virtuaI monopoly of the mariue master- 
ship of the world, including its carrying and export commerce. Though fish is preijmi- 
inently more prone to early putrefaction than meat, nevertheless the conventional 
British fish markets arid many fishmongers’ shops stink from avoidable causes) and 

t 
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thereby spoil any unspoilt fish in their vicinity. A slaughter-house would be properly 
objected to in the heart of most towns, nevertheless fish markets and fishmongers’ 
shops, evil-smelling from avoidablc putrefactive bacteria, are sanctioned by indolent 
custom, though I presume that under the health acts of the United Kingdom their pres- 
ent condi tion is illegal. 

Chiefly owing to being bled on capture prior to the clotting of the blood, Swedish 
and Dutch herrings are abroad gradually excluding Scottish herrings, which are less 
carefully cured and selected than the Scandinavian and Dutch herrings. 

Modern science confirms the view that putrescent changes occur more rapidly in 
blood and other body fluids than in muscle and fat by the microscope so frequently 
revealing putrefactive gerins or bacteria or microbes in the blood and internal fluids of 
fish, flesh, and fowl, whilst their muscles and fact may still be quite healthy. When 
the blood becomes contaminated with these putrefactive germs it is likely to a t  once 
infect the sound flesh, muscle, and fat. Indeed, in preserving all animal substances 
i t  is advisable to keep them as dry as possible, which is the principal factor in 
curing, salting, or smoking fish or meat. Handling fish or meats tends always to 
accelerate and often to invite and start putrefaction. In the frozen-meat trede, not 
a lms  is the carcass kept hard-frozen and dry, but it is invariably covered with a 
stout sack or shirt to prevent dirt, by handling or other means, injuring the meat. 
Hence fish, freshly captured aud placed on their bellies upon the too-frequently filthy 
board a t  the bottom of the fishing smack, will often have their bellies rotteu whilst 
their sides and back remain comparatively sound. Other conditions and circum- 
stances being equal, i t  is found that fish, flesh, and fowl keep in proportion to the 
length, density, compactness, and hardness of the microscopic fibers which unite 
together in bundles to forrn.the muscle. Fat, of course, keeps much longer good than 
muscle, whilst moisture, high temperatures, and exposure to the direct rays of the 
sun hasten decomposition. Over-driven cattle, and fish drowned in the meshes of the 
nets, as well as all animals whose strength has been exhausted by the chase or previous 
privation or disease, are prone to decompose with increased rapidity. This tendency 
to rapid putrefaction after death has been observed, by army doctors, in troops who 
have died on the battle-field after long fmtiiig, fatigue, and fighting. 

TORTURING AND 8TARVING FISH. 

Fisherfolk kaste fish by starving and torturing. In  the United Eingdom those 
professionally and pecuniarily interested and engaged in fish torturing and starving 
have, in the ignorant thoughtlessness of chronic custom, been alike blinded to the 
sacred civilizing duties of humanity and Christianity, and have also overlooked and 
omitted their owp materid profits and advantages. Fish starving is a domestic sport 
which diminishes the commercial value of the fish ; it ruins the flesh, flavor, and firm- 
ness of the fish; it tends to induce parasitic, bacterial, and other diseasesin the fish; 
it diminishes the weight of the fish, and increases its cost both to  the professional 
fish-starver and to the consumer-the general public. Fish so starved are more liable to 
rapid decomposition soon aftor death, and in codfish such starved fish are more dificult 
to crimp, which are additional causes and circumstances tending to enhance the avoid- 
able risks of the present fish trade, and therefore an unfair tax on the consumer. The 
average absolute loss in weight of codfish by starvation and imprisonment appears to 
represent 10 per cent of tlie entire weight of the natural normal healthy fish, a heavy 
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avoidable commercial loss. The close confinement of codfish in their fish chests sunk 
in the fish docks causes a rapid increase in the relative number of bacteria alleged to 
be always present in the blood of living fish. When the proportion of bacteria 
exceeds that which the blood of living fish can tolerate, then the fish commence to 
sicken and will often die, even if well and regularly fed in a fair amount of space, as 
in fish kept in aquaria. Hence theso Sunk fish trunks become the rapid carriers of 
contagious disease to any healthy fish which may chance to be in or near the fish chest. 

I n  addition to tolerating in health a certain proportion of bacteriq, fish are also, 
up to a certain point, equally tolerant of various external and internal parasites; 
and generally every fish dissected shows either some parasites, as tapeworins, in its 
intestines, or other parasites about its gills, eyes, skin, or elsewhere, and even soine- 
times as many as fifteen different species of parasites have been discovered in one 
individual fish. Often these parasites, along with the bacteria, increase so as to gain 
the battle over the fish, especihlly when the latter becomes weakened by starvation, 
confinement, injury, or other causes tending to diminish its vitality. Parasites also 
promote decomposition the moment the fish dies. These sunk fish chests iiever err 
on tho side of cleanliness, and are hence favored localities for hatching and breeding 
bacteria and parasites specially destructive to fish health and fish life. The loss of 
life in codfish caught in the nets will not average upwards of 5 per cent. Hooked 
fish on being drawn up are liable to disgorge or vomit, not alone the contents of’their 
stomachs, but also, especially in the case of deep-sea and abyssal fishes, to have their 
stomach and part of their intestines protruded through their mouths. Hlving air- 
bladders, deepsea and abyssal fish by the rapid altered. pressnre, together with the 
influence of shock, get their air-bladders SO dilated with evolved gases that they are 
unable to sink from the surface of the mater in welled smacks till the fisherinan, 
passing a long needle through the walIs of the fish’s abdomen, or the pit of the left 
pectoral fin, by letting the gases escape, allows the fish to resume its natural habits. 
Hooked salmon vomit through fright alone. Fish may be sometimes seen with a 
prolapsed and protruded rectum and lower intestine, which appears to be due to 
relaxed flabby muscles, and is a sign which very shortly precedes tho commencement 
of decomposition. As a rule hooked fish keep longer fresh than netted fish, which, 
owing to being injured by having been trawled over rough grounds, together with 
the sharp prolonged squeezing and banging about they get in the nets, are specially 
liable to  early decomposition. 

Much of the so-called best prime “live” codfish a t  Billiugsgate has after capture 
been transferred into welled smacks which accommodate from about 600 to 1,000 cod- 
fish, each weighing from 16 to 20 pounds avoirdupois. Especially in rough weather, 
after having been subjected for a few days to injury, oonfinement, and starvation in the 
welled boats, to prevent these fish from eating one another they are sometimes spe- 
cially secured by their tails. On arriving in port some 40 of these codfish are tightly 
crammed into a fish chest, sunk in the fish dock (which in England answers only dur- 
ing the cold weather from about November till April), where the codfish, after further 
confinement hnd starvation, all die within a few weeks. If  the fish be kept for a shorter 
interval, say, a fortnight, then on an average only about 10 per cent of such codfish 
are found dead upon opening the raised chest. All such starved, closely confined cod- 
fish lose much of their natural healthy flavor, firmness, weight, and plumpness. The 
fish, having to support life, consume mu oh of the substance of their own livers, which 

. 



298 BULLETIN OF THE UNITED STATES FISH COMMISSION. 

appear small and shrunk when compared with the normal liver of a freshly killed 
healthy fish. This codfish, if not previously dead, is then stunned with a blow from a 
big mallet, and thus, whilst insensible, crimping is alleged to be carried on. As the 
sensibility never returns there is practically no cruelty. Skate are said sometimes 
whilst still alive to be crimped by fishmongers. So long as cod will ‘icrimp” or show 
muscular contraction it is called in the fish trade “live cod,” an intentional misrep- 
resentation. Out of its healthy season, a woolly, watery codfish is often appropriately 
termed by the fishermen ‘bchurchyard” cod. Recollecting these! facts, the familiar dry, 
flabby, cottony taste of the vaunted best prime “liveP7 codfish so often sold a t  Billings- 
gate and elsewhere is easily explained. Skinning live eels and gutting live fish, 
causing avoidable, useless torture, are occasionally practiced. 

In welled boats halibuts are hung up by their tails, under the delusion that in 
these artificial conditions the  fish will enjoy longer lives and that their flesh will 
keep better fresh for the market. These local injuries’often actually cut through the 
soft parts till the bone is exposed. As to the “ alleged habits of halibuts at the bottom 
of the sea, arranged in parallel rows, waiting arid matching for small fish and shell- 
fish: when failing such food supplies, the hungry halibut attacks and eats the tail of 
its nearest. neighbor, which explains the frequently injured and absent tail of freshly 
caught halibut.,’ This tail cannibalism on tlie part of the halibut is an absurd inven- 
tion ‘to hide the ciuelties practiced in welled smacks. 

Lobsters and crabs are often kept alive 011, wet seaweed or ferns, and live on an 
average in hainper s for a couple of days, starving before they reach the fishmonger, 
who frequently stores them, if not &old, till they die of starvation. Lobsters and crabs 
thus starved to death lose weight, firmness, taste, and flavor, and immediately on 
death tend to decompose rapidly, which in si~ch conditions is but slightly diminished 
by boiling in salted water. Instead of puncturing with a stiletto, wriggled about so 
as to break up the animal’s brain material, aud then plunging the crabs and lobsters 
into boiling water, out of sheer thouglitlessncss aud careless custom living lobsters 
have been placed in cold water which, while it is being heated up to the boiling point, 
causes the animal prolonged avoidable torture, for if plunged into boiling water it 
quickly dies. Previously to boiling, to rid them of sand and dirt, crabs and lobsters 
should be -well washed in fresh flowing water. Spanish fishermen catch a coast crab 
only to cut off the good-eating coveted claws, and then return the mutilated animal to 
the sea, to be recaptured if possible upon the reappearance of its developed claws. 

Immediately before its death fishermen scale the red mullet to induce permanent 
contraction of its superficial pigment cells, causing the fish to become the intense 
popular red color of the trade. 

Although no fish or shellfish is legally protected against cruelty in this country, 
and although it is not puni;hable to boil fish alive, to roast fish alive, to slice fish 
alive (as tuptle used to be in Ceylon, and as some air-breathing fish carried about in 
earthen pots in China are still), yet it is to be expected that tliese cruelties will rap- 
idly disappear ao soon as fish-traders find that humanity to animals will benefit their 
own pockets. Codfish will keep in excellent health and condition if placed in artificial 
ponds or docks, fed with sea water, as was the custom among the ancient lZomans and 
ancient Egyptians. The present St. Petersburg fish farms or ponds, fed by the river 
Neva, and where each species of fish has a separate compartment, yield profitable 
rentals. Lobsters and crabs can be fed on almost any fish refuse. 
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AVOIDABLE FISH-SPOILING THROUGH CARELESSNESS, FILTH, AND BAD PACKING. 

Placed upon their bellies on the usually filthy boards at  the bottom of the smack, 
the abdomen of the fish may rot whilst its sides and back remain comparatively 
sound. In the United Eingdom captured fish are often thrown unbled and ungutted, 
and always unpithed, into the more or less foul hold of the fishing boat, where they 
remain exposed to successive alterations of heat, sunshine, moist and melting ice, and 
putrefactive filth. The fish are frequently ruthlessly crushed, bruised, and cut by 
the heavy weights of their thoughtless captors standing in sharp-nailed boots, whilst 
the lower layers of fish may have tons of fish resting upon them. In some parts of 
England, from about September till April, many of the smacks fish by themselves, 
and not in a fleet from which a steamer or other carrier takes away each day’s fish. 
As such isolated smacks stay out a t  sea about 8 woek, it follows that a portion of 
their catch has been already some six days in ice before landing. Such stale fish by 
putrefactive contagion damage the fish more recently caught. On reaching the her- 
bor the fish are coJ,nmonly pressed into filthy fish boxes, barrels, and baskets pregnant 
with putrefactive bacteria. The fish suffer further shaking, banging, and bruising 
by being flung about on the pier, where this food lies again exposed to heat, rain, 
and sunshine. As the fish boxes or trunks have always wide-open apertures, and in 
the carrying boats and railway and street vans the boxes are closely piled one above 
the other, it follows that the flowing filth from the upper boxes circulates tlirough the 
lower ones, whilst the last tier, both from above hnd below, is surrounded with these 
putrefactive abominations. 

Fish are, again, further damaged by close packing and pressure. To economize 
space in packing the barrels a sharp sudden wrench or twist bends the fish into 
coil, breaking up the animal’s softened muscles and structures, thereby inviting %lid 
increasing piitrefaction. * Finally, such fish are tightly crammed into rough, porous, 
unvarnished, foul boxes and barrels, which are rudely closed by sharp hammering. 

The practice of suddenly twisting the tail Of the whiting, and passing it through its 
mouth or t,hrongh the sockets whence the eyes have been removed, ruptures the soft, 
flabby, Ioose, muscular fibers, especially when such fish have been previously skinned. 
The exposure of dead fish thus wastefully maltreated in fishmonger’s shops, pregnant 
with putrefactive bacteria, acceIerates decomposition. 

When fish has Once become flabby, stale, or tainted no preservative process can 
possibly restore its lost flavor, freshness, 01: firmness. 

The fish which British fishermen oCCstSiOna&7 gut are often to be seen placed in a 
few inches of stagnant water supersaturated with putrid blood and filth. Frequently 
handling fish, especially with dirty hands, accelerates putrefaction, as also the time- 
honored custom of watering fish on the fishmonger’s slab. By a statute of Edward I., 
dated 1273, no fishmonger was allowed to water his fish more than once; no fresh fish 
was to be kept in London beyond the second day from its capture; nor was any bad 
fish to be sold. The profit of the London fishmonger was limited by this statute to 
one penny in the shilling. 

Fisherfollc 80 fully realize the present difficulty of preserving fish that stale and 
decomposed fish is technically termed ‘‘ overday ” (over-a-day) fish. Fisherfolk say 
that thunderstorlns spoil fish, but as thunderstorms occur chiefly.in hot, still weather, 
associatsd with rain, tho explanation is included in the fact that  fish decolnpose 
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.quicker on a wet windless winter’s day than during a dry hot summer’s day with a 
brisk breeze. Others credit the bright rays of a full clear moon with causing rapid 
decomposition of freshly caught fish; but there seems to be no foundation for this 
statement. 

INEFFICACY AND INJURY O F  CHENICAL PRESERVATIVES. 

Common salt, brine, boracic acid, tartaric acid, niter, sugar, burning sulphur and 
aromatics, boro-glyceride, limewater, shea or vegetable butter, powdered charcoal, 
flour, sawdust, or antiseptics, as well as forciiig under inechariical pressure chemical 
solutions into fresh fish, alikc fail to keep fish from decomposing when applied in the 
usual commercial proportions. Chemicals which preserve” fresh food injure diges- 
tion. Hence the employment of all such chemicals in fresh food should be illegal. 

The medical and chemical professions should unanimously protest against the 
introduction of chemicals into fresh food. Of course salting, drying, curing, smoking, 
preserviiig in oil, pickles, vinegar, mustard, sugar, spices, alcohol, and other familiar 
methods of household cookery are not to be included in the term chemicals. Prac- 
tically, ‘Lpreservat,ives” like boric acid and a host of other public and secret methods 
are rarely used till the “fresh” food is more or less “on the go”; that is to say, till 
the first stage of decomposition has set in. This trade trick is an old dodge to hide 
the tainted taste of stale provisions. 

THE FAILURE O F  ICE AS A PRESERVATIVE AGENT. 

The thickness of fishes and oertain qualities of their skin cause slight variations 
in the freezing-poirlt of the difYerent kinds. The freezing-point of fish is a few degrees 
below that of water or the ordinary commercial ice a t  38 F., which, even were i t  used 
in large excess, could then only superficially and incompletely chill the exterior layers 
without practically affecting the temperature of the interior’of a thick fish’s body. In 
all conditions and circumstances ice spoils the freshness, firmness, and flavor of fish 
by rendering it, prior to putrefaction, insipid, soft, aud flabby. 

Supplying moisture, ice circulates the filth contained in the foul fish trunks. In 
the United Kingdom, by coasting vessels, fishiiig is seldom carried ou during Satur- 
day afternoon or on Sunday; fish caught on Friday night and often days previously, 
especially during con tinued storms, fogs, and calm,  could not reach Billingsgate till 
Monday morning, and the consumer late on Monday, when it  would never be less than 
three days old and often more. Trawlers sometimes stay out at sea for ten days or 
more at a time, icing their fish a5 they catch it, and only return to land their fish on the 
exhaustion of their supply of ice. Indeed, much of the best prime trawl-caught fish 
sold a t  Billingsgate is from 3 to 10 days old. The London fish trade alone is now 
(1889) sad to consume upwards of 1,000 tons daily of ice during the summer months. 

(1889) average wholesale winter or minimum price of rough artificial ice is as low as 
11s. the ton when purchased in quantities of 2 tons or more, and the average price of 
artificial ice in winter bought by the smaller fishmongers a,nd costermongers is 1s. the 
cwt., or at the rate of 51 the ton. Even in winter, in London the price of natural 
Norwegian ice is often 51 10s. the ton, which is popular in IUillingsgate and other fish 
markets, where also.actually orushed natural ice at Is. 9d. the cwt., or &l 15s. the ton, 
is customary. Being imported from the metropolis, ice in most fishing districts is, 

Ice is an expensive, bulky, rapidly perishable, wasteful product. The present , 
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again, much dearer than in London. C’ompared mith the wiiiter prices, during t h e  
summer months, wheii ice is most used and most wssteful, it is much dearer-some- 
times by 50 per cent. 

Experience seems to show that tllo gravest casos of fish poisoning arise more 
couimonly from eating fish which has beon iced than from eating fish kept naturally 
cool and dry. Where fish is iced it appears that  the iue only bvors putrefaction by 
furnishing a constant supply of moisture carrying witli it the putrefactive bacteria 
derived from its foul surroundings, so that this iced fish remains covered with fresh 
solutions of filth preguant with putrefactive bacteria. Thus large quantities of those 
subtle complex bodies, the animal alkaloids or ptomaiiies, are probably elaborated and 
give rise to marked symptoms of poisoning which sometimes occur from eating iced 
fish. On the other hand, keeping fish dry and cool call in no way favor putrefaction. 
And although here cases of poisoning may happen, yet, as far as I can gather, the 
symptoms are much less serious and go off Sooner, the toxic or poisonous eEectb being 
usually confined to a passing attack of vomiting aud diarrhea; whilst in the case of 
iced fish the vomiting and diarrhea may be less marked, though the other symptoms 
may be much more profound and lasting, and sometimes even fatal. 

THE ADVANTAGES OF DRY-AIR REFRIGERATION. 

Apart from its present high prices, fish is but comparatively little eaten in the 
United Kingdom, because it seldom reaches the consumer until it is more or less spoilt, 
whilst English meat is usually of excellent quality and condition. 

To obtain an imperishable, cheap, healthy, and abundant supply of fish food, it is 
necessary to bleed, gut, and clean the fish a t  once on capture, end forthwith transfer 
it to the dry-cold-air refrigerator chambers of special steainers a t  the fishing-grounds. 
This hard-frozen fresh fish should be distributed to the fish markets, wharves, and 
stores situated on canals and rivers by dry-air refrigerator barges, or insulated 
covered barges for shorter distances, whilst seaport towlls could receive the fish direct 
from the refrigerator stea,mers, as well as towns like London having wide and deep 
rivers. As far 8s possiblo all railways should be avoided. In  the United Kingdom 
their extortionate rates for the carriago of fish have oppressed the fish trades to the 
special injury of the poor. However, if frozen fish has to be sent long distances by 
rail to towns unprovided with canals, rivers, or lakes, as in some of the American 
cities, then special refrigerator railway fish cars are advisable. 

Fresh food is kept imperishable and healthy orlly by regulating the temperature 
80 that the bacteria of putrefaction and their complex products can not exist. Vege- 
table and animal foods a t  low temperatures remain imperishable, provided always 
that all available moisture is excluded. Metit, game, poultry, and fish must be 
thoroughly bled before blood-clotting, then gutted and cleaned. Before being artifi- 
cially cooled or refrigerated, flesh must gradually giveup its animal heat, its excess of 
moisture, and complete the rigor mortis. In  arctio climates killed animals, if nubled 
and ungutted and not previously gradually cooled, may be hard frozen outside and 
putrid internally. Thus, much refrigerated meat, etc., have been spoilt by omitting 
to let off the excess of its animal heat and its rigor mortis (“setting” or ‘6 firming” in 
meat, ( I  stiffening” in fish) prior to artificial Cooling 01‘ refrigeration. 

In Russia11 winters fish is naturally frozen for months, and is sawn for the-retail 
Customer, Fish is kept frozen naturally by tbe dry, cold winter air, in the Hudson 
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Bay territories, in the elevated regions of Thibet, and in Arctic winter climates 
generally. The frozen-meat ships, for a forty-five days’ passage from London to New 
Zealand, keep fish frozen for their passengers’ food, though usually omitting to have 
such fish previously bled and gutted. For years the Hudson Bay Company shipped 
frozen salmon (though unbled and ungutted) to London, Australia, New Zealand, etc., 
but now the Canadians find that it pays them better to  deal with the United States. 
Frozen salmon brought from Labrador in the screw steamer Diana kept good for 200 
days, whilst in the Canadian Court of the 1883 London Fisheries Exhibition, frozen 
salmon after eighteen months of such treatment was found to  be excellent eating. 
A frozen-fish trade is carried on between Senegambia, in West Ahica, and Marseilles. 

By means of a mixture of ice arid salt a large, remunerative trade in hard-frozen 
fresh fish ha8s long been successfully conducted in the United States, where refrigerator 
steamers fetch fresh fish from the fishing-grounds, freeze it hard, store it as long as 
required in specially constructed insulated refrigerator wharves and warehouses, and, 
when necessary, deliver it frozen in specially constructed fish refrigerator railway 
cars to inland distant districts unprovided with canals, rivers, or lakes. However, 
this salt and ice process is much dearer than the dry-cold-air methods. 

By the introduction of frozen fish, both the fishermen and the fish-venders them- 
selves will be great gainers, as with an extended commerce they will cease t o  deal in 
a perishable product, and also no longer require to waste their money on ice. In time 
every large town or district will require its own refrigerator stores or depots where 
both frozen fish and meat could be preserved to supply the local traders, mho would 
thus never have to suffer pecuniary loss from overstocking with perishable food. 

Excluding the wholesale fresh salmon trade, almost a monopoly, I estimate that, 
including all freights, costs, and charges, the wholesale selling price of fresh fish in 
the markets of the United Eingdom now (1889) already exceeds XJ5,500,000 a year. 
But by judiciously pushing and developing the dry-air frozen fresh-fish trades this 
wholesale commerce for home and export consumption could in a few years be made 
to exceed ~100,000,000 a year. It would be a national disaster if foreign competition 
were to secure such a trade, which, in addition to its financial aspect, includes the 
best school in which to  train sailors for our navy, a fact long recognized by the Dutch 
and French. 

The poor are naturally puzzled, perplexed, and frightened a t  the present ever 
varying and fluctuating prices of the same kind of fish under the existing wasteful 
fish-destroying systems; this is another reason why they will welcome the advent of 
frozen fish. The total supply of frozen fish will be quite independent of local fogs, 
storms, calms, and the catch of the preceding twenky-four hours. Frozen fiah should 
therefore remain all through the year at  constant prices. 

THE APPLICATION O F  REFRIGERATION TO BAIT PRESERVATION. 

The scarcity and high price of bait a t  times can doubtless be largely overcome 
through the use of refrigerators on vessels and on shore. Whether fish and other 
aquatic animals are to be eaten by man or preserved as bait with which to catch fish, 
the methods of .preserving such animal tissue must be scientifically and industrially 
the same, Hence, upon the lines I have already explained, dry-air refrigeration is the 
only rational, reasonable, aiid ecouomical plan to preserve fish baits. Therefore, except 
dry cold air, all chemical or other antiseptics, as used in the diluted proportions practi- 
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cable, have and will always Bil, as foreign and home investigations and experiments 
have conclusively demonstrated. 

Where bait has to be used alive, then i t  must be preserved in the same manner 
previously herein advocated. 

One of the many useful trade functions to be fulfilled by the proposed free tech. 
nical schools, would be instructions how at  all times to provide abundant cheap bait 
for fisherfolks, who are now often unable to go out fishing because of fresh-bait fam- 
ines. This is another avoidable factor tending to make our present fish supply dear, 
scarce, and bad, whilst inflictiug an avoidable though severe loss upon too many of 
our impoverished fisherfolks and their families. 

DRY-AIR REFRIGERATORS FOR VESSELS, MARKETS, ETC. 

It is only quite recently that the dry-air machinery for ships, wharves, ware- 
houses, and railway cars has been sufficiently perfected to work well, cheaply, and 
regularly, so as to be commercially remnnerative. Hence the first losses of the earlier 
introducers of the frozen-food trades are now avoidable. It is to be expected that in 
the near future further improvements in the economy and efficiency of the frozen-food 
trades will be introduced, though already, a t  home and abroad, several rival plans 
and patents compete for business. Setting aside minor details, the best processes for 
food freezing .may be thus briefly summarized. The average teniperature of the cold 
air in the special ships and storehouses is turned on a t  700 to 800 below the zero of 
Fahrenheit, or upwards of 1000 F. of frost. For meat the cold in these refrigerator 
chambers can be accurately regulated by the machinery, which usually keeps the 
chamber a t  160 to 220 F., though in the case of fish a less amount of cold is necessary. 
For this purpose the air to be cooled is so greatly cornpressed that i tq  temperature 
becomes elevated to about 2400 F. The heated air then passes through a long series 
of pipes, surrounded by cold water, which absorbs the heat of the compressed air, 
bringing this air down t o  the temperature of the cool water. This air is next let into 
another vessel surrourided with cold air, where it deposits all its moisture, for it is 
essential that the air for freezing food should be freed from every trace of water or 
moisture. By this t ime the doctored and dried ,air has become cooled to about 700 
I?., when it is suddenly and rapidly expanded, and thereby becomes so intensely cold 
that the air passes out of the machine at a temperature between 700 and 800 below 
zero, Fahrenheit, or upwards of 100 degrees of frost. This dry cold air circulates 
through the refrigerator chambers, and afterwards returns to the coinpressor macliin- 
cry, to be again further dried and cooled down to 700 or 800 below zero. 

The refrigerator chambers have walls, floors, and ceilings, composed of several 
layers of nonconducting or insulating materials, generally charcoal, with specially 
Constructed massive insulated doors, so as to hermetically seal tho refrigerator com- 
partments. 

Some frozen meat removed from the refrigerator ship Tuinud to a covered insulated 
barge maintained 30 of frost after 65 hours, a1t;hough after the first 24 hours had ' 
elapsed about half the frozen carcasses were withdrawn. 

For carrying fish from the fishing fleets a t  the fishing-grounds, specially con- 
structed coal-saving refrigerator swift steel steamers, of about 200 to 300 tons each, 
Would be advisable. The present frozen-meat ships have chambers insulated with 
thick layers of charcoal, though peat moss would be more economical and efficient, 

Eere the substitution of peat moss for charcoal would be an economy. 
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whilst in case of repairs from accidents, peat moss is much cleaner and weighs less 
than charcoal. In storing hard.frozen tish, as far as practicable leave an air space 
around each big fish, whilst large valnable fish, like meat carcasses, are best kept clean 
and undamaged by a separate canvas shirt or sack. Small fish can be packed in layers 
of peat moss. 

REQUIREMENTS FOR A SANITARY FISH MARKET. 

It is essential that  the entire preniises used for fish-storing should be constructed 
of glazed, polished, or enameled, level-faced, nonabsorbent, non-porous structures and 
materials; marble, granite, or artificial stones,” highly polished; glazed bricks or 
glazed tiles; stout, hard, smooth glass; enameled slate or enameled metals for walls, 
ceilings, fittings, and fish slabs. Fish markets rlhould have roofs of glass and metal 
only. Supports for the stands can be made of highly-polished or enameled metal, 
best circular or tubular in form, so as to avoid edges, ridges, and corners, which act 
as traps or dust bins to collect dirt and dust and breed therein contagious putrefactive 
bacteria to spoil unspoilt fish. The flool ing or pavement should be even, non-porous, 
non-absorbent, hard, but not too slippery. In public markets a good gradient or fall 
towards the gutters and outlets is necessary for cleansing and disinfecting purposes. 

To exclude contagious putrefactive bacteria, absolute cleanliness, dryness, and 
low temperature are imperative. If fish were bled before blood-clotting, immediately 
gutted, cleaned inside and outside with abundant water, especially sea water, and 
then dry-cold-air refrigerated, these processes would dispense with the expense of ice 
and disinfectants. Ungutted fish degrades a fish market or fish shop into an offal or 
filth store. It is as unjustifiable an abomination as an l C  uncleaned ” or ungutted meat 
carcass, which no ‘‘ butcher 77 would tolerate in his shop. By butcher I mean meat 
vender? who always keeps his slaughter and offal house apart and away from his shop. 
Fishmongers and fish salesmen should do likewise. 

Besides the avoidable Billingsgate bouquet, the number of flies and blue-bottles 
in warm weather found in fish stores often roughly indicate the amount of avoidable 
filth and decdmposing fish stored i n  and about the premise& The penetrating odor 
of bad fish and fish refuse usually prevents the fishmonger being able to let off profit- 
ably, if a t  all, the upper unused parts of his house. Being a local nuisance to the 
immediate neighbors, some landlords decline to let to fishmongers, while other landlords 
make many a poor fishmonger pay increased rent, which entails increased rates and 
taxes on the struggling tenant. 

For economical advantages cold dry air and electric light are used in many large 
wholesale meat stores and shops. Such conditions are alike applicable for storing fish 
at sea or on land. The burning of gas evolves moisture, heat, and carbonic acid, 
besides some carbonic oxide, sulphurous acid, sulphureted hydrogen, ammonia, etc., 
which in crowded market-places, added to the impure products given off by continual 
excessive respiration and perspiration, contaminate and vitiate a limited supply 
of air, especially damp air and fogs. These, together with the dirt brought in from 
the streets and stables sticking to the boots of the market crowds, which mud and filth 
necessarily adheres to its pavement, are all united conditions and circunistances fur- 
ther favoring the rapid decomposition of unspoilt, spoiling, and spoilt fish. Hence to 
diminish these evils large public fish markets should be supplied with electric light. 
Gafs should be in readiness in event of the electric light being out of order or during 
tlle engineer’s accidental absence, etc. 
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’ UTILIZATION 03’ WASTE FISH AND PISH 1’RODUOTS. 

The alarming, augmenting, and avoidable waste of fish aud of products made or 
derivable froin fish and fish refuse, together with the waste of immature and of unsal- 
able fish, are questions of national importance. Confirmed by chronic conventional 
careless custom, these causes combined increase the cost and charges paid for by 
tlie consumer and inflict a cruel commercial loss upon the fish-catchers. In trawling, 
t)he net is often brought up without containing a single salable fish. Whether the 
unsalable fish amounts to BO or BOO per cent, or even more, as compared with the 
salable fish is a subject upon which fishermen are proverbially reticent. When they 
do give information on this point their evidence is so opposite aiid contradictory that 
the solution of this topic is not thereby advanced. However, when coasting smacks 
unavoidably catch nothing better than immature and other unmarketable fish, under 
a rational economic system t,his fish should be used,iip for the rnanufaoture of waste 
products, which in the United States of America represent upwards of 14 per cent of 
the total value of their fisheries. Excluding Dhe waste of immature and unmarketable 
fish, 1 estimate that upwards of &2,156,900 a year is wasted in the United Kingdom 
by omitting to work up the waste products of fish after the American methods. 

Owing to pressure and other causes, almost all fish caught in the nets are either 
dying or dead before they are landed into the macks. British fishermen frequently 
throw immature and unsalable fish and fish refuse into the sea. From time imme- 
morial the Chinese and Japanese have profitably worked up and economized the waste 
products of fish. The Americans boil fish to extract tlie oil useless for inanure,wliile 
the bones are made into glue and other cominercial products, and the remainder is 
used a8 manure. The Americans bone and skin their codfish and pack it in tins j 
while thus making a higher-priced article, they derive extra profit by working up the . 
skins and bones for by-products. 

In the United Kingdom valuable waste products derivable from fish refuse are 
usually ignored in every household. Excellent stock or basis for soups can be made 
from the heads, bones, skins of fish, and of filleted fish, a familiar economy in China, 
where to make gelatine soup even sharks’ fins often fetch thirteen pence a pound, 
Tho fins of sharks, rays, and dogfish yield good isinglass-a product universally neg- 
lected by our fishermen. A bread of fish “flour” is popular in some countries. 
English rays are imported into France for meking soup; bone earth from fish refuse 
for manure; albumen from fish blood. A “mea;t” extract is made from fish; it has 
no fishy flavor and is alleged to be better and cheaper than beef extracts. This 
fish extract mixed up with pea food, flavored with herbs and salt, malres a good food 
Sausage. Herring meal, mixed with starchy food, affords an economical and excellent 
food for cows, without giving any fishy flavor to their milk. In some foreign countries 
domestic animals and poultry are fatteiled 011 fish. 

The heads, fins, entraiIs, blood, etc., give good guano. The skins and bones of 
fish supply strong adhesive cement, The dried skins of the shark, dogfish, ray, etc., 
are useful for polishing wood and ivory, and in Egypt serve for the soles of shoes. 
These fish skins mrnish a kind of leather called shagreen. The dried skins of flatfish 
Cali be used for gloves, for “leather” purses, for clarifying coffee, as a substitute for 
isinglass, and for artificial baits. The Chinese use painted and varnished fish skins as 
ornamental lanterns. In  Japan, wax is m:de from the skins aiid intestines of fish. 
Eel skins serve for whip thongs, and when dressed and dried make braces. In  America, 

B. c. u. 1883-20 
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cusk and torsk skins have been patented for shoe leather. Siberian peasants clean, 
stretch, and dry the skin of the fresh-water burbot for leather bags and as a substitute 
for glass window panes. In some parts of Asia the tanned salmon skin supplies a 
prettily marked scale-like leather and ray skins D good imitation of morocco. Sham 
porpoise leather is made from the skins of the seal, walrus, and white whale. The 
American whitefish yield large good upper leather. India ink is obtained from the 
cuttle or sepia fish. The mullet’s roe provides the botargo of Italy and is an ingredient 
in Indian curries. Besides the sturgeon, the roes of many other fish furnish caviares. 

On capturing fish, the fishermen should squeeze the ripe roes and milts of the same 
species of fish into a clean bucket of fresh sea water. Thus fertilization of the eggs 
would be cheaply secured. The bucket would then have its contents returned into 

. the ocean. By technical education, as soon as the fisherfolks realized the advantages 
of thus adding largely to their mariue animal populations, it  is to be anticipated that 
such ready and rapid egg fertilization might in time become a usual practice. Espe- , 

cially about the middle of February the decks of boats where codfish are killed are 
actually milk-white with cod spawn, which should be used for artificially rearing cod- 
fish, as in Norway. Russian scientists have been specially successful in rearing fish 
from the roes of’ recently dead male and female fish. 

Mussels, one of the best baits for Rea fish, have often been deRtroyed to serve as 
a cheap manure. 

Oyster shells are reported to make good “metal” for roads, and have been used 
to fill up the foundations of buildiiigs and railway embankments; also as ballast for 
vessels, manure, food for poultry, and as lime in certain cements. However, oyster 
shells are most profitably employed in the cultivated oyster farms, so that the oyster 
spat or eggs can attach themselves to the ready-made attractive home of the old 
oyster shell. It 
is said that from these shells the ancient Japanese formerly made luminous pictures 
to appear a t  night time, and which mysteriously disappeared during daylight. I am 
informed that this is one of the many lost arts of past history, and, like that of manu- 
facturing the famous Tyrian purple from the murex or purple-snail, has unfortunately 
been allowed to die out, perhaps because aniline dyes are cheaper. 

’ 

In Russia a brilliant white-wash paint is made from oyster shells. 

FREE TECHNICAL SCHOOLS FOR FISHERFOLKS. 

Occasional trade or technical free educational end training schools for fishermen, 
fisherfolks, and fish-curers should be provided by the legislature in suitable situations. 
These schools would be a national economy and prevent or cheek wasting fish food 
and fish products, tending thus to  diminish the price of fish to the consumer, and 
remove much of the fisherfolks’ chronic financial distress. Fish would soon become il 
uniformly fresh, hedthy, cheap, abundant food, and, being sold in a frozen condition, 
it would practically be an imperishable article, as I shall subsequently show. 

Within the last twenty years the construction of fishing boats has much improved, 
as well as the appliances for catching fish. Since about 1850 the varied combined 
applications of chemistry, engineering, and mechauics have rgvolutionized and 
advanced agriculture. Nevertheless the average fisherman of the United Kingdom 
seems generally to be a mere primitive fish-catcher, like the savage of present and 
bygone times, ignorant how to treat and store caught fish. This is not the fault of 
the British fisherman, but is owing to his political and social misery and misfortune. 
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In fishing districts and villages he has no opportunities afforded hiin to learn the practi- 
cal teclinical rudiments of his own calling, any more than his means would enable him 
to study physiology, zoology, chemistry, and mechanics a t  the distant universities. 

As regards the first expe rimental technical free scliool for fisherfolks, soiiie suit- 
able site or sites in or near Brighton appear to be one of the most desirable localities 
in England. I ts  vicinity to the harbors of Newhaven and Slioreham (whilst at least 
one of its piers could be transformed iiito R good fish market), its own resident popu- 
lation of upwards of 150,000 persons, its unequaled, easy, aiid cheap approach by rail 
or road to London, preEminently recommend Brighton as a fit center for training 
and educating fisherfolks and fish-curers. The Brighton aquarium-built, as I am 
informed, a t  an expense of upwards of &130,000, and being the largest in the king- 
dom-offers unequaled opportunities for the study and observation of living aquatic 
animals, including experimental art,ificial fish-hatching. The Brighton Museuiii con- 
tains already iiumerous appropriate marine specimoiis, whilst its adjoining free public 
library and reading rooms would afford tecliiiical facilities. 

The legislature should supply some suitable steam trawlers of about 200 to 300 
tons each, with dry-air refrigerator machinery fitted with dry-air stores, to be at the 
disposal of' the proposed Fisherfolks' Free Technical School. Thus fisherfolks, includ- 
ing fish-curers, could be practically taught and trained at  sea the varied work of their 
callings. A t  least one vessel arranged for carrying on practical industrial technical 
laboratory work in reference to live-fish preservation, fish-hatching, dredging for 
ma,rine specimens, and allied topics should be also provided a!t!ld equipped by the leg- 
islature. Such a vessel, by means of electric lights and divers, might obtain much 
valuable information as to many marine problems,connected with the food, habits, aiid 
breeding of marine animals. 

In reference to these subjects and investigations, a t  a truly trifling cost, the 
Stationary light-house ships would often make admirable marine laboratories where 
fi~herfollzs could learn many useful matters. The proposed Fisherfollis' Free Tech- 
uical Schools for the United Kingdom, acting in cooperation with the Marine Biologi- 
cal Associations, with the Scottish arid Irish Fishery Boards, and similar institutions, 
Would, doubtless, with sufficient funds, do great and good work, so as to improve, 
increase, and cheapen the -tis11 supply and to commercially develop the now decaying 
fishiug trades and industries of the United Kingdom, India, and our colonies. 

Among the lines of study and practical instruction suggestNed for the curriculum 
of the training schools, are the following: 

1. Course in swimming, floating, diving; resuscitation of appareutly drowned 
Persons; best, meam to extinguish fire and to save life froiri suffocstion, burns, and 
scalds; the use of life-saving appar;ttus; the use of oil in rough, stormy seas. 

2. The management, breeding, and training of carrier pigeoiis for postal purposes 
between sea and land, to save life and property :uid for commercial purposes. 

3. The inanufacture, preservation, drying, and mending of fishing appliances; the 
repairing of sails, oars, boats, slid vessels a t  sea, in harbor, and on shore; the use of 
signals, lights, buoys, fog-horns, etc. 

4. The preservation of fish at sea, by inimediate bleeding, gutthig, and washing; 
the treatment and utilization on board ship of fish refuse; dry-air refrigeration; pack- 
illg; cleanliness and inspection of' fisliiiig vessels ; pruservstion and tra>nsportstion of 
live fish ;4nd other aquatic animals for food and bait, 

. 
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6. Elementary practical teaching of deep-sea dredging and specimen collecting; 
sounding, to determine nature of sea bottom and probable cheraoter of fish; use of 
collecting tanks for live and miiseum specimens; preservation of fish snd other 
aquatic aniinals and plaiits for local museums; observations of the habits and growth 
of fishes, etc., in nature and in aquaria. 

G. Preparation of fish by drying, smoking, salting, canning, etc.; preparation of 
oils, extracts, fish meal, manures, etc.; cooking of fish; determination of edible quali- 
ties of fishery products now little used or neglected. 

7. Fish-culture; mutual relations of inland fishing, farming, and forestry ; studies 
of methods in other countries. 

8. Storing, transportation, and distribution of fish ; coiistruction of fish markets, 
stores, vehicles ; construction of refrigerators, refrigerator cars. 

9. Comparative rudimentary anatomy and physiology of typical aquatic aiiimals 
and plants; their diseases and perasites. ' 

10. Consideration of questions concerning the fisheries. 
11. Fish inspection ; naked eye, chemical and microscopical detection of nnwhole- 

' 

some fish; detection of trade frauds, substitutions, and adulteratioris. 

CARRIER-PIGEON AND TELEGRAPHIC SERVICE FOR THE SEA FISHERIES. 

Fishing fleets should signal by ineaIis of carrier 3igeous for the refrigerator stesm- 
ers to come out from the harbors to remove the catch. These carrier pigeons, dis- 
patched at intervals, especially if repeated to allow for accidents, would be useful to 
the smacks in case of accident and distress, and could also be einployed by the fisher- 
men to send messages, weighing up to 2 ounces, to the steamers, as giving orders 
to bring out any articles required by the fishermen, including food, medicines, fishing 
nets, tackle, bait, and other requisites. 

Alighting on the platform of the pigeon-house, connected with an electric bell for 
day and uncovering' a colored light for night work, the pigeon announces its own 
arrival. A t  a trifling cost fishermen and sailors would soon learu to train and breed. 
these carrier pigeons. After a while, probably, 110 fishing smack would put to sea 
without a few carrier pigeons. 

To effectively encourage fishermen to carefully and extensively rear, train, and 
breed these carrier pigeons, theadmiralty and the Board of Trade should offer a series 
of local prizes for the best birds a t  the various fishing districts and villages of the 
United Kingdom, in which contests the local coastguards and naval reserve *should be 
allowed also to compete. 

Night and day, along the chief Norwegian fishing fiords and grounds, special 
local telegrams inform the fishing fleetk as to the location, the probable destination, 
and expected time of arrival of observed shoals of fish. Doubtless much might be 
done on our own coasts by combining and collecting information for telegraphic pnr- 
poses brought by these carrier pigeons as to the probable course of various migratory 
shoals of fish. -Like the Chinese, the Norwegians, through centuries of acquired 

observation, are shrewd, trained experts in noticing the habits of fish. In  1888, while 
visiting the Norwegian fishing towns from Christiauia to the North Cape and back, I 
was informed that the Norwegian Government gratuitously circulated these trade 
messages for the benefit and advantage of Lheir fishermen. The Government of the 
United Kingdom should iuitiate similar plan6 011 behalf of our neglected fishermen, as, 
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setting aside the just claims of our brave fishermen for such trade information, this 
would also cheapen fish and thus relieve some of the burdens of tax-payers.” 

Telegraphic cominunication between the light-houses and light-house ships and 
the shore is of inestimable value in case of many shipwrecks as well as for sea-fishery 
observations. 

OVERFISHING BY MAN, BIRDS, AND FISH. 

In  1376 P:~rliament was petitioned to stop, by immediate legislative interference, 
the iucreasing daalage done by alleged excessive local sea-fishing by British fisher- 
men. This agitation arose against the further employment of a new engine or iiistrn 
ment, 6‘ conceitedly and cunningly contrived,” called a ‘6 wondy-chou~i,~~ which was 
accused of destroying the spawn of fish and the spat of oysters and mussels. Iiitro- 
duced.:bhout 1369, the ‘ 6  wondy-choun” was probably RU Xuglish invention of the original 
beain trawl or trail net for deep-sea fishing. The present successors of these four- 
teenth celrtury grievance-mongers. are \I-ell-meaning but ill-informed fish-trade quacks 
who publicly pose as the proinulgators of the so-styled “immature fish questions.” 
They ignore the eleinents of the natural history of marine fish life; they apparently 
Rnnctioii the eating of whitebait (a generic term for immature fish, chiefly herrings 
and sprsts); they raise no objection to  theuse of lobster eggs (though almost tasteless) 
iU sauces for fish; they permit the caviare or sturgeon-egg trade and the eating of the 
mes or eggs of herrings, cod, perch, pike, red mullet, etc. 

Daily &ea birds eat myriads of millions of fish eggs, of fish fry, of baby fidh, and of 
sexually immature fish, besides multitudes of the fatteat and finest mature table fish, 
Often filled with ripe roes. At  the mouths of salmon rivers sea gulls feast on salmon 
ilnd sea trout of all ages, from the egg upward. I11 every twenty-four hours these 
Iviiiged anglers probably do more injury to the sea fisheries than all the united fish- 
catchiiig engines and instruments of man in a whole century. Such evils are augmented 
and aggravated by these winged fish-poachers, feeding only upon the best food-fishes 
and eggs, leaving untouched predatory fish and their eggs, especially those of the dog  
fish and shark. An excess of ,sea birds would first exhaust and exterminate marine 
food-fishes. These hungry birds would next eat up the predatory flshes and their eggs 
and other fishes considered a t  present too coarse for table or market. Taken in time? 
man could restore the 4 6  balance in nature by destroying marine birds and their eggs, 
Sinking only when dying or dead, the living and fertilized eggs of most sea-water 
fish float about or near the surface. Hence deep-sea trawling can not injure such 
liviug floating eggs, but it does injure many aquatic plants a t  the sea’s bottom, on 
which certain fish feed. 

Marine food-fishes are preyed upon by birds and predatory fishes, including the 
ever hungry dogfish and shark tribes. Troops of dogfish will encircle and devour 
SbalR of herrings, whiting, haddock, young cod, etc. To protect our marine food- 
fishes, the extermination of the dogfish and shark species is advisable. The bodies 
of dogfishes ’nnd sharks yield commercisl fish-oils. Their skeletons are rich in phos- 

“A fisheries iritoIligence service, such as is here referred to, has beon in operation in the various 
It is maintained by the Government nt the 

remarkably low annual oxpenditnre of $2,000. It has proved of much bcnefit to the boat and vessel 
fishf2rriieii of Canada, and would doubtloss be of equally great value to all other countrice having 
unPortant coast fisheries.-HuaIr M. SMITH. 

’ 

---_ ___ _. ___ 

provinces of eastern Canada for several ycars. 
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phorous aiid lime, which, with their bodies, rich in nitrogen, worked u p  as fish flour, 
imke excellent agriculturd ~nanure. Their dried skius can be manufactured into 
leather for special purposes, or else be used to polisb wood and ivory. An excessive 
increase of predatory sea fishes might practically extinguish the marine food-fishes. 
Then the predatory S B ~  fish would be forced to devour their own eggs and youug. 
Especially when puslied for food, fish are cannibals. 

DEVELOPMENT O F  IRISH FISHERIES DEMANDED. 

The coast and inland fisheries of Ireland should be properly developed by parlia- 
nieutary grants and assistance. Ireland has a seacoast of 2,337 miles, and inland 
waters covering 574,887 acres? which supply chiefly a few salmon and eels. Neverthe- 
less Ireland, for home consumption, actually largely imports c u ~ e d  fish. Where Irish 
railways exist, their st:ttions arc generally distant from the harbors j the result is, 
much fish is spoiled, and the cost of distribution of that  which is saved is much 
enhanced. Besides refrigerator &ores on shore, Ireland requires dry-air refrigerator 
steamers €or its export fish trade, and refrigerator barges aud insulated covered barges 
for its inland navigable waters. 

. Probably no better ground exists for the artificial propagation and reazing of 
lobRters for comniercial purposes than the weat aud rocky coasts of Ireland. Oyster 
farming, such as is successfully carried on in Holland, Prance, and the United States 
of America, might also be attempted, by introducing young oysters into ponds and 
iuclosed areas of water in salt-marshy districts bordering on the seacoast, where the 
transplanted oysters can be bred and reared for market purposes. 

The pike, bleak, tench, and bastard carp thrive marvelously well, in number and 
size, in peat waters. This is a further source of wealtb, industry, and food for Ireland, 
whose almost universal peat-moss litter makes excellent packing for dry-air-frozen 
fish. 

The inland fisheries of Ireland at  a trifling primary outlay should be made sources 
of national wealth and industry. Many of the Irish inlarid waters would answer 
admirably for breeding the sole, the female often supplying from 100,000 to 200,000 
eggs at a time. The sole is justly considered the most digestible and palatable fish, 
and its flavor seems almost always accept;Lble. Unlike salmon, mackerel, whitiiig, 
eel, trout, cod, and other fish, including the herring, ths  palate even of the fastidious 
invalid does not get tired of the sole, which has also the merit of being cooked 
quickly and easily. I believe that, unless the sole is extensively artificially cultivated, 
within a comparatively short period it will become, as a food-fish, extinct. For reasons 
hitherto undiscovered, its already limited geographical area of natural production is 
gradually decreasing. In the battle of life and struggle for existence tho sole will 
dowly but surely die out unless largely reared and farmed by man. 

By gradual acclirnstization sea fish can thrive and breed in fresh weter if by 
degrees the proportions of saline matter be reduced to those of fresh water. Artifi- 
cially cultivated in Irish inland fresh waters, soles, bled prior to the clotting of their 
blood, gutted, well-washed in fresh flowing water, and then immediately hard-frozen 
in dry cold air, could be profitably exported in colossal quantities to England, Europe, 
America, and elsewhere. Probably the American sturgeon would thrive in Irjsh 
iuland waters, The American shad and alewife, both large herrings, which leave the 
sea to spawn in fresh water, should be experimuutolly iutroduced into Ireland. 
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BY J. LAWRENCE-HAMILTON, 
Member Royal College of Surgeons, London : Licentiate Royal College of Physicians, Edinburgh. 

DEPINITIO N8. 

(1) For practical purposes and for those of this paper ‘‘ fish ” includes aquatic 
and amphibinn animals generally, as well as their products used or capable of being 
used for food. 

( 2 )  Except where specially stated or implied, I here use the term ‘4 fish” to repre- 
sent food derived froni dead aquatic and aiuphibian animals. 

(3) Except where specially stated or implied, I here use the term “ fisherfolk” to 
include fish catchers, curers. salters, preservers, and fish vendors generally. 

BIBLICAL. 

Accepting the ascredited views of tlie aucient Egyptians, among whom as a quasi 
royal prince he Rpciit his early life, Moses considered certain kinds of “ fish ” and 
other foods as the producers of 6‘ leprosy.” The biblical leprosy evidently included 
alirlost every kind of skin disease and skin rashes generally. Hence Moses forbade 
the Jews to cat ‘4 fish 7, without fins and scales-oysters, shellfish, turtle, tortoise, etc. 

Like the ancient Egyptians, Moses also believed that neither ‘‘ fish 77-aquatic 
and ainphilniaii animals-nor insects and reptiles possessed any blood. Indeed these 
erroneous views seem to have not alone been indorsed by the rabbis who composed 
the Talmud, but even now by too many Jewish clergy a t  home and abroad, who are 
still alive. 

Wliilst Moses forbade the Jews eating hares, rabbits, pigs, and all creepiug ani- 
mals without wings, probably becsuso these foods were then supposed to produce 
“leprosy” or otlier diseases in man, nevertheless he allowed his peculiar people to eat 
flying, creeping things, including such dirty insects as beetles, locusts, scorpions, 
grasshoppers, etc. Indeed the mere touching or carrying of the carcass of any animal 
considered uriclean made the inan and his clothes unclean until the evening, and uiitil 
after he had thoronghly waslicd himself and his clothes. The Jews were also forbidden 
to sat the blood of beast or fowl. (See Leviticus, VII, XI, XIII, XIV.) 

HISTORIUAL. 

The subject of fish inspection early engaged the attention of our forefatliers. By 
a Statute of Edward I, dated 1372, 110 fishmonger was allowed to  water his fish more 
tllaii once. No fresh fish was to be kept in London beyond the second day from its 
Crtpture; nor was any bad fish to be sold. 

311 . 
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I u  1352 (6 Reynald atte Chambre brought in maliciously herrings and mackerel, 
corrupt and unwliolesorne for man,” for which the mayor and alderman put him in the 
pillory for six days, and burrit his fish beneath him, as was then the custom of the 
city of London in like cases. 

About the same time John Welburgham, who kept a fried-fish shop in Bread 
street, London, sold two pieces of cooked conger eel LLrotteu, stinking, and un- 
wholesome for man,” to four countrymen who went to dine at his house. They had 
the fish taken to Guilclhall. There a jury of cooks, good men and true, were sworn to 
smell the fish, and by their verdict Welburgham was put iuto the pillory and his stock 
of fish burnt under him. 

Compiled probably somewhere about 1419, or earlier, it was enacted by the Liber- 
Albup, that  “No fishmongers dmll be so daring as falsely to  dub their baskets, or to 
make a show of desirable fish a t  the top of the basket, and undesirable fish of little 
value beneath. On being attainted such a dubber ’ shall forfeit his fish to be burnt 
with fire in the Chepe-now Cheapside-in London. Such a dubber shall be held a 
cheat and imprisoned therefor.” 

In 1499, by 19 Henry VII, a trade search was made quarterly, or oftener as need 
should require, by the wardens of the Fishmongers’ Company, who were to perambu- 
late the whole city and suburbs for corrupt and unseasonable fish. The mayor for the 
time being was to punish and correct delinqueii ts  according to the laws and customs 
of the city. These laws were confirmed by the charter of James I in 1604 to the Fish- 
mongers’ Company. 

Officially printed in 1620, ‘6 The laws and markets ” of the city of London enacts 
that 6‘ no unwholesome or stale victual was to be sold; each offense to be punished 
by a penalty of 40 shillings md forfeiture of the victnal. 

The 1668 bylaws of the Fishmongers’ Company-which the company professzs to 
have religiously carried out from that ‘date to this-in its trade duties include the 
prevention of the sale of 66 overday” fish, that  is fish over a day or twenty-four hours 
old, by “ oavts ” hosts, innkeepers, or eating-house keepers within a radius of‘ 12 miles 
of Billingsgate market. If the company were to enforce this law, the sale or distribu- 
tion of bad fish in greater Loridon and in its markets would be impossible.. 

It appears that on January 14, 1685, by 16 Charles XI, the charters of the com- 
pany were surrendered, btit they were snbsequently restored and confirmed. 

FISH AND ClHOLERA. 

Unfortunately the present (September and October, 1893) outbreaks of cholera a t  
Grirnsby and at Hull (our largest fishing ports) further confirm the associationship of 
avoidable fishy filth and preventable diseases. 

On September 4, 1893, at Bradford, a fish-hawker (John Wahnsley) died, appar- 
ently from cholera. On September 8 he had obtained a coiisignmeiit of mussels from 
the cholera-infected port of Grimsby (Cleethorpes). 

At  Rotherham, 011 September G ,  Burnand died of clioler~, having oil September 
6 visited (hiinsby. 131: had beeii fishing the thy previous t o  his deatli. 

On September 8, at Doncaster, Hcpwortli, of Leeds, died ofcholera, having recently 
eaten oysters from Cleethorpes in the port of Grimsby. 

A t  Leicester, on September 10, a womaii living a t  a fish aiid oyster shop died in 
a few hours, apparently of Asiatic cholera. 
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On September 14, a t  Mansfield, Notts, the wife of a fishmonger named Coleman 
died within twenty-four hours, of cholera. 

In  spite of the weather becoming suddenly much cooler, on September 22,1893, at  
Newcastle, in its poor and crowded district of Byker, a fishhawker, Thurgate (or 
Stringate), died of Asiatic cholera, which he had previously fatally communicated to 
his friend and neighbor Platten. 

The cockles and mussels in and about Grimsby and Cleethorpes are stated to be 
more or less sewage-fed, from the filth of the great fish-trade center. 

Of all food trades the fishing populations are the most slovenly and dirty in their 
habits, overcrowded in their dwellings, ant1 therefore more prone to endemic as well 
as epidemic affections; for, though apart from the manner in which inoculation occurs, 
cholera, jail fever, virulent smallpox, t,yphoid, typhus, diphtheria, leprosy, and the 
“ plague,” etc., have been always associated with poverty and avoidable filth, of course 
unwholesome food and dirty surroundings diminish our resistance to these infectious 
diseases, against which a healthier, stronger condition, obtainable by superior san- 
itary social surroundings and good food, becomes i~iimune or free. 

When light is thrown upon the present state of Grimsby and 131211, fishing ports 
of great importance, we find that their sanitation is very imperfect, that the fish trade 
has remained in its old-fashioned unhygienic ways, and that poverty has increased 
owing to the .recent strikes. No wonder @at these ports should forin an apt nidus for 
disease. And, digressing for the moment, let me point out that  in ports like Hull and 
Grimsby not only should we be exercised in preventing the entry of a contagium viwum 
from a foreign infected port, but by internal sanitation, dealing with our food-refuse, 
secreta, etc., we should preveiit the origin of sporadic diseases. 

Taking for granted that specific bacteria have been latent or dormant, lb sporadic” 
disease suggests that local filt,li and other local causes are alone sufficient to produce 
and originate diqeitse, apparently without any direct infection by infected persons or 
by infected imported clothing, rags, etc. Unless this view be accepted there appears 
to be no reasonable or rational explanation of sporadic disease, as of. course in these 
Darwinian days of‘ evolution no sensible person believes in i1 spontaneous ” generation. 

It is probable that the cholera bacteria may have been introduced last yeit; or 
years ago into Grimsby or Hull, where the germs remained dormant till increasing 
filth and poverty, aiigmented by the recent local strikes, caused thc cholera bacteria 
to infect some of the people at these seaports. 

Whilst in strong, robust hoaltli, Pettenkoffer cxperimontally swallowed a lot of 
cholera bacteria, which practically caused him no inconvenience. Isad lie then been 
in ill-health this dose of cholera bacteria would probably have Billed him. 

No one can tell, therefore, that  last year or years ago the inhabitaiits of tliese 
places and of other unsanitary fishing towns have not had mild attacks of cholera. 

Tetanus, or “lock-jaw,” essentially a dirt disease, is always with us, yet the tetanus 
microbe can only thrive in the absence of air, a circumstance which, one would think, 
Would tend to have long since caused the extinction of tetanus. 

Especially in the United Kingdom, practically all our leading fishing districts are 
more or less “liealth ” resorts; thus, for all intents and purposes, Brighton is a rail- 
Way suburb of London. It is therefore evident that the healthy condition of our 
Seaports immediately concerns the inhabitants of our inland towns aiid districts. 

, 

’ 
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In the 1893 cholera epidemic many visitors to  Cleethorpes took cholera a t  this 

THE CHOLERA EPIDEMIC AT ST. PETERSBURG, PROM EATING BAD “FISH.” 

Doubtless, as the doctors declare, the long severe orthodox Russian church fast, 
which being in full force (December l G ,  1893) and will remain so up to Christmas, 
1893, has caused the poorer classes to eat bad (( fish,” producing intestinal disorders 
and increasing the winter abating cholera. It must be recollected that the exception- 
ally extreme mild winter weather has thawed the naturally frozen dead fish, making 
them dangerous food. The St. Petersburg, 1893, cholera epidemic had almost subsided 
till towards the middle of December., 1893, when a large number of soldiers and other 
people attended a colossal banquet at the winter palace on the occasion of the annual 
feast of the military order of St. George, which took place early in December, and 
subsequent to this several thousands of the guests who had eaten at  the f&e in the 
palace were attacked with cholera symptoms. 

Early in January, 1894, at a St. Petersburg Orphan Institute, arapidly spreading 
epidemic appeared, which within B week assailed 194 out of 200 inmates, or only 
spared 3 per cent of these residents. This attack was attrib uted to  the consumption 
of fish contaminated with cholera bacilli from infected water. 

Like the 1893 winter epidemic of cholera, a t  Nietleben, in Saxony, and confirmed 
by Professor Uffelmann’s laboro tory experiments, these united facts show the resist- 
ance of cholera bacilli to cold. 

seaside health resort and carried the disease to various inlaid towns and places. 

THE PLAGUE IN ASTRAKHAN. 

Astrakhan is the ceat of the sturgeon and its caviare industries, The following 
remarks quoted from m y  papers in the ‘‘ Practitioner77 of 1880, show how foul fish 
may cause filth ’7 fevers. 

During the winter of 1878 and 1879 the plague visited Astrakhan. Towards the 
latter half of November the real winter in Astrakhan begins, when its rivers are 
frozen over7 whilst the temperature is often some 100 RCIaumur below the freezing-point 
of water. In  Astrakhan province most of the people seem well to do, but a fearful 
want of cleanliness is here as strikingly characteristic as in other parts of Russia. In 
the city of Astrakhan most of the streets are without pavement. There are no fresh- 
water springs, and the water supply is drawn from the fouled branches of the Volga. 

The laborers employed in fish salting exist under very miserable conditions. In 
many places they dwell in cavities hollowed in the earth, or in caverns. The price of 
bread being beyond their means, they subsist chiefly 011 the leavings of the inferior 
parts of the prepared fish. Forrnerly Government rules enforced that the unused 
r einains of the prepared fish should be thrown directly into the water, but now these, 
collected and accumulated in Inasses, are left to rot in and about the banks of the 
rivers under the lieat of sometimes an almost tropical sun. Further, the vats used for 
salting fish are never properly and systematically cleancd. It is the custom merely to 
add more salt from time to time. The local atmosphere is further vitiated by many fat- 
boiling, fish-oils, blubber, isinglass, etc., works. 

During the five years preceding thc outbreak of plague in 1878, in Astrakhan, 
enteric fever, measles, and sl~lallpox had been epidemic, whilst scarlot fever raged in 
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1876 and 1877. Previous to  1873 the town of Astrakhau duriug the last twenty-two 
years had suffered nine epidemic attacks of cholera and three of enteric fever. 

Further statistics or observatious of the twelve years ending 1875 recorded only 
one birth for every 3G.5 persons, whilst one death took placo for every 21 inhabitants 
of Astrakhan. Or, in other words, owing to preventable diseases due to avoidable 
filth, the population of‘ Astrakhan would gradually become extinct were it not con- 
tinually recruited and iiioreased from external sources. 

SUDDEN SPORADIU DISEASES ON SHIPS AT SEA. 

On ships which have not touched land for months, when still a t  sea, if sporadic 
disease suddenly breaks out on board, this suggests overcrowding, dirt, putrefaction, 
iiifected drillking water, etc., with perhaps bad or so;tnty food plus privation, exhaus- 
tion, arid the like, consequent upon continued foul weather, accidents a t  sea, etc. 
Below deck a ship is a floating house or hospital where the bacteria of disease may 
long remain dormant, till enabled to infect increasingly debilitated people. 

Under favorable couditious and circumstances, where sufficient filth, heat, and 
moisture exist, there the latent, dormant, or passive germs of infectious disease are 
probably permanently present. These home-grown, indigenous, or endemic bacteria 
fortunately oiily occasionally assume the virulent aud active pathogenic types, which 
produce epidemics. 

In addition to the endemic forin of contagion of course there is also the spread of 
. infectioii by meam of infected persons, clothing, etc. Passive or active germs, like 

plants, seeds, spores, etc., or animals and their eggs, otc., can also be imported anh 
introduced as exotics or “f‘oreig~iers~~ from abroad. Hence, in rare cases, there may 
be in the same place a series of contagious epideiiiics caused cowjointly, alternately, or 
successively by tho actiou of home-growu bacteria and by imported foreign bacteria. 

FISH AND SPECIAL DISEASES. 

Fish, filth, and poverty have also beeu suspected of produoing such skin com- 
plaints as elepliaiitiasis and ichthyosis (fish-skin disease), besides causiiig beri-beri, a 
tropical disease characterized by anaDmi:+ paralysis, dropsies, dyspnea, etc. 

Decomposed enimal or vegetable inatter tends to propagate and circulate fever 
and disease. Fish putrefies quicker than meat, game, poultry, fruit or vegetables. 
Indeed fishermen tliemselves are so acutely alive to  the early rapid putrefaction of 
fish that an ancient mid still familiar naiiie for a Bind of rock or whitiiig pouter is the 
‘‘ stink-alive.” 

Of all our food industries, iioiie is so constantly and belligerently offensive as 
the proverbial fish and fish-oEal trades, as ;t visit to bacterhl Billingsgtte and its 
abominable colossal underground vaults will prove. 

HEREDITABY SUSUEPTIBILITIES TO “FILTH ” DISEASES. 

Recent history confirms that disease and death from (4 filth 7, fevers may beincreased 
by hereditary tendencies. H. R. H. the late prince consort, Prince Albert, is reported 
to have died frcin typhoid fever, probably produced by the filthy emmations from a 
dust bin, accideirtdly placed near his bedroom wi~idow. His son, H. R. 1%. the Prince 
of Wales, very nearly died of typhoid fever, caught whilst on a visit to a nobleiuan 
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wherethe drainage and sanitation were defective. His grandson, H. R. H. the Duke 
of Clarence, is reported to have died from eating oysters which had beeii contarniiiatecl 
by having lived in sewage-fed waters. 

WOUNDS CAUSED BY HANDLING FISH. 

These are often serious owing chiefly to an accidental dose of putrefact,ive matter 
getting into the sore, producing local whitlow or cellulitis, abscess, necrosis, loss of 
finger, or even fatal gangrene. The average fishennsn has never any remedies a t  hand 
at Rea, unless it be a quid of tobacco to put on tlie wound. 

Surgeons attached to the Mission to the Deep Sea Fishermen have noticed that, in 
spite of the usual health of these fishermen, wounds heal but slowly a t  sea. Whilst 
cleaning fish slight abrasions, punctures, and cuts from knives soon inflame, causing 
deep suppuration and great suffering. The poisoned wounds of such fisherman are 
generally irritated by salt water, which soaks through their bandages. 

Their putrefactive surroundings from decaying b b  fish seem to suggest that the 
putrefactive bacteria and products connected with the decomposition of ‘( fish ” ma$ 
account for the slowness wikh which fishermen recover from sea boils, salt-water 
gracks, and local injuries from the skin having been cut or torn. 

These injuries resemble the course of “ wound fevers 77 in armies during war, etc. 
I have quoted these instances to suggest a more intimate relationship between 

the effects of the prick or wound and the resulting inflammation tha’n has hitherto 
been supposed, and that these cases may point to a direct inoculation of putrefactive 
virus coiitained in foul ‘ 6  fishy surroundings. 

During October, 1892, at a coroner’s inquest upon a fish porter, it was shown by 
Dr. Rolf, of t&e London Hospital, that death was due to the rapid cellulitis and 
gangrene which followed froin the prick of a fish bone. 

In the British Medical Journal of July 0,1589, I called attention to the case of a 
woman, described by Dr. Buckell, where the patient pricked her tongue with a fish 
bone, and then was said to have inoculated the wouirtl with vaccine virus, owiiig to 
her having kissed her baby’s vaccine vesicle. Now, in this case the infiamiiiationof the 
tongue might just as well have been due to the poison of the wound by the fish bone. 

Again, rectal abscesa in inan is often due to a fish bone penetrating the local 
mucous menibraim Goodsall describes eighteen cases, and there are numerous otliers 
mentioned by writers at home and abroad. 

In  these examples, in like manner, inflammation may be due to wound-poisoning 
caused by the bone, and riot to the mere mechanical irritation excited by the foreign 
body, and the necessary contamination of the wound with the local excreta. 

In  some parts of the United States their oyster “fishermen” or dredgers, owing 
to being wounded by the shell of tlie oyster and the putrefactive poison derived from 
the decomposed “fish,” get ou their heads one or more large abscesses, usually situ- 
ated beneath their nail or nails. This aff’ection is described as a huge LLfelon,” or a 
kind of general paronychia or whitlow of the Iiands. The bones and tendons are often 
exposed, with possible loss of one or more fingers. The usual American treatment 
is deep and free lancing and improvement of the general health and surroundings of 
the patient. 

Old hands having‘ long manufactured dry mother-of-pearl, tortoise-shell, horn, 
ivory, bone, etc., are liable to impeded breathing, shortness of breath, or cougb, prob- 
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ably caused by breathing in the dry dust made in their business. In other instances 
the organic dust made by workers of mother-of-pearl, being absorbed into their lungs 
and thence into their blood, causes an affection a t  the end of their bones noar the 
joints, simulating the symptoms of acute rheumatism. Sometimes mother-of-pearl 
workers have had various bones, espegially those of the lower jaw, wrists, collar-bone, 
etc., attacked with severe periostitis, or iiiflamr!ia tion of tho bone’s external lining 
membrane. It is supposed that the mother-of-pearl dust contains traces of phos- 
phorus in the form of pliosphate of lime. 

In the United S,tiLtes i‘gurr”’ (or fish-offal) sores on the hands, wrists, and arms 
of its fishermen are comxnon. These wounds aro mused by the poisons, chiefly putre- 
factive, (lorived from fish-hooks, fish-pins, fish-scales, and from handling fish. Tliese 
rrgurry,7 sores aro mede worse by exposure to wet, extreme cold, or excessive heat, 
and often aggravated by dirt and poverty. 

“ PROFESSIONAL ” PUTREFACTIVE POISONING. 

In the ,Norwegian whale fisheries, after haviug driven the whales toward the shore, 
they are surrounded by a net, which prevents thein through fear returning to the 
deeper sea. The whales are iiext struck with prepared putrefactive-poisoiled harpoons. 
In about twenty-four hours sonie of the whales begin to exhibit sign of exhaustion, 
probably tlirough septic or suppurative poisoning, and are lienee readily captured. 
It is then found that the harpoons are imbedded in inasses of iiiflammatory gangren- 
ous tissue. These htwpoons are removed and carefully preserved without being wiped 
or cleaned, to be employed for the next shoal of whales, when they are again used, 
producing and repeating their septic or poisonous properties. 

The explai~ation of this rapid poisoning 5s due to the harpoons carrying with thein 
the genns or bacteria of an infective inflamma+ion and inoculating the whales by setting 
up infective or poisonous inflammation in the sanie way as spreading gangrene, fa td  . 
erysipelas, and child-bed fever. 

Nero and Domitian used special putrid preparations made from the sea hare 
(Aplysz’apuwtata), a kind of sea slug or snail, for secretly poisonjng their enemies. 
Similarly, some savages use dried putrid fish poisons for their arrows to kill men and 
animals. 

PUTREFAUTION. 

To satisfactorily study and intelligently underfitand the putrefactive procesSes of 
animal inafter it is sometimes necessary to compare the decomposition ofmeat, of game, 
of poultry, and of fish, and even also the decompositions which occur in living and in 
dead vegetable matters, including flowers. Hence I have cousidered it occasionally 
advisable to enter iiito the ooniparatiac ckeniistry and oontparcctive bio-chemistry of 
putrefactive processes which occur both in living and in deed men, animals sild phnts, 
without forgetting certain otlier facts bearing upon tlie question of natural food pres- 
ervation. 
. As a11 illustration of the power of putrefaction, even iu quantities which probably 
could not be weighed on even tho most delicately contrived balance in tho analytionl 
chemist’s laboratory, let us recollect what may take place in the “putrid” sting of a 
filth-feeding wasp. e Thus, during the siimnier of 1893, in various parts of the United 
Kingdom there wore several serious cases of poisoning, and sometimes fatal poisoning, 
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by stings of these apparently insignificant insects. Occasionally these stings produced 
a bright-red mottled rash, just like the rash which follows upon eating bad “fish,” 
especially shellfish, above all periwinkles and mussels, more or less ‘‘ ou the go ” or 
tainted, which bring many cases of suspcoted poisoning to the local medical man, who 
generally cures his patients with a prompt emetic and purge. 

While bees are vegetarians, wasps are filth-feeders, greedily devouring dirt and 
decomposed animal matter. Hence it is probable that fatal cases resulting from masp 
stings are caused, not by the acrid and the specific secretions of the wasp, but are due 
to the infuriated insect inoculating aecidentally ;L very minute dose of putrid poison. 

In  Exodus XXIII, 27, 28, Deuteronomy VII, 20, and Joshua XXIV, 12, we read of 
hornets being sent to drive out and destroy enemies. 

Prom time immemorial in Easterri countries the sting of the waq) or hornet was 
conaidered as venomous and deadly as oriental leprosy. 

m e  Tafrnnd declares that  the lion fears the mosquito, the elephant the gnat, and 
the scorpion the ichneumon fly. 

Without suffering from their stings, wasps am devoured by toads. 
The importance of  the question of putrid food will be readily appreciated when it 

is recollected that quite recently a well-known London modern medica1 writer h a  
bol‘dly st<ated that though you may eat and drink cholera, you can not possibly 
catch it.” Personally I believe that cholera is infectious, but that bad food and 
water may also communicate the disease. 

In  1548 Prof’. Virchow showed that the symptoms and anatomical changes caused 
by injecting putrefying fluids into the blood of anirnals most closely resembled cholera. 

Ancient physicians wisely assumed that there were both a status putridus and 
a febris putridus in foul fevers, and that all these infectious diseases contained a 
common putrid element. 

DOMXSTIC ANIMALS POISONED BY BAD PISH. 

Especially at the seaside, or near fish sliops and fish markets, dogs are particularly 
liable to putrefactive poisoning and choleraic conditions, more freyuen tly originating 
by their having eaten bad fish than from any other kinds of decomposed animal or 
vegetable matter. Because of their so readily vomiting unhealthy food, though prover- 
bially fond of fish, cats suffer much less than dogs. From time immemorial, in some 
oriental countries, at certain seasons, when fish is suspected to be specially poisonous, 
the natives feed suitable domestic animals on the fish, when, if 110 bad symptopls occur 
in the animals experimented upon, the people eat the fish. 

In man, but  for the fact that ‘: fresh aud cured” fish (i. e., aquatic and amphibian 
animals and their products used as food) produce in many cases immediate vomiting 
and diarrhcea, fish-poisoning would be practically universal. There are numerous 
diseases directly attributable to eating bad fish or neglecting to destroy its offal. I 
may mention, for instance, that domestic animals act as hosts to parasites, which 
attack some races of Northern Europe and Asia. The eggs of the parasites are 
propagated; these may dry and get distributed; or else dogs eat them and then pass 
them, thereby often contaminating local drinking-water supplies, etc. Tape-worms, 
and various other worms infecting man, hydatids, etc., are thus frequeii tly introduced, 
especially when men and animals drink out of the same vessels. I 
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TREATNENT OF BITES AND WOUNDS CAUSED BY HANDLING LIVING OR DEAD 
FISH, ETC. 

(1) Ammonia, as sal-volatile, smelling-salts, etc., or other available alkali should 
be immediately placed on the bite, sting, or wound. 

(2) Subsequently a little Condy's fluid (perniauganate of potash) should be poured 
on the wound, so that in case of the.anima1 inoculating any putrid matter into the 
patient, such poisonous material shall be at once disinfected and destroyed. 

(3) The immediate pain and itching from bites of animals seem due to something 
more than the mere acidity of a secretion. The pain and itching depend, probably, 
rather upon the iutroduction of some specific irritant, possibly distinct and pecnliax 
to almost every large class of insect and otlier animal. 

(4) Where practicable, especially owing to possible putrefactive properties, the 
sting, etc., should be extracted as soon as possible. 

(5) The same method of treatnieiit is equally applicable to  bites from domestic 
animals, the stings of serpents, and to various iiijuries caused by amphibian and 
aquatic animals, to which fishermen aiid sportsmen are liable. 

FOTJLED FISH AND FISHY FILTH. 

Offensive fish markets and fish shops, stationary or perainbulating costermongers, 
evidently come under tlie section of offensive trades, exposing the 'delinquent to a first 
penalty of a sun1 not exceeding ;E2, aud subsequeut couvictions may, even for a single 
ofi'ense, airiount to S200. 

The public health ships act (48 and 40 Victoria, 18S5) confirms section 110 of the 
1875 public health act, extendiug the powers so as to  bring ships within the jurisdic- 
tion of the local authority in which the ship is lying. This would evideutly include 
all fish-carrying vessels under the jurisdiction of the public-hedtli acts of England. 

By the 1890 public-health amendment act ihud the 1891 Loxidoii public-health act 
any solid or liquid article or anirnill iriteiided for the food of man, exposed for sale or 
deposited iti any place for the purpose of salo, or in 1)repamtiori for sale, may be seized 
and, if found diseased, unsound, unwholesome, or uufit for the food of man, the medical 
Officer of health, t,he inspector of nuisances, or their representatives, may seize, con- 
demn, aud destroy the said article or animal. For every such improper article exposed 
Or prepared €or sale, etc., the would-be vender or food-preparer seems liable to a fine 
of S50, or else a term of imprisonment not exceeding six months with or without hard 
labor. 

E'ishing ports or districts and fish shops, stores, and inarlxets are proverbial for 
their now avoidable abominable smells and worse sanitary arrangenieuts. 

Though from their earliest history the Norwegiaiis, immediately on capture, have 
always bled their fish by incisions just under aud behind the gills, yet British fisher- 
men have iiever generally adopted this practice, which, combiiied with gutting on 
capture and improved methods of curing, secured to tlie Dutch the practical monopoly 
of the fish trade of the world, between the fourteenth aiid eighteenth centuries. 

In the United Kingdom its fish venders consider it necessary to sell their fish 
looking full, fat, and round within, atlid wet without. Helice till the fisli is bought it 
is usually unbled and ungutted, whilst to make its skin and surface look bright and 
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met, it is kept artificially soaked.anc1 sodden with water or melting ice, or both. What 
butcher would so ill-treat his meat? 

Only after the fish is sold, the trade then gu t  the fish, which i s  already too stale 
to bleed, as the blood is mostly clotted and usually more or less decomposed. Their 
so-called cleaning, if aiiy, consists in placing the fish” in a small tub or pail con- 
taining a super-saturated solution of fishy filth aiid offal, reeking with almost every 
obtainable form of putrid bacteria, and the putrid products of parasitic worms and 
their eggs, etc. Fish costerluongers or itinerant fish-venders, frequently carry on this 
offensive trade a t  the very doors of their customers, a practice which ought to beillegal 
and punishable. 

Meat, etc., can not be successfully dressed near R foul gully, cesspool, drain, dung- 
bill, dust-bin or other receptacle containing putrefactive bacteria and their products. 

Fish decomposes with extraordinary rapidity, partly because its shorter, lighter, 
looser muscular fibers both contain more aud absorb additional moisture more readily 
and abundantly than is the case in the denser, longer, stronger muscular fibers found 
in meat, game, poultry, etc. 

‘ 

FISHY ODORS. 

An ancient Tuscan proverb accuses fish and guests of stinking from the third day, 
The filthy but frequent habit of our costermongers and itinerant fishmongers of 

dumping,? or depositing their fish offal ancl fish refuse on the road is pregnant with 
danger, especially during warm wet weather: In  1890 I published the fact that aroiiiid 
bacterial Billingsgate, if a street stone be removed :t horrid overpowering stench 
arises from the local foul festering fishy filth having supersaturated the soil. 

A Billingsgate fish salesman once said: 
The smell of fish in a market would permeate every part and room of the neighborhood for a 

quarter of a mile round. You can have no idea of the tentativeness uf the smell, and the peoplo 
would be poisoned. A short time ago I went to tho theater aud sat behind severrtl ladies. In about 
half an hour I heard, I‘ Dear me ! What a strong smell of sprats !” 

It is evident that in the theater this man iiiust have carried about with him the 
putrefactive bacteria of foul fish, which proved so offensive to the ladies in front of 
him. In other words, as soon as the heat and closeness of the theater made him 
warm and perspiring, then the fishy bacteria am1 their products gave out their piitre- 
factive characteristic odor. 

Shakespeare was familiar with the 4‘ very ancient and fish-like smell” of such 
putrefying matter. 

In 1888 whilst traveling from the North Cepe, in northern Norway, we visited for 
less than half an hour a local whale factory. On retfnrning to our steamer, wlii& was 
continually moving quickly southwards, nevertheless for about five days the off’ensive 
smells of the decomposing whale stuck to our boots, clothes, hands, etc. 

Passing nausea, sometimes accompanied by vomiting may be caused by merely 
smelling putrid fish aiid ‘ I  fish” offal. 

The public-health (London) act 1891, by section 21, paragraph 1, provides that 
“Where any trade, etc., causing effluvia is certified to be a nuisaiice, etc., (1) by the 
local medical officer of health, or (2) by any two legally qualified medical practition- 
ers, or (3) by any ten inhabitants of the district, and the complaint laid before the 
local sanitary authority, then such authority shall make a complaint to the local petty 



FOTJL FISH AND FILTH FEVERS. 32 1 

sessional court, which, unless i t  is ,shown that sucli person or trader has used the 
best priw,tical means to abate the nuisance, etc., preveu t or counteract the effluvia, tlie 
Iwrson or his representative so offending is liable to a fine not exceeding SfO. 

Uousult sections 35, 47, etc., of t-his 1891 act, and also the pnblic-health acts 
amendments act, 1890, sections 25-31 inclusive. Of course these acts apply to tis11 
Sliops or stores, public fish mayket, etc: 

The public healtll (London) act 1891, by sections 134 and 135, state tliet, where coin- 
plsiiit is m:i& to tlie loca,l government board, that ‘‘ the comiiiissioiiers of sewers 
have mltde default in executing and enforcing any provisions of this said act,” that 
then the local goveriiment board has the legal power to compel the said cornmis- 
sioners of sewers-i. e., the corporation of tlie city of London-to carry out the 
Saaitary and other provisions of tlie public health (London) act, 1891. 

If we can not expect,, tlieii at; least lct us hope, that public opinioii as well as the 
financial interests of the fisherfolk, fish-venders, and the local municipal authorities 
respoiisible for the clesuliners of 0111‘ public food-markets will themselves speedily put 
and keep tlieir own trading-places in good order and healthy conditions. If not, there 
is ample legal power under the various acts which 1 have already quoted, especially 
under provisions contained in the 1890 and the 1891 pnblic-health acts, to enforce the 
necessary remedies. By future legislation these remedies should be made strictly 
cofqmdsor?y npon‘the local sanitary authorities and no longer left to the optional action 
of more or less private individuals. 

LOCAL XEDICAL OFFICERS O F  HEALTK TO BE APPOINTED FOR LIFE. 

The we& and breaking point of the sanitary admiuistratioii of the United King 
doin is the unfair, uufortunate, and nncertaiu positioii of the local iiiedical officer of 
healtli, who is too often practically tlependerit aud depending upon the mere mqjority of 
the unpaid meinbers of the local munioip:tl body. 

The municipal body, though I)@rsoiially well ineaniug,” may be inore or less 
ignorant, iucoinpeteut, prejudiced, or impriwtical faddists-or worse still, one or more 
of its members may be directly or iiidirectly intcreste$l in defiance of public law and 
Public good, in uphol~lirig the very abuses and nuisances which tlie medical officer of 
health desires to extinguish. If, however, tlic whim of a bare mqjority of a munici- 
Pal body can deprive its medical officer of his position ant1 livelihood or make his 
oacial existence a continued misery and martyrdom, how can suoh a specialist and 
Scientist cerry out the official arid moral duties of his station as public local trustee of 
the health of his comniunityl! 

After election and appointment by tlie local municipal body, the medical officer 
of health should only be roniovable after being legally proved unfit at a bona-fide public 
inquiry, say, presided over by t i e  looal government board or other coiiipetent tribunal. 
Like judges, iringistrates, coroners, etc., the tenure of office by the local medical officer 
Of health shonld be for life, or else up to i t  certain age, with a pension to  retire upon. 

The public health (London) act, 1891, by its sections 82, 83,110, and 113, demands 
the local sanitary authority shall proVido all such acts, matters, and things 11s 

‘ l n a ~  be necessary for mitigating any disease, these powersextending to trading vessels 
lYhg in their local ports, rivers, waters, etc. The reinoval or prohibitioii of avoidable 
filth is, of course, included. 

, 

F. C. l3. 3893-21 
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STRIKES, POVERTY, FILTH, AND DISEASE. 

By lowering the local general health and means to obtain sufficient suitable food 
and healthy lodgings, added to excessively exhausting excitement, increasing privti- 
tioii aut1 augmenting poverty, caused by the receiit protracted colossal Hull strikr, 
may have indirectly contributed to the subsequent appearance of the cholera a t  the 
Humber ports. During the  strike the sanitary state of the city, especially in its 
poorer quarters, would necessarily liavc been more or less neglected. This means tltilt 
poverty favors the tendency to and opportuniby for local filth accumulations. 

The present frequent colossal British strikes are practically localized civil wars. 
Apart from the irrepiwable injuries whicc they inflict iipoii the capitalist, trade, 
strikers, and their depeudents, these strikes also tend to start local, if not general, 
disease throughout the Kingdom. (In the Times of April 9,1878, I showed the horrible 
diseases which follow war.) 

It appears that when these strikers and their families are practically starving or 
semi-starving, the local aiitliorities decline to give them relief, eveii though the trade 
uuions on which these poor people depend are apparently bankrupt, and when the 
sources of private charity are also dried up. Though probably no nation would iiow 
dream of going to war unless i t  had arranged a satisfa'ctory food supply uiidor :i commis- 
sariat, nevertheless strikers too ofteii commence their civil war without funds and food. 

Poi11 tish fostering filth fevers (which are alike avoidable by superior sauita tiou) 
is a lesson yet to be admitted, acknowledged, and appreciated by tlie general public, 
who probably has now to thauk the hitherto impenetrable igiiorance of its fisherfolk 
and fish-venders for the present (1893) iiivasion of cholera in tlie United Kingdom. 

Apparently the 1893 cholera epidemic was honae-grown or ho?lze-mccde, and chiefly 
caused by deficieut sanitation, due to avoidable local filth accumulations of animal 
matter in which decomposed fish and fish offal have been the principal factors. In 
those circumstances there is no reason to suppose that tho 1803 cholera epidemic was 
imported from abroad. 

'Instead of being disinfected by carbolic acid ;ind other falsely reputed specifics 
for destroyiibg putrid material, a11 bad fish ant1 fish offal should be burnt ap in 
suitably constructed f twna~es,  I shall again refer in detail to the importance of this 
subject, which hitherto has iiiifortiinstely been generally neglected by home and for- 
eign sanitary anthorities. Suffice it herc to say, that usually in our fish ceuters and 
iiiarlrets decomposed ti& is stacked and sprinklcd with a smdl  quantity of tlisinfec- 
tant, often carbolic acid, a,bsolutely insufficieiit to cancel a11 tlic injurious sEects, yet 
quite sufficient to destroy it for manure or other agricultural purposes. 

E'OTIL FISHING BOATS AND PISIT, BOXES. 

In the United Kingdom the too usual plan is, so long as the vessel keeps a t  sea, 
tliat all its catch is kept together for sale. This fish is unbled, ungutted, and uiicleaued. 
It is frequently bruised and daniagcd, and stacked in  siicli large mi%sses that the lower 
strata of fish suffer incredible injury. Arriving a t  tlic fish pier, beach, or station, 
it is again bruised aird banged :hotit iii foul, filthy boxes, pregnant with every kiud 
of putrefactive bacteria and their products. To malie inatters worse, it is usually 
packed in ice and meltiug ice, whicli rapidlyrots and riiiris fish, that, of all animnl snb- 
stances, most requires to be kept perfectly dmy. A s  fishing vessels, as well as fisliing 
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ports; piers, beaches, and other districts  lier re fish is landed, are fully as offensive as 
most private slaixgliter-houses, it is only fair that on landing all such fish should be 
inspected previous to being sold or offered for sale as food in their special localities of 
arrival or else forwarded for sale as food to distant marlrets. 

There appears to be oonsitlerable confusion as to tlie duties of the port sauitary 
authorities as to their 011 the spot seizing, condemning, and destroying dsh unfit for 
the food of man. It is evident that no bad fish should be allowed to be sold locally, 
or offered for sale for the purpose of food, or forwarded by rail, etc. 

As the delivering of bad fish on land is au offensive nuisance, dangerous to pub- 
lic health, all bad fish on landing, after inspection, should be destroyed in suitably con- 
structed furnaces. 

Abundant evidence that fish is already rotting when dispatched from the fishing 
ports is to be found‘ in the corporation fish and Billingsgate inquiries of 1868 to 
IS70 and in the 1881 reports, as i e l l  as in the evidence before the House of Commons 
iu 1882 on tlie Shadwell fish-market inquiry. 

George Stevenson, a fish salesman and auctioneer and a member of the corpora- 
tion markets committee, recorded the following evidence : 

I have been in Uillingsgato Market tiir sixty ycars, where I did,the most mighty business in Lon- 
Tho corporntion absolntely mado the baseuieiit of Bil1ingsg:Lte 25 to  30 feet below the water- 
\Vu spent something like X50,OOU to iC70,OOO to  clean out cart loads of human exorement from 

A t  Billingsgate the diseased 

don. 
way. 
that  b:isemeiit. 
fish is ~ 0 1 d  very cheap, where the$Zlk fetclies a very low price. 

Billingsgate is ai1 abortion above and a cesspool below. 

Other witnesses swore that the railway fish muck camc in a hadf-stinkiug state to 
Billingsgate. 

Another smack-owner declared that he loaded his fish in ‘railway bullock trucks 
with the muck or manure not cleaned out. 

Another witness swore that the railwtiy fish barrels, when delivered from the 
trucks, were so filthy from adhering iiia~iure that he had to wash the fish before taking 
them on his back. 

Again, anotlier sworc tliat tlie great ltulk of fish condeinued in Billingsgate ought 
never to have got there. Fish meters or inspectors of the 17ishmongers’ Company 
have also stated that the fish \vas bad before it started from thu railway station af the 
fishing port. 

. 

Another tishmonger stated that lie had sold stinking fish. 
Further, another of Llie tifill meters or illspectors of the Fishmongers’ Company, 

with whom he liad been for ten years, stated: 
After we (tho l’ishmougors’ Company) have condowried the fish, even if i t  stinks so badly that  

9011 can hardly go noar it, ~iovertholess wc lmve plenty of poor peoplo who take away whole baskets 
f1111. They mash it, olean it, nud ont it. I Irnow this as a fact froni my own personal esperience. 

A Billingsgate fish salesman said : 
I know for a fact that  the refiise of the fish all comes to  Billingsgate. Hull and Grirnsby furuixh 

Hence on tho eonst 1 have heard tho remark “ a n y t h h g  will do for IllUcli inferior qnality of fish. 
Loudon.” 

A fish meter stated: 
The jurisdiction of the Fishmongers’ Company extends 12 miles round, but the br thest  place I 

have ever been to is about a mile :nid a h:ilf from Billingsgate. 
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There are three distinct methods of effectually disinfecting empty‘ porous, rough, 
sodden, supersaturated, saline, stinking, foul fish boxes, trunks, b:asliets, etc. In the 
fish trade these receptacles are technically termed “ empties.” 

(1) Prolongea boiling during several siiccessive hours, which is quite impritctica- 
ble in the sircumstances under consideration. 

( 2 )  The action of superheated steam at about 3000 F;, or more. 
( 3 )  Buking or prolonged exposure during several successive hours to dry I ~ e i ~ t  of 

about 3000 F., which mould be iiripracticable because of the resid tiug shrinking of the 
wood. 

It must be recollected that porous, uneven, sodden supei saturated fish truiilis, 
boxes, and baskets, pregnant with putrefactive bacterin, and their. products, are espe- 
cially difficult to free from moisture, owing to the hygroscopic or mater-absorbing 
qualities of the sea-salts, with which these receptacles are impregnated. This is 
another reason why sterilization by superlieated steam would, by dissolving out 
the sea-salts, be a more eRectuel procedure then the appliuation of dry heat, which 
would fail to extract the hygroscopic sea-salts. In otlier words, dry-heating or baking 
would lead to the concentration of the sea-salts in the wood. 

by bleeding before 
blood-clotting, immediate gutting, thorough cleaning with abundant flowing (sea) 
water, and dry-air refrigeration, were adopted, then the expense and iticonveuienc.e of 
these bulky fish-trade boxes, etc., would be no more required than in the meat trade, 
nor would the purchasing of ice and melting ice be necessary. 

If my long-advocated plans for making fish ‘‘iwyeris7~able 

SANITARY FRESH-FOOD MARKETS. 

Unfortuiiately most of the tis11 markets in the United Kingdom are as unsuited 
for receiving fish as a befouled sewer mould be for a hrder. The interrial building 
.materials, inclucling their walls, pavements, und ceilings, suggest that accident and 
intention had conspired together to construct colossal sponges, or bacterial traps, 
adapted to suck up, in the shortest time, the maximuin ;binount of putrid arid putre- 
fying filth. Most of these markets exhibit collections of tish offal and fish refuse on 
their premises, and are frequently as of-fensive as ill-kept slaughter houses. It is 
iinportant that  the premises used for fresh-food storing should be macle of glazed, level- 
faced, non-absorbent materials. The roofs of such markets should be orily of glass 
and metal. The flooring or pavement must be even, non-porous, non-absorbent, hard, 
but not too slippery. For cleansing and disinfecting purposes, the flooring of public 
iuarkets requires a good gradient or fall towards the gutters slid outlets. To exclude 
the germs of putrefaction and coirtagion, cleanliness, dryness, slid low temperature 
are essential. 

Where possible every fish market shoultl have on its premises iI suitably con- 
structed furnace, to a t  once destroy bad tis11 aud fish offal, which above all should not 
be allowed to be carted through a crowdecl city with mrrow streets. 

In ordinary gas.burnera, where the combustioii is not very perfect, for each cubic 
foot of ordinary coal gas burnt, nearly three-fonrtlrs ounce of water is produced, 
fiirthering the early spoiling of fresh aniinsl foods. In ta closed room, the excessive 
burning of gas may saturate or supersaturate the contained air, as is frequently 
observed on glass window panes, and the dripping moisture staiiiiiig and spoiling 
absorbent and porous wall-papers, etc. Besides lient iLncl moisture, the burning of 
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gas evolves soiue carbo& and sulphuric acids. Oenemlly, in fairly well-made coal 
gas, ainmonia is absent, but, if present, it occurs only as a slight trace, when it burns 
off as nitrogeii aud water. For London the legal mmimum is 22 grains of sulphur 
iu winter and 1 7  grains in simmer per 100 cubic fcet of cod gas consumed, but the 
average amount in the inetroyolis is only 12 grains per 100 cubic feet of coal gas 
burnt. 

Except perhaps the Siemens hot-blast burners, probably 110 gas-burner C O I ~ S U ~ ~ S  

the whole of the coal gas, but always lets soine of the gas escape unbiirnt into the 
atmosphere. Tlierefore every room lighted by gas contains, besides carbonic acid, 
water-vapor, and sulphuric acid derived from the gas, also soine carbureted hydrogen 
and carbonic oxide. Coal gas contains up to 20 per cent of carbonic oxide. Thus 
Erdmann found i i i  the air of a rooni wliicli had been lighted by gas 0.056 per thou- 
sand voluiues of carbureted hydrogen (marsh gas). At the same time he discovered 
that candles burn i i s  a rule still more imperfectly tlian gas; as iiiucli ;LS 0.187 per 
1,000 voluines of marsh gas resulting in such a case. He dso  found that candles pro- 
duce fatty acids :tnd aoroleine in the air. 

With 
electric arc light no water-vapor was evolved, and oiily traces of carbonic acid, aud 
only from 57 to 168 calories of' heat. With the Sieinens hot-blast burners no carbonic 
acid or water came into the room. With Argand burners 0.86 kilo water and 0.46 car- 
bonic acid, with evolution of 4,860 calories. (Sicinciis burner, 1,600 calories.) With a 
two-hole burner, 2.14 kilo water and 1.14 kilo carbonic acid, lieat 12,150 calories. 

In all gas com1)ustion also souie uitrous ;wid is fornied which is very irritating 
and prejudicial. 

With an incandescent electric-light burner, nothing ought to come into the room 
and the heat produced is small. 

The worst illuiriinauts as to water and carbonic acid are caiidles and fluid oils. 
Slaughter-houses, ineat stores and shops, fish shops, and fresh-food markets are 

best Illuminatcd by incanilescen t electric light, which yields no coinbustion products. 
(In the electric arc lights, their carbons burn bodily atway, producing carboiiic acid.) 

In crowded marlret-places additional impurities and moisture are given off by 
the processes of respiration and perspiration, which furtlier contaminate and vitiate 
;I limited supply of repeatedly overbreatlied air, especially damp, warm, still air as 
occurring during fogs, mist, rain, etc. 

During suiiligli t and activity i t  y)pears that ai1 average adult will, through his 
perapirat,ioii and respiration, give OK roughly about, more or less, 3 ounces of water 
per hour, besides considerable orgaiiic impurities and some carbonic acid. (During 
sleep these exhalations are considerably diminished.) 

In densely frequented insrkets much dirt is iunavoidably brought iu from the 
Streets, stobles, etc., sticking to the boots of the visitors. This wct mud and filth 
Wxxmm-ily adhere to the too porous, uneveii, damp, dirty pavements of many of our 
niarket. places. 

As'to the impurities produced by respiration, besides carbonic acid and water, 
there are a1 ways formed :iinmonia, volatile organic: Fatty acids, sulphureted hydrogen. 

Seegen and Nowack IiiLVe also alleged that respired air always contains organic 
hydrocerbous, but this is joubtful, and auy that umy be found comes more likely from 
the iiitestines. 

The following figures by I<rdina,iiii iuay be interesting iu this connection. 
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INFECTION O F  FISH BY IMPURE PRESERVATIVES. 

Fish must be kept perfectly dry, and of (wurse melting ice or other added moist- 
ure scrupulously avoided. 

When ice or melting ice is used for preserving food, as in the fish trade, or for 
drinking purposes, i t  shonld be made only from distilled ioater, where the receivers 
are kept perfectly cleaii and the water or ice properly stored. 

The teniperature at which artificial ice is made is probably much lower than that 
in the case of natural ice; tlierefore ill artificial icc the cliances of‘ killing by cold 
traces of living orgnnisiiis (bacteria, etc.) would be greater than in natural ice, espe- 
cially that froin small, shallow, dirty pouds at  the freezing-point of water. Hence the 
Paris police prefecture has recently (1803) fiwbiddei~ the use of ice. taken from certain 
lakes and ponds in  and about Paris, as i t  was found t l ~ i ~ t  such ice contained large 
quantities of’ unhealthy organic iiiaterials and bacterin, rc?ndering its use for table 
purposes da’ngerous. 

In the United States several outbreaks of typhoitl fever have been traced to the 
use of infected ice taken froin natural sources. 

. As it seems almost inipossible to satisfactorily test the purity of natural ice aiid 
its freedom from organic: tainted matter, one is driven to protest against the use of 
natural ice. As our present law stands, any filthy water frozen into ice may be sold 
for food and drinlring purposes. In  England there seems to be no supervision over 
the ice used for food, and it does not appear to be provided for by any of our act< of 
Parliament. I am not aware that there have been any legal prosecutioiis in reference 
to the sale of infected ice i i i  the United Kingdom. It is a curious superstition and a 
common error which induces most people to imagiue that ice made from dirty water 
is pure. 

St. Luke said: (‘ Salt is good j but if tlie salt have lost his savor, wherewit11 shall 
it be seasoned? It is neither fit for the land, iior yet for the dunghill; but men cast 
it out. He that has ears to hear, let him hear.’’ 

In  fish-curing so old was the grievance against the use of dirty and impure salt 
by the fish-curers that already, by 12th Anne, cap. 2 (1713), it was enacted that all 
foul salt should be thrown overboard and destroyed to prevent its employment in 
curing fish. 

From 1866 to 1884 French soldiers aiid sailors in Algiers suffered from poisoning 
after eating red-salted cod, due to bacteria, attributed to the foul salt derived from 
marshes near Copenhagen. A t  other times to minute low-typed water or algdus 
plants frequenting shallow seashores, arid often included in the crystallized sea-salt 
made by solar evaporation. The bacteria iLppea1- to have been the Clathrocystis rosea 
persicana of Cohn, Sarcina morrhz~m, or Sarcinu littoralis, according to  different 
observers. 

In  1878, after eating red-salted codfish, a fatal case occurred at St. Petersburg. 
Some consider red-salted codfish liarmless unless associated with the putrefaction of 
the fish. Salted sturgeon has :dso proved fatal in Russia. A circular dated Dacem- 
ber 31, 1885, by the French minister of commerce, forbade the sale of red-salted cod- 
fish, exposing the vendors to the penalties of imprisonment, seizure of their goods, tlie 
publication of the judgment by means of placards, and making the dealers responsible 
for sickness arising from eating red-salted cod. 
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In spite of these facts, some chemists, apparently in error, have doubted that salt 
call ever become red from bacteria, or fungi, any more thau the usual redness of car- 
bolic acid call be attributed to such causes. 

Insuficiently or soft-salted codfish absorbs from the atmosphere more moisture in 
their ilesh than well-salted codfish, and consequently weighs heavier, yielding more 
profit to the unscrupulous fish-vendor. Such red-salted cod is accused of infecting 
curing-houses, fishing vessels, warehouses, and wharves. 

Salt is sonietimes red from containing the red hydrated oxide of iron, which has 
nothing to do with .this red-salted codfish. This red-salted codfish must not, of course, 
be confused with the so-called red codfish, especially good eatiqg, whose color is 
attributed to its excessive feeding on shellfish and starfish, nor yet for codfish slices 
ingeniously dyed red and sold by a fraudulent trader. 

Norwegian ‘L sardines ” are soiuetimes red, as alleged from iiifbrior salt. A foreign 
Government has recently offered a premium iu money for the best means to preveut 
salt from absorbing moisture. 

BACTERIAL lNPECTlON OF FISH, MEAT, ETC. 

Cooked and salted meats, as haiu, beef, mutton, veal, pork, etc., frequently show 
iridescence, similar to that produced by light falling upon the scales of freshly-caught 
fish. This iridescence usually a’ffects only a part of a cooked or salted joint; but it 
may possibly be associated with decomposition in another portiou. of tlie same joint. 
1 his iridescence seems due to conditions probably precediiig decompositioii, rather 
than necessarily accompanying putrefactioii. Where the iiieat hits been otlierwise 
sound, sweet, and healthy, often have 1 eibten, and seen others eat, iridesceut, cooked 
and salted meats without my liaving been able to tram ;iny subsequent disturbance 
or illness therefrom. 

However, I coiisider iridescent meat as suspioioasly doubtful, and especially 
inadvisable where ally lesions may exist aloiig auy portion of the a1iinent:~r.y tract, and 
;Lbove all to be avoided where there rnay bo ulcerations about the intestines. Wliilst 
lllyself further investigating this matter, I shall be grateful to let~rn of any cli~~ici~J, 
patliologic:tl, or bacterial work or research on this briLIich of meat iuspection--a subject 
which has received too scanty atteution from medical uieu. Though 1 have never yet 
Uoticed any iridescence on cooked fish, there appears to be 110 reason v7hy it niiglit not 
Occur. Some writers and observers have actually mistaken phosphorescence for 
iridescence. 

Bacillus phosphoresccws produces phosphorescence in herrings and other aquatic 
animals. This bacillus or germ, whoii artificially grown in very l-arge quantities 011 

Ilutricnt media, may in tlie dark emit sutlicient light to enable oue to see the time on 

. 111 November, 1893, Prof. Klein showed that red or pink patches which had been 
observed on cooked inoat sild cooked fish were due to tho Bacillus pod ig iosus  (a 11011- 

sporiiig bacillus), killed in B few secoi~ds by a, teiriperature of from 700 to 750 C. 
In iuvostigatiug the matter Dr. Klein came to the conclusion that the bacillus 

was due to the fact that a neighboring churchyard (which had been unused for gen- 
erations) had been recently dug up, its human remains renioved, and the old walls 
Pulled down. During this process a strong south\vestorIy wind ch:t~iced piwbably to 
blow the clistukbed microbus into the larder where tliese foods were kept. 

r i  

a watch, etc. 
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In  other words, the pink patches of the Bacillus prodigiosus observed on cooked 
meats, etc., seem due to condit,ions favored by moisture probably preceding decom- 
position rather than necessarily accompanying active putrefaction. 

The hygroscopic action of common salt, especially if accideiitdly adulterated 
with chloride of magnesium, as in salted and cooked meats, suggests that moisture 
favors both tlie developmc~nt of the “piiik7’ patclies of bacteria and the reddening of 
foul salt. 

Those who had partaken of the 6bpinl<77 meat and ‘ 6  pink” fish or salted meat 
did n9t suffer Srom any subsequent disturbslice or ilhiess. Nevertheless I believe 
that “pink” cooked fond stuffs caused by thc ~ I I V ~ I S ~ O ~  of the Bacilks prodigiosus 
should be avoided where there are aiiylesioiis iii any portion of the alimentary canal, 
and especially where there are ulcerations ;hot i t  the intestines. 

The Bacillus prodigiosus has been Ioiig been kiiown to spontaiieously infect food. 
It probably caused the so-called “ bleediug bread 77 and ‘( bleeding host” so supersti- 
tiously dreaded during medizval history. When this bacillus occurred upon tlie 
sacramental bread, the clergy stated that i t  was Christ’s blood. In  1843 i t  canie 
almost as an epidemic in Paris, where i t  grew more especially on the bread made and 
obtained in military bakeries. 

The Bacillus prodigiows, even when injected iii litrge quantities into the blood of 
warm-blooded animal&, fails to Bet up  any symptoins. 

There is a special bacillus which gives a red color to,inillr, whilst another peculiar 
bacillus communicates :I blue coloration to milk. 

THE IJSES ANI) EFFECTS OB’ SALT IN PREMEEVING FISH. 

The success and value of all fish-curing, whether by salting, drying, or smoking, 
consists chiefly in driving off the maxiinuin possible advisable amount of water or 
moisture contained in the inuscles or fesh and the skin of the fish operated upon. 

As an antiseptic, salt acts in  two ways. A saturated salt solution coagulates 
albumen, and hence bacteria (whose protoplasm is, of course, albuminous) cannot 
live. Most antiseptics have this power. Besides its antiseptic properties, sufficient 
salt prevents the continuation of life, which only occurs under more or less favor- 
able chemical conditions. Thus sugar is a good food for bacteria. But excess 
of sugar, as in concentrated Birup, inalies bacterid life impossible. 

Albuminous bodies are perhaps the best food for bacteria, yet, if concentrated 
by drying, those albuminout; bodies keep indefinitely. 

Small amounts of salt are food for bacterial life, partly because, perhaps like 
most vegetables, probably every animal requires chloride of sodium (common salt) ; 
and also partly because small quantities of salt. tend to keep perishable articles damp, 
Moisture is favorable to fungoid life, especially if the salt contains magnesium chloride, 
which is almost always the case. 

Concentrated chloroform is arlso an antiseptic, while small quantities of chloroform 
are alleged to favor bacterial development. 

Experimental bacterial cultivations on salted and pickled meats show that the 
proportions of salt used in these food preparations have but very little destructive 
action on the putrefactive bacilli found i n  diseased meat. 

* 
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Prof. Pauum,in 1856, from artificial solutions of pickled salmon and salted herrings, 
subjected the liquids to prolonged boiling so as to destroy all living organisms and 
bacteria. Injected into animals, these boiled eolutions produced poisonous effects, 
though in a less severe form than from similar liquid preparations which had not been 
boiled previously. Further, after filtering the fluid, then boiling it for an hour, evap- 
oratiiig to dryness the residue, whioh was uext digested in absolute alcohol, he finally 
heated the resulting residue with boiling water. Nevertheless this watery extract 
was also poisonous. 

Dr. Limier Bruiitoii, one of the graiidest of our great scientists, has shown that 
the poison of putrid ineat boiled for eleven hours and then completely dried at boiling 
heat, nevertheless retained its poisonous properties. Further he declares that the 
poisonous venom of serpents, though weakened, is not destroyed by boiling. 

All this demonstrates aiid proves tho vitality of poisons derived from putrid and 
other animal matter. 

Briae-pickled herrings are alleged l o  have sometiales a11 aiiiiiioniacal suiell due to 
the presence of trimethylamine. This coinpound is an ammonia where each equiva- 
le~i t  of hydrogen has been replaced by one of methyl, common amnonia (NH,) being 
converted into trirnethylainiue [N(CH:,),]. However made, trimethylamine has a 
strong fishy smell.’ 

Especially. if left for over twenty-four hours in a copper vessel, or in a copper 
vessel inefficiently tinued or enaineled, salt fish has caused serious poisonous symp- 
toms. On examination, the side of the vessel has been found green, and sometimes 
even a green jelly covering the cooked fish, which has become green by the infiltre- 
tioil into the fish’s structure of a subchloride of copper. This inust not be confused 
with the uatural green bones of the kelp fish (Cor idodw pullzls), of the gar-pike 
(Belone) atlid its allies, nor with the red-boned mackerel used as a rat poisou in Guad- 
aloupe, a West Indian Island. 

Some Americeii packers of boneless fish are reputed to use a mixture of borax aiid 
coininon salt, in about the proportion of one thirtyfifth of the fish’s weight, to prevent 
the preserved fish turning red. 

COARSE CAVIARE. 

In some parts of Russia the sturgeon roes are simply put in a more or less foul bag, 
with a strong brine. The inass is pressed by rapid wringing. It is next dried to let 
the superfluous brine draiu ofl, placed in casks or cisterns whose bottom is perforated, 
where the mass is again squeezed or pressed with weights, which are not heltvj 
enough to break the eggs. Soiuetiines the poorest description of caviare is trodden 
with the naked feet of the operators, whose squalid poverty and miserable filth are 
too frequently associated with disease. 

During the awful plague in Astralrhail t h e  worst aud most fatal cases mere usually 
among its fisherfolk. 

Often rancid or decomposed caviare, with avoidable filth, is added to fresher eggs. 
The cleanliness in the United States caviare factories is unknown in southern 

aussia, the home of astounding dirt and disease, augmented by the most hideous 
Poverty and ignorance. 
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OBSERVATIONS. 

Upwards of thirty years experience and observation a t  the chief fishing stations 
at home and abroad have convinced me that a t  too many of these food centers there 
is an increasing indifference to putrefactive filth. The avoidable but scandalously 
dirty condition of our British fish trade may again a t  any moment form a suitable 
‘‘ home ” for the propagation and distribution of the bacteria of iiifectious fevers and 
diseases generally. Thus this preventable survival of the “ fittest ” filth, gives the 
bacteria of cholera, the plague, typhoid, etc., chances of infecting the public. Of course 
avoidable filth tends to preserve the specific agents-special bacteria and their pro- 
ducts-which produce and propagate these hideous but preventable diseases. 

The veteran scientist, Prof. Virchow, when sent as a young man to investigate 
an epidemic outbreak, then suggested as ;I cure municipal reform, with free action. 

Prof. Koch, when recently reporting on the Germin cholera epidemic, considered 
i t  caused by contagion carried in a foul-water supply, which we know also introduced 
epidemic typhoid at Worthing, Arundel, etc., in 1893. 

Cleanliness versus cholera and other filth diseases becomes more imperatively 
necessary a0 population and consequent overcrowding increases in all our large 
towns. Dirt, debility, disease, and death too often form a connected chain, in many 
cases alike avoidable and preventable by superior and scrupulous sanitation. 

CONDEMNED MEAT, FISH, ETC., TENDERS. 

The corporation of London again seeks tenders from ‘‘ persons desirous of utilizing 
for manurial purposes the meat, poultry, game, oEal, refuse, etc. (besides separate 
contracts for condemned ‘fish,’ its. oEal and refuse), condemned in the city of Lon- 
don as unfit for human food.” 
’ Now, presuming that a t  the hauds of the corporabion the condemned meat, etc., 
is first subjected to a thorough treatment with disinfectants, what use can such dis- 
infected material be for manurial purposes? 

The disinfectant is as injurious to the Eeeds ant1 roots as i t  is to the bacteria of 
ljutrefaction and disease, including parasites and their eggs. 

But it is unwise and unsafe to assume tliat thc disirifectioii is complete. It is 
therefore a grave responsibility for the corporation to allow putrefactive animal matter 
and infected capcasses to be transported for miles in carts, especially through t h e  nar- 
row streets of its densely crowded colossal city. 

Further, there is the danger of allowing par tially disinfected material to be util- 
ized as manure. 8uch a process only tends to spread infection,widecast over fields, 
arid possibly to infect, by parasitic and other diseases, the green food destined for 
marl and for animals supplying his special food. 

I have prcved that the 1893 outbreak of epidemic cholera in the United Kingdom 
was due chiefly t o  the avoidable filth of the ‘‘fish” and its ofkl trades as carried on 
at Hull, Grimsby, etc. (By (‘fish7, I mean aquatic and amphibian animals and their 
products used as man’s food.) Bad ( 6  fish 27 caused epidemic cholera in St. Petersburg 
during December, 1893. 

Again, the corporation sanctions the use of condeinned food for manufactming 
purposes. Of course it would be monstrous to imagine that diseased meat would be 
worked up into articles of diet, sausages, etc., or retailed for food to the poor. But 
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that similar scancialous frauds have been practiced is well known to iuedical officers 
of health. For instance, in Paris, it is stated that till recently dead and diseased 
animals from their zoological gardens were regularly fetched away in carts, etc., 
without tlic knowledge of the zoological aud other authorities in Paris. These mis- 
cellaneous mixed meats, under varied fraudulent n:~mes, were sold and eaten as food. 

The working up of diseased products is a serious source of danger to those em- 
ployed. It would be cruel, if not criminal, t o  allow tiiseased intestiiies to be mado u p  
into sausage-sltins, and perhaps even eaten at civic banquets. But what supervision 
does the corporation exercise wlicii once the putrid filth lies left its carts? Uoes it see 
how the manufacturers m e  up tliese nauseous abominations aiid how and where this 
dangerous refuse is disposed of? 

Surely public attention arid action should force their %anitary 77 servants, the 
1nunicipal authorities of the United Kingdom, to avoid these peculiar and possibly poi- 
sonous proceedings. Such paid professional bodies should forthwith build and employ 
properly constructed local furtLacm a s  the most efficient and economical bygionik 
means to destroy coiiilemiied :mima1 matter, iucludiug ‘ 6  fish,” its offal and refuse. 

IILNGS AN1) ItOTTISN FISH. 
- 

‘ The Billiiigsgate riiig iiot : h u e  chains the crushed and indebted fishermen of the 
Uuited Kingdom i u  cruel, chronic poverty; it not alone makes the coiisuiner oftm 
pay from GOO to 800 per cent or more for the fish than is given to the fishermen, but 
i t  provides the public with fish geuerally more or less stele or decomposed, and some- 
times eveii putrid and poisonous. 

fish777 so as to  artificially keep up the high 
price of fish, this ring gets fish deutroyed at various places along our coast. This 
Billingsgate ring is the ruiii of our national coast and inland fisheries and fishing 
industries. Already in 1749 it  extiuguished the Westminster fish ina,rket. It caused 
the fallure of tho old Hungerford fish market. It straiigled the Ooluinbia iiiarlret, 
eveii when subsequently talreii over conditionally from Lady Burdett-Coutts by the 
corporation of the city of London. Her ladyship is reported to have lost a large 
fhction of $1,000,000 sterling, partly because of the unscrupulous opposition to her 
beuevoleiit scliemes by the Billingsgate ring, and also because her public fish msrket 
 its placed inland without ihlly approach by water. It snuffed out Mr. Pliuisol17s fish 
ltiarket a t  the 6‘ Elephant and Castle.” It has turiied the corporation fish markets in 
Barringdon street into trading fiascoes. By its clever combination it boycotts itud 
starves Shadwell fish market. 

Save a few favored fortunatu virtultl nioiiopolists, the fish-traders of the Uuited 
ICiiigdoln are worltiug hard to gaiii little or nothing, as tlie legitimate profits of their 
toil aid trouble feud to tumble into the tills of the Billiiigsgate ring, who are assur- 
edly remarkably slirewd ‘ 6  businesi 111er1.~~ 

In 1850, before Mr. Spencer Walpole, by direction of Sir William Earcourt, the 
lloine secretary, holding au inquiry ou alleged Billingsgute abuses, the late (feorge 
Stevenson, a Billingsgate fish salesinan, aud, iL popular member of the markets GOD- 
lllittee of the corporation, thus expressed himself iu  Iris evideuce : 

It would be better that till Loiidou should sink tha.n that Billingsgate market should sink. 
Billingrrgate is one of the graiidest iustitutions of the couutry. 

To diminish the intirket supplies of 
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The Billiugsgate riug, by a shrewd system of cruel, crushiiig mortgages 011 the 
zmcaught aiid the caught “ fish,,’ enslave iJnd impoverish the indebted fishermen. 
According to Cahill’s evidence before the corporatioii 1851 fish iuquiry : 

The practice in Billingsgate market is that its riiig realizes tlie highest price i t  can, a i d  returns 
the sender w h t  icr mpedimnt, or what III:IY be agreed 0 1 1  :in1 ong its members. This ring very often, 
after agreeing on the price to be sent to the seiiclera. vo distrust each other that they exchange 
account sales inclosed in open cnvelopes, ho that A re:ub, p e : 1 1 ~ ,  alii1 posts 13’s sales, a id  vice a e i w .  

The charters for our fresh-food markets were granted to directly bring the pro- 
ducer ;uid public together, but are IIOW usiirpetl by a handful of capitalists, who have 
cleverly coruered the public markets and their ent,ii-e fresh-food supplies, so as to sweat 
the producers, semistarve the masses, aiid overcharge the classes. 

Cobden’s free-trade principles have been so eugiueered that the producer gets 110 

profit because the middlemen, monopolists, or cuckoos of commerce, gain all. 
The Billingsgate ring excludes the public, the fishmougers, aurl the costermongers 

from purchasing ‘6 fish 77 except froin the ring, who cling to perpetnating bacterial 
Biliingsgate with all its avoidableabo~ninations and auginentiiig abuses. Hence, stale 
fish continues at fiamiiie prices instead of cheep, fresh, healthy, or imperishable fish. 

. Every day of the year2 pounds of bled. gutted, cleaned, dry-air-frozen (imperishable) 
fresh herrings (about six fish) could be profitably retailed by costerniongers for 1 
penny, or 2 pounds of sprats for 1 halfpenny. 

CHEAP WOOD OIL WANT. 

Want or semistarvation for the iuasses, the impoverishment of many capitalists 
and mauufacturers, and agitatious leadirig possibly to riots, appear to threaten, auless 
cheap, healthy, abuudant food is speedily secured $or our poor and comparatively 
poor. Man, by labor or ihlierited labor called wealth, m u s t  get fed regularly and fed 
cheaply. His digestion requires a wide aiid varied diet. 111 our cold, clamp climate, 
where sunshine is compnratively rare, every mail should obtaiu a t  least one daily meal 
of fish or meat. 

Owing to faulty distributioii auid preservation, much of the fish and meat con- 
sumed by the poor is ofteu wretchedly inferior and exorbitantly gear. lIeiice, perhaps, 
their excessive teudeucies to dcoholic drinks and tobacco, which at least please the 
palate. 

The producer provides cheap, excelleut frozen iiieat, poultry, aud game wliici too 
rarelyreach the consumer except wheu sold as arid a t  tlie high prices of hoine bretl, 
fed, ;bud killed auiiuals. Legislative interference sliould prohibit twch frauduleiit 
trading. Our manufacturers will soon be unable to compete with foreigners, who 
obtain cheaper labor because of cheaper food. Irieuce the land, buildings, and plaut 
of the British manufactories will suffer increasing depreoiadion ; their laborers aud 
those dependent upon t h e  eariiings of the laborers will fiud their occupation gono. 

Without the intervention of middlemen, by means of retail stores and coster- 
mongers for the poor, the producer should sell fresh food direct to the consumer. 

Inferior and bad feediug injures a 11atio1i7s growth, health, strength, aiid digestiou, 
producing passing or permaiient derangemeut and disease. Beiiig thus enfeebled, 
the laboring classes do diminished and inferior work, thereby inflicting direct but an 
avoidable loss upon their employers.. Hence the questioii of cheap, healthy, abundaut 
food shonlcl be carefully coiisidered by Parliameut aud the municipal bodies. 
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The laborer’s chief daily iteiii of expenditure is for food for hiinself and his fitmily. 
Regular, cheap, healthy, fresh, iinperisliable food, and other foods unadiiltereted itlid 
Uiicliluted, wonld virtimll?y iricrwrse the laborer’s wages. The present nnnecessarily 
exorbitant price of food and its inferior quality are tlie chief factors wliicli ofteii lead 
to disputes betweeii labor aiitl capital, too frequently teiniiuatiiig iu strikes, 

OLIJTTED MARKETS. 

Glutted inarlrets, as P,pplied to fresh food, especially “fish,” is a misleading trade 
term. Thus, because of its diminutive area, together with its inefficient road, river, 
aiid railway approaches, aiid omiiig to its restricted maa*lcet 11otir8, Billingsgate is too 
easily aud frequently glutted with fish. No nile has ever yet lieard of Loiidoii and 
tlie country generally being glutted with fish. On the contrary, whilst Billingsgate 
partly supplies upwards of 10,000,000 people a t  lionie aud abroad with fish, many 
British fishermen, uiiable to get their fish to  market, either have practicnlly to throw it 
away to manure tlie land or, iii other cases, abstain, while semi-starving, froin fishing, 
bwarise of their having no market for their produce. 

The suppiy of im1)erisliable fresh fish is iiidependent of fogs, calms, arid storms, 
mhicli now too often cut oft’ fish supplies. 

The it~trodootion of imperishable fkesh fish would leihd to iL colossal Iiicrative 
export trade. 

SALINE RODDENIN(; OR MEA‘I‘ “ KOSHERING” 13Y JEWS. 

This consists in three processes: 
( 1 )  Soaking meat in fresh water.-With tlie aim to absorb all available contained 

blood prior to cooking, orthodox or coiiforrning Jews keep a special cookery pan, in 
Which for about half an hour they soak their meat (killed after their own ritualistic 
practices) with a view to drain off all available blood. Afhr lialf mi hour this fresh 
water becomes a pink red color, which under the microscope reveals blood cells aiid 
hremoglobin (red coloring mattor). Clieinical tests discover considerable traces of 
albumen and soiiie alltiili~ie salts. The varying conditions and circumstances make a 
quantitative analysis iinpossible AS a prac’tieal ixverage. 

(a)  &[ig/bt snlt-.~~rl:nkllnrl.-Ncut, the iiieat is slightly sprinkled with salt all over its 
surface and tliexi pliiced on a peiforated board, where it remains for a11 hour. The salt 
b(?comes of a pink color. On being dissolved i i i  distilled water blood-cells are discov- 
ered in the sit1 t inass by the microscope. The Jews throw this red and used salt away. 
They keep the soaking pa11 and perforated boatrd scrupulously clean. 

( 3 )  #alt washed qf.--PiiiaHy the salt is waslied oE the meat in a stream of run- 
ning fresh water, as from :% tap. Collecting this water, it is pink-red ia color, showing 
under the microscope numerous red eiid white, blood corpuscles, some sarcous elements 
(Portion of muscle fibera or flesh) and some fat cells. Chemically i t  contains 11101’A 

alhumeii than the fresll wat-cr in which the meat had been previously soaked for h d f  
all hour. 

These three processes constitute the koshering of food according to the practice 
of orthodox oonfnrming Jews. By removing some of the albumen and alkaline salts, 
in every case it must teiid to make the meat of poorer quality. Where the Ineat is 
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stale or decomposed, adding the moisture by soaking, damp salt and mashiug would 
promote putrefaction. Hence chemically, clinicdly, and econniniually it is :t practice 
wliich is diametrically opposed to modern science and household thrift. 

In the Jewish or kosher meat trade its aathorities are said to insist that after 
meat bas been killed for three days, or at  the expiration of the 72d hour, it shall be 
sprinkled witch a saline solution to make the meat again “kosher7’ or ritualistic. 
This has to be done with meat prior to its being refrigerated for export as ‘‘ kosber.” 
It has been falsely alleged that this snliiie soddoning has made sucli refrigei*ated 
ineat decompose and be unfit for food. Of course this is only LL trade trick to exclude 
toreigii and colonial muat. 



3 b R E C E N T  EXPERIMENTS IN STURGEON HATCHING ON THE 
DELAWARE RIVER. 

BY BASHFORD DEAN, 
Instructor in Biologj,, Colunibia College, Ahu Yovk CiQ. 

The region of the Delaware River near its mouth has long been the seat of an 
fishery for sturgeon ( Acipenser sturio ). At Delaware City, Del., the great 

"umber of fish brought in daily to the wharfs during spawning time provides an oppor- 
tuIJitly especially favorable for experiments in artificial propagation. 
Prof. Ityder ( published in the U. S .  F. 0. Bulletin for 1888) were here carried 011 in 1888, 
and during the present season this station was again selected for experiments to be 
lnade in behalf of the U. S .  Commission of Fisheries. 

At  the time of the writer's visit the fishermen were bringing daily to the slaughter- 
i"g wharfs from 50 to 100 fish; and among these (May 16,17, 18,1893) a number of 
'PaWI"s were taken. There was thus abunda,nt inaterial for purposes ofexperilr ent. 
In the following paper the results of these test studies, in their bearing upon practi- 

is easily accomplished. The iliilt and roe appear to even retain their capability Of fer- 
tilization under conditioils seeiriingly very unfavorable. Ripe fish when brought into 
the doclrs had beeu ont of the water et least several hours; no precaution had been, 
taken to insure their careful ti-ansportation, and they were usually near the point of 
death. In one case eggs mere snccessfully fertilized which were taken from a fish 
aPparentiy lifeless.  he inilt appears to remain active as long as a quarter of aa 
hollr after the fish ha,d been slaughtered. 

Eggs from 
ripe fish are readily fertilized whether extruded by pressure or obtained by excision. 
IU the latter case thr:re is apparently 110 preference to be given to eggs from different 
Ovarian regions. The 

eggs may be received with equal success in vesseh earthen, metal, or wooden. 
cleallliness is not vitally essential-in one case eggs were fertilized in an 

earthen bowl from which a Gxing solntion of concentrated acetic-sublimate had been 
hastily rinsed. 

Milt may likewise be take11 as well by excision as extrusion. In case the fish be 
uot actually ((ripe" sufficiellt milt for a fertilization may ofton be obt,ained in a 

*In the IJltlted States those of Seth Green, 1875 (Fish Hatching a d  Fish Catching, Rochester, 
1879) i hof .  Ryder, 1888, and William I,iliiz, 1890 (Ohio F. C. Report). 

The studies by . 

sturgeon-culture, are briefly 'reviewed. 
&%Zization.-The fertilizetioil of the eggs, as known from foriner. experiments," . 

In the mode of' fertilization care in details appears to be needless. 

EgcisjoIl is certainly the more speedy and convenient method. 

---, '-.-..---- 
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pipette after repeated body pressure. Milt may be col1ec:teci in vessels clean, soiled, 
or rusted, and will retain its activity (out of water) for a t  least six minutes. Obtained 
by escisioii the milt may be separated from the fragnieuts of cut testes by coarsely 
straining through cloth. For convenience in handling, it was found that the milt 
might best be secured and retnined in a lorig rubber-bulbed pipette. 

If untouched by water the eggs remain capable of fertilization for several (five) 
minutes. Details in  the mode of introducing the milt seeui of but little importance. 
No better results followed the introduction of inilt directly from the liviug fish than 
of that itrained froin cut testes nnc retained several minutes in pipette. A few drops 
of inilt were found to fertilize about 2 liters of eggs. 

In the experiments, running water was in some cases added to the egg mas8 at 
the time of fertilization, in otliers as long as ten ininutes afterward; in all cases were 
results approximately the same. Within froni twenty to thirty miuutes the eggs have 
become viscid and ( 6  set.” 

Under conditions of natural spawning it seeins probable that the eggs are fer- 
tilized a t  extrusion, since experiment failed to fertilize eggs that had been immersed 
in water about half a minute. This spawning condition is further attested by the 
scratches and abrasions uoted 011 the abdomens of spent fish, both inale and feinale. 

Difficulties in sturgeon.cu1tur.e have usually been reduced to three: (1) That of 

ofeggs, ant1 (3) that  of inroads of fungus. It is evident that by careful experimental 
study the dangers of malaihtion and fungous growth might be reduced, if not largely 
obviated. 

D(ficzcZty of aCration.-Sturgeon eggs have proven difficult to -handle on account 
of their viscid character. Shortly after artificial fertilization the eggs stick together 
in a glue-like mass; this, speedily hardening, forms a coinpaot egg mass, whose dense 
jelly-like matrix the culturist finds does not permit the inner and innermost eggs to be 
sufficiently ai;rated. Dying in cousequence, these become the cause of the 106s of the 
intimately connected surrounding although better @rated eggs. 

On the natural spawning-grounds this harmful condition does not, apparently, 
maintain. The eggs, fertilized and becorniug viscid, appear to be drawri out into 
stringy clusters or ribbons, attaching at all points to submerged objects. Sticks, 
water weeds, fish nets, and especially brush, spread over with a thin layer of sturgeon 
eggs, are well kiiown to the fishermen. Egg-attached objects, pioreover, it is generally 
noted, are found only in deeper, usually channel waters. 

Favorable aGretion, as suggested by uatural conditions, seems accordingly to be 
insured by the di~position of the eggs in thin layers atid by a plentiful water supply. 
TO imitate these natiiral hatching conditions in a way practicable for large numbers 
of eggs is clearly the bourne of the culturist. To attain this end, however, is not his 
easiest task. The eggs, becoming viscid speedily, must be attached to the hatchiug 
devices with the greatest promptness. The hatching trays must be prepared for 
immediate use, and the eggs must simultaneously bc spread over them in a single 
layer. Otherwise, all eggs becoming ‘6 set” at the same moment, those that remain 
unspread must, in their clustered condition, be inevitably lost. 

AGration seems to be especially concerned with three cultural details: (1) The 
character of the egg tray<j ( 2 )  the mode of egg attachment, and (3) the means of 
securing water circulation. 

’ 

obtaining ripe eggs and milt simultaneously; ( 2 )  that of imperfect ineans of a& a t’ 1011 
- 

To these problems the attention of the writer was especially directed. 

’ 
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1. The shallow trays to which the eggs are affixed have, as far as the writer can 
find, been constructed either of fine metal gauze” or of cheese cloth.+ In the present 
experiments the use of a coarse-meshed “mosquito netting” was found to give most 
satisfactory results. Of a tray bottom of this material the perforations are suffi- 
ciently large to admit an egg, but not so large as to permit it to pass through j a tmy 
properly prepared retains a single layer of eggs, which maybe agrated as conveniently 
on the under as on the upper side. 

2. In former experiments the eggs, becoming viscid, appear to  have been lifted 
from the water, spread upon the trays, and retained thus until their attachment. In 
trials made at  the suggestion of Mr. Pancost, of Delaware City, the eggs were spread 
upon immersed trays. Under water the eggs are easily handled, flowing smoothly 
over the netting tray, and by careful tapping of the tray frame may be made to assume 
a single layer. Placed on the tray ten minutes after fertilization they become firmly 
attached within twenty minutes. 

Dlngram of floating case used in sturgeon hntohing. 

3. To secure the free circulation of water necessary to the hatching process, the 
egg trays are arranged in stout wooden cases, which float in the current or are sunk 
(Gluckstadt, Elbe) in deep water. Bottom and two sides of the cases covered with 
metal gauze permit a free passage of water current. In the present experiments the 
floating hatching-case differed from any of which the writer is aware in the following 
regards: It was nearly as deep as wide. By this means the hatchingtrays might be 
placed almost vertically, to thus take advantage of the water current and at  the same 
time economize space. As many as four trays to a cas0 were successfully employed; 
these, held in position by cleats, were directed slightly downward, to guard against 
deposits of sediment. The incoming current was directed against the under side of 
the tray. 

*Experimente of Green and Leux. t Prof. Rydor, U. 5. F. C. Bulletin, 1888, p. 272. 

2’. C. B. 1693-22 
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The problems of aeration seem closely connected with those of fungous growth, as 
may be seen in the following paragraphs : 

Inroads of $fish fungus, Ack1ya.-The greatest difficulty encountered by Prof. Ryder 
in his experiments a t  Delaware City appeared to be due to fungous growth. This would 
be found to arise a t  various points of the hatching-tray during the first 48 hours of 
hatching, and would gradually spread its velvety encasing over and stifle the entire 
egg mass. For success in hatching, water sterilization was then suggested, the fungous 
spores to be removed by use of either filters or heat. 

The effect upon fungous growth of more perfect aeration and increased salinity of 
water, however, had riot been positively determined. And in the following experi- 
ment the writer aimed to reconsider these matters, hoping that  favorable results 
might suggest a simpler and less costly means of evading fungous growth. 

The results of Prof. ltyder had been obtained in a small fresh-mater pond empty- 
ing through the river bank directly into the Delaware; the hatchingcases had been 
placed in a sluiceway through which water was constantly escaping; yet in spite of 
this current, fungous iuroads had here destroyed all but a few of' the fertilized eggs. 
It was t'he plan of the writer to array a line of hatching-cases from this shore point 
nimr the mark of low water out as far as the edge of the channel in deep water. By 
this means (the cases to contain eggs in every way simiIarly conditioned) the effects 
of differences of salinity, aeration, and silt deposit upon fuugous growth seemed most 
likely to be understood. Surface waters of mid stream, stronger in current, would 
naturally be better aerated and more devoid of silt than niargiilal wakerc;. 111 channel, 
moreover, the water density was noted a t  1.00'7 (sp. gr.). 

The success of the experiment seems clearly to indicate the means that may be 
here taken to obtain practical results. The eggs in strong current, in salter and less 
silty waters were practically exempt from attacks of fungus; those in marginal waters 
speedily perished (see table). It would in fact seem to the writer that  the fungus is 
rather a co!isequentthan a prime cause of egg destruction. That it is lacking uuder 
the natural conditions of sturgeon hatchiug is a fact not the most remarkable, and 
that it may be obviated in artificial processes by imitation of the natural hatching 
conditions seems the simplest plan of cultural procedure. 

Second Tliird 
day. , day. 

___ . 

100 ' ....... :.. 

No. of 
Case. 

- 
I 

Fourth Bifth 
day. 1 day. 

- _ - - ~ - _ _ _ _  

.................... 
I1 
111 
IV 

V 

Location. 

____ 
At outlet of fresh pond, as in experiments of Prof. 

Rvder .......................................... 
At &take near line of low water .................. 
At wharf sluice a rod farther out.. ............... 
A t  wharf cnd a rod farther out.. ........... L.. ... 
In  deep water in current at breakwater ......... 

Percentageof eggs destroyed by fungus. I 

60 , 100 
20 , 80 

........... 5 

.......... 
I I I I I 1 I 

I n  the above results the problem of hatching sturgeon eggs is doubtless intimately 
Conditioned by water current, by silt deposits, by salinity of water. To determine to 
what degree each of these factors is contributive to success would doubtless be very 
difficult. In the case of the common anadromous sturgeon (Acipcnser sturio) a slight 
degree of brackishness of water might be regarded as a favorable, if not a necessa'ry 
condition, were it not that the eggs of this species have been repeatedly hatched in 
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water that was absolutely fresh (New Hamburg, N. Y., Seth Green; Delaware City, 
Del., Prof. Ryder; the Elbe). Current, on the other hand, could not have been alone 
an essential condition, since in the fresh sluiceway a t  Delaware City, in the experi- 
ments of Prof. Ryder, a circulation maiutained stronger undoubtedly than in channel 
waters. Nor could the effect of silt be regarded as alone the unfavorable element; 
quantitatively in mid stream-especially of sturgeon waters-an amount of sediment 
might be expected greater doubtless than a neighboring spring-fed pond. Mode of 
temperature vasiations might, again, be looked upon as of problematic velue. To 
what degree, then, is the sum of all conditions to  be regarded as essential for success 
in sturgeon hatching? In  theory the problem is assuredly more troublesome than in 
practice. 

As to obtaining simultaneously spawning fishes, male and female : In the event of 
extensive culture this difficulty is one that in tho opinion of the writer could not be 
regarded as of serious weight. In  a favorable locality each season brings a number 
of spawners to the wharfs of the fishermen, and with a regularity of occurrence that 
appears remarkable. In a letter to the writer, Mr. Reuben Auderson, of Delaware 
City, well known as a careful observer of the habits of the sturgeon, predicted to u duy 
the appearance of spawners. He afterward stated that the L L  run ” of fish,” though 
brief-often not longer than a single day-might, in his long experience, with every 
possjbility be depended on. 

A breeding habit of the sturgeon Mr. Anderson discussed with the writer, seems for cultural 
purposes of the utmost significance. The earliest fish in  thcir passago up the stream spawn farthest 
from the river mouth, the next school in  a locality not as distant, and the later fish in the lower stream 
regions. This zbnal distribution in spawning seems attested by the chnracter offish as taken in their 
journey past a single shore front; the earliest are uniformly “caviar fish” (i. o. ,  o i  immature ovaries); 
later are taken “runners” (i.e., ripe fish) ; and at the close of t8he spawning season none but “slunkers” 
(Le., thoae having spawned). 
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37.-THE FISHERIES OF CANADA. 

BY L. 2. JONCAS, M. P. 

All those who have written 011 the fisheries of Canada have agreed to say that 
they are inestimable; and, as a field for industry mid enterprise, they are inexhaust- 
ible. Besides their general importance to the country as a source of maritime wealth 
and commerce, they also possess a special value to  the inhabitants. The great variety 
and th,e superior quality of the fish prodncts of the sea and inland waters of these 
colonies afford a nutritious and economic food, admirably adapted to the domestic 
wants of their mixed and laborious population. They are also in other respects 
specially valuable to such of our people as aro engaged in maritime pursuits, either as 
a distiilct industry or combiiied with agriculture. The principal localities in which 
fishing is carried on do not usually present coiiditious favorable to husbandry. They 
are limited in extent and fertility and are subject to certain climatic disadvantages. 
The prolific natura of the adjacent waters aud the couvenience of their undisturbed 
use are a necessary compensation for defects of soil and climate. On such grounds 
alone, the sea atid inland fisheries to which British subjects have claims on this con- 
tiiieiit are of peculiar value. 

From wlistever point of view we may regard t'hem, the teeming waters of the 
British Arnericau Possessio~is, end those which form their great lakes aiid magui6cent 
rivere, must be reckoned as a ~iibtiolittl property, richer aud more perpetual than any 
mere estimate in money can express. It is in the highest degreesatisfying to find that 
Canadiaus are becoming every year more aiid more alive to the vast importaim of 
their fisheries, and that they are now more than ever anxious to preserve them as the 
finest material portion of our colonial heritage. 

Dr. George Brown Goode, one of the most prominent citizens of the United States, 
whoui I had the honor and pleasure to meet in Loudon at  the Iuternational Fisheries 
exhibition, in one of his speeches a t  the Fishery Congress in connection with this 
exhibition referred to the immense growth of the Cauadian fisheries during the last 
ten years. He declared that in the course of his own studies he had occasion each 
year to peruse the Canadian reports, and had been perfectly amazed a t  tlie rapidity 
with which this industry had been developed. 111 fact, if we consult the statistics so 
carefully collected every year by our fishery officers, these official figures will show 
that the value of the Uaiiadian fisheries, which iu 1870 was only $7,573,000, had 
doubled during the succeeding ten years, and amounted in 1880 to $14,500,000 ; and if 
we open the last official report published by the Departnieut of Marine and Fisheries, 
we shall see that the same Cisheries produced in 1892 over $20,000,000. 

Although our system of inspection is efteotive, although the organization of the 
outside service of our deyartinent of mariue and fisheries and our method of collectiug 
fishery atatistics are given as models to other countries, yet they are susceptible of 
iuai~y improvements. It is easy to understmd that in such an extensive country 
as Oanada, where every settler has facilities for fishing, it is utterly impossible for our 
statisticians t o  impart a mathauatiua1 precision to their reports or to give mcurately 
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the value of the home consumption. The $20,000,000, mentioned above as the value 
of the Canadian fisheries in 1892, can not be anything else than the value of the fish 
prepared for exportation or sold on the Canadian markets. In that amount I do not 
include the $5,000,000, the approximate value of the fish caught and consumed by the 
native population of Manitoba, British Columbia, and the Northwest. And in the 
other provinces of the Dominion, with a population of over 4,000,000 inhabitants, for 
whom fish is one of the principal articles of diet, the estiinated value of fish consumed 
is $12,000,000. Adding the value of fish cured for the trade and that of fish captured 
for local consumption, we have, for 1892, a total of $37,000,000. These figures give an 
idea of the immense richness of the Canadian waters. 

Every country of the world having waters of any extent understands what an 
important contribution fisheries are to the national wealth and encourages by every 
lmsible means those who carry on this industry. Large sums of money are spent 
every year by capitalists in the building of continually improved fishing craft and gear, 
and governments are spending millions in the construction of piers, breakwaters, 
wharves, and other improvements for the advancement of the fishing industry. Pish- 
ery bureaus, headed by the most eminent, influential, and practical men, are formed to 
seek for the best means of rendering the fisheries more and more productive, and this 
exposition brings an additional proof of the interest taken by all in the progress of the 
fisheries and the welfare of the fishermen. 

I am happy to be able to state here that, owing to the encouragement lately given 
to them by our government, and especially by our able and energetic minister of 
marine fisheries, Sir Charles Hibbert Tupper, the Canadian fisheries are rapidly 
progressing. Fishing-craft building has advanced rapidly, and the swift schooners 
of our maritime provinces can already compete fairly with American fishing vessels, 
reputed the best of their class in the world. Steamers, which are now used in the 
fisheries on our lakes, will doubtless be seen soon among thevessels used for the work- 
ing of our most important sea fisheries. Considerable sums of money are spent by our 
government on the building of harbors of refuge and lighthouses for the guidance of 
the fishermen. A large sum of money is distributed every year among our fishermen 
as pr'emiums, a i d  our public men are willing to continue to help the advancement of 
an industry which for the future of the Dominion is so necessary and important. 

The iricalculable importance of such invaluable fisheries in colonization, in the 
development of commerce, in addiug to the country's food produce for home consump- 
tion, and for the training of skilled seamen for naval and merchant marine, are points 
which the histories of all great maritime nations amply demonstrate. The histories 
of the United States, France, Holland, Great Britain, are striking illustrations of the 
vast national benefits derived from the prosecution of sea fisheries. What but the 
rough experience of British and United States fishermen in prosecuting their labors 
on some of the roughest coasts of the world has made their skill and bravery9 It is 
rough experience that makes a sailor, and it is just such experience that has enabled 
the seamen of the maritime provinces of *Canada to take a first place for skill and 
coolness among the other sailors of the world. 

Our most important $slbing-grounds.-The fisheries of Canada may be divided into 
two great classes, the deep-sea fisheries and the fresh- water or lake and river fisheries. 
We shall give the precedence to the former as being the most important. Only about 
half of our 5,000 miles of seacoast has till now been properly worked. We do not 
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know yet all the riches of the British Columbia waters, but can infer from reading 
the official report that they are tceuiing with a great variety of commercial fishes. 

Our most important deep-sea iishinggrouuds are the Atlantic coast of Nova Scotia, 
from the Bay of Furidy, around the southern part; around the coasts of Cape Breton, 
New Brunswick, and Prince Edward Island; embracing the Bay of Chaleurs and the 
Gaspe coast, and extendiiig to the islarid of Anticosti, Labrador and the Magdalen 
islands. There is probably no part of .the world where such extensive and valuable 
fisheries kre to be found as within the Gulf of St. Lawrence. Nature has bountifully 
provided within its waters the utmost abundauce of those fishes which are of the 
greatest iniportrtuce to inan, as affording not only nut,ritious and wholesome food, but 
also the ineaiis of profitable employmelit. 

The cod Jisherp.-Of all the deep-sea fisheries of Cauada, the most important is 
the cod ,fishcry? which furnishes employment to thousands of men and contributes 
most largely to our exportation trade. It is onc of the leading industries in Nova 
Scotia, New Brunswick, and the lowest part of the Province of Quebec, and last year 
it contributed over $6,000,000 to our export trade. I will not attempt to give you the 
history of' the Oanadian codfishing; it would take too rnucli of your valuable tinib 
I will conteut myself with a brief sunirnary of tlie way this industry is carried on. 

The cod appears 011 the Cjanadian coasts a t  uucertain dates, geiieralIy between the 
middle of May and the beginning of Julie, soinetiiiies hi the latter end of the month 
of April. Local variations in the time of its urrival, amouiiting to days and even 
weeks, frequently occur, and these are dependent on tlie teiuperatnre, wliicli deter- 
mines the movement towards land of the various forms of niarine life on which the 
cod feeds. It lies some Bvorite spots, where it is found in greater quantities. These 
are the places which present the best advantages for tlie preservation and hatching 
of t8he spawn. Having deposited its spawn, it withdraws to shallow places, called 
banks, wherc it always fiiids food in sufficient quautity to satisfy the well-lmown 
voracity of its appetite. About the month of December the codfish appear to leave 
the shallow soundings aud banks inshore and go farther out to sea. 

The codfishing seasoil vsries with the different, provinces, beginning earlier in 
Nova Scotia and New Bruuswiclc, where the climate is uot quite so severe as in the 
province of Quebec. From April to November, inclusive, may be eiven as an average 
time. The arrival of the cod on the coasts in the spring is heralded first by the 
herring, and secondly by the capelin. The latter is a small fish, the favorite of the 
greedy cod, and therefore the best fishing bait. In every large fishing establishmeiit, 
during all the month of June, two or three bo.ats, each of them manned by 7 men 
called seiners, are employed day and night in going about t,he coast in search of t h e  
capelin. When they inset with a shoal of these fish they cast the seine, load their 
boat, and hasten home to distribute these little fish amongst the fishermen. Each 
codfishing boat receives au equal share of the fish thus brought by the seiners. 
Vessels engaged in fishing on the banks run into the harbor a t  intervals for fresh 
supplies of capelin as bait, which they preserve in ice. 

In some parts of the Domiuion a considerable quantity is dried, packed up in 
small boxes, and sent to sonie of the United States markets. After the capelin lilts 
disappeared from the coast, about the elid of June, the lauiice, the herring, the mack- 
erel, the squid, the smelt, clams, etc., are used as bait for the cod. 

Our cod being mainly taken by hand lines and bultows or set lines, the cost of 
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bait for codfishing is great. It is certaiuly not an exaggeration to estimate the actual 
cost of bait a t  one-fourth of the value of the cod taken. Besides this, much time is 
lost every year during the fishing season, owing to the want of fresh bait, which is 
not always easily procured and which is essential to good fishing. Hence anything 
that should economize the cost of bait and save time would be both desirable and 
important. Norway, the most important cod-producing country of Europe, and our 
chief rival in the cod markets of the world, has in recent years greatly improved her 
modes of fishing, her fishermen using gill nets to a large extent, with great success. 

The cod fishery is carried on in Cauada, either in vessels of a, tonnage from 60 to 
100 tons on the great banks or in open boats a t  a few inilea from the shore. Nova 
Scotia and New Brunswick seem to have the monopoly of the fishing in large decked 
vessels, and I am happy to say that naval architecture has improved very much, 
during the last ten years, iu these two provinces. This improvement in the dimen- 
sions and lines of their vessels has enabled their fishermen to increase their auuual 
catch of fish considerably. 

Vessels employed in codfishing are mauned by from 10 to 13 men, according to 
tonnage. Generally the ownQr of t'he schooner, who also supplies the men with the 
necessary fishing tackle, receives half the catch, the fishemen retaining the other 
half. When the vessels have reached the fishing-grounds they are anchored, by henip 
'or manila cables, in from 15 to 50 fathoms of water. Bait i g  obtained by spreading 
iiets in the sea a t  some djstitnce from the vessel, and the fishing is then begun, with 
bultows or long lines, and carried on by night as well as by day, in spite of wind and 
storm, until the hold of the vessel iB  filled up with fish all split and salted: Then the 
vessel returns to port, the cod is landed, washed, dried, and prepared for exportation. 

Fishing in vessels is more expeiisive, but also more remunerative, than fishing with 
open boats along the shore. Cod taken on the banks are larger and fiuer in quality 
than those fish taken along the coasts. An average of 30 bank cods, when dried, makes 
a quintal, and it brings a higher price thau the shore fish. 

In the province of Quebec and in Prince E d i a r d  Idand the cod fishery is still 
almost universally carried on iii open boats, in the neighborhood of the coves aud bays 
where the fishermen reside. ln some parts of the province of Quebec, however, fish- 
ermen venture with their open boats to 20 and 30 miles from shore. These boats are 
built by the fishermen themselves. They vary iu dimensions from 20 to 40 feet keel, 
with a breadth of' beam from 6 to 10 feet, according to the use t'hey are intended for. 
They are very sheer built, and their cliriker work is usually of cedar. Pointed at both 
ends, their riggiug consists generally of two spits or gafhails, some of these intended 
to fish on the bauks being schooner-rigged. They are comparatively light, in order 
to be easily hauled up on the beach in cltorrny weather; are good sailers and behave 
wonderfully well at sea. Yet, although good sea boats and splendid sailers, manned 
by fishermen whose intrepidity and skillfulness are well known, these boats are too 
small to enable our fishermen to carry on codfishing upon as large a scale as it might 
be done. The fishermeii of Quebec and Prince Edward Isljnd, with their small boats, 
being too often obliged to run before the storm and leave the fishing-grounds when 
they are sure of a good catch, in order to save themselves from being oaught away 
from land by heevy gales, lose every year rnuch precious fime during which the fisher- 
men of Nova Scotia a i d  of New 13ruii8wick reap an abundant harvest. Ttle reports 
on the fisheries of the last few yeam sbow a noticeable dimiiiution in the quantity 
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of fish caught by the fishermen of the province of Quebec, and this deficiency was due 
mainly to the frequent storms which raged in the Gulf of [St. Lawrence during the last 
few years, and also to tho absence ofsharbors of refuge in this part of the Dominion. 

Our principal markets for dried and salted codfish are Italy, Spain, Portugal, 
Brazil, the British and Spanish West Indies, and the United States. 

The finest cod in all America is cured ou the coast of Gaspe, in the Province of 
Quebec, where the effects of the mists geiierated by tlie Gulf' Stream are least felt, 
It is well kuown in the markets of Spain, Italy, and Brazil, where it is generally sent, 
the large fish going to the Mediberraneau countries in bulk in vessels from 100 to 300 
tons and the small fish to Brazil in drums containing 128 pounds. 

During the time that the fish is exposed on the flakes to dry, if the weather is fine, 
the sun shining, the westerly winds predominating, cod is easily cured and made of 
fiiie quality; but sometimes easterly winds prevail, rain lasts for weeks, aud in spite 
of all possible care aud precaution it is inevitabIy spoiled. So, before seudiug it to 
the markets, the iish is carefully culled, the greater part of the'best quality beiug sent 
to  Europe  id Brazil and the inh io r  to the West Indies. Nova Scotia, New Bruns- 
wick, and Prince Edward Island export chiefly to  the West Indies, United States, and 
Brazil; Quebec to Brazil, the Mediterranean couutries, and the West Indies. 

The cod is the most useful of all fish; no part of it is valueless. Oil is taken from 
its liver; the head, tongues, and sounds form a good article of food; the offal and 
bones, when steamed, dried, and ground, are converted into very good mauure, equal 
as a fertilizer to Peruvian guano; the roes are a splendid bait for the sardine fisheries 
of France and Spain; and from tlie ~wimming bladder isinglass is made. 

The herrimg$shery.-The sea fishing next in importance to the cod fishery in 
Canada is the herring fishery, the value of which, without taking iuh account the 
local consumption and the quantity used as bait for the cod fishery and for manure 
in many parts of the Dominion, was, according to our last statistics, represented by 
the sum of over $2,000,000. This amouiit is a large one, and the result seems hand- 
some, but it is certainly not in relahion with the abundance of this fish in Canadian 
waters. The herring fishery is far from gettirig here all the attention i t  deserves; and 
I might even say that we have no regular herring fishery in Canada. It is true that 
in  Nova Scotia, New Bruuswick, and Prince Mdward Islaiid schooners are .especially 
fitted out for this fishery; that it is regularly and iiitelligently practiced by a large 
number of men from those provinces, bringing them haudsoine returns; still all these 
endeavors, although very laudable, are nothing but isolated undertakings. 

It will perhaps surprise a good many of my hearers to learn that the whole of the 
Province of Quebec, possessiiig 10,000 fishermen, 1,100 miles of maritime coasts, num- 
erous bays far-famed for the abuudance of herring repairing to  their waters, does not 
annually export 2,000 barrels of this fish. Althougli they could derive immeiise ben- 
efits from the working of the industry, the Quebec fishermen are satisfied when they 
have taken enough for their own consumption and for the wants of the cod fishery. 

The reason of this apparent, neglect lies in the fact that the province of Quebec 
Capitalists give all their time and attention to the cod fishery. Nevertheless, it is 
almost impossible, without seeing it, to form 8 correct idea of the immense qiiantitY 
of herrings chat visit the coasts of the province, especially in the spring during the 
spawning season. Their compact masses cover thousands of acres of the sea, so that 
if the fishermen were provided with the necessary fishing appliauces, if they had a 
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ready market, they could easily in a few days, even before the beginriiiig of the cod 
fishery, catch enough herring to realize thousands of dollars. 

I assert with confidence that if in Canada this industry were coiiducted on a scale 
proportionate to its importance and the abundance of herririg in our waters, if com- 
panies were formed to provide our fishermen with boats and tishing implements like 
those used in Europe, our herring fishery instead of two would bring every yeax five 
or six million dollars. Nor are the markets wanting for this fish, which is cheap ant1 
can be bought by the poorest; for besides our own market we should have those of 
the United States, of England, Germany, and the West Indies. The population of 
Europe and of South America is growing rapidly, and the products of the fisheries of 
these couutries are far from being sufficient to meet the demand. We have there an 
almost unlimited market for our pickled fish, if carefully prepared and packed. 

Mackerel jishery.-I am happy to say that the energetic and progressive fishermen 
of the United States have no longer the almost exclusive monopoly of mackerel 
fishing in Canadian waters-a monopoly that they have enjoyed for a number of years. 
Wearied with beholding the success of the Gloucester fishermen, who year after year 
came to our doors to reap an abundant crop, the fishermen of Nova Scotia and New 
Brunswick set to work and have succeeded very well. They are to-day carrying on 
mackerel fishing on a large scale and deriving good profits from it. They can show 
a fine fleet of vessels so improved in symmetry as to bear fair comparison with the 
American schooners, which are reputed to be the finest vessels and the best sailers of 
their class in the world. Nor are they merely owners of splendid vessels fitted out 
with the utmost care; they have adopted the most modern tishing appliances, and 
are prosecuting this industry with great tact and intelligence; for the mackerel fishery 
is difiicult, precarious, and uncertain. A schooner may cruise in the gulf for a week, 
without taking a fish, while another gets filled iri a fortnight or less. It requires, there- 
fore, to be carried on with sagacity and perseverance-two qualities which distinguish 
the fishermen of our maritime provinces; but then i t  is generally successful, brings in 
large profits, and is certainly worthy of tlic atteution of the capitalists. 

The tourists who, during the dog days, run away from the heat of our cities to 
breathe the pure and vivifying air of the Gulf of St. Lawrence and make the jouriiey 
by water,. have often, in the course of their visits to the maritime provinces, met 
with fine maekerel schooners and mistaken them for a small squedron of yachts, 
so beautiful are their masts and sails, s o  neat and clean arc they kept. But, on a 
nearer approach, this is found to be an error j for 011 the decks of these vessels are to 
be seen crews of from 10 to 20 men, all occupied either in catching fish, in repairing 
fishing implements, or in splitting and salting the'fish that has been taken; and what 
is more striking is the order that reigns on board these schooners, whose decks and 
holds are almost always full of fish, fish barrels, salt, etc. These schooners are gen- 
erally of from 60 to 100 tons burden. They have little depth of hold, great breadth of 
beam, rake very much fore and aft, and carry large ootton sails which enable them to 
sail fast even with a light breeze. Their decks are roomy, and on them the whole 
work of salting and barreling is carried on. Mackerel is met with off the coast of 
Nova Scotia, in the Bay of Fundy, and in the Gulf of Uanso; but nowhere is it more 
plentiful than in the Gulf of St. Lawrenae, off the coast of Priirce Edward Island, 
and in the numerous coves and bays formed by the Magdden Islands. 

The mackerel is one of the most valuable fish visiting the Canadian coasts. A 
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good proportion of our catch is sent fresh to the markets, some in tins, and the largest 
quantity pickled and packed in barrels. Our best market for either fresh, canned, or 
pickled mackerel is the United States, although Great Britain and the West Indies 
also buy some of it. From the last, statistical returns we see that the mackerel 
fishery produced $1,550,000, but it could certainly afford employment to many addi- 
tional vessels and employ thousauds of additional hands. 

The lobster and oyster jisheries.-It seems to be the teudency of this age of 
competition to overdo any business which promises to be lucrative. Not more than 
ten years ago, when the retail price of lobsters was two or three for a half-penny, a 
New Brunswicker came to Prince Edward Island and commenced t h e  business of 
preserving in tins. Attracted by his success, a few other persons engaged in the 
same pursuit. The business gradually augmented until three or four years since, 
when it became endued with much more life, and has, at length, sprung into great 
dimensions. We have now 110 less thau 662 cauiieries in operation, and last year this 
industry contributed $2,000,000 to our export trade. 

I need hardly meiitiou here that this iudustry is of considerable importance in 
the general economy of: the Dominion. Every oiie uiiderstsnds that the eroction'of 
buildings, tin aud iron work, boat-buildiug, fuel-cutting, truckage, etc., cause a large 
amount of money to circulate amoug our fishiiig population and fair wages to be paid 
to thousands of hands-men, women and children. Great Britain is our best market 
for preserved lobsters. We also export annually sonie 3,000,000 cans to the United 
States. Frame takes about 200,000 cans, and the reiuainder is divided between the 
West Indies, Germany, Brazil, and some other inarkets of South Anierica. 

A word about the oyster fishery naturally finds its place here. This mollusk, so 
well known by epicures of ti11 countries, is st'ill comparatively abundaut in Canada. 
In Europe, owing to its scarcity, i t  sells a t  a fabulous price, and wealthy people alone 
cau indulge in this luxury; but 011 our coasts almost everybody C i U ,  from time to time, 
enjoy 'a good oyster soup. We have the Malpeque, tlie St. Simon, the Caraquet, and 
mauy other varieties, deriviiig their iiaiiies froill tlie localities where the banks from 
which they am taken are situated. Oyster fisliiiig is carried 011 chiefly on the coasts 
of Prince Edward Island aiid New Brunswiolr, and yields annually about $260,000. 

PresA-water $slberies.--Thc inland waters 01' Cansda teem with salmoii, whitefish, 
salmon trout, pickerel, bass, speckled trout, ouinauiohe, sturgeon, muskellunge, etc. 
In  1892 the salmon fishery yielded $2,500;000. Of a11 tlie provinces of the Dominion, 
British Columbia is the most celebrated for its salrnon fishery, and withiii tlie last few 
Years this industry has ;tttaiiiecl there almost co1oss:Ll proportions. Wliiteiish aild 
trout fisheries are carried out on a large scale, chiefly 011 the great lakes of Oiitario, 
wbich are all -well kuowii to you. The most valuable is the whitefish, the catch of 
Which amouuted to 24,000,000 pouuds last year, valued a t  $1,500.000. 

The salmon rivers of Quebec and New Brunswick are justly famous, as every 
lover of the gentle art  in the United States well knows. The sallno~~ pools of the 
Restigouche, of the Metapedia,, of the Cescapodia, of the' Miramichi, of the Grand 
River, of the Nisissiguit, of a11 the rivers of the north aiid south shores of the St. 
Lawrence, are celebrated throughout the whole world and are every year increesiug i l l  

value. Ouly R few days ago the salmon-angling privilege of the Grand Ca~capedi:& 
River was let for $6,125 per year to an American syndicate. Who has not heard of 
the sport of ouinauiche hh ing  in the St. John Valley, near Quebcct Ahnost innu- 
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merable in thaf neighborhood are the lakes and rivers where you will find all kinds 
of good game fish. Wealthy gentlemer &om Europe and America are coming by 
hundreds every season to enjoy the fly fishing in our lakes and rivers, and thus is 
established this reciprocity of which we have heard so much lately-we give them 
amusements and pleasure, and they give us money. 

Protected by judicious laws which are strictly enforced, an1 assisted by a large 
force of fishery officers and armed cruisers, there is no danger of our supply of fish 
being exhausted by overfishing or by the prevalence of injurious practices. To still 
further aid natural reproduction, fourteen hatcheries are in operation in the several 
provinces of the Dominion. From these, fully 144,000,OOO fry of young fish, chiefly 
salmon, whitefish, salmon trout, and lobsters, were planted in 1892. 

Canada is one of the rare countries where fish-breading is carried on under the 
direct control of the government, and if our hatcheries have not yet produced all the 
practical results which they were expected to give, they have proved, however, that, 
carried 0’1 judiciously, they can help in a good measure to replenish some of our lakes 
m d  ri-era where indiscriminate fishing has been indulged in rather extensively. 

’ The advantage of the fishery intelligence bureaus, inaugurated in Canada on 
I modest scale in 1889, became so apparent that there are now 55 reporting stations 
slistributed all along the Atlantic coast from New Brunswick to the Magdaluii Islands, 
and the coasts of Labrador and the Gulf of St. Lawrence. The object is to keep inas- 
ters of fishing vessels advised of the movements of the fish. The compilation of these 
reports will, in a few years, enable our government to put up charts on which the wigre- 
tions of the different kinds of commercial fish will be easily followed. 

The pursuit of an industry such as that of fishiug within 900 miies of the coast is 
necessarily attended with many dangers and peculiar drawbacks. Exposure of life 
and property is frequent. Success depends very much on the seasons. Many kinds of 
fish of erratic habits are eccentric in their movements. Plenty and scarcity niay 
alternate in places, from which the settlers depending wholly on any fishery have to 
escape. Within 20 miles of a Pettlement, on a barren and uninhabited coast, the fish 
may strike and remain without any possibility of their whereabouta being known; a t  
other places they may be abundant beyond the capacity of shoremen and vessel8 to 
catch them, and yet fisherman not far distant may be unable to procure even a sufficient 
quantity for their winter’s supply. Vessels may return empty in one season from 
fishing-grounds where previously or afterwards the fish abound. Some may lose the 
greater and best part of each season in searching after the shoals. Still the wat’ers 
teem with fish, and sooner or later they approach the shore or frequent the shallows. 

The fishery intelligence bureaus have in some measure provided against these 
vicissitudes. They have proved of material assistance to the fishermen, aid aided 
considerably in developing the fisheries in our country. Besides affording greater 
inducement and security to employers of capital and inspiring confidence to  those 
exposed to  danger and hardships, they will undoubtedly enable us to iiicrease pro- 
duction and enlarge our exports. 

Canada wau glad of the opportunity ofl’ered by the management of the World’s 
Oolumbian Exposition to show the extent and the richnew of its fisheries; and i t  has 
made there one of the largest, most complete, and best displays iii the Fisheries 
Building, and in its competition with the rest of the world its exhibit has come out 
with flying colors, as may be ascertained by the number of award8 i t  lias received. 

. 

’ 



38.-THE FISHING INDUSTRY OF LAKE ERIE, FAST AND PRESENT. 
I 

-__. 

BY C. M. KEYES. 

The subject suggested by the president of our State fish commission as the topic 
of this paper is one of wide range and too extensive in scope to be thoroughly dis- 
cussed in the time which I may occupy in courtesy to the gentlemen of this convention, 
all of whom will doubtless have subjects and niatters of great importance to the fishing 
industry to bring up for consideration. I shall therefore be as concise as the supject 
will allow, and not trenoh on your valuable time more than is absolutely necessa,ry. 

The early fishing in the waters of Lake Erie was crude in chrtractsr and limited 
in operation. Up to the year 1850 fishing was mainly coufined to the waters of the 
bays, inlets, and riLers tributary to the lake, with some feeble efforts at gill.net fishing 
by s m d l  row or sail boats operating near the islauds, reefs, and along the shore of the 
lake. There is no authenticated record that prior to that time any steam craft was 
Used in connection with the fisheries of the lake, nor, in fact, until some years after 
that period. 

Fishing, as an industry of any considerable importance in Lake Erie, may fairly 
be dated from the year 1850, although it did not attain to any great magnitude until 
some years after that. 

Pouud-net fishing commenced about that time, and from the very sttrt gave new 
impetos to the business; this was in consequence of the fact that the fish product 
became ;it o.nce much larger, was produced in a more merchantable condition, and 
continued over a larger period of time each year, thus enabling the dealer to send his 
fish with greater regularity and in much better condition to the markets of the country. 
By reason also of being able to furnish the inland dealer with a constant and certaiu 
Supply of fresh fish, wholesale dealers in all the large cities established themselves, 
thus becoming distributiug-points for the fish food of the waters of Lake Erie and 
enabling the consumers living a t  distant points to obtain a valuable addition to their 
food supply and in a wholesome condition. 

The growth of the industry from therperiod above mentioned was steady and cer- 
. tain. Each year witnessed new and improved methods in catchiug, preserving, aud 

n1arkot;ing the fish. In the early years, in fact until the year 1867, all the fish brought 
* to the local markets for handling, in amounts exceeding the  requirements for immo- 

d i ab  shipments, had to be salted, thus getting to the consumer in a very inferior 
condition a8 a food product. About this time the system of freezing fresh fish and 
ahring them in refrigerating rooma for winter consumption was put in practice a t  

s 
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Sandusky, Ohio, by West & Smith, and in a few years the system became general 
and many hundred tons of fish formerly lost to the trade were marketed fresh during 
the winter months, when fishing becomes impossible or impracticable. 

I am dealing with this question from a commercial standpoint, because from nc 
other has the subject material interest to any very, considerable portion of our people. 
The fishing industry is of vital interest to the citizen gensrally for two reasons only : 
It furnishes a source of employment for a large amount of labor and capital, and it 
produces a large and valuable food product, at low prices to the general public: 
through the channels of trade the outgrowth of this great industry. 

From the statistics furnished by the U. S .  Fish Commission we find thet 178,41!, 
persons are annually employed in fishing and fisheries in  this country, with a capita1 
investment of $55,699,278, indicating that nearly one-sixtieth of our population are 
engaged or directly interested in this business as a means of livelihood. It is no 
wonder, then, that this subject is attracting such widespread interest among the best 
thinkers of our land, and that State and National Governments are giving to it th ~ 

serious and watchful attention its importance so clearly merits. 
Until recent years the fish supply of Lake Erie was so great that the question of 

its becoming exhausted was thought of only as a possibility, and but little was done 
looking towards maintaining the supply. The whitefish that once swarmed in its 
waters in vast numbers, being most sought for by reason of .their greater value, was thc 
first of the fishes to show material decrease; the pike, the pickerel, and the bass also 
gradually decreased, while other fishes, such as the herring and blue pike seemed to 
increase, probably owing to the fact that they were very little sought for because of 
the low price paid fishermen for them. 

Twenty tons of thesc 
fish were frozen that year by Perdinand Geisdorf, of Sandusky, Ohio, and marketed i r  
Pittsburg, Pa., where they met with such favor by the trade that all the firms operat- 
ing in fish in Sandusky froze quite a quantity of herring the following season; so from 
the year 1870 may fairly be dated the time when herring became one of the principal, 
if not the principal, fish of commerce from the fisheries of Lake Erie. Hitherto it hac' 
been classed among the cheap and undesirable fish taken by our fishermen, and the 
greater part of the catch saved to the trade was marketed as a salted product. The 
herring rapidly advanced in favor, and the fishermen turned their attention more 
particularly to its capture. Hi herto it had only been taken in pound nets, almost the 

a period of thirty-eight years. 
Fishing with giIl net was confined to the large-mesh nets used in catching white- 

fish and trout, as herring was too cheap a fish to pay gill-net fishermen to catch, and 
such nets were mainly operated in the deep water of the east end of the lake. They 
continued to operate these large-mesh gill nets until the whitefish and trout were 
practically destroyed. In the meantime the herring, blue pike, and sauger actually 
increased in numbers in the waters of the lake. Notwithstanding pound-net fishing 
kept increasing from year to year, these fish continued to increase until the gill-net' 
fishermen commenced fishing their small-mesh nets in the western part of Lake Erie, 
at a time when these fish are on the road to their spawning-grounds, which mainly 
lie in the western part of the lake. 

About 1869 the first herring were frozen for winter trade. 

exclusive method of fishing, use h in the western half of Lake Erie from 1860 to 1888, 
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_ _ _ _ _ _ _ ~ - .  ___-- - 
Whito- 'wall.eyod 
5811. 1 piko. Years. 

1888. ........................... 1; 834.9511 608,814 
1889. .............................. 526,366 555,700 
1890.. ............................. 313,753 635,800 
1891.. ............................. 360,980 523,500 
1802.. ............................. 320,202 349,148 

To prove this statemeut we beg to refer you to statements taken from the books of 
eight of the leading fish-dealers of Ohio, doing business in the cities of Huron, Sau- 
dusky, and Toledo, showing the yearly catch since 1888, since which time only has 
gi1l:net fishing, in the part of the lake referred to, been carried on as business of any 
magnitude. The following exhibit shoms the :wtual catch of the diff'erent varieties 
of fish by these eight firms, figured in pouiicls from 1888 T;O 1892, inclusive: 

Suiiger. CiitfiB11. 1 Herring. 1 Porch. 

- -  I---- 
- ---___ __ _ _  - 

2,037,656 218,446 ~ 10,801, RO2 I 507,098 
1,784,134 138.732 1 10,272,948 401,210 
1,439,380 87,905 ~ 9, 6:18,795 1 656,365 
1,902,000 99,535 ' 7,280,792 I, 027,110 
2,203,627 39,780 1 I. 900,868 1 776,790 

.............. __ .. - 
This shows that while the annusll catch varied soiue and steadily lessened in 

amount, there was no startling decrease until the year 1892, aiid it was then more 
especially noticeable in the herring catch, which was over 7,000,000 pounds in 1891 
and less than 2,000,000 pounds in 1892. 

The western half of Lake Erie has always been considered the great fishiugground 
of the lake, made so by reason of that  portion of the lake being the natural spawning- 
ground for the fishes it contains aiid for the abundance of fish food found in its waters. 
More of the species spawn in the spring than in the falLseason-in fact, i t  may be said 
that the entire period from March 1 to the middle of June is covered by some one of 
t,tie species as a spawning season, and while i t  is clearly impracticable to stop the 
catching of fish at  such times, still the fisherman could be easily required to so operate 
their nets as not t80 prevent the fish from reaching their spawning-grounds. In the 
fall the fish again visit this locality in large numbers, some varieties for the purpose 
of depositing their eggs, while others, no doubt, come because the shoal waters of the 
western portion of the lake cool quicker, and to feed off'the eggs of the spawning fish 
as well as the natural food so abundantly found on the reefs and shoals. 

This statement of facts clearly shows that the fishefi of Lake Erie make regular 
pilgrimages to the western half of the lake h i  the spring and fall season, and that 
nearly all the varieties of fish inhabiting its waters art3 found there in quantities 
during both of these periods. 

To make a close season a t  either of these times would prevent the fishermen 
taking those fish that are not spawning, as well as those that are, which would not 
only be unjust to the fishermen, but injurious to the trade, which demands a steady 
and constant supply. Iu fact, to make the spawning season of the different fishes a 
closed season would practicalIy put a stop, to fishing i n  the western hd f  of Lake 
Erie at the time when the fish are produced in their best condition to the trade, and 
when, by reason of more favorable conditions for shipping, the consumer gets the 
fish in much finer condition than is possible j i i  the simmer months, the time when 
none of the fishes spawn. 

There are two principal systems of fishing operated by commercial fishermen in 
those waters-the pound net or stationery net, and the gill net or iuovable net. 

The pound net is composed of three separate prts-the leader, the heart, and 
crib or pound. The leader is from 50 to GO rods in length, the heart from 6 to% rods 

. 
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iu length, and the crib from 28 to 30 feet square. The mesh of pound nets, as now 
used, is from 6 to 7 inches for all parts of the net except the crib, which i8 the part 
daily raised. All except the very hrgest fish can go through the leaders and hearts 
at will, and undoubtedly do so, an& can swim under the crib of every pouiid on Lake 
Erie, thus preventing no fish, except the very largest., from passiiig through. 

Of course, those fish that follow the leader, which is from 50 to 60 'rods long, and 
then into the hearts and finally get into the crib, are probably nearly all saved to the 
fisherman. But what practical pound-net fisherman will say what proportion of the 

' fish, after striking a leader t o  a pound net, will make the journey along the leader 
and then through the heart, and finally swim through the tunnel into the crib, and 
what proportion will go through this large-mesh leader and finally escape altogether. 

Thus it is that while pound nets present something of an obstacle to the onward 
progress of the fish seeking a proper place to deposit their spawn, they do not present 
an absolute bar to their progress, by reaeon of the large-sized mesh used as above 
indicated; while gill nets, being a small-mesh net, set in long lines along the bottom 
of the lake, present an absolute wall to the further progress of the fish, thus diverting 

. them from tb.eir natural course, and, in fishing parlance, breaking up and destroying 
tlie schools. ' 

Then, again, pound nets can only be set near the shore, and being stationary nets 
fastened to piles, can only catch the fish that come to them, while gill nets are set 
here to-day and there to-morrow, and always in such manner a8 to head off and 
obstruct the onward progress ef the fish. Pound nets can, at, best, obstruct an eighth 
or tenth of the lake, leaving the balance of the lake a free passage, while gill nets, 
in these late years, are operated in a n  almost uubroken line from shore to shore, and 
were so operated lest season. .Beginning at  a point near'Vermillion, Ohio, these lines 
of gill nets extended into Canadian waters, thus shutting the schools of herring off'from 
the island region and the head of the lake, where the spawninggrouncls mostly lie- 
This was fully demonstrated by the very small catch of herring last season in the 
western half of the lake. 

It is evident to men operating the fisheries that unless these fish are permitted 
to reach the spawning-grouud8, whioh lie all over the western portion of the lake, they 
must of necessity rapidly decrease in the w a l p s  of Lake Erie, and as a practical fish- 
erman I see only one remedy, aiid that is to limit the fishing of nets in such manner 
as to leave a passageway for the fish to their accustomed spawuing-grounds, and the 
only practical way to do this is to prohibit the fishing of any nets at a greater distanoe 
than, say, 4 miles from shore .where the lake is 30 miles in width or more; and in all 
passageways where the distance across is 10 miles o$ less, nets be permitted to fish at 
a distance from either shore not more than one-fourth of the distance across, and that 
all nets be set at right angles to the shore. This would leave a wide waterway for the 
fish, unobstructed by nets of any kind, and thus permit their free passage to the 
spawniuggrounds, which lie all over the western part of the lake. 

The better-informed and unprejudiced fishermen are all agreed that if nets are so 
operated as to permit the hheR to reach their natural spawning-grounds, no system of 
fishiug will ever reduce the supply below the present standard, and not only that, but 
that the fishe8 would soon show an increase. It may not be practical or right to say, 
by law, that this or that eystem of fishing shall prevail, but it is both practical aud 
righito say that nets shall be so operated that the fish may, with a ressouable cert'sinty, 
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reach their uaturid spawning-grounds, and so reproduce their kiiid in the natural way. 
I beIieve that the Stste aud Governineut fish hatcheries are doing a good work in 
stocking the waters.of our lakes and rivers; but the natural way is surely the better 
way, and any practical law looking to that end should certaidy have the hearty support 
of el1 who are interested in this industry. 

The States undoubtedly have certain control over our inland waters, and are in the 
main endeavoring to properly regulate by law the fishing and fisheries, but by reason 
of the great diversity of interests of the different States in connection with this industry 
i t  is the opinion of many of our best thinkers that the General Government may yet 
be asked to assume more control of the inland fi,rheries than has hitherto been con- 
sidered advisable or within the scope of its powers. The fisheries of our inland waters 
furnish the people with a very valuable article of food, and any legislation on this 
subject should consider the rights and necessities of the consumer as well as the pro- 
ducer. The consumer has the right to be protected by law in this, that the fish shall 
be taken in such a manner as to warrant their being marketed in a wholesome condition. 
Inspectors or wardens should be appointed, with full powers to condemn all fish offered 
in our ma,rkets that are unfit for food, made so by the manner or season in which they 
are caught, or for any other cause which may be properly remedied by law. It is 
estiiiiated that 8,000 tons of herring were taken from the waters of Lake Erie during 
the mon the of June, July, and August, and of that part of this product marketed in R 
fresh condition during this hot period undoubtedly B very considerable proportion 
reached the consumer in a stale or unwholesome condition, and very much of it was 
utterly wasted. 

The State of Ohio has a closed season from June 15 to September 10, but Penn- 
sylvania has not, and so the great slaughter and waste of herring goes on during the 
Suiiinier moiiths, when this fish is of the least value as a food product, and by reason 
Of the hot weather can only be sent in limited quantities fresh to the consumer, and 
then only to cities that  have large markets, supplied with refrigerators for keeping 
them. Large quantities of young or half-grown whitefish are also taken in the summer 
mouths by gill-net fisherman, operating their nets in the deep waters of the eastern 
end of the lake, and are thrown away or sold as herring. The fish product of the 
great lakes has become such an important, articleof food to the vast population tribu- 
tary thereto that laws prohibitiug unreasonable waste or destruction of this valuable 
comniodity of commerce should be enacted and enforced. The people generally look 
to commercial fisherman only for their supply of fish food, and, in a way, are as much 
interested in making commercial fishing a successful iudustry as are the men operating 
the fisheries. 

Our law-making bodies, then, should pass laws that mill not only foster and 
increase this great industry, but will also compel dealers and shippers to produce aud 
send to the consumer, wherever he may 'be located, this valuable food product in the 
most perfect and wholesome condition possible. The people have a right to this pro- 
tection and should enforce their just demands through the medium of their respective 
legislators. This industry should riot be hampered by laws based OII the fanciful 
thaories of the fish-culturist or influenced by the arguments of the fish vandals who 
operate on the plan that all are fish that come to their nets; but the best interests of 
the whole public should be considered, and in the end such a system of laws would 
be to the best interests of the producer and the consumer alike. 

F. 0. B. 1803-23 
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39.-THE FISHERIES OF THE VIRGINIA COAST. 

BY J. 'I'. WILKINS, JR., M. D., 
Fish Coittmissione~ of Viyginia. 

Regarding the fisheries of tlie Cliesapeake Bay and the Atlantic coast of Virginia, 
the question of greatest importance to our fiisheruien is the appalling decline in the 
number of the free migratory fishes that annually visit the waters of our State. 
Years ago, as late even as 1860, with the siinylest contrivances for their capture, it was 
impossible to utilize all the fish caught. The markets of Baltimore, Norfolk, and 
Richmond were abundantly supplied by the fishermen of these respective localities. 
The only devices for the capture of fish up to that time and for several years after were 
the haul seine and gill net. With the advent of railroads and the employment of ice, 
more distant markets were reached, with the consequent demaud for a larger suppiy 
of fieh. To meet this growing demand the fish pound was ingeniously devised, and for 
several years thereafter but little eBwt upon the apparently inexhaustible resources of 
the sea was to be observed, notwithstanding the fact that the pound nets, weirs, etc., 
multiplied with marvelous rapidity. 

There were 162 fish pounds in the Chesapeake Bay and its tributaries in 1880, 
412 in 1883, and 550 in 1888. In 1880 the estimat,ed value of fish caught was $906,068; 
in 1883, $1,258,576; in 1888, $1,268,000; in 1893 (estimated), $725,000, three-fourths 
of which were shad. III 1885 the tide of an abundant catch reached its highest flood, 
since which time, fluctuating year by year, the fortunes of the fishermen have 
rapidly ebbed away, until to-day, in a large majority of cases, it is a losing venture to 
engage in this indust,ry. Our fishermen are finding their occupation gone, an occu- 
pation that gave employment to 25,000 people and added largely to the taxable values 
of the State. 

Is the fish pound responsible for this sad condition of affairs? There is such closu 
connection between the introduction and multiplication of this all-devouring fish pouud 
and the continually decreasing run of our pelagic fishes as to be at least suggestive. 
Nothing in the shape of a fish that ever enters it comes forth again alive. Large and 
small, old and young, the barren and the gravid fish-all are sacrificed to the blind 
cupidity of their pursuers. 

If we assume that the pound-net fishing contiuuing from the middle of February 
to the first of October, aud which i t  is almost a physical impossibility for fish to escape, 
runnjng the gauntlet from the mouth of the Chesapeake Bay to the fresh waters of all 
its great rivers-if we assunie that this is to be charged with the dire condition of our 
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fisheries, what steps can we recoininend as an abatement to this stailding menace to 
the sad remnant of a once grand industry? Many of our people would be thrown out 
of employment and much capital now invested in the pound nets would be sacrificed 
if the pound nets were to be abolished. Nor could one State aloue repair the damage, 
already too long continued, without the hearty cooperation by legislation of all the 
Atlantic States-concurrent legislation. The efforts of the fish-culturists will be 
barren of good results without trhis heroic treatment as supplementary to artificial 
propagation, and a close period during their spawning season sild perfect freedoiu to 
reach their natural spawning grounds. 

It is to the serious consideration of this matter that I would call the attention of 
gentlemen here to-day. 



40.-NOTES ON THE IRISH MACKEREL FISHERIES. 

BY REV. WILLIAM SPOTSWOOD GREEN, 
Inspector of Irid Fisheries. 

The great herring pond, as the Atlantic is often called, is not only a means of 
facilitating the communication of men living in countries 2,000 miles apart, but it also 

' affords the means by which certiin fish can wander from the shores of one country to 
the other. 

The mackerel (&comber scombrus), owing to the similarity of the species 011 both 
sides ofthe Atlantic, seems to point to intercommunication. 

In  the following notes which, owing to the press of other duties, have been com- 
menced only forty'-eight hours before the date for posting, I shall allude to one of 
our great Atlantic fisheries, and this 1 am able to attempt, owiiig to the knowledge 
I have gained of the American fisheries from the valuable publications of the U. S. 
Commission of Fish and Fisheries, and from my interesting but too brief visit to the 
hospitable roof a t  Woods Holl in Massachusetts. 

The spring rnao7cereZ~fisl~ery.-T~his, the most valuable of the Irish sea fisheries, com- 
mences on the west coast of Ireland in the end of Marcli or the early part of April. 
On the 6th of April in this year (1893) and on the 4th of April last year the first large 
takes were made. Owing to the observatioiis made on the American coast as to tem- 
perature, I was led to make similar observations here, and I found that the night on 
which the open-sea temperature reached 50° wa8s the night on which the large 
Schools appeared. The fish were taken by boats near shore and for over 20 miles to 
sea. All along the coast the boats had shot their nets with little or no result for over 
a week previous to the date named. In  1892 I shot a train of mackerel nets 10 miles 
outside the Arran Islands off Galway Bay on the l i t h  of March, and again on several 
following nights when the sea temperature was 460 and air temperature 3'70, with 
frequent snow showers. On each night we captured two or three mackerel and a few 
herrings. The inackerel were of small size, about 13 to 14 inches long, They were of 
both sexes and about half ripe. This went on uritil April 6; then the sea telnpersture 
rose to 500, and large mackerel, 19 inclies long and between 2 and 3 pouuds in 
Weight, were immediately captured in thousands all along the coast. There seems, 
therefore to be a few mackerel always to be caught, possibly wanderers from the great 
body. How far mackerel may thus bo scattered all over the North Atlantic and the 
abundance of the supply are as yet unknown. 

Another fact to be considered is that though mackerel are not captured in the 
open sea in any large quantities until the sea temperature reaches 500, still the canoes 
and row boats which o m  shoot thoir nets close to shore and in certain bays gat the large 
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spring fish usually two or three weeks earlier than boats fishing in the offing where the 
sea may be from 40 to SO fathoms deep. And this is the case when the temperature is 
still low. This seemingly points to the conclusion that mackerel when approaching the 
shore keep deep down, not necessarily at the bottom; that by the rising of the sea-floor 
they are forced upward along the coast line, but that otherwise they do not rise to 
the upper waters to spawn until there is a suitable surface temperature. In  May and 
June they shed their ova, and during these months the schools are composed of fish 
of various sizes. 

The ordinary gill nets for mackerel are fished a t  the surface, but in some of the 
bays the fishermen sink a portion of the net and moor it in that position. In the 
spring, on the north coast of Mayo, the fishermen sling their mackerel nets after the 
manner of herring nets, and often find mackerel in greatest quautities when the nets 
are slung several fathoms from the surface. 

When spawning is over, the fish scatter and the spring fishing comes to an end. 
While the schools are on the coast they often wander to and fro, but I have met with 
no evidence to show that  in approaching the coast they travel along it, either to the 
north or south. From Cork to Donegd, which are the extreme limits of the fishery 
on bhe Irish coast, they appear at the same time. Locally, however, the schools move 
about a good deal and come to certain localities in greater numbers in some years 
than in others. 

I n  America the mackerel fleet proceeds southward to Cape Hatteras in order to 
meet the schools of fish which apparently migrate from south to north, and although 
Cape Hatteras is about 350 N. latitude and the coast of Ireland is 200 farther north, 
the same isotherm reaches the two places about same date; so tlie American and Irish 
spring mackerel fishery open simultaneously. 

Statistics show that on the American coast fishing advances along the coast pari 
passu with the isotherm of 600. 

On our side of the Atlantic we have no great stretch of coast to compare with 
that from Cape Hatteras to Nova Scotia, but that no such migration takes place may 
be inferred from the fact that  large numbers of French boats come to the Irish coast 
to commence the spring fishery and there find the earliest and the largest fish. The 
Cornish mackerel fishery is the southern extension of the Irish. It is not, however, 
earlier and the general run of fish me smaller. 

The value of this fishery to  the country may be estimated when we state thatthe 
value of the fish to  the fishermen for the twelve weeks it lasted during last spring on 
*he Irish coast was Sl80,OOO. The amount spent on labor, freights, and management 
was of course in proportion. 

Method of capture.-The only method employed for catching the spring mackerel 
is by gill Gets; the larger boats use trains of nets about 2 miles long and drift with 
them. The row boats and canvas canoes, by which the inshore fishing is carried on, 
either anchor their nets or drift with them. The spring mackerel are not to be cap- 
tured by hook and line, and the fishermen have come to the conclusion that they are 
blind. 

The autumn mackereE~shery.-This fishery received a great impetus in 1887 when, 
owing to the failure of the mackerel fishery on the American coast, a supply was 
looked for from Ireland. Since then this fishery has proven a great benefit to the 
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country. America could confer no greater boon upon Ireland than in reducing the 
tariff on Irish-cured mackerel. 

The autumn schools begin to appear on the coast about the end of July, and are soon 
to be met with all around the British islands and in the North Sea as fpr as Norway, 
They are at first of small size; some of the schools, which as a rule make their way up 
into the large bays and creeks, being little larger than sprats. Those about a foot 
long are taken in great numbers on'hook and line. The size of the fish gradually 
improves, and mackerel up to 2 pounds weight and 18 inches long may be met with in 
August. The small fish are still met with. All that I have examined were sexually 
immature. It is possible that the larger fish are those which spawned in the spring, 
but I have failed to find any .remains in the ovaries. 

As September advances the fish cease to accept bait, and net fishing is once more 
uuiversal. Seines are largely used, the American purse seine having become common. 
Gill nets are also used. The season lasts much longer than the spring fishing. In 
some cases it has gone on right through the winter; and this, combined with the facts 
that i t  is carried on chiefly by local fishermen, and not by all the strangers who con- 
gregate in the spring seasson, renders i t  a greater benefit to the country. The fresh- 
mackerel business necessitates concentration to insure ice and transport, while the 
pickled-mackerel trade, which is chiefly the autumn fishery, is not so limited and con- 
sequently is prosecuted far and wide along the coast. 

It is evident that these two fisheries are a severe strain on the supply, and the 
questions naturally arise, How long can they last 8 and, Ought restrictions be placed 
on them8 The one is a killing of spawning fish, but is, however, the most importaut 
herring fishery; the other is the killing of fish sexually immature. The one i s  valu- 
able owing to the very high prices which are to  be obtained in the spring; the other, 
though prices are not more than one-quarter as good, is valuable from its wide dis- 
tribution on the coast' and the length of the season when it can be prosecuted. In  
America, where the mackerel fishing has been prosecuted €or over 200 years, we find 
enactments as early as 1670 prohibiting the capture of spring mackerel on account of 
being spawning fish. In a few years later the law was repealed. In Ireland the 
great development of the spring mackerel fishery dates back to only 30 years ago, 
and the autumn fishing to 1587. Prior to those dates the fishery was so insignificant 
as not to be worth mentioning in the old fishery reports. The questions which were 
discussed on the American coast centuries ago are before us now. For the answer 
fuller knowledge is necessary, both as to the life-history of the fish and the,distribution 
of the species. It is the one problem, and can be tackled on both sides of the wide 
Atlantic. 

There are a few points of diflerenoe to be noted between the American and Irish 
fisheries. In the American epring fishery the mackerel school on the surface and can 
be seen and taken by seines. With us this is not the case until the autumu; very 
often the best nights for fishing are when there is no sign whatever of the fish. In the 
American spring fishery the fishing hook and line has been largely used. With US the 
mackorel can'not be caught with bait until summer. Baiting the water, so common 
in America, has not been found of inuch use on the Irish coast. In America the spring 
alnd autumu fishing are continuous. On the Irish coast there is a distinct blank 
h e  between the two fishings. 
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The boats employed.-Instead of the 80-ton schooners of the American coast, with 
their two seine boats, and along shore the dories, the Irish fishing is prosecuted- 

(1) By 30-ton boats whioh can lower their masts when the nets me shot, and are 
in many cases provided with steam gear for hauling the nets. 

(2) By rowboats and by canvas canoes which take three to six nets to the fishing 
ground. In  some bays in the west of Ireland from 60 to 100 of these canoes take part 
in the fishing. They are particularly seaworthy, and, owing to their grea>t liglhess, 
can easily be removed from the beaches when heavy seas break upon the coast. They 
differ in construction on various parts of the coast; those on the Kerry coast are the 
most carefully built, while the most primitive design is met with in Donegal. 

The sheer of the floor, coming right out of the water.bol,h fore and aft, gives them 
the best qualities of the dory, and the delicate framework enables them to adopt more 
graceful lines than is possible in the American craft. 

During the spring of the prescnt year 662 large boats (including 93 from France) 
fished mackerel on the Irish coast, and 809 row boats and canoes. 

Annexed are four photographs taken by Mr. R. Welch, of Belfast, who has made 
a large series of such views. 

~ 
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41.-PAST AND FUTURE OF THE FUR SEAL. , 

BY JOSEPH STANLqY-BROWN. 

There are but two groups of fur seals to furnish to the world its supply of seal 
skins, the fur seal of the north and the fur seal of' the south. 

When Sir Francis Drake circumiiavigated the globe in 1877-80 the Awtocghalus, 
or southern fur seal, was to be fouiid at not less than thirty localities, and their num- 
bers aggegated millions. To-day the contribution8 of these southern vaters are from 
three resorts, and do not usually reach 15,000 skins annually. 

When Vitus Bering, in 1741, was wrecked upon the Commander Islands, off the 
coast of Kamchatka, and Pribilof searched out, in 1786-87, the group of islands in 
Bering Sea that bears his name, there were discovered, not only the chief breeding- 
grounds of the northern fur seal, Callorliinm ursiws,  but  some of the most superb 
seal rookeries the world has ever known. It is questionable if mortal vision ever 
rested upon more magnificent displays of amphibian life than were to be seen on the 
island of St. Paul at the time of its discovery. ~ To-day these subarctic resorts are 
prostrate; their glory also has departed, and they furnish a home for but a mere 
remnant of the seals that formerly swarmed in myriads along their rocky shores. 

For two years the hopes of thoughtful persons were high, that through tho medium 
Of international negotiations :tnd the deliberations of wise and able men the safety of 
the fur seal would be at  last secured. To-day, when the decision of the Paris tribunal 
is common property, we find public opinion divided on the question as to whether the 
practical application of the decision will preserve the fur seal as a commercial com- 
modity. 

Clwmcteristics of the sed-The condition of aff'airs tlius briefly outlined is all the 
more deplorable when we consider the characteristic% of the animal with which we are 
dealing. It is a creature peculiarly adapted by its habits to man's management. 'It 
occupies no territory needed, as were the buffalo's feeding-grounds, for the subsistence 
of more valuable domestic animals; no herders are required to prevent its being lost 
in the wastes of the ocean, mid no exponse is incurred either to protect it from the 
i1icleinenGy of the weatlier or to provide a winter food supply; yet with more certainty 
than the ranchman's flocks and herds seek the home range do the seals annually 
return to their breeding-groutids where, under proper management, they can without 
injury to the parent stock be made to yield a prost equal to if not greater than that 
derived from the cattle of the plains or the sheep of the mountains. 

Tlbe southeria fur seal m d  its de.rtrtwtion.-Despite them characteristics, which must 
have been apparent to the most ignorant and unobservant, what bas been the course of 
events9 Turning first to the fur seal of the south we find that as early as C90 Some 

361 
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little interest was manifested in its calpture, but it was not until the close of the 
last century that the pursuit was begun in earnest. Hardy mariners, stimulated by 
the hope of sharing in the profits of the fur trade which the Russians had developed 
with the Chinese, searched out thereeorts of the southern fur seal; ravsged them year 
after year, in season and out of season; slaughtered the helpless creatures with clubs 
on land regardless OP age or sex; ga,thered a harvest of sixteen or seventeen million 
skins, and by 1830 had practically destroyed, in the southern seas, this valuable 
fur-bearing animal. If all these resorts were in their original condition and under 
wise and prudent direction, they could easily supply to the fur trade annually some- 
thing like half a million skins, with corresponding advantage to an army of skilled 
artisans. As it is, indiscriminate butchery has left only the Lobos Islands rookeries 
at the mouth of the La Plata River and a few insignificant resorts at Cape Horn and 
the Cape of Good Hope, the total yearly yield of which is, as before sttated, less than 
15,000 skins. Such destruction is left absolutely without justification in the face of 
mail’s entire ability to  maintain the fur-seal rookeries a t  the highest possible limits 
permitted by the. operation of nature’s restrictions, or when depleted to develop them 
again. This is riot idle speculation, but rests upon a firm foundation of fact furnished 
by the history of the fur seal of the north. 

The northerrr f u r  seal and its relation. to the sealskin industry.-The two great resort8 
of the northern fur seal are the Pribilof and Commander islhnds in Bering Sea. 
Robbens Reef, a rocky islet in the Okhotsk Sea, has a small rookery, and a few 
loca,lities of minor importance are found along the Kurile Islands. While the Rus- 
sians who first discovered these resorts prohibited all interference from outsiders, their 
own treatment of the seals was similar to that practiced by the sailors in the south. No 
attention was paid to sex, season, OT period of procreation, and it was not long before 
the end came there just as it had done in the south. The Russians were taught by 
this severe lesson that the only wa,y in which the rookeries could be restored and 
perpetuated was to protect the females from death and the breeding-grounds from 
molestation. This course, accompanied by practically a suspension of killing during 
certain years, was rigidly adhered to with the result that when the rookeries of the 
Pribilof Islands were turned over to the United States in 18G7 their condition, instead 
of being one of exhaustion, approximated that which existed when they were first 
discovered. The truth of this will be more apparent when it is stated that in 1868, 
before the United States could assume and exercise control over its newly acquired 
possessions, nearly D quarter of a million skins were improperly taken from the islands 
of St. Paul and St. George by unauthorized persons without apparently producing 
any diminution of the numbers which came the following year. 

Although there are but four of these northern localities, and Russian mismanage- 
ment from time to time played such havoc with them that the catch was an uncertain 
quantity, still they haye contributed since their discovery between 6,000,000 and 
6,000,000 skins to the fur trade, or about one-third as many as have been furnished 
by the southern resorts. From the time that the fur seal of the south ceased to be of 
commercial importance trade has relied upon these rookeries. Thanks to  the more 
enlighteiied policy employed by the Russians, and adopted aud improved upon by 
the CJnited States, these rookeries of Bering Sea contributed to commerce for the 
twenty years ending with 1889 a uniform yearly quota of nearly 150,000 pelts, 
which formed the basis of sild made possible the systematized sealskin business of 

. 
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modern times. As a raw commodity they sold for an average of $2,500,000 a t  the 
annuallondon trade sdes, and the Pribilof quota yielded the Government of the United 
States. in revenue more than the $7,200,000 originally paid for tho entire Territory of 
Alaska. The value of raw sealskiris is now represented by about $15 for skins taken 
at sea and $30 for Pribilof skins. A t  the present revcnue rate, if it were now possible 
to take from the Pribilof Islands the former yearly quota, the Government income 
would be nearly $1,000,000 annually. 

Importance of the sealskin industry.-The sealskin industry is of no slight impor- 
tance and its proportions are but roughly indicated by the first profit, on the raw skins. 
These peltries must be gathered in remote regions; they form part of the transportation 
business of railroad and steamship lines; coopers must make casks for their shipment; 
they must pass through the hands of many laborers before they reach the 40 buyers in 
London who purchase them, and the 2,000 skilled artisans who convert them into fab- 
rics suited to the use of trade; and when all this is done there must still be stores main- 
tained aud clerks employed in order that they may find their way to the wealthy coiisu- 
mers. The labor incident to the taking, transporting, manipulating, and disposing of 
these peltries demands the employment of thousands of persons each year, and when 
we recalI the prices paid for these skins when converted into the garments dictated 
by fashion, it will readily be seen that it is an industry the ultimate value of which 
is represented by millions of dollars annually. Above all it is a peculiarly worthy 
industry, in that it gives occupation to many, while the profits come from the purses 
of those best able to pay them. 

Cause of the destruction of the northern fur seal.--Some ten years ago there was 
put in operation on the American side of the Pacific ocean an agency of destruction, 
the growth of which, if uninterrupted, promised to prove as efkctivo as did the sailors’ 
clubs upon the southern resorts. I ts  promise has been generously kept, and from its 
deadly though partially controlled effccts the rookeries are now suffering. That agency 
was pelagic sealing, or the taking of seals a t  sea by means of weapons. The source 
of the injury is the indiscriminate killing. Whether this is practiced on land, as in 
the south, or a t  sea, as in the north, the outcome is the same. No aninial which pro- 
duces but a single offspring each year can long survive an attack which involves the 
death of the producing class, the females. I am aware that there is another side to 
this question, and that two great iiations point each a fingcr a t  the other and say: 
‘‘ You did it.” The subject-matter of that contention is only germane to such a paper 
as this in so far as it touches upon the career of the seal, and only to that exteiit will 
it be referred to. 

England and Canada hold the theory (which, in justice to them, should be stated) 
that the decline of the northern rookeries was due to excessive killing on the islands, 
pelagic sealing being a factor of oidy secondary importance. I f  this theory meant 
that  after pelagic sealing had made serious inroads upon the seal herds it was excessive 
killing to continue taking the annual quota of 100,000 skins, it would be a sound one, 
and the United States would be culpable to that extent, but England and Canada 
Would not accept this limitation; they want it to account for much more. They 
fail, however, to sustain their theory until they show by clearest proof that the 
decline of the rookeries began prior to the development of pelagic sealing, and also 
get rid of the awkward fact that for the first twelve or fifteen years there was no difii- 
culty in securing the annual quota allowed by law. Why did this alleged decadence 
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through excessive killing on land take so long to manifest itself? Certainly the evils 
of indiscrimination is not inherent in land killing; oa the contrrary, selection can be 
exercised at the rookeries as readily as it can be a t  the abattoir, and there is no.more 
necessity for molesting the females than there would be for a farmer to ahip all of his 
herd to Eansas City and have the selection of the killable males made at the stock 
yards. The briefest recital of the facts of seal life mill make this plain. 

The facts of seal life.-The northern fur seals, unlike their southern relatives, are 
forced each year by Arctic cold and the necessity for food to leave their homes on the 
approach of winter and to seek the southern waters, and the abundant fish supply along 
the continental shores. The migration routes of the Alaskan and Asiatic herds do 
not coalesce, nor do the seals intermingle. Late in April or early in May, depending 
upon the character of the season, the breeding males, bulls, or “seecatchie,” first 
return to their resorts from this migration. About a month later the mature females 
or “matkie” begin to seek the breeding-grounds, and between’ the time of arrival of 
these two classes the young males or u hollustchikie” are swimming in the water ne@- 
the rookery fronts or hauling out upon the haulinggrounds some distance away from 
the areas occupied by the mature seals. The young males are not permitted to gather 
upon the breeding-grounds until, by reason of age and strength, they are able to 
maintain a position there. 

Each old bull when he arrives in the spring selects and maintains, often by des- 
perate combat, a little area upon which he hopes to establish his household. The male 
weighs four or five times as much as his consort, and, as is usually the case where the 
male preponderates in size, they are extremely polygamous. Their vitality and viril- 
ity is almost beyond belief. For eighty or ninety days, while they are making secure 
their position, and while guarding and presiding over their families, or : L  harems,” 
they are debarred from both food and water. When the season of propagation is 
past they again betake themselves to the sea, and the breeding-grounds are given up 
t,o the intermingling of young males, females, and pups, but during bhat eighty or 
ninety days the immature males from one to five years of age have been compelled to 
consort together upon the hauling-grounds, and thus there is given an opportunity 
without in any way interfering with the course of events upon the breeding-grounds, 
to drive away, select, and slaughter such of these youiig males as will furnish desirable 
pelts. These are the only skins shipped from tho islands. 

Can anyone successfully maintain that in the case of polygamous animals the 
taking of the surplus male life and reserving the females can destroy the herd7 If  
this can be demonstrated, then our stock-raisers are at fault, and the evidence derived 
from Russian management goes for naught. 

The facts of pelagic sealing.-Before the breath of life can be breathed into this 
theory of decadence through excessivekilling on the islands there must be removed from 
the record books certain well-established facts concerning pelagic sealing, It will be 
necessary to dispose of the fact that while in 1878 there was but 1 vessel engaged in 
pelagic sealing, the number steadily increased until in 1892 there were 122 to follow on 
the migration tracks of the herds, to harry them eight monthsout of the twelve, and, if 
permitted, to accompany them to and even upon their chosen resorts. There must also 
be a successful refutation of the fact that there is- a loss of at least 10 per cent inherent in 
the methods of taking seals at sea; that pelagic sealing strikes at the very life of the 
rookeries, by killing 76 or 80 per cent of the females, more than half of which are 
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mothers whose death involves that of their unborn offspring; and that the period of 
gestation being nearly twelve months, a mother killed in Bering Sea means that three 
seal lives may pay the penalty. 

It is equally important to the maintenance of this theory that there be an elimi- 
nation of the fact that during the four seasons, ending with the past one of 1893, there 
were taken 011 the Pribilof Islands only a total of 50,000 skins of young males, while 
during that same period there were actually marketed by Ihe sealers over 200,000 
skins, which represented only about half the injury done the seal herds, an injury 
falling heaviest upon the producing class, the females. For four years there has been 
practically a closed time on tliese islands, and pelagic sealing has had full swing in 
the North Pacific. The rookeries have riot improved under these conditions, and 
until the records of the real cause of destruction stand impeached it is idle to offer 
obscure and improbable explanations for the present condition of seal life. 

It has only been profitable to follow this question of the cause of the decadence 
to indicate what might be expected froni pelagic sealing. Whenever and to whatever 
extent carried on, its deadly effects are certain and continuous, the amount of injury 
being limited only by t h e  magnitude of the eiiterprise. Improprieties on land can be 
guarded against, but the disastrous consequences of pelagic sealing are inherent to 
the business and are beyond man78 control. They can be lessened, b u t  only through 
the curtailment of the number of seals taken. The injurious effect upon the herd, 
while proportionately less, reinailis a constant factor. 

In following the career of an animal possessing such capacity for self-perpatuation 
and ready adaptability to the uses of man, the student of natural history or of eco- 
nomics is struck by the wanton niid needless destruction which pursues it wherever 
found. As to its future he turns, for what comfort he may be able to extract, t o  the 
decisioii of that  court of recent if not last r e s o r t t h e  Paris tribunal of arbitration. 

The Puris tribunal of arbitration.-The causes which led to the arbitration are 
known to all. For some years the Alaskan fur-seal, when oil its migration route, 
had been the eagerly sought quarry of the pelagic hunters. This route, which by 
reason of its vast extent and proximity to inhabited sliores makes this herd especially 
Vulnerable to attack, extends from the Pribilof Islands southward through the passes 
of the Aleutian chain, expands in the broad Pacific, but ultimately brings the seals in 
more compact masses to the North American coawt, and thence along its shores, back 
through the passes, to the Pribilof Islands again. Realizing the peril of the rook- 
eries, the Government of the United States attempted to partially protect them by 
Seizing sealing schooners in Bering Sea. Each year it was thought that a t  least so 
far as these waters were concerned the danger would cease, but each year i t  increased 
as the vessels multiplied and the skill and knowledge of the sealers became greater 
and was ultimately extended to the Asiaticherd which frequents the Russian or Coni- 
mander Islands. The continued seizing of schooners by the United States met with 
remonstrances on the part of Canada and England, and finally, after inuch irritation 

I and heat, became the subject of diplomatic negotiations? the peaceful outcome of 
Which was the Paris tribunal of arbitration. 

It was to settle cer- 
tain jurisdictional questions, to decide tjlie question of property rights, and in the 
event of the matter being left in such shape that the concurrence of Great Britain 

' 

Three duties were intrusted to the tribunal of arbitration: 
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was necefisary to establigh regulations for the purpose of protecting and preserving 
the fur-seal, i t  was to frame such regulations as would be applicable outside of the 
jurisdiction of the respective governments and to indicate the non-territorial waters 
over which these regulations should extend. As it is not important in this connection 
to consider the jurisdictional phases of the case there will be taken up a t  once the 
property question and the regulations-the two poiuts that  immediately concern us ; 
the former from the standpoint of general interest, and the latter by reason of their 
intimate relation t o  the futuro of the seals. 

The American position.-The able representatives of the United States took the 
position that the tribunal was bound by no precedents, and possessed, by virtue of 
its very origin, a creative as well as a judicial function. They urged upon the tribunal 
the taking of high ground and the set,tlement of the question upon broad and compre- 
hensive principles. They pointed out that  man, by means of invention, was rapidly 
extending his dominion over the water, as he had over the land, and, by employing 
methods which were not even dreamed of when many existing inunicipal and interna- 
tional laws were enacted, threatened the very existence of many creatures useful to man. 
Turning from the citations of voluminous authorities vindicating the justness of their 
claim of property right in the seals and in the industry, they pleaded with sturdy 
argument and great eloquence that the tribunal would fail of' its high duty did it 
not lend its aid to such an extension of the world7s ides of property right as was needed 
to meet the demands of tlie advaiicing age. They asked that the narrow ground 
be not taken that this great tribunhl was called into existence solely for the pur- 
pose of settling a dispute between two nations, but that it was given an opportunity, 
and was vested with the power, to make a substantial contribution to international 
law, and that its verdict, while disposing of the immediate matter in dispute, should 
be such a formulation, upon broader lines, of our conception of rights of property and 
of protection as would be of value to all mankind, irrespective of nations. They 
pointed out that the material progress of the world was based upon the fundamental 
principle of ownership, and that the most effective way of preventing the commercial 
annihilation of certain great groups of creatures was by lodgiug in the nation best 
qualified by its geographic position to protect them a custodianship, to be exercised over 
them for the benefit of all. It was shown that the adoption of this principle would 
diepose of the question of the relation of other governments to the subject; would 
make possible the rehabilitation of many of the seal rookeries of the south; that  it 
would protect such industries as the coral and pearl fisheries, and that it would be 
useful in controlling the rapid inroads man's ingenuity is now making on the denizens 
of the sea. I n  short, that  i t  would be a direct, useful, and common-sense way of set- 
tling the whole matter. 

The British position.-With equal skill of argument and eloquence of address the 
advocates of Great Britain and Canada held that the tribunal possessed but one 
function-that its duty was to declare the law and not to make i t ;  but that, whatever 
its function 'might be as an international body, it was not vested with the power to 
make international law, but must keep to the straight and narrow way of settling a 
contention between two nations and adjusting two conflicting methods of catching 
seals. They asked that the tribunal provide for the continuation of  pelagic sealing 
under the most favorable conditions consistent with carrying out the terms of the 
treaty. True, nothing was said in the treaty about preserving the business of pelagic 
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sealing, but before so patient and generous a court it was not difficult to confuse the 
issue of preserving the seals and continuing pelagic sealing and to take up a large 
share of the proceedings with pleadings in behalf of the latter. They demanded that 
the question of property right he settled from the standpoint that the seals were wild 
animals, which man could only reduce to possession by destroying. They insisted that 
the law relating to wild animals, regardless of its origin, hiid been accepted by nations 
as the years ran on; i t  was very old law and very good law; but, whether good or bad, 
it was the law, and from its teachings the tribunal inust not allow itself to be enticed 
away by the seductive citations and insidious arguments of learned counsel 011 the 
other side. There must be no making of laws to suit new conditions; the old stand-bys 
must be adhered to, whether applicable or not. They urged that the seals being wild 
animals, the United States had done nothing to encourage or develop in them the ani- 
mum revertendi-the inclination to return to their homes, as in the case of bees and 
similarcreatures-and thus had lost their claim to a property in them, and if the world 
or a part of it desired to turn out in boats and to destroy the industry by shooting 
the seals in the water they had a perfect right to do soi for a wild animal was free to 
all. No matter if seal mothers roaming tlie sea for food did fall before the gun or 
spear of the pelagic hunter and their helpless pups starve on the rookeries, the hand 
of destruction must not be stayed, for the United States had no rights anyone was 
bound legally to respect when the seals were three miles off shore, and humanitasian 
considerations had no place in the controversy. TheyinRisted that the tribunal had no 
authority in law to declare a property right in t8he seals or in the industry, but if the 
tribunal contemplated disregarding the law and settling this question on lines of their 
own choosing they must refiain from doing so, because i t  would interfere with that 
wonderful invention, the immemorial right on the high seas, an interference nations 
not only would not brook, but which they would actively resent. 

The tribunal’s decision,-The tribunal, true tto the conservatism of the Old World, 
accepted this in terpretation of their powers, recognized the potency of venerable legal 
relics, assented to the arguments of the counsel for Great Britain and Canada based 
thereon, and contented itself with deciding that the United States had no right of 
protection or property in the fur-seals. 

The regzc1ations.-The next task to which the tribunal addressed itself, was the 
framing of regulations. These regulations furnish the last hope for the preservation 
of the fur-seal as a commercial commodity. It is not probable that any other nations 
having seal interests will be content with less than the United States secured, nor is 
it likely they will obtain more, and thus they represent the measure of protection all 
seals are likely to  receive in the future. 

After listening to an enormous mass of testimony, some good, so,me bad, and some 
very indifferent, concerning seal life, the tribunal proposes to  preserve the Alaskan 
branch of the northern fur-seal by prohibiting sealing within a zone of 60 miles around 
the Pribilof Islands; by establishing a closed time, or time of no killing a t  sea, from 
May 1 to July 31 j by permitting only sailing vessels to engago in the business of sea1 
hunting, and requiring them to carry a distinctive flag, to take out a special license, 
and to keep a daily record of the catch and the sex of the seals taken, these records 
to be conmunicated to each of the two governments at the close of the sealing season j 
by limiting the weapons of capture to shotguns in the North Pacific and spears in 
Bering Sea; and by requiring the two governments to  take such measures as will 
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determine whether the hunters are fit t o  handle with sufficient skill tke weapons by 
means of which the seals are to be captured. These regulations, which, are to remain 
in force until they have been in whole or in part abolished or modified by common 
agreement between the Government of the United States and Great Britain, are to 
be submitted every five years to a new examination, so as to enable both governments 
to consider whether, in the light of past experience, there is occasion for any modifi- 
cation of them. 

The three prime points in the regulations are: the zone around the islands; the 
closed time of three months injected into the middle of the sealing season, thus break- 
ing i t  up; and the restriction of the use of firearms to the North Pacific. 

. First as to the zone: If there was any one fact clearly established by the testi- 
mony of the pelagic sealers themselves and official experts i t  mas that in the summer 
season great numbers of seals, and especially females, are fouud at  long distances from 
the islands of Bering Sea, distances two or three times greater than that of the pro- 
tecting zone provided by the regulations. Now, as the object was to preserve the 
fur seals, it is proper to assume that the tribunal, prompted by a desire to protect 
them, and acting in good faith, established such a zone as they believed would prac- 
tically prohibit the attack of the pelagic sealer; but if this were so, then mere amount 
of distance was immaterial, and in view of the fact that incessant fogs brood over 
the waters of Bering Sea during the summer season, rendering i t  difficult to tell when 
a vessel is within or without a zone, the limit of which can not be marked, why not at 
once adopt that natural and well-defined boundary line, the Aleutian chain ? .Just  
here arises the question: When vessels are seized, whose word shall be accepted as 
to the locality of seizuro, the pelagic sealerk or the seizing officer’s? Does not this 
uncertainty, having as it does an important bearing on the question of conviction, 
weaken the regulations restraining influence on pelagic. sealing ? Aside from ques- 
tions of protection it seems to me that t h k p a r t  of the decision will tend to increase 
dispute and bitteruess rather than to diminish it. 

The adoption of the closed time means the recognition 011 the part of the tribunal 
that the destruction by the pelagic seitler has been excessive and the cutting off of 
one month of the sealing season in Bering Se:i clearly shows that i t  realized the dan- 
ger to the herd from allowing sealing there. Why, then, wes sealing not prohibited 
altogether in those waters? Is the danger less in August a’nd a portion of Septem- 
ber? The seals are still going long distances from the islands and the sealer can 
continue his work until stopped by the September gales. Bering Sea is the focal 
point, the great massing ground of seal life, and the seals are more readily taken 
there than anywhere else. In 1891 the catch of the Canadian fleet in theNorthPacific 
wag a little over 21,000 seals, and before the modus vivendi could be enforced a por- 
tion of the fleet sealed from three to five weeks on the American side of Bering Sea, 
and with fewer vessels and with fewer small boats they took in that time as many 
seals as they had previously secured in the Pacific. During the three years ending 
with and including 1891 the Canadian fleet (and I only quote fkom Canadian records, 
because they are so reliable) took, in five months, in the North Pacific, an avemge of 
667 skins per vessel; with ten vessels less, they took ill Bering’Sea 727 skins per vessel 
in about two and one-half months. 

The proposed regulatious still allow at leaat five weeks’ sealing in Bering Sea; 
but, say the regulations, the hunters can only use spears in Bering Sea, thereby inti- 
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mating that spears are less effective than the shotguns allowed iii tlie Nortli Pacific, 
and that air additional safeguard has therefore brei1 provided in Bering Sea. Just  
Why the shotgun is peruicious in Bering Sea and is not in  the North Pacific is ]tot 
indicated; but if we t u n  to the testinioiiy of the Northwest coast Indians, who ship 
on tlie schooners and accoinpany thein to Bering Sea, we find that they claim tliat 
they can do better work with the spear than with the shotgun. The latter makes the 
Canie wild, while the former does not. The spear makes no noise, and they are thus 
ablu to take seal after seal a s  they sleep 011 the water, and get all in sight, while a t  
the sound of a gun’s discharge the comrades of the captured or wounded seal swim 
away. 

It is evident froni an hispection of these regulations as a whole that the Tribunal, 
taking into account the interests of both nations, endeavored to frame iiieasures which, 
wliilc protecting the seals, would permit the continuation of pelagic sea,ling. This 
seems to me a task the ~accomplishnieut of which is an impossibility. The evils of 
Pelagic sealing appedr to have been clearly recognized by the Tri bunal, but instead 
of adopting prohibitive ineasures it took the middle course of throwing some protec- 
tion around the seals aiid while a t  the same time appearing to concede something to 
the pelagic sealers, made tlie conditions just sufficiently hard as to prevent them from 
engaging successfully in the business. It, is admitted that these regulations possess 
value in liiiiiting and discouraging pelilgic, sealing, but their iiiherent mealiness is 
that, while t,hey now seem to possess some deterring power, changed conditions may 
at  any time arise which will negative their influence and offer inducements suffi- 
cient to enable the sealers to again engage in this business on a large mid injurious 
Scale. This contingency is not so remote a s  may appear a t  first sight. In 1889 the 
average price paid in Victoria for skins taketi a t  sea was $6.83; i l l  1890 it had risen 
to $10.70; in 1891 i t  was $15. In 1889 the cost of each skin in wages was from $2 to 
$3; in 1890 and 1891 ‘it was $3.50; in 1892 i t  was $4. In other words iln advancing 
Price for both master and hunter. 

Now, i t  is evident that it will bo some tirno before tlie Pribilof lslands can very 
greatly increase their :iimual output of skins. The matsimum output of the Commander 
Islands hats been 1-eached and prob;Lbly will liavc to bo dccreased in the future. There 
must be tl~rough these regulations soinc c:urtailment of the contribution of‘ the sealing 
S~hooners, and the rssult of all this will be that sealskins will doinand a higher price. 
Should tliat price reach a figure wliioli will compensate for the obstacles which the 
reguliltioii~ place in  the ~vay of the pelagic sealer, tlieri wp will have the changed con- 
ditions referred to, and pelagic sealing with its attendant evils mill go 011 as before. 
If tliere is doubt in the iniiids of anyone upon this point it.  is only necessary to turn 
t0 the history of the sea otter, wliicli though nearly exterminated, is as eagerly sought 
after to-day as i t  ever was, simply because the ever-increasing price the trade is willing 
to pay fir its skin still compnnsates for the small numbers now takeii. There is no 
r e a m  to believe thah the career of the fur seal will be different from that of the sea 
otter. 

Auothur possible source of changed conditions lies iu the regulations themselves, 
for they provide, as we have seen, for their own rnodificatiou every five years; and 
the pressure will come heaviest from the pelagic sealers’ side of the case. Indeed 
the regulations require that each pelagic sealer-an int,erested party-shall keel) 
records which are to be made t~vrtilable when the question of modifications of the 

, 

, 
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regulations arises. Wow, while there never was a more fearless and courageous set 
of men than these pelagic sealers it will be something entirely new in their history 
if their records do not appeal in the strongest possible terms for a modification of the 
regulations in their favor. 

The final question that arises in regard to these regulations is, will they, as they 
now stand, ever be put in operation? The interested powers have yet to agree upon 
measures for giving effect to them. Is it likely that, when a neutral tribuual fouiid 
the making of regulations so tedious and difficult, the interested powers will be able 
witliout interminable delay and possibly irreconcilable conflict. to agree upon 6‘ con- 
current measures,, putting them in force? England has won on the great iaw points 
of the case, but, these regulations are objectionable to Canada, for tl1ey bear some 
what heavily upon pelagic sealing; and tliese “concurrent measures 77 offer tempting 
fighting-ground for securing their modification in favor of the Doniinion. 

Under the circumstances i t  is only to be expected that the arts of diplomacy mil1 
be vigorously exercised in that  direction. Thew is but one course, however, for the 
United States to pursue-perillit no modifications, stand squarely for the prompt 
carrying out of these regulations, and let time reveal how much value they possess 
for‘ protecting the seal herd. England wilI champion no plan of greater protection ; 
she has all to gain and nothing to lose from delay, and i t  will require all the energy’ 
and firmness of the Executive to put effectively in force the regdi~tions as aclopted 
by the Tribunal. 

Conclusions.-After more than two years of close study of this question i t  is iny 
conviction that the only way in which the world can secure the largest benefit com- 
mercially from tho fur seal wherever found is by taking the surplus inmature inales 
upon land under the most favorable conditions suggested by experieirce; that securiiig 
seals by any other methods introduces the fatal element of incliscriIliiiration; that the 
life of the herd is jeopardized in proportion to the number of fbinales killed; that tlre 
injury infiioted on the northern lierds by pelagic sealing increases from Jailuary to 
August, grows greater as Bering Sea is approached, mid onliniiiates in those waters; 
that the shotgun and spear are both deadly, tlic latter by reason of its noiseless 
efficiency, the former by reasoil of its ready use by all classes, aird that the disposition 
of this question 011 the basis of adjustiiig two contlictirrg interests is futile and 
illogical, but material issues :we riot sloiio involved; i t  presents biologic features as 
well and has to do with forces of nature beyond mau7s control. 

Regulatioirs (mi not be fraincd by liuinan iirgenuity wl~ich will preserve the seal 
herds in their greatest possible proportions and permit the coiitiii aation of successful 
pelagic sealing. It would be reconoiling the irreconcilable. It would be accomplish- 
ing a feat equal to that of making two bodies occupy the same s1)ace a t  tho sauic? 
time. Either the regulstions will be prohibitive iii their. operation-in ‘which case i t  
would be more straightforward to make thein so in the first instance-or, if allowing 
successful pelagic sealing, tlrey will be valueless in preveiitiirg tho extermination of 
the sed. In general it may be said that no pelagic sealing can be carried on which 
is uot inherently and uncontrollably injurious to the life of the seal herd-the alnouit 
of injury being proportionate to the magnitude of the attack. 
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BY JAMES G. SWAN. 

ON T H E  ECONOMIC VALUE O F  T H E  GIANT KELP AND OTHER SEAWEEDS O F  
T H E  NORTHWEST COAST O F  NORTH AMERICA. 

The giant lrelp, which lines the shores of tlie nortlinrest coast, is the Nereoqst is of 
tlie order of Laminnriacem. Harvey, in his Nereis Boreali Americana" thus describes 
this species : 

The plants of' 
this order are almost always large, froquently of gigantic Rim, with a solid cylindrical stem, which 
expands int80 a hollow cylinder or tube, torniinating in :I globular head, fkom which fronds or aprons 
flout on the surface of the mater. 

Olive-colored, inarticiilate scaweeds, usually tough and leathery in substance. 

The Nereocyslstis of the northwest coast is said, when fully grown, to have 8 stern 
measuring 300 feet in length, which bears at its summit an air bulb, from which a tuft 
of upwards of fifty long, streamer-like leaves extend, each of which is from 30 t o  40 
feet in length. Tlie stem, which anchors this floating mass, though no thicker than a 
Conimon window cord, is of great strmgtli and 'flexibility and has for ages been used 
by the natives as fishing lines, being first cut of the reqnired length, wliicli is where 
the stem begins to expand into the hollow tube, and varieR from 10 to 15 fathoms, then 
soelred in fresh wat8er in A runui~ig brook until it is nearly bleached, then stretched, 
rubbed to the required size, ;tnd dried in the sniolre in the lodge. When dried, it is 
very brittle, but whon wet, it is exceedingly strong, and equal to  the best flax or 
cotton fishing lines of tlie white fishermeit. 

These pieces, varying from 10 1,o 15 fathoms each, are knotted together to the 
required length of 80 fathoms, required in the deepwater fishing around the entrance 
to Fnca Strait, or 200 fatlionis at Queen Charlotte Islands, British Columbia, where 
the natives take the blaclr cod a t  t l ~ t  profound depth. 

Until within a few years the coast Indians used the upper or hollow portion of 
these great kelp steins RB receptacles for holding dogfish oil whicli, together with the 
paunches of seals and sea lions and whale gut, properly prepared, were the ubiisils 
found in every house for holding the fa,mily supplies of whale, sed, or salmon oil 
which are nsed as articles of food, or for dogfish oil which is used for trading pur- 
Poses oiily. Now, howvover, the Indiaiis use coal-oil ems, barrels, and other utensils 
easily procured froin the white traders, and the use of kelp for holding oil is nearly 
abandoned. ______ 

* Smithsonian ~ontributions to Knowledge, May, 1858. 
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Among my collections for the National Museum in 1585, 1 received a number of 
specimens of this kelp which had been used for dogfish oil. I split one open and found 
that the oil had hardened the inside of the kelp tube to the consistency of leather. 
This specimen I washed with soap aiid water, then wiped i t  to remove the moisture, 
and then rubbed and manipulated i t  after the manner used by natives in dressing 
deer skins, and when perfectly dry by this process of' continual rubbing, it was soft 
and flexible, presenting an appearance of wash leather, but if allowed to dry without 
manipulation it would be hard and brittle. A party of coikst Indians were camped on 
the beach a t  Port Townsend, and, a t  my request, they showed me their method of pre 
paring kelp for holding oil. The great stems of the Nweocystis are covered with a 
thin coating of silex, whioh is carefully peeled OE as one might peel the skin from an 
apple; only the hollow or upper part of the stem is used. When the skin is removed 
$lie tube is placed above the tire and smoked in the lodge, and, as it dries, the salt it 
contains exudes on the surface; this is c~a-ef'ully removed by rubbing, which also serves 
to soften the kelp and render it pliable. It is then :Lg:.aiii placed over the tire, aiid tlie 
process continued until the salt is removed; then the tube is blown up like a bladder 
aild allowed to dry until it will retain its shape, aiitl it is then filled with dogfish oil 
:bud is ready for' market. 

The rude and simple experilrients I made with this giant< kelp coiivinced me that 
it is capable of beiiig converted into articles of coininercial value, but as I had not the 
means of conducting experiments or of' procuring the machinery requisite to tho man- 
ufacture of the kelp products on a scale of comrnercial importauce, I have allowed the 
matter to rest until gome one of enterprise and ca,pit:d mily be found, ready to eon. 
tinue these investigationrs 

In  order to show those who may feel interested in the development of this new 
industry, I will quote from a valuable and exhaustive paper '' on the economic appli- 
cations of sea weed," by Edward C. 0. Stmford, P. C. s., read before the Society of 
Arts, London, England, May 22, 1884. 

Sea weed as food.-Ia Great Britain little advance has been made in the use of 
alge as food. The alga contain important nitrogenous constituents and form nutri- 
tious articles of diet, but they have not been popular. We all like the smell of the 
sea air, but we do not cultivate a taste for our marine vegetables. The alga, so far 
as known, contain 110  poisonous species. Among the edible varieties, Ulva latissima, 
or green laver, and Porphyra Zacinatu, or pink laver, are occasionally used in soups. 
Zikodomenia palmata, or dulse, is still sold in tlie streets of Edinburgh and Glasgow. 
Aliara esculenta, or murlins, is also eaten in Ireland. Soinc others are occnsionally 
used, but as B general food the alge are almost unlrnown. 

The best-known British species of the edible algz is the Chrondus crisps,  or Irish 
moss j this grows far down on the rocks and is only uncovered a t  low spring tides. It 
is obtained mostly from the west coast of Ireland, and after being bleached by exposure 
to sun and rain is largely exported to Englimd, Germany, and tho United Htates. ~t 
is a gelatinous species contaiuiug a ])rinaiple known as ccnrraglmenisr. 

The only other golatinous Britisli species is the (relideum corneum,. This is not 
very common, but furnishes the import known its Japanese isinglass, of which it con- 
tains 50 per cent. This sub stance, known also as gelose, was first imported into France 
from China in 1856; it has great gelatinizing powers, much higher than any other 
iuaterinl j gelose has eight times tlic gelatinizing power of isinglass and gelatine, but 
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the melting-point of tlie jelly is too high to irielt quiclrly hi the mouth, lieiice gelatine 
is still the favorite. The Ckrondm crispus is found on tlie Atlontic coast arid forms 
one of the iiidustries of Cepe Cod; i t  is a81so found 011 the Pacific coast from aape 
Flattery to Alaslw. 

Tho green arid piiilr laver ;tiid dulse’ are C ~ I I I I I I O I ~ ,  and constitut,e aii article of diet 
of tlJe I-Iaida Indians of Queen Charlotte Islands and other tribes on the Northwest 
coast, who prepnre tliese seaweeds by drying and pressing theiii into coinpact blocks. 
When requircd for food, these bloclrs arc sliced with a sliarp knife, then soaked in 
fresh wateib aiid boiled. The algae are riot in general use ainong all tlie tribes of the 
northwest coast, but they form a large article of food consumption in China and Japan. 

The taste for marine vegetables uiust be auquired, but those who have eaten of 
them :we said to become very foiid of tlieiu, and soiiie gentlemen in ’the Highlmdu of 
Scotlalid, personally lrirowu to Mr. Steiiford 6‘  as no inean judges of diet, consider a 
dish of dulse boiled in milk tlie best of all vegetables.” There is 110 doubt that a 1 

valuable food is lost in eutirely neglecting tlie alga. I have partalien of a mcal of 
dulse boiled with lialibut by the I-Isida Indims while on Queen Charlotte Islands, in 
1883, and I found i t  very palatable. 111 Aliislra and British Columbia the deer are 
fond of the sea mosses, aiid during the long run out of spring tides they eagerly 
browse the inarine vegetable. Cows arid pigs also eagerly eat the Ch-ondus orisptis, 
and it  has long beeii used by white people under its name of Irish moss. 

The manufacture of seaweed.-The crude substance, wliicli for maiiy years m:tde 
the Highland estates so very valuable, yes first mitnufactured from kelp as the prin- 
cipal source of carbonate of soda. At  the beginriiiig of this century it realized from 
$100 to $120 per ton, and the Hebrides alone produced 20,000 tons per annum. The 
importation of barilla froin the Mediteriwieatl then began and the price fell in 1831 
t o  $10 per ton. It was used, up to 1845, in the soap and glass works of Glasgow, until 
it was entirely superseded by the soda process of Le Blanc. 

The manufacture of iodine and potash silts then began to wssuiue some impor- 
t:bnce, but the kelp required was not the same; that which ‘contained tho most soda 
contained the least iodine and potash. Broniine is also extracted from kelp, but the 
amount is sinal1 and is not considered worth extracting, as large quantities are iiow 
produced in Gerinaiiy and in this country from other sources. 

The amount of iodine in sea water is so minute that i t  is extreinely diacult to 
detect by ordinary tests, but tlie algae possess tlie power of assimilating the iodine 
to about ten times the ektcnt of the bromine. It is probablo that all animal sub- 
stances from the sea contain iodine; its presence has been very loiig known in cod- 
liver oil, but it is very sinall; the liv9r itself coutains double as  much, aiid fresh cod 
liver nicely fried has long beeir considered c,xcellent in pulmonary compleiuts. 

Algin, a new gelatinous substance.-All tho alga? are cellular arid contain no fiber, 
but properly treated they make a tough, transparent paper, which can be printed or 
written upon, like parchment. Stmford tlius explains his process of extracting this 
substance : 

If the long fronds of the Lamiibaria stenophylla be observed after exposure to 
rain, a tumid appearance will be noticed, aud sacs of fluid are formcd from the endo- 
mosis of the water through the membrane, dissolving a peculiar glutinous principle. 
If the sacs be cut, a iieutral, glairy, colorless fluid escapes. It may oftell be See11 
Partially evaporated on the frond as a colorloss jelly. This subst:iii(:e, which is i~isolnblc 

. 
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in water, is the reinarkable body to which is given the name of algin. The natural 
liquid itself is miscible with water, but is coagulated by alcohol and by mineral acids. 
It contains calciuni, Inagnesiuin, nu l  sodiuni, in combiiiation mi tli a new acid, called 
alginic acid. When this natural liquid is clviiporated to dryness it becomes insoluble 
in water, but is very soluble in alkalies. 

This new substance is so abundant ill tlie pl&t Ghat on nieceration for twenty 
four hours in sodiuni carbonate in the cold the plniit is completely disintegrated. 
The mass thus obtained is a glutinous mass of g rwt  viscosity, a i d  difficult to deal 
with on that account. It consists of the cellulose of the plant mixed with sodium 
alginate. The cells are so small that they p:tss through inany filters, but by cautiously 
heating it the mass can be filtered through a rough linen filter bag, the cellulose 
being left behind; and after the algin is removed this is easily pressed. 

The solution coiitain8 dextriire and other extractive matter, and i t  is then precip- 
itated by hydrocloric or sulpliuric acid; the alginic acid precipitates in light gray 
albuminous flocks, and is easily washed and pressed in a11 ordinary wooden screw- 
press. It forms a compact cuke resembling new cheese, aud has oiily to be stored 
in an ordinary cool drying-room, where it can be kept any length of time. If desired, 
by rtddiiig a little bleach durijig the precipitation, i t  can be obtained perfectly white. 
The algin can be sent out in this state: It is only iiecessary to dissolve i t  in sodium 
carbonate in the cold fin- use. If, however, i t  be sent out as sodium alginate, it niust 
be dissolved to saturation in sodium carbonate. The carbonic acid is disengaged 
and sodium alginate is forined. If potassiuiri or ammoniuml carbonate be used the 
alginates of potassium or ammonium are forbed, which are similar to the soda salt. 
The bicarbonates of these alkalis may a,lso be used, but the caustic alkalis are not 
such good solvents. 

The sodium alginateforms a thick solution at  2 per cent; it can not be made over 
5 per cent, and will not pour at that strength. I t  was 
compared with well-boiled wheat starch and with guni arabic in an ordinary viscom- 
eter tube. The strengths employed were as follows. It w a ~  fouiid impossible to make 
the algin run at all over the strength employed: 

' 

Its viscosity is extraordinary. 

Socoxids. 
Gum arabic solution, 25 per cent, took 75 . . _ _ _ _  ._____ .__._. _ _ _ _ _ _  _.___. .___ 1 in 3 
Wheat starch solution, 1.5 per cent, took 25 __. - ___. ~ _ _ _  .___ __._ .__ __. _ _ _  - _ _  1 in 8 
Algin solution, 1.25 per cent, took 140 _ _ _ _  _ _  _ _  -. . - - _ _  - _. .._. _ _ _ _  .___ .__ __. _. 1 in 112 

So that  algin has 14 times the viscosity of starch and 37 times that of gum arabic. 
Tho evaporation is eflected in a similar manner to that of gelatin, in thin layers 

on trays or slate shelves, in a drying room, with a current of air or on revolving 
cylindors heated internally by steam. High temperature must be avoided. The 
solution keeps well. Thus obtained, sodium alginate presents the form of thin, 
almost colorless sheets resembling gelatin, but very flexible. These sheets ea11 be 
written upou or printed. It is said that in some parts of Japau this substance, which 
is translucent, has been used instead of glass to admit light to the dwellings of the 
pooier classes. It has several remarkable properties which distinguish i t  from all 
other known substances. It is distinguished from albumen, which it most resembles, 
by not coagulating on heating, and from gelose by not gelatinating on cooling; from 
gelatin by giving no reaction with tannin ; from starch, by giving no color with iodine; 
from dextrin, gum arabic, pectin, and tragacanth, by its insolubility in dilute alcohol 
and dilute mineral acids. 
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The aluniiiium :Llgin:ite is soluble in caustic soda, forming :i neutral solution and 
giving on evapor;~tioii a substaiice like algin, bn t Iiarder sild iiiaking a stiffer finish. 
It is also soluble iii ammonia, the salt becoining it11 iiisoluble varnish O ~ I  evaporation. 

The alginates of copper (blue) ,  nickel (green), cobalt (ved),  chromiuni (greelb), are 
all soluble in amnioni:~ and form beautiful, colored, iiisoluble varnish on evsporation. 

Coinnmercial up@icntiot& of nlgiia ov sodium alginate.-Algin being a soluble gum of 
coxisiderable elasticity and flexibility is a, great desideratum, sild it8 a soluble substi- 
tute for albumeii, which can easily be rendered soluble and used as a mordanC, it is a 
valuable production. 

As iI finish, algin lies the advantage over starch that i t  fills the cloth better, is 
touglier and more elastic, that it is transparent wlieii dry, is not acted upon by acids, 
and it imparts to tlie goocis a thick, clothy, elastic feeling without the stiffiiess iniparted 
by starch. It has been used as a mordant in dyeing tiirlrcy red with remarkable suc- 
cess. The inordaiits when precipitated srem to lieve fulI dyeing powers, the results 
indicating tl iat  the substance is capabh of tasking the place of cow dung as used in 
priut and dye works. 

As a% art ic le  of food.-Algin coiltiins carbon, 44-39 j hydrogen, 5-47 ; nitrogen, 
3*77; oxygen, 46.37; or about the sanie amount of nitrogeu found in Dutch cheese. 
It has a pleasant marine taste, easily overcome if objected to, and may form a useful 
addition to the kitchen for thiclzeniiig soups and puddiugs. It appears specially 
adapted to replace gum arabic in the inairufacture of jujubes and lozenges. To make 
into jclly requires sddition of glucose or gclatiri or admixture of lemon juice. 

For boiler ir~crustations.-Tiie sodium alginate has a remarlrable effect on resolv- 
ing and preveiiting the incrustation of boilers. It precipitates t h e  lime in a state in 
which i t  can be easily blowii off. The solution is pumped in with the feed mater in 
the proportion of‘ 1 pound to every 1,000 gallons j wheu h:ird waters are a necessity 
the saving of fuel is considerable. For s:tlt-water boilerv the sodium alginate is 
valuable aiid should be fully invostiguted. 

Algic cellulose.-This substance bleaches easily, niid under pressuru becoiiies very 
hard, aiid cau be turiied and polislied with facility. It also rgakes a good pager, tough 
and traus’pareiit, but with no fiber. - Tho process of extractiiig tho algin and the cellulose utilizes the whole plant, and 
we obtiihi two new products of coiisiderable oomiuercial importance. The process is 
extreinely simple, as already described, being a maceration of‘ the plant for tmeiity- 
four hours in a solutioii of sodium carbonate in the cold; tlieii filter m d  press. This 
operatioii does riot require an extrnvagaiit plant, nor do opcratioirs on :I large scale 
preseiit any serious practical difficulties. . The alga of tlie Pacific coast ;we hi such 
enorinous quantities that the rudest bind of a building for shelter could be erected 
anywhere on the coast, or on Puget Sound iiear to the exteusive fields of kelp, where 
it could be e;tsily gatliered at small cxpeuse aiid niacerated iii fresh-water solutiou of 
fiodiiun carbonate, filtered, pressed, and mado ready for the inanufkcturers. 

During a residence of inany yosrs in the vicinity of Cape Flattery, a t  the entrance 
of Fuca Strait, I have had ample time and opportunity to observe the great massos of 
tlie giant kelp and other marine plants, which are torn up by the roots every fall by the 
storms: aiid piled by the waves along the beach a t  Nenh Bay. I liave frequently 
noticed, when a ina,ss oftliis kelp lias been tlirowii iiito a pool of fresh \.\rater, that in 
a few days i t  is covered with this slippery substance which Stniiford 1~1s I I R I I I ~ ~  Qin, 
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and I think that the Nereooystis is rich with this valuable ingredient. The supply 
of the raw material is practically unlimited, and if attention shall be directed to  
the valuable uses to  which this plant and other alga3 may be put, I feel confident 
that a new and important industry will be developed, and we would all share in the 
satisfaction of knowing that one niore waste product of the oceau can be effectuallv 
utilized. 

METHODS OF SECURING HERRINGS, SMELT, AND SARDINES AT PORT 
TOWNSEND, WASHINGTON. 

The water of Port Townsend Harbor is as clear and transpareut as the ocean. 
The only r;ttrealn flowing into it is the Chemalcum Creek, :I small fresh-water brook at  
the southeru end of the bay; the water of this creek is of too small volume and not 
sufficiently repid to Iwing dowit muddy water and its egects are imperceptible, and 
the salt water of the bay varies but little iu deiisity and temperature from the oceau 
water at Cape Flattery, a hundred miles west of Port Townsend, and as a conse- 
quence the ocem fish, iu their seasou, crowd in great masses into the bay and around 
the wharves where the dear water euables persons staucling ou tlie wharf to distinctly 
see objects at a depth of 25 to 30 feet. 

On a clear still day it is interesting to look dowit into the transparent water and 
view the myriads of fish. Uod,;uirl salmon abound in the spring and are easily caught 
with hook and line. The favorite bait for cod is a peculiar kind of ;;I marine worm, 
which grows in cliisters around the piles of the wharf; the bait for salmon is fresh 
herring. God and salmon swim the deepest and can be seen far down below the 
surface. Above them are the rockfish, then nearer the surface are herring, smelt, 
and anchovies or sardines. These are in such dense inasses or schools that at times 
the water seems literally packed with them. Then the Indian comes slowly paddling 
his canoe and ever and anon making a clip with his fish-rake. This consists of a 
stout pole 15 or 16 feet long, with its lower end flattened like the blade of a paddle, 
iiito the edges of which are inserted :I row of wooden pegs sharpened, or stout wire. 
The Indian takes the rake with both hands, as near the top as he can work, then reaches 
forward as far as he car1 and makes a swift stroke with the implement through the 
schools of fish, bringing i t  up behind him, and with a jerk he shakes off the fish 
which have been impaled on the sharp points or teeth of his fish-rake and they fall 
into the canoe. He will bring up from oiie to a dozen or twenty fi8h at a stroke, and 
keeps up the work until his canoe is full. This method has beeu used by Puget 
Souud Indians for generations before white men came among them, and long before 
the use of nets and fishing lines was  made known to them, aud is still a favorite 
method for procuring bait. They have, however, acquired the knowledge of making 
nets, and are expert in making nets and fish lines. 

Formerly the twine for making nets was made of the fiber of the common nettle, 
and finer thread was made from the Epilobium angustwolum, or fireweed, so common 
all over the North American continent. The use of these materials seems to be 
abandoned at present, and is only found among some of the out-of.the-way bands of 
natives on the coast, where occasionally an old woman may be found who prefers to  
make and use the same material for threads as her ancestors used before the historic 
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period; buk, twine stud ready-made nets of the whites have superseded the primitive 
Iiiethod, as hemp and cotton fish-lines have superseded the use of kelp lines made of 
the Nereooystis or giant kelp of the Northwest coast. 

As herring, sardines, and siiielt do not bite a t  baited hooks in these waters, tlie 
fishermen and boys that usultlly fiud sport or profit in fishing from wharves were not 
slow to adopt the Indian method of impaling them on the sharp points of fish-rakes. 
The Indian implemeut was found to’be too clumsy to be iised from the wharf, so a 
method WBS adopted of securing fisli-hooks to lines, or to wires, which are termed j i g -  
gers. When used, the .jigger is thrown out as 
far as it coil  red^ aiid is then pulled swiftly through the masms of fish and is sure to  
impale several on the sharp hooks. 

One instrtimeiit 1 liave seeu was forrned of wires which would open and close 
like tlie ribs of an umbrella. This, tvhe~i dosed, would be lowered through a school 
of’ fish and when suddenly hauled up the wires would expand, and as each mire 
had a number of hook8 attached to i t  a rich harvest was the result. This jigger 
method is a pot-hunter’s ;)laii, i i U d  is neither scientific from an angler’s point of view 
nor does i t  have any other recomineiidation tliari that a hungry man can procure his 
breakfast with a few oltsts of n,jigger iiito the tleiise schools of fish; but as the fishare 
more or less la,ceratd by this plan they are only fit for immediate consumption, and 
iL,jiggerec-2” fish are uot oftiered for sale by fish-dealers. 

They :~bouiid in  Scow Bay or Loug Har- 
bor opposite Port Townsend, and the inarket is supplied by the fishermen who reside 
there, who are inostly Portuguese. These smelt m e  taken nearly every month in the 
year; they are of superior quiblity ;~ntl very plentiful, but I never have seen tliem 
taken with hooks like tlie sinelt of tlie Atlantic. Tho only way they fire talcen from 
the wharves is by these jiggers. The so-c:alled black bitSs (t$eeba~ticAthys) is very pleii- 
tifiil itnd forriis escelleiit sport. It is a game fish and fiue eating, and a t  times is 
takeii by the disciples of Izaalr \‘Valtoii with rod and reel, especially a t  night, in great 
qu;mti ties, 

Tlie bait iisod by these rod fishermen is either minnows, marim wornis, S ~ L ~ ~ O I I  

eggs, or fresh meat. The rod fishing for mlmoii from the wharves is excelleut sport, 
mid when salmon are running i t  is quite an attractive sight to see these fino fish 
1;mded in lumbers 011 the wharves. 

The auchovy :we taken with sinelt and herring in landing seines, biit wlicri a 
special fishery is established for these delicious fish they will be taken with purse nets 
iu deep water where they school like niaclrerel. 

This jigger system, which 1 hiive c?xplained, is a proof of‘the enorinous quantities 
of these fish in the w;hters of Puget Sound. Wliere fish are marce the jigger is of 
little account elid seldom used, but when the fish mass in myriads about the mliarves 
the jigger is very effecxive. 

These itre attiwhed to fishing-roils. 

The smelt are talreu for iiiarket by nets. 
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ON THE SARDINE FISHERY O F  PUGET SOUND. 

The fish kuowii oil l’nget Sound iLS sardines are not the C l ~ p t ~  sngaz, or Califor- 
nia sardine, but are the Stolcphorus ~ingcns ,  or anohovy. Of the California sardine, 
Prof. Jorclau writes :* 

This species is everywhere lrnowii as the s a r i h e ,  or2 by the Itellaus, as (‘sardinia.” It is, in  fact, 
almost cxaetly ideutical with the sardine of Europe. It reaches a length ol‘ a little less thau a foot. 
It r;u~ges froirl Cape Illendor4uo to Chile, nud is :~burid;~nt south of San Fraucihco, especially 111 tho 
’wititer, wheu i t  fills all the 1~1,ys. Iri tlie suniiuer i t  is si’arce soutliwartlly, cdtholig1~ still t;tken uorth- 
ward. It is probably to some extent 
iuigr;~tory along the coast, but  as little attention is paid t o  I t  110 definite (lata C:LU be given. It is 
brougtit into the inarket when t;tlten ;uid is sold with tlie hvrriiig. Tho question of the possibility of 
canning i t  in oil 11;~s bcon coiisidcrably discussed. I t  would probably prove unprofitable, from tho 
high prico of labor ;ind the uncertain supply of fish. 

Tho young are, however, secii iu Sail 1)icgo in the siin~iuer. 

Of the California anchovy, Prof. Jordan writes : 
This species 1s evergwhero kiiown as thc ancliovy. It reaches :I length of about six inches. It 

ranges from British Columbia to Chile, and ib probably found on the coast of Asia also. It is  fonnd in 
sheltered bays, autl is c\wrywhore extrenicly conmmu, but rather inore :hlluclimt south of San Fr:Lii- 
cisco than northward. It ‘10rves as food for the larger species to :I greator extent than auy other 
single species, and, in fkct, :L majority of the larger fibhe9 Ineke :I 1;trge percentage of their food of 
anchovy. A t  S;en Praucisco it is occasionally brought into themarket. Some attempts have been made 
to pickle them for the trade with spice, but this amounts to little as yet. They have 110 econoiiiic 
value. 

In the proceedings of the National Museum, volume IV, 1881, Prof. Jordau writes of 
the AnoploFoma .fimbria, or black cod : 

From Mouterey northward, generally cotunion, espcoially in Pugot Sound, wheii they are taken 
from the wharves. AR a food-fish it is held iu  low esteem by the Chiuese at hfontorey, although some- 
times fraudulently soli1 as Spanish mackerel. The large species taken i n  deep water about Vancouver 
Island, known to the I\lak:ih Indians as beehow, aiid by tho whites as ( L  black-cod,” are highly va!uod 
as food-fish, according to  Mr. Swan. 

All the evidence that I have beeu able to collect from the reports of Prof. Jordan 
and other scientists, from fisliornien and from my own observations, shows that the 
same species of fish, whether migratory or stationary, am richer in oil and other nutri- 
tious qualities the farther north they :we t;Lken. The black-cod, which is not consicl- 
ered worth eatiiig a t  Monterey, is considered a t  Cape Flattery oiie of themost delicious 
food-fishes of the ocean, aid a t  Queen Charlotte Islands, British Columbia, the natives 
procure froiri i t  great qnantities of a peculiar fat, which, on cooling, become? of the con- 
sistency of soft lard. This is used by the Indians instead of butter for eating, or is 
sold to other tribes for culixiary purposes. The Thaleiclbtlbys pao~ficus (Richardson) 
or eulachon, sometimes called candlefish, when taken in the Uolumbia ltiver, are 
not much fatter than a smelt, aud are sold as smelts in the Portleiid markets, but 
wlieri these fish are takeu in Fraser Iiiver, British Columbia, they are rich with fat, 
and are considered most delicious eating, aud a t  Victoria, British Colunibia, are served 
up to epicures as a delicate pau fish. When taken still further north, at Nass liiver, 

. British Coluinbia, mar the Alaskan southern boundary, they are excessiveIy fat and 
are taken by tlie Indiaris in immense quantities. Tlie fat is extracted and sold as 
“small fish grease.” Its compouent parts are nearly identical witth the grease of the 
bleclr-cod. 

-_ __ - .~ 

”Fishery industries of tho Cliited Statetl, Sec. I ,  1884, page 569. 
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The same remarks are applicablc to tlie anchovy. When t&kw i i i  Monterey or 
Sari Diego bays, it is only fit for bait; but in Puget Sound, which is ita nortliern limit, 
i t  is in perfection, and is one of tJhe fattest mid most delicious flavored of tlie small 
fish, and is considered by experts to be far superior, in point of flavor and richness, to 
tlie best Mediterranean sardine. Some Norwegian arid l%ussisii fisliernicik here have 
put them up, in liiiiited quantities, iu viiieg;tr and spice, and they are delicious and 
sell reatlily; but the men who attempted the enterprise were without capital, and tliere 
has beeii no oiie with executive ability to prisli the business Sormard to a success. 

The anchovy conie to Puget Souud in enoruious quantities, and during tlieir season, 
froni May to November, every bay mid inlet is crowded with tliern. Wlicri elley first 
come from the ocean they appear in Olxllam Bay, on Fuca Strait, then in Port Angeles, 
Dungeness and Sequiu bays, then in Port Discovery, nud next in Port -Tomnse:nd and 
Scow bays, where their numbers are aluiost iiicredible. I liave known tliem to be 
in such inass~s at Port Hadlock, :tt the 1ie;td of Port Townsend Bay, that they conld 
be dipped up  with a coininon water bucket, but as tliere lias been no demand for them 
the fishermen do not consider them of value, and when hauling their nets for smelt 
tlify geiierally let the anchovy escape. The anchovy CliBer from lierriiig in one respect- 
the herring, when they visit the bays, keep inshore mid are easily caught in seines 
and landed on the beach; anchovies, 011 the contrary, keep out in deep water and 
seldom approach tlie shore, so tliak drag seines are of no use to capture thew. They 
can be best ttllreu mith'purse seines, as iiiaclrerel are taken in t h e  Atlantic. As these 
fish are small, not milch over 6 or 7 inches in length, they require a net witli a small 
mesh, aud witli suitable gear an eiioriiious quaiitity can be secured. 

The only person I have known who bas tried the experiment of putting anchovies 
in oil, like the French sardines, is Mr.  Joseph 0. Cutes, of' Port Townseiid, fish dealer. 
Mr. Gates forruerly worked in the sarcliiie r*aimeries a t  lhstport, Me., mid is an expert 
workman. He procured some tin sardine c m s ,  and this summer put up a few dozen 
as an experiment arid to shorn what he conld do. Some n7ere put up in California olive 
oil, and some in refined cotton-seed oil. The result proved a complote success, and 
demonstrated the fitct that the anchovy of Pnget Sound are equal in every respect to 
the best French sardines. 

These fish were t,ested by experts, and were found to be delicious. It is difficult 
t o  perceive any diiierence between those put up in olive oil and those put up in cotton- 
seed oil. Capt. Z. L. Tanner, of tlie U. S. Fish Oonimissioii steamer Albatross, is of 
the opinion that for export purposes olive oil is preferable, as he inforiued me lie had 
observed in the Eastport sardines that tliose put up iu cotton-seed oil will, after awhile, * 

acquire a peculiar taste which, although quite sweet, is not agreeable to every one, 
and is readily detected by experts; but as the so called sardines of Eastport are either 
young Iierriiig or the small fry of other species, the remark may not apply to the 
anchovy of Puget Sound, sild time must be the only test. It is, however, conceded 
that these fish put up in pure Chlifirnia olive oil are equal to the best sardines the 
world can produce. 

An opportunity is now presented to persons of capital aud experience, for it 
requires both, to come here and start this industry on a scitle which must iusure 
Buccess. 

Port  Townseiid presents peculiar advantages. Not only do the anchovy swarm in 
the bay in their season, but in Scow Bay or Long Harbor, making up from Port 

. 
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Towiisentl Bay, between tlie Marro wstoiie Islands, where, in those laudlocked and 
sheltered waters smelts, herring, and anchovies abound. I have shown that in the 
waters of Puget Sound the anchovies are in their best condition, plump and sery fat; 
and the failure of the experiments which Jordau says have been made to can these 
fish in oil at Moriterey, Sail Diego, and Ban Francisco, where they are poor mid of no 
commercial value,’ is no argument against the Puget Sound ancliovy being put up in 
oil as sardines, as they are very fat and, as has been proved by the experiments of 
Mr. Gates, they are of superior quality and delicious flavor. 

Should my remarks attract the atteiitiou of :my persons desirou8 of engaging in 
the business of preparing sardines iii oil, they should procure all their gear and 
mschinery from the East. The purse seines, drag seines, and all fishing gear should 
be procured in Gloucester or Boston, Mass., arid should be of the best quality and 
new. It should be of 
the latest aut1 best designs, mid procured of the best manufacturers. I t  is false 
ecouomy to bring out second-hand or old-fasliioued, discarded mechincry. Everythiug 
should be the best approved in design and uew. 

Persous of experience in the sardine business kuow what would be the cost of a 
siiiall plant, which could be increased as busiiiess demands, and they know what 
capital will be required; and this should be furnished entirely from the East. No one 
should come to Puget Sound expecting to secure capital, for i t  is not here; or bonuses, 
or donations, which, in the vernacular of the times, are ‘( played out.” The people of 
Puget Sound, and of Port Townseud iu particular, have given away in bonuses, 
donations, end subsidies thousands of dollars for railroads, in:tnufactoi~ies, aud fish- 
eries, which have. produced no beneficial results. Those, therefore, who wish to 
engage in this lucrative business should do so eiitirely with eastern capital. Any 
one coming here with ample means t’o start the sardine business will find 110 difficulty 
in securing R suitable location on tlie most favorable and encouraging terms. 

During the boom times adventurers, with small experience and with 110 capital 
but “cheek,” came here to start fisheries, canneries, woolell mills, steel worlts, cement 
works, and other enterprises, relying upon ~nbscriptions, donathus, and subsidies 
for their capital, and every one proved a failure; and xiow those persons corning here . 
without capital, seeking donations, are looked upon as frauds. 

I have been thus plain ill  my statement because I lriiow there is a means here for 
ail immensely lucrative businew in oanning sardines in oil, which should attract the 
attention of eastern capital arid experience. I do not advise inexperienced or impecu- 
nious persbns to coine here; me have plenty of such persons here already. But I do 
advise persons of means, and experience iii the sardiue business, to corne here and 
examine into the truth of my statements, aiid I feel confident that I cau convince them 
that I am correct. 

, 

So also of t h e  machinery for making the cans, solilering, etc. 



43.-FISH NETS: SOME ACCOUNT OF THEIR CONSTRUCTION AND THE 
Al-’PI,ICA’I’ION OI: T H E  VARIOUS FORMS I N  AM ERICAN FISHERIES. 

BY C. H. AUGUR, 
Of the Anterirait Net and T7eiinc Cortt#anji. . 

We know of ten distinct devices for-the capture of free-swimming fish-the spear, 
the siiare, tlie hook, the dip net, the cast net, the seine, the pou)id, the gill net, tlie 
trammel net, the beam trawl. We thiuk that any appliance called by any other name 
wliiitever will be found to embody the basic principle of one of these ten. 

WheiJ, aud iii what order, a i d  by what kind of fisherinen these various methods 
were first conceived and brought intb use we do not know. If we would trace their 
development from the begiriiiing wo must draw upon our imagination, for they are old 
devices; so old th:it history aeords but little information as to their first conceptioii. 
We IUIOW tliat certaiii bii-ds nud auiinals are expert fish-catchers, and we may imagine 
that the first fisherman imitated the salmon-catching bear, taking his piscatorial foot1 
from the water without other implcnioiits* thaii those provided by nature in his strong 
arms and nimble fingers. 

But i t  is an accepted fact that 110 fishermm was ever quite satisfied with his aohieve- 
merits, and we may :mume that ‘the primitive fish-catcher soon began to look wikh 
covetous eyes 011 the gamier ti&; that lie was sorely exasperated to see the tinest 
specimens elude his grasp and swim with turitslliziiig diguity into the depths beyoiid 
his reach. Possibly i t  was oiie of tliese earliest fisbormen who originalIy toId how 
“the biggost fish got arnily,” and i t  may have been the significant exchaiige of glances 
among his aborigiual crouies which firctl liim witli determiiiatiori to capture that 
biggest fish by fair 111oaus or foul in order to niaintaiii his reputatioii for veracity. 

What sort of ail iinpleiuent would be devised uiider such circumstances 1 Probably 
a spear; and it is not iiiilikely that for a lolig period of time after the iiitroductioii of 
this device our pioneer fishermen were to be seen furtively stealing about the bailks 
of streitms and the shores of the sea and lakes, practicing the “gentle art’, by jabbiug 
them cruel ii~strumc~its into the flesh of their victims, or, wlieii iiot thus engaged, 
devisii~g improvements in the  shape, style, and quality of their taclile-employing their 
time very much as fishermen do in the iiiiietoeiith century. 

The miarc has beeii referred to, not because it is now of any importmce, but 
because i t  is a rneaus of taking fish different from any other. 
devices which would iiaturally suggest itself to a man without implemerits of any kind 
who should see a fine old fish lying between the rocks just  beyond his reach; The 
Ilearest sapling would supply him with A pole, Rome twisted grass or bark fiber with 
cord to form a loop, careful adjustment of this to the t’apering end of the pole, :I little 

It is one of the crude ’ 
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cautious maiiipulation of tlie tackle, the loop encircles the fish, is tightened by a sud- 
den pull, and tlie victim landed flopping on the bank. W e  know from personal 
experience that nature has produced fish stupid enough to be taken in that manner. 

Along with the spear and the snare some sort of a hook may have been devised, 
but we imagine that i t  was in the form of a gaff, and that the fishing industry was in 
a more advanced coudition before the fish-hook, as we now kiiow it, oame into use. 

Tlic habit of rnaiiy slow-moving fislies to rest lazily ou the gravelly beds of shal- 
low rivers, and of others to congregate a t  the liead waters of streams in spawning 
seasoii, and of still others to take temporary sheltcr in  quiet nooks behind the rocks 
while asceiiding rapids, mixst have suggested tlie use of the dip net-first made, we may 
suppose, of woven grass attached to a bent sapling, afterward of leathern thongs or 
some stout vegetable fiber twisted into cord of suitable size and lrnotted into meshes. 

All of these methods contemplated the capture of such fish as might be found in 
shallow water and in plain sight of the fisherman. Then we imagine arose thegenius 
who first conceived the idea of luring tlic fish out of the safe places and inviting him 
to destruction by tho offer of tempting food. We may suppose that bait was first 
used to attract the fish within range of the spear, and that ttfterward, as the result of 
a1lotlier inspiration it was attached to a hook whieli the victim might take into his 
~nouth. This was a tremendous admnce in tlie development of fishing methods. 
Surely the catches increased enormously and intelligence of tlie new device must have 
spread rapidly aniong the tribes. We may confidently believe that a t  this time some 
of the old men seeing the jubi1:iilt and liexvily laden fishermen returning day after day 
f‘roiii the fishing-grounrds originated the remark which has bee11 handed down through 
the ages and whicli iii its simplest forni,runs about like this: “If this thing keeps on 
the good fish will all be caught out of the water i i i  about three years.” Yet notwith- 
sta~idmg the dire preclictioiis of dis:tster tliere was probably no appreciable diminution 
in tIie supply of fish, and the ingenuity of tlie fisherinan continuetl to exercise itself 
iii devising ways and inemis to still further aiigmcnt the catch. 1 t occurred to son18 
one to apply the lurc, or bait, in combination with the dip net; that is, to set a baited 
net of siinilar shape in the water resting on the bottom, to be suddenly raised when a 
11111nber of lish had collected above the iiettiug and were busily dissecting the food. 

The time c:imc’ wheii tlie possibility of cal)tur.ing by one operation a large number 
of those tis11 wliiclr periodically visit the coast,s and rivers in irirmense schools attracted 
the studions attelltion of the sinbitious fislierman. These fish would not go to the 
bottoni to feed 011 h i t  deposited i i i  111s dip net. Then, inste;id of spreading the net 
beneath theiii, mliy not tlirom i t  over them? This clever idea resulted in the device 
kriown as tlie cast net, wlricli, froin a11 the references to fishing nets in ancient writings, 
’Lye believe to have b(wi one of‘ the e:irliest devices used by those to whom fisliing was 
a moms of liveliliood. Yrt i t  is not by any irieai~s one of‘the simplest devices, for the 
successfid :Lpplicatioii of’ i t  yequires great skill. 

Aiiotlier fisherinan who seem to have lived before people began to record impor- 
tant ereiits, devised &lie sweep seine. This form of app:tratns irray have been adopted 

’either as a ineans of sto1)piiIgr and eiicircliiig large numbers of scl~ool fish passing along 
tlre coast, or as n inetliod of capturing sucli fish as might be feeding upon grounds 
easily swept or dragged by a net of its character. 

I t  was perhaps observed by some of the earlier seine fishermen tliat the immense 
schools of fish jouneyiiig along the coasts at cwtairi times and seasons were often 

. 

4 



NOTES ON THE CONSTRUCTION AND APPLICATION OF FISH NETS. 383 

below the surface and invisible, and that they were in tennittent, passing a t  unex- 
pected Iiours when the fishermen were telling yarns or were asleep in their buriks; and 
from this observation the idea of'the appliance which is liiiown as the pound, or weir, 
may have originated. There is a belief ourrent among our fisliermeii that the pound 
is of recent origin, but it is said that the American Inclia11 used such a device, con- 
structed of poles and brush, hefore the 'advent of the white man, and if that is true 

' who caii l d l  for how long a period tliis apparatus liad theii been employed. The 
belief that an aperture could be made opening into the pound which monld no& also 
be freely used by tlie fish as a ineans of exit, must have been founded upon a consid- 
erable knowledge of the nature of fish, and surely it was one oftlie distiiictly origina: 
ideas in the history of fishing methods. It has been utilized in the coiistructiori of 
iniiumerablo rriiuor nets, amoug which are iiicluded A great variety of fykes and pots, 
although in tlie pot the idea of the funnel is applied in combiuatiori with tho lure, and 
riot with tlie leader; that is, the fish are attracted to it by bait, iiot driveu iu by 
obstructions to their mtural progress. 

111 the net we have referred to :&re found pretty effectual i n e m s  for the capture 
o f  all fish wliich swim iieer to the laud, oitlier in the sea or in the rivers. For those 
wliich iiiliabit waters of great depth, tlie gill net, quite distinct from d l  other nets, 
was devised and brought into extensive use. In this net the fish is not surrounded 
mid dragged to the shore, nor lured by the use of bait, nor drawn froiii his course and 
led into captivity; lie is re4uired merely to run liis bead blindly into the meshes, 
which are composed of the finest twiiie or tlirca,d i t  is practicable to use in order that 
they may be as iicsrly as possible invisible. 

A method diEeriiig fkom all the otliers referred to is found in the use of tlie traminel 
net. Like tlie gill het, tlie trammel may be stationary or allowed to drift,mitli tho cur- 
rent, but unlike the gill net i t  is so constwoted as to cibtch ash varying greatly i i i  size. 

T'he shore fisheries having tlius been provided with most effective apparatus, and 
the gill net devised for tlie liigli swimiiiiiig oceaii fish, there still romaiued for the 
attention o f  the net fishermen those fish which inhabit tlie deep waters, but do iiot 
rise far above the bottom. The beam trawl met this particular Ioug-felt malit. It is, 
however, a11 app:iratii,s more familiar to the fislieiw~i~~i of lhrope than to tis. There 
the beam-trawl fisheries equal in importmce those of any other metliod, while here 
such experiments as I1:bve beeu made with them have proved iuiprofitwble, aird their 
use iii the ooinmercial fisheries is NO limited as to hardly \varr:mt considc~ratioii. 

Now, if our attempt to ;~ccount for the iutroductioii of the varions forms' of fishing 
apparatus seems too fanciful, aiid does riot accord with established fiicts, we are 
aiixious to be eiilightenctl by any one who lriiows bcttur. The iiiteresting fhct is that 
all of tlie distinctive iiiethods liiiowii at this tiine are of ancieiit origin; audit is afrtct 
scarcely less noteworthy that every one o f  the appliaiices referred to, except the snare 
(mid perhaps we should :~pologize for ineiitiouiug this device at all) is employed to somi! 
extent in the comuiercial fislieriect of the United States even to this day. 

The principle of the spear is applied in the whale and sword-fish fisheries. The 
spear in its siinplest form is :L corninon device succc~ssfi~lly employed 011 fresh-water 
lakes in winter fishing through tlie ice, :hiid in taking eels from the IJlUddY beds of 
the shallom creelis and harbors along the seacoast. 

Tlie dip net in its originzil form yields profit to  the Indian fishermen in certain 
salmou rivers on the Pacific coast. The finest wliitetish served at  the hotels in  

- 
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Sault Ste. Marie, Mich., are taken by the same primitive device by the native Indian 
fishermen, whoso birch canoes may be sL'en at almost any time far out in the foaming 
rapids, manned by two men, one poling the canoe steadily up stream, the other stand- 
ing in the bow dexterously scooping tlie fish from the quiet pools behind the bowlders 
and rocks. In South Carolina also this form of net is used to capture shad in very 
much the same way as the Pacific coast fisherinen take the salmon, that  is, by con- 
ti~iually plunging the net a t  random into the swift.running current, from a position 
on tlie bank.of the stremu, in such a way that one or more of the large numbers of 
fish passiug upward to Che spawning.grouiids may run into it. 

The Columbia River salmon wheel is an application of the dip-net principle; and 
the dip iiet used in combination with bait you may find in all sectious of the country. 
Scores of them are in operation all summer loug from docks about Chicago, supplyiiig 
anglers with fine strings of perch for exhibitioii purposes a t  very reasonable prices. 

The hook we all know is more extensively employed than any other device in the 
commercial fisheries, notably in the cod fisheries. 

The cast net is found in common use along the southern coasts, more especially in 
Florida and the Gulf Coast States. Seines; pounds, and gill nets are three forms of 
apparatus of paramount importance in the American fisheries. 

Tlie trammel net is used chiefly in the great rivers flowing into the Gulf of Mexico. 
It forms one of the most important mmns of (yaptiire in the market fisheries of the 
Mississippi. The fyke is used ill the same section of the country perhaps more exten- 
sively than in any other part, but this net is to be found on all the seacoasts and in 
the lakes and rivers. 

The beam trawl, as we have intimatcd, lias not been profitably employed here, 
but its use is known, and the &me principle is applied in the oyster dredge. It is 
not our purpose, hoyever, to discuss the methods employed in the shellfish fisheries. 

Having referred generally to the various kinds of nets used in American waters, 
and supposing that all liere present are fmriiliar with tlie principles employed i n  their 
construction, it may Fevertheless be proper to describe, very briefly, those which are 
of most importance. 

Seiniug has been applied in America, as w e  believe it has nowliere else, to the 
offshore deep sea fisheries, by means of' a contrivance for pursing the net. In  the mnck- 
erel, menhaden, and salmon fisheries the purse seine is most extensively employed. 

The menhaden purse seine is from 150 to 200 Fathoms in length, and from 50 to 76 
feet in depth. It is Iiuilg to double lines at the top mid bottoni, one riglit and the 
other left laid. The top line is fitted with corks sufficient in number to sustain the 
weight of tlie seine and float at the surface. A t  intervals along the bottom of the iiet 
iron or brass rings, about 39 inches in diameter mid a little less than one pound in 
weight, ace attached to the hcnging linc. T l~c  piirsc line-Russia bolt rope, 12 inches 
in circumference-is passed through these riiigs. T'wo seine boats are used in oper- 
ating the net, Iialf of whioh is stowed in eaoh boat. The boats :we towed behind the 
fishing steamer, while cruising about in tho waters wheie inenbaden are known to be, 
until a school of fish is sighted at the surface, when they arc manned and put off. 

Having rcached a proper position near the school of' fish, the boats are rowed 
around it  in a circle, starting in opposite directions, the seine being paid out as they 
proceed. When the fisli are surrounded the crew of one boat enters the other, and 
d l  halids proceed to purse the seine-that is, to close the circle formed by the lower 

. 



NOTES ON THE CONSTRUCTION AND APPLICATION OF FISH NETS. 385 

edgeof the net by means of the purse line and rings, as the mouth of a bag 
would be closed by a piickeriiig-string. The pursing is accomplished with the aid of 
a heavy, bell-shaped leaden weight dropped over the side of the boat, and having 
two blocks attached 011 opposite sides, tlrrough which runs the pursing line to the 
boat dsvits above. But it is quite impossible to describe this operation intelligibly 
without the aid of a sketch or model. When the seine has beeii pursed it is hauled 
aboard the boats until the fish are gathered into the bunt, when the steamer comes 
alongside and the fish are takeu aboard by means of a bucket and derrick rigged on 
deck for the purpose. 

This illustrates the principleof the purse seine. Thedifference in methods of appli- 
cation in the other fisheries is chiefly confined to the boats and vessels employed. A 
seine fashioned 011 this pvinciple is said to have been operated ofi'the coast of lthode 
Island as early as the year 1826. It was a sinall net, and apparently was not a 
marked success, as nothing more seems to have been beard of purse seines until about 
1860, since which time they lave  been in gencral use. 

The pound, introduced into the commercial fisheries in Connecticut about tlie 
year 1850, and soon afterward adopted by the New Englaud fishermen, has come to 
be very generally employed. On the Great Lakes it is fouiid in tlie form which is per- 
haps most effective where the use of a tunnel is practicable. The leader of the lake 
pound is from 50 to 75 rods in length, the two heart webs each 9 rods in length, the 
pot 30 feet square, and the tunnel, running from the end of the heart into tlie pot, is . 
of a length proportioned to the depth of water. The tunnel a t  the mouth is 30 feet 
wide, and of the same depth as the hearts, tapering to about 31feet square at the 
sinall end, which extends 8 or 10 feet into the pot. The netting is hung in manila 
rope one-half inch in diameter. All the parts are held in position by poles driven 
iuto the bottom of' the lake. The nets are set in the water varying from 16 to  75 feet 
in depth, and in a few oases they- have been made to set from 90 to 1.00 feet deep. 
The upper lines of the leader and heart are even with the surface of the water. The 
pot extends 3 or 4 feet above the surface. In some minor particulars, such as tlie 
size of the lilies, the opening in the tunnel, etc., the construction of the nets iu some 
fisheries may difft*r slightly from the description we have given. 

In the ocean pound, which has to con tend with stronger curreiits and with floating 
seaweeds, the tunnel does riot seem to be practicable. In its stead a second small 
heart is sornetimes constructed, the converging point extending iii to the pot, leaviiig 
an opening from 2 to 10 feet wide betweeu the poles. 

In the weir, extensively used along the coast of' the Eastern States, we have bhe 
Same principle differently applied-round pots or bowls taking the place of the 
Ordiiiarysquare pot, and the net being held iii position by poles together with an 
elaborate system of guy ropes and anchors. 

It is not practicable to give liere more tliaii these general particulars regarding 
the pound. The details of its construction vary in a hundred ways, according to the 
llature of the fislring-grounds arid the ideas and whims of the tishermen. 

Gill nets axe employed in the fisheries iu great variety. In  the large rivers flow- 
iIlg to the ocean gill uets am used for the capture of those fish which ascend $0 the 
head waters in the spawning season. These river drift nets are employed chiefly for 
the capture of shad and salmon, and the methods of operation in  taking the two kinds 
of fish are inuch alike. The nets, fitted with corks, buoys, and bottom weights are 
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stretched across the river and allowed to drift with the current, following one another 
at frequent intervals. Drifting or floating gill nets have been used from the earliest 
times in the ocean fisheries for the capture of maclterel and herring. 

Here the nets 
are only about 4 feet iii depth. They are hung t'o light cotton lines, heavily weighted, 
fitted with cedar floats to keep them in  an upright position, aiid sunk to the bottom 
in water of any depth, varying from 10 to 75 fathoms. I11 the larger fisheries they 
are operated from steam fishing boats, each boat having an outfit of nets which, if 
fastened together and all set a t  one time, mould stretch to a continuous length of from 
20 to 30 miles. Gill nets of different proportions, but operated in a similar way, are 
employed in the cod fisheries of tlie seacoast States. 

The mullet and shad gill-net fisheries of the Southern States have in recent years 
become very important, and from Florida to Maiue the gill net is used to some extent 
for nearly all varieties of high-swimming marketable fish. 

In the first half of this century the Rmericaii fisheries, so f'dr as they were carried 
on by the use of nets, were limited ill extent. Gill nets and sweep seines were the 
principal means of capture employed, and they were operated along the Atlantic coast 
extensively enough to supply the local markets with fishery products, but except in 
the New England St,ates they were not of great importance. 

During the labter half of the century the development of net fisheries, encouraged 
by the growth and spread of populetion, with the consequent extension of markets, 
and by the perfection of transportation facilities, has been marvelously rapid. Gill 
nets stretch their interminable leligths throughout all the waters inhabited by edible 
-fish-in the oceans east and west, in the rivers flowing iiito them, and in the great 
fresh-water lakes. Sweep seines, although for the most part abandoned in the great 
New England fisheries, find profitable employment in other localities mliere they are 
better adapted to the fishing-grounds. They are to be fouiid in large numbers and 
of great size on the Pacific coist. They form prectically the only means of capture in 
the important net fisheries o f  the Gulf of Mexico. The capacity of the modem sweep 
seine is greater than the earlier fisherman would have believed possible. In the bays 
of North Uarolina the seine sweeps several miles of fishing.grouud at one operation, 
being paid out from the deck of a Eteamboat aiid hauled by steam power stationed 
on the land. The purse-seine steamers cruise about in the inexhaustible field afforded 
by the deep waters of the ocean. Wherever you may view a great expanse of water 
the black poles of the pounds, trhps, and weirs attest the universal presgrice of these 
appliances. In its special field of operations the trammel net is numerously employed. 
Fykes, pots, small seines, and traps of multifarious form abound everywhere. 

If it is t'rue that during this period of reinarkable expansion of the comniercial 
fisheries no entirely new prii~ciple has been introduced in methods of capture; i t  is 
also true that the elaboration and application of old inetliocls have been sufficiently 
progressive, and the obdervatioii of these changes is within the special province of 
the net and twine manufacturer, who views the whole field of operations and who is 
compelled to adapt his business to every iiew condition. Fishermen 110w living recall 
the time when half 8 dozen sizes of hemp twine of a rather ordinary quality sufficed 
for the requirements of all of the Ainerican fisheries. In  the year 1593 thwu are 
between eighty and ninety different kinds itnd sizes of twiue in constant use as mate- 
rial for netting, and the variety is increased to more than a hundred kinds and sizes 
if we include such &a are used for gill-uet hanging lines. 

Gill-net fishing on the Great Lalres is a very different operation. 

~ 
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Previous to 1840 it had not occurred to anyone apparently to supply the fishermeu 
with ready-made nets. In  the twelve months of the present year the netting manu- 
facturer whose business extends through all the fishing districts will have been called 
upon to supply more than three hundred distinct varieties of nettiiig; that is, as many 
kinds as can be made up by the use of every conceivable size of mesh, duplicated in 
fron). two to  thirty different sizes of twine. 

More than thirty sizes of mesh and forty kirids @nd sizes of twine are required for 
the gill-net fisheries alone, the meshes varying from 18 inches (extended measurement) 
to 13 inches, and the twines from the size of a single horsehair to 36-thread cotton, 
which is nearly one-eighth inch in diameter. Of the great variety in sizes arid twines 
referred to, ,211 but a few are made of cotton, no hemp twine being used inour fisheries, 
and linen only where the yarn must be spuu to extreme fineness, as in the gill-net fish- 
eries.of tho Greet Lakes. 

The substitution of cotton for hemp twiues in the American fisheries was a matter 
of very considerable importauee, for its -results were far-reaching, affecting the great 
fisheries of European countries hardly less than those of OUT owu. The incident which 
led to this important step is here related: 

Some time in the year 1844 a fisherman, known to history as Mr. McCarthy, whiling 
away an idle hour a t  a small store in Boston, where he bought his fishery supplies, 
expressed an opinion that somebody in this country might turn an honest penny by 
getting up a twine especially designed for nets, and better adapted to the purpose 
than the imported hemp twine then used. This proposition was discussed in the 
presence of Mr. James S. Shepard, who was then engaged in the manufacture of 
cotton yarns a t  Canton, Mass., and he very soon afterward submitted to Mr. McCarthy, 
the fishernism, a cotton twine which the letter made into gill iiets and submitted in 
turn to the herring family of fishes for a final verdict. It ~7as pronounced a satisfac- 
tory twine by Mr. McCartliy sild was at once adopted by the fishermen, but candor 
compels us to say that the fisherman of the present day would not accept i t  as a gift. 
The best that can be said of' it is that it was an improvenient upon the hemp twine. 

Soon afterward the popularity of cottoii twines for both gill-net and seine fishing 
induced Mr. Shepard to devote his whole time to their uienufacture and improve- 
ment. The product of his factory was taken by the proprietors of the store we have 
alluded to, who for sonie years had beeu supplying fishermen in a small way with nets 
made by hand knitters in and around Boston. This concern was the nucleus of the 
Present American Net and Twine Company, and included Mr. Shepard in  its member- 
ship a few years after the events narrated. 

Aside from the i~itroductio~i of the new twines, methods of manufacture did not 
Undergo any considerable change for some years. Seines and gill nets continued to 
be the chief forms of apparatus, and the uetting was made by hand, men, women, and 
girls being employed to do the work. The variety and sizes of twine and mesh were 
Very s1nall. The fishing industry was attaining considerable proportions, however, 
alld the use of cotton twiiics stimulated a demand for then1 which induced other Yarn 
manufacturers to engage in their production. 

In the year 1853: the net arid twine company referred to imported the first netting 
machine used in this country, It was a hand-power Scotch machine, the OlllY kind 
then in existence. The Scotch machine was not then, and, we believe, it never has 
been adapted to tho iiia,uuf~cture of heavy uettiiig, so that ti,fter its importation all 
netting except that  composed of fiiie twiues continued to be made by hand. For light 
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netting, however, the company built in their owii factory several machines of the 
Scotch pattern. 

The limitations of this netting machine led the Net and Twine Compariy to expend 
a very considerable sum of money in atteinptiug to develop two or three iuventions 
designed to overcome the diBculty of' kiiittiiig heavy twines, but nolie of'theni proved 
satisfactory. In 1862 a newly invented machine, quite dift'erent in priuciple and well 
adapted to heavy work, was put in operation. Some years afterward an ingenious 
native of the State of Connecticut, Mr. Squire, inverited a machine for bnittiug fine 
threads which possesses many advantages over the Scotch machine. 

The larger uettiug companies are nsing the Scotch machiuo which has been 
improved somewhat in constrixctioii, and the 162-power niacliine, and tlre company we 
have spoken of use also the machine of American illvention in  the manufacture of fine 
thread netting, they having purcliased the rights of' tlie irirwitor. 

The extensive introduction of t?liese different macliines was, of course, a process 
of gradual accomplishment, and while it was taking place tlie fisheries wero undergoing 
that wonderful expansion which we have little more than iiidicatetl in this paper. 
Without tlie machines i t  would not be possible to produce the great variety of twine 
ana uetting used, and i t  is true. no doubt, that the ability of the netting factories to 
supply about everything imaginable has induced the fishermen to adopt a great inany 
sizes of mesh and twine which ~ o u l d  not otlierwise be considered necessary. 

We know quite well that what we lrave said about fish nets covers only a small 
part of the subject, and perhaps not the niost interesting part. A chapter niight be 
devoted to a description in detail of the methods of operating the various nets, to the 
multiplication of foriiis in nets having the same general principle, and to  the frequent 
attempts, more or less successful, t o  apply new devices in parts of nets, such as the 
tunnels of traps, hags or cods iu sweep seines and so forth. It is also proper to con- 
sider the effect of the multiplicatioii of iiets upon the supply of fisli, but that is a 
matter which we are content to have discussed by those who ;LIV equipped with such 
knowledge of aquatic life--of the habits and uature of fishes, and ctf their capacity 
for self-propagation-as to makc their opinions valuablc. Unfortunately th i s  equip- 
ment is not possessed by many who engage in public cliscmsion of this subject; but 
we hope that much trustwortby information may be disseniinated by those who take 
part in this congress. 
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PEEFATORY REMARKS. 

* The first satisfactory and reliable census of the fisheries of the United States was 
taken by the U. S .  Fish Comniission in 1879-80, under th@ direction of Dr. George 
Brown Goode, in tlie capacity of special agent of the Tenth Census. While in 1870 
8x1 effort was made to exhibit the extent of the fishing industry of the couiitry, the 
attempt was wkuowledged to be a failure aucl the published figures are concededly 
i~icomplete. The practical absence of statistical data for an eurlier year tliau 1S79 
or 1880 is unfortunate, in tlist no basis for comparison exists between the present 
condition of aome of our most importaut fisheries and their extent even a t  a com- 
paratively recent date. A lruowledge of the early variations in abundance as judged 
by the quantity of the catch is especially desirable in view of the marked changes 
in methods of capture in late years and the agitation of the question of the threatened 
extermination of certaiii fishes and otlier water animals. It is true that in the case 
of a few important fisheries, as, for instance, the whale and mackerel, certain valua- 
ble statistical data for loug continuous periods have been furnished by customs-house, 
State, and private records, but for the great majority of our prominent fisheries and 
dependent industries and for all our ininor branches no statistical informatioil what- 
ever exists showing their extent and importance prior to 1880. 

The comprehensive canvass of the fishing industries of the couutry in 1880, so 
intelligently I)lanned and so efficiently executed by Dr. Goode and his associates, and 
tlie complete statistical information based thereon that was given to the public, con- 
stituted au eveut of extreme importance iii the history of our fisheries, independently 
of the equally valuable and exliaustive descriptive reports based on the same inquiry. 
These statistics, for tlieir scope and form, as well as for the actual informatiori con- 
veyed, must remain the basis for cornparison aiid the guide for the collection and 
preparation of future statisticd data in the United States. 

The importance of statistiys in general needs 110 demoustratiou, and the value of 
Statistical informatioil regarding the fishing industry is certairily as great as that of 
ally other braiich of liumafi enterprise. I may go eve11 further and si%y tlirtt, 011 

actcount of the uncertainties attending the prosecution of the fisheries and of the 
Peculiar and unique conditions wliicli prevail, there are few, if any, industries the 
exhibition of whose extent from time to time by accurate statistics is niore desirable. 

. 
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Fishery statistics seem to be particularly valuable and hecessary in the United 
States, where the regulation of the fisheries is vested in so many legislative bodies; 
where the conditions vary so much in the difierent States, oceans, and lakes; where 
the variations in the abundance of certain products from time to t ime have been so 
noticeable; where the artificial culture of fish is so generally carried 011 and is con- 
ducted on such a large scale; where international coniplications over the fisheries 
have been so important and international relations are so intimate; and where the 
fisheries occupy such a prominent place among the national industries, on account of 
the large number of persons who find employment therein and the enormous additions 
to our food supply resulting therefrom. 

The dependence placed upon fishery statistics by those who are connected directly 
or indirectly with the industry is attested by the avidity with which statistical reports 
are received and by the frequent demands for such data made.on the Fish Commission 
by the general fishing public, State officers, economists, and national legislators. In  
the consideration of all important international fishery questions in recent years, in 
the enactment of State and fedora1 laws a8ecting the fisheries, in gauging the effects 
of' artificial propagation and the necessity for resorting thereto, statistics have played 
a very important part. 

Mention should be *made of the very creditable statistical work being done by 
several of the States through fish commission boards and industrial and statistical 
bureaus. Massachusetts, Connecticut, Maryland, and doubtless other States have 
made valuable contributions to the literature of fishery statistics, and many of the 
fish commissions have from time to time presented original statistical information of 
importance in their annual reporto. 

The figures presented in this paper have been obtained by the U. S. Commission 
of Fish and Fisheries, and represent the personal inquiries of itrJ statistical field agents. 
That office has a permanent force trained for the collection and compilation of the stta- 
tistics of the ocean, shore, river, and lake fisheries of the country, and is better prepared 
for this work than i's the Census Bureau, which takes up the subject only at intervals 
of ten years and with the services of persons who, as a rule, have had no previous 
experience in the work and whose interest therein ceases with the disbandment of the 
bureau. 

At  an early period in the history of the U. S. Fish Commission the desirability of 
having full and accurate statistical information concerning our fisheries was realized 
and in one noteworthy instance, at least, was forcibly exemplified: The absence of 
reliable figures by which to substantiate the American claims in the Halifax Commis- 
sion has been generally regarded as one of the prime reasons for the adverse decision 
of that  tribunal and the award of $5,500,000 to Great Britain. 

The necessity for having statistical data was fully appreciated by Prof. Raird, the 
founder of tho Fish Commission and its honored head for seventeen years, and various 
minor inquiries, such as the means at his disposal would permit, were undertaken by 
him in the years preceding the Tenth Census investigations. From 1880 to 1885 a 
small sum was annually appropriated by Congress for carrying on statistical work. 
For the fiscal years 1886, 1887, and 1888, no special allotment was made by Congress, 
the general appropriation for the Fish Commission being apportioned among the 
various branches of the work, at the discretion of the Commissioner. Under this 
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arrangement, the statistical work received more substantial recognition thau had 
been previously accorded, and in the last year named extended inquiries were made 
relating to the statistics, methods, and relations of the fisheries. The organization 
of a separate force for the collection atid compilatiolr of statistics ma,y be said to date 
from 1886, although it was not until the following year tha t  a special division for this 
work was established. After the death of Prof. Baird, in 1887, ample encouragement 
was accorded the statistical service by his successors, Messrs. Gtoode and McDonald, 
and in 1888 this work was specially noticed and appropriated for by Oongress; since 
that year a specific sum has been annually allotted. 

While CongresA has thus evinced an appreciation of this work and exhibited a 
desire to deal liberally therewith, it requires but slight consideration to show that the 
means and force available for the service are entirely inadequate to  properly conduct 
the investigations and to secure the publication of their results with satisfactory 
pronipt~~ess. To place the fisheries statistical service on au ideal basis, which would 
permit an  annual or biennial study of the entire fishing interests of the country, would 
require a field force nearly five times RS large as tho present one and an appropriation 
twice as great as that for 1893. The shore line of the States bordering on the coasts, 
coast rivers, and Great Lakes is not less than 30,000 miles in length; and there are 
few long, contiiiuous stretches of beach or shore that do not support fisheries of 
greater or less importance, the investigation of which requires the personal presence 
of the field agents. The canvass of the extertsive territory in which commercial fishing 
is carried on can not be accomplished in less thau three or four years. This accounts 
for the fact that  the statistics available do not strictly relate to a single year, but 
apply to the years 1890 or 1892, although, for all practical purposes, the figures may 
be regtwded as representing tho present coiidi tion of the fishing industry. 

The fisheries of the interior rivers arid small inland lakes of the United States 
have never been thorouglily investigated. Even in the exhaustive canvass under the 
direction of Dr. Goode in 1879-50, no satisfactory account of these fisheries was 
obtained, owing to lack of time and inea,ns, and our entire statistical knowledge of 
their extent is given in an estimate by Dr. Goode that they are worth about $1,500,000 
annually. This is believed to be much less than the actual figure a t  the present time, 
and i t  would not be especially surprising if inquiries mould show that the products 
resulting from professional and desultory fishing in the minor fresh waters would have 
an annual value of nearly$&,000,000. The importance of these inland waters as sources 
of food supply is great and increasing, and the Ooinmissioner of Fish and Fisheries 
proposes to begin a11 investigation of their extent, methods, and needs a t  all early 
date. 

With these prefatory remarks we will proceed to a consideration of the condition 
and extent of the fisheries of the Uuited States as shown by the figures presented, 
and will endeavor to interpret, so far as may be necessary, some of the facts brought 
out in the tables. 
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GENERAL IMPORTANCE O F  THE FISIIlNG INDUSTRY. 

The full extent of the fisheries of the United States has not been exhibited by 
detailed figures since tlie results of the ceusus of 1580 were publislierl. I n  the year 
named the number of persons directly connected witli xlle industry was ascertaiuecl to 
be 131,426; the amount of ca'pital invested ill tlie business mas $37,955,349; and tlie 
value of the catch was $35,683,348. While the increase in the popiiletion of the 
country since that time has naturally led to a11 advance iu the fishing industry entirely 
independent of the fluctuations in the abundance of economic water anima81s, few 
persons are aware of the great importance of the fidieries at present, and still fewer 
are informed regarding the changes in the development of our fishery resources since 
1880. 

Compared with many other great national industries, fishing may justly be con- 
sidered of minor importsnce. 111 a number of the coast States, however, this iudustry 
ranks among the foremost enterprises. In view of the iuterriational questions affecting 
the entire country whicli have arisen and are likely to arise in connection therewith, 
and because of tlie great amount of attention mhicli the fisheries have received :ind 
are still destined to receive from State and national legislatures, fish commissions, and 
other organizations, fishing deserves to be regarded as one of the leading indiistries 
of the nation, and, as such, entitled to the most careful cousider:rtion and study. 

A t  the preseut time, the general extent of the fisheries of the United States, as 
determined by the investigations carried on by tho IJ. 8. Commission of Fish and Fish- 
eries, is as follows: 

Person8 employeil ............................. 182,376 

Capital invested.. ................ ........... $.58,245,406 
Value of prodnrts .............................. $45,312,816 

___-- -- - 

THlC'PISIIIN(+ POPULATION. 

While the statistics show that the number of persous in the United States directly 
connected with the fisheries is under 200,000, when cognizance is taken of the large 
number of people engaged in various other occupations directly or indirectly dependent 
upon the fisheries and of the fislicrmen's families who are immeiliately supported by 
their labors, it is safe to amume tliwt tlie fishing industries of tlie United States give 
support to over 1,000,000 men, women, and children, or about 1 1)erson in every G5 of 
our population. 

Of the persons connected with the fishing industry, 37,800 are vessel fishermen, 
105,000 are shore and boat fishermen, and 39,200 are sloresmen a n d  factory hands. 

The State having the largest iiuiriber of persous employed in tlie fisheries is 
Maryland, where 39,900 people are directly associated with the fishiug industry, 
chiefly iu the oyster-packing business. The State with thc next largest fishing 
population is Virginia, which is credited with 23,593 persons, a majority of whoin 
are connected in some way with the oyster industry. Massacllusetts follows Virginia 
with 17,025 persons, more than half of whom are vessel fishermen, D class more 
numerous liere than in briy other State. Maine ranks next to Massacliusetts; its 
fishing population numbers about 15,100. Other States having Inore than 10,000 
fishery employ& :we New York, yitli 13,750; New .Jersey, with 10,435; and North 
Carolina, with 10,276. 
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Of the geographical regions, the most important as regards the number of fishery ' 

employes is the Middle Atlantic, where about 90,700 persons are engaged, of whom 
17,750 are vessel fishermen, 54,600 are shore and boat fishermen, and 18,350 are shores- 
inen. Tlie next important region is New England, which has 37,000 fishing yopula- 
tion, consisting of 14,300 vessel fishermen, 13,400 sliore :uid boat fisliermeu, and 9.300 
sliore Iiands. The other sections, in the order of their rank, are the Pacific States, 
including Alaska, with 16,SOO persons; the South Atlantic States with 16,000; the 
Gulf States with 12,000, and the Great Lakes States with 9,750. 

The followiiig table shows, by States and geographical sections, the number of 
persons employed in t h e  digerent branches of the fishiiig industry: 

ll%rsons eniployed in tibe coast and Great Lakes jisheric~s of the [Jliitetl Stales. 

Vosaol 
fislior- 
mou. 

-- - 

, - - ~  

Veasol 
finher- 
111811. i States. 

i _ . . .  1 

Shore Shores- 

boat 'Last o r p  Total. 
fislrur- 1 meu, 

rind mou, 

moll. etr. - __ 
New England: 

Maiuo ................ 
New Eaiupshiro ...... 
MaHsaoliiisotts. ....... 
ltliode I ~ l a n d  ......... 
Connoo tioii t .......... 

Totril. 

. . 

2,608 
135 

10,175 
403 
992 

1 
I statea. 

. .- - 

Shore 
and 
boat 

f ls l~or 
nicn. 

0. 840 
210 

4,178 
954 

1,213 

Shores- 
mou 

f r s c t o j  
men, 
etc. 

5,080 
28 

2,072 
237 
710 

15,128 

17,025 
1,584 
2.915 

37,025 

873 

I_ ---- 
Total ............... 14,313 13,395 1 9,317 -_ .- - -- --.= I--  -I 

~ Gulf: 
I Florida ................ 1,085 2,784 460 4,535 

MissiRHippi ............ 203 487 1,031 1,721 
LoniHinnn .............. 333 3,270 ' 460 4,068 
Texas .................. 84 1,032 1 161 1,277 

Alabniun ..... : ....... .I/ 93 1 410 1 IO9 018 

-- ,__'-_- 
1,797 I 7,995 1 2.227 I 12,019 I .  l o t n l  ................ - -. - -- - - _ _ ,  -_-_-_ 

Middle Atlantic: 
New Pork ............. 
New Jersey.. .......... 
Pennsylvania.. ........ 
Uolawaro .............. 

2,042 
530 
310 
440 

11,735 
3,200 

2,346 7,858 
2,337 7,560 

295 1, ti15 
IO0 1, 092 

1 Total .._.: .......... 

Maryland .............. H, 342 
Virginin.. ............ _I 4,308 

........ ........ 
G o o i * p  ................ 
North Cnroliiia 
Sou%h Ciiroliiia 

Flori a ............... 

South Atlnutio: 

19,867 
16,027 

1 ' IWsl  ............... 

Groat Lakos: 
Now Pork ............. 
Peiinsylvmiri .......... 
Ohio ................... 
Miohigrin .............. 
Indiann.. .............. 
Illiriois ................ 
Wiwcousin ............. 
Minuaaota ............. 

! _-____. i l l  

T2 1,346 120 1,498 
95 250 58 403 

192 1 733 813 2,738 

89 ........ 94 

186 ' 956 143 1,225 
19 1 17 15 . 51 

25; I 2: ti03 400 I 3,348 

12 300 05 1 386 

12,246 

2,220 
2,247 

39,944 
23,595 

DO, 085 

l?, 433 

-- 

I'noiflo : 
Califon~in ............. 1,850 1 3,007 509 ' 5,426 
orogo11 ................ 2,051 1,450 4,200 

Alacikn ................ 1,012 1,491 2,849 
Washiugton .......... 1 j 3,010 1 910 1 4,296 

---- 
Total .............. 731 1 7,393 1 1,014 1 9,738 -_  - _ _ _ /  71 

G r a d  totnl ....... 37, R I G  106.299 1 39,207 1H2,370 
I I __  - - 

- 

One of the most interesting questions coiinected with the consideration of the 
fishing population is the extent to which persons of foreign citizenship engage in our 
fisheries. Especially iinportiaut is a knowledge of the foreign element in the fishery 
uiarine. The inquiries 011 which the present paper is based Iiave been addressed to 
this subject in every region. It appears that the largest proportioil of foreigners is 
found in the vessel fislieries of' the Pacific States. Tlie vessels sailing from South 
Atlautic ports are manned wholly by citizens. Tlie percentage of foreigners in the 
vessel fisheries of the entire country is 21. In the New EiigIaud States tho vessel fish- 
ermen coiisist of 71 per cent United States citizens, 15 per cent British provinci:tls, and 
14 per cent other foreigners, chiefly Portuguese. Ninety-two per ceut of the vessel 
fishermen of the Middle Atlantic States are native-born or naturalized citizens, the 
S per cent of foreigners being made up largely of Germans, Swedes, and Norwegians. 
Natives of the Balmmas and other Britlish possessions constitute 34 per cent of the 
Vessel-fishing population in the States bordering ou the Gulf of Mexico; 13 per c311t Of 



394 
other foreigners in the same region are chiefly Spaniards. On the Pacific coast, 
only 44 per cent of the vessel fishermen are United States citizens; 15 per cent owe 
allegiance to the British flag, and 41 per cent are of other nationalities, Austrians, 
Norwegians, Swedes, and Italians predominating, In the vessel fisheries of the Great 
Lakes, 86 per cent of the fishermen are citizens, 5 per cent are British provincials, and 
9 per ceut are of other nationalities, chiefly Norwegians and Swedes. 

The following is a tabular statement of the foregoing facts : 

BULLETIN OF THE UNITXD STATES FISH COMMISSION. 

Percentage of citizens awl foreigners on j s h i n g  vessels of the United States. 

Pacific .......................................... 
Groat Lakes .................................... 

___._________ ~ _ _ _ _ _ _ _  

Sections. 

16 ~ 4; 
44 
88 1 5 

THE VESSELS, BOATS, APPARATUS, AND aAPITAL. 

From the appended table (pp. 397,398j i t  appears that the.amount of money invested 
in vessels, boats, apparatus, buildings, wharves, and other property connected with lhe 
commercial fisheries is about $58,245,000. Of this sum, $19,860,000 belongs to the New 
England States, $19,405,000 to the Middle Atlantic States, $8,873,000 to the Pacific 
States, $5,421,000 t o  the Great Lakes, $2,993,000 to the Gulf States, and $1,693,000 to 
tho South Atlantic States. The States having the largest investments devoted to the 
fisheries are Massachusetts, with $12,980,000; Maryland, with $7,465,000; New York, 
with $5,981,000; Virginia, with $2,944,000; Maine, with $2,882,000; Connecticut, with 
$2,869,000; Alaska, with $2,536,000 ; California, with $2,626,000; New Jersey, with 
$2,518,000, and Oregon, with $2,220,000. Other States having over $1,000,000 
invested are Rhode Island, North Carolina, Florida, Washington, Ohio, Michigan, and 
Pennsylvania. 

The aggregate number of vessels employed in the fisheries is 6,334; these, with 
their outfits, have a value of $14,300,547, and represent a combined tonnage of 176,783. 
About three-fifths of the vessels, or 3,931, belong in the Middle Atlantic States and 
about one-fourth, or 1,500, in the New England States. The Gulf States have 404, the 
Pacific States 202, the South Atlantic States 169, and the Great Lakes States 128. 
The largest tonnage and greatest value are found in the New England States, where 
the average size of the vessels is much larger than in the Middle Atlantic: region. 
Every State bordering on the coast waters or Great Lakes has a vessel fishery of more 
or less import,ance. The least extensive fishery of this class, as judged by the number 
of vessels, is in Indiana, where only one vesBel was employed. The State having the 
largest fishing fleet is Maryland, with over 1,600 vessels; the State occupying the 
second rauk is Virginia, with 944 vessels, followed by Massachusetts with 809, New 
York with 666, New Jersey with 618, and Maine 397. The tonnage and value of the 
vessels of Massachusetts are greater than in any other State, after which come Mary- 
land, Virginia, California, Maine, Alaska, New Jersey, New York, and Connecticut 
in the item of tonnage, while in point of value the order is Maryland, California, 
New York, Virginia, New Jersey, Connecticut, and Maine. 
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The number of boats used in the fishing industry, exclusive of those which form a 
part of the outfit of the vessels, is 66,464, valued a t  $4,382,520. More than half the 
boats are employed in the Middle Atlantic States. The boat fisheries are especially 
extensive in Maryland, where there are 9,800 boats. Other important States in this 
respect are Virginia with 9,250 boats, New Yorlr with 7,515, Maiue with G,O15, and 
New Jersey with 5,590. 

Foremost in point of' value among the form of apparatus used in the capture of 
fish and other products stands the class of appliances of which the pouud net is the 
type, and which includes the pound net, the trap net, aud the weir. The iiumber of 
these employed in the United States is 8,726, with a value of $2,189,526. This kind 
of apparatus i s  most numerous in the Great Lakes, where 3,750 nets, mostly the typi- 
cal pounds, were set in the yeer covered by the figures, 1890. The next important 
region is the Middle Atlantic, to whicli 2,445 such nets are credited. New Eiiglamd 
has over 1,100 such traps, the South Atlantic section 960, the Pacific Coast 433, while 
in the Gulf States this form of net is not used. The individual States in which the 
fishery with pouuds, traps, aud weirs is especially extonsive are Michigan, Ohio, 
Maryland, North Carolina, Virginia, Maine, New York, Wisconsin, Massachusetts, 
Oregon, and Washingtoli. 

The most extensively used apparatus is the gill net, which in value closely 
approximates t o  the pouud net. The number shown 'in the tables is 244,942, with a 
value of $1,728,266. As the nets of this class are of such a varying length, even in 
the same fisheries and the same localities, a statement of the length of gill-netting 
employed will convey a better idea of the enorinous extent of this fishery than a inere 
enumeration of tho number of separate pieces. A close approximation, based on 
actml figures in the great majority of mses, gives the aggregate length of the gill 
nets as 51,446,000 feet, or 9,743 miles. Gill nets are used in greater or less numbers in  
every geographical section, but are most numerous and represent the largest investment 
in the Great Lakes, where over 100,000 nets, worth $49S,096, are reported. Nest in rank 
in the number of' gill nets is the South Atlantic region, which is credited with over 

, 93,000 nets, although their value, only $204,227, indicates their relatively sinall size- 
The Middle Atlantic States havo about 32,000 nets, valued at  $419,858. In the. New 
England fisheries 12,000 such nets, worth $112,201, are employed. The number of 
these nets on the Pacific coast, 5.023, is relatively smt%ll, but their value, $467,OJl, 
shows them to bo of larger average sizo than iu any other region. The gill net is 
rare in the Gulf region, less than900 being there operated. The States in which the 
gill net is especially conspicuous are North Carolina, Michigan, Pennsylvania, Ohio, 
Wisconsin, New York, and Maryland, each of which lias over 10,000; while, on account 
of the value of'thu catch, this form of a?pparatus is also important in Maine; Massa- 
chusetts, New Jersey, Virginia, Florida, California, Oregon, Washington, and Alaska. 

The 5,165 such appliances shown in t h e  
table had a value of $761,286. The seines are most niimerous and important in t h e  
Middle Atlantic States; 1,789 aro there employed, having a value of $276,691. I n  the 
south Atlantic States this apparatus is nearly as nuinerous as in the regioii first 
Qamed, but the average value of the nets is less; 1,503 seines credited to that section 
were worth $111,819. The New England States are credited with 640 seines, valued 
at $190,405. On the west coast 461 seines, having a value o€ $108,885, are in 1180. 

The mines in the Gulf region are nearly as numerous as in New England) but the 

Seines rank next to gill nets in value. 
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average value is only one-fourth that of the other section. Seines are not prominent 
iii the Great Lakes; only 154 are there owned, aud tlie iuvsstmeut in that form of 
apparatus is only $17,236. The most important seine fisheries, as determined pri- 
marily by the number of seines operated, are in North Carolina, Maryland, New Jersey, 
New York, Florida, Massiichusetts, Maine, Virginia, Delaware, and California, the first- 
named State liaviug nearly one-fourth of all the seiues used in the United States. 

Kearly equal to seines in point of value are the hand lines, trawl lines, and other 
lines employed in fisheries of a11 sections. The New Eiigland States, with their enor- 
mous ocean fisheries carried 011 chiefly with lines, would naturally be expected to lead 
in this item, and it appears that  of the $708,000 invested in this class of apparatus 
the region iu  question has $620,000. The other sectious in their order of importauce 
are the Pacific, Middle Atlantic, Gulf, Great Lakes, aud South Atlantic. 

The dredges, tongs, and rakes employed in tlie molluscan fisheries represent an 
outlay of $561,000, of which $477,000 is to be credited to the Middle Atlantic States, 

Rauking fourth in importance among the various classes of nets used in the fish- 
eries of the country are the fykes, although their aggregate value is much less than 
that of any of the forms of apparatus thus far specified. Over 24,000 fyke nets, whose 
value is $222,00O,are set in the coast and lake regions. The fykes are relatively 
important only in the Middle Atlantic States, alt~hougli in the Great Lakes and in  New 
England rather extensive fisheries are in places thus carried on. In the region first 

.named over 20,000 fykes are used, having a value of $119,000. This appliauce is 
absent from the Ciilf States, and is of little consequence in the South Atlantic, aiid 
Pacific States. 

The uurnerous other kinds of fishing apparatus not separately designated in the 
accompanying table, and not so generally used as those specified, have a value of 
about $565,000. Among these are pots, wheels, cast nets, spears, harpoons, and many 
other minor appliances. The Pacific and New England States coutaiu the great bulk 
of this miscellaneous appztratus. 

The shore and accessory property connected with the fisheries and the related 
shore industries represents a very large investment in every region, ainouiitiug in the 
aggregate to over $16,000,000. This sum includes the value of fish houses, wharves, 
fishing camps, and other buildings and structures necessary for the prosecution of the 
business: fish cars, reels, live boxes, floats, etc. In the New England States the 
iiivestments in such property are larger than iu any other sectiou, amounting to 
$5,887,000. Closely following bew England is the Middle Atlantic section, where the 
shore arid accessory property has a value of $5,816,000. 0 1 1  the Pacific coast $2,400,000 
is thus invested, and in the Great Lakes region $1,635,000. The South Atlantic States 
have $43G,000 and the Gulf States $677,000 thus devoted to tlie fishing industry. 
Four States have o17er $1,000,000 shore property directly connected with the fisheries j 
these are Massachusetts with $3,098,000, Maryland with $2,446,000, New York with 
$1,724,000, ihnd Connecticut with $1,603,000. 

Properly included in the fishery investmelit is the cas11 capital, or working capital, 
required to properly conduct the industry. This amounts in tlie aggregate to nearly 
$16,000,000, corresponding closely with the capital represented by the shore property, 
being greatest in the New angland States and least in the South Atlantic States. 

’ the section having the most extensive oyster fishery. 
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In this item Massachusetts leads all other States with $4,175,000, followed by Msrylimd 
with $2,107,000, X c w  York with $2,093,000, mid Alaska with $1,139,000. 

SI1 060 

92,750 

Now England : 
1 
I 

Maim .............. 700 
New Hanrpsliiro ... 6 

I Massachiieetts .... .I 179 

.............. 82 1 12, GOO 10,670 

............. 76 20,025 6,150 ......... 

1 Rhode Ieland ...... 1 I74 
Conneoticut ........ 90 

......... ......... 

n t a i .  ......... 

Now York ......... 263 
New Jersey ........ 234 
Pennsylrnnia 
Dolaw'are .......... 27 

1 Middle Atlantio: 

Maryland .......... 1,005 
Virginiu. .......... j 016 

90 
250 

................... 

Total.. ........ .12,445 

South Atlantic : 
North Cnrolinn ... .'b 
South Caroliun.. ......... 
G e o r p  ............ 
Flori a ............ - 

Total ......... 960 I I-, 

Value. 1 NO. 

$137,331 1 7,56! 
8' 

203, 583 4,24( 
83,145 11! 
28, 620 300 I 71 

456,979 l",08: 
_._ -- .__ _- 

71,340 7, 50; 
83,913 3,941 ......... 20f 

455 1, 60: 
71, i78 11, OBI 

162, 690 6,97% 

390,176 32,234 

80,394 90,98( 
......... 1,38( 

1,250 30E 
570 466 

____ _- -- 

82,214 93,226 ==I_= 
Florjda.. 740 
Alabama 

Louisiana ................ ........ 

Gulf: 

Texas.. ......... ...I.. ... . I . .  ....... ..... 
I .  Io td .  ....................... 821 

I.I==J=.- 

Pacific: , I 1  ~h l i forn ia .  ......... , ...... I.. ....... 
Oregon .............. 175,000 
Waahington ....... j %' 1 124,700 
Alaska ............. I I6 10.500 

2,476 
1,379 

845 
323 

Total ........... 
Great Lakes : 

Now York ......... ~ 325 
Ponnsylvanin .... ..I . 200 
Ohio ............... 1,423 
Michigan ......... .'I, 400 
Inilians ............ 32 
I l l inoi~ ............. 10 
Wisconsin ........ 200 
Minnesota ......... 1 

29,427 
29,270 

464.180 
333, 950 

11,8(IO 
3,750 
77,380 

200 

6,927 
22.370 
22.368 
29,343 
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18,726 
423 __---- 

Total. .......... :i, 750 I 949,957 101, 555 
___!-- I -- -- - 

Grnnd total ... . 8 ,726  ,2,189,526 244, 9 U  
I 1  
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Maine . . . . . .. . . . . . . ~ 397 1 12,032527 
New Hampslrirc.. . I 14 498.42 i Massachusetts . . . .’ 809 1 55,653’20 

~ llhoile Island _.._ _ _  72 1,595’44 

$675, YdO 6,015 $238,719 $815,400 \ $6W, 000 $2,882, lls 
36,709 102 4,930 34,155 ! 10,000 98,328 

4,499,168 3,560 255,110 3,008,130 4,175,260 12,980,670 
280,199 704 81,756 334,111 208,200 1,034,467 

THE 1’RODUCTS. 

General statement.-The aiinual value of products of the United States fisheries, 
exdudiug those of the minor inlaid waters, for which no data are available, is about 
$45,223,000, a sum representing the first value of the catch, or the amount received 
by the fialzeraien. By the processes of canning, saJtiug, smoking, and otherwise pro- 
serving the products, tlieir value, as they are ready for the consurner, is probably uot 
less than $150,000,000, The weight of the products as they lesve the hands of the 
fishermen is about 1,5U0,000,000 pounds; in the case of such products as oysters, altbms, 
and soallops tlic weight assigned is that of the edible part. 

The Middle Ath i t ic  States, owing to the large produotiou of oysters, easily take 
the lead ill the viilue of the products, followed by tho New Ellgland, Pacific, Great’ 
Lakes, Gulf, and South Atlantic regions, in the order uanied. The value of‘the Middle 

New Jersey,. ___. ._ 
Pcnneylvanin.. . . . . 
MarvIand ... . . . . .._ 
Viriinia ____..._... 

Total . . . . . . . . . . 

, North Carolina . . . . 
1 South Carolina . . . . 
i Georfn :....... _... 
1 Flori u __._ _ _  . . . .. 

1 Delaware . _ _ _ .  _.... 

South Atlantic: 

GI8 I 
40 1 
43 1 

L, 627 1 
944 j 

--1--I-- -- -[--I---.--- 68,751 96 4,725,590 33,427 1,989,804 1 5, 816, 302 5,127,355 1 10 405 151 
_..______ __ ____ __- I _ - - - . A L L  

1;; j 1,615s50 101,029 3,802 188,375 300,506 303, BOO 1,243,988 
240.04 29,325 1,227 31,804 27,525 17, ouo 127,702 

23 1 267.74 26,800 788 9,766 51,560 71,800 174,431 
3 1 39.25 2,010 784 30,538 49,919 22,000 , 140,895 

__,__-,- __ .A__I___-- __ -.-- 

._- __-, __^_ ------ 
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Atlantic fisheries is about $19,048,000, that of New England is $12,446,000, that of the 
meat coast is $7,259,000, that of the Gulf States $2,499,000, that of the Great Lakes 
$2,471,000, and that of the South Atlantic States $1,500,000. 

Massachusetts, owing to its extensive food-fish and bait fisheries, still maintains 
the lead which it has so long held in the matter of products; $7,531,000 represents 
the value of' its fisheries. I Msrylnnd, owing to its enormous yield of oysters, ranks as 
the second fishing State a8 regards its products, which are worth $6,4G1,000. New 
York holds the third position in respect to the'value of the catch, the receipts of the 
Eshermen of that State in 1892 being $5,041,000. The other States, the extent of whose 
Esheries eutitles them to separate mention, are Virginia, whose fishing industry is 
worth $3,641,000; New Jersey, $3,626,000; California, $3,045,000; Alaska, $2,411,000; 
Maine, $2,22G,000; Connecticut, $l,S71,000; Florida, $1,340,000: aiid North Caroliiia, 
$1,028,000. No other State has fisheries yielding over $1,000,000, bnt Washington, 
Michigan, Oregon, Rhode Island, Louisiana, arid Ohio have an  aunual production 
worth between $500,000 and $1,000,000. 

Statistics by geographical diviaioiae.-In order to present more detailed figures for the 
products than would be possible in a single table of size oonvenient for consultzttion, 
a series of tables has beeii prepared showing by geographical sections the qiientily 
and value of each principal object of fishories in each State. 

Species. 

~ ______- 
Alowives ......................... 
Uluetinh ....................................... 
Cod.. ............................. 
Haddock ......................... 
IInlihut .......................... 
Herring .......................... 
Mackerel ......................... 
Menhaden ........................ 
Sdiuon ........................... 
scup.. ......................................... 
Lobatore. ......................... 
0 eters ........................................ 
All other produots. ............... 

Total ...................... 

CiLlla ... ................. 

Pouuds. 
_I.__- 

2,113,050 

14,700,700 
5, 858, 000 

582,500 
40,420, 980 
4,270,422 

000 
138,322 

17,108,u02 

4,545, nio 
31,870,714 

121,700, 200 
-- 

_. ._ 

Ynluo. 

$19,104 

382,751 
111,lGO 
45,000 

218,223 
253,267 

9 
20,032 

.......... 

.......... 
649,891 

.......... 
156,033 
370,330 -- 

2, az5,800 

Pounds. Pnlne. 
_ _ _ _ ~ _ _ _  

41,600 $770 
?. ...................... 

I ,  557,750 20,:15G 
72,540 6,160 

140,000 1,500 
40,000 3,045 
4,000 40 

1, :M, 200 28, 813 

I Rliotle Island. 

Pouuds. 
.. 

3,920,445 
415,560 

YD.158,272 
8,429,010 

11,822, 000 
12,422,462 
1,427,150 

00,433,170 

Spuciua. .-. ___ 
! 'I'onrrdx. 

220,024 

471,310 
10,500 

Alowives ........................ .' ?07,930 
Bluefisli .......................... 247,100 
Cod. .............................. 417,500 
Haddock.. ........................ 121,200 
Hnlibut.. ...................................... 

.................................................... ........................ 2,750,320 90,761 
13,142 3, !77,295 205,638 ........................ J08,250 'IO, 240 

975 2,319,514 192,7"4 
9,774 140,409,211 3,000,380 

~ . . ~ ~ .  .~.. ~ ~ ~ 

Herring .......................... 700 

Menliaduu ........................ 5, 3l0, 7@0 
Mackerel ......................... 200, 075 

Slllluon. ....................................... 
Soup. ............................. 6,540- ti00 
Lobators .......................... 774,100 
Ovatore ........................... 1, loti, 507 
C h i 8  ............................ 498,300 
All other nroduota ................ G .  206,993 ---- 

I ,  lotiil.. .................... 21,434, 005 

valllo. 

$:a, 361 
14,356 
l?, 6G0 
2,824 

30 
10. 060 

.......... 

28, 771 
.......... 

105,808 
53, 76:! 

255,402 
05,372 

150,280 

725,075 

Velue. 
. - -~ 

$00, 080 
31, 107 

2,277,838 
807,102 
750,357 
109,545 
820, 027 
12,309 

3,050,824 1 01,481 I 301,34!4 331 1 7,531,104 
______.__ - __ _. ._ ___ 

Connoctioiit. I Total. 
_ _  __ 

Pounds. 

079,120 
040,450 

217,400 
223,740 

60, 970 
12,600,300 

135 
13,200 

1,014,530 
13,051,218 

378,780 
29, 89G, 018 

I, 390,420 

.......... 

01,458,221 
.. 

value. 

$3,808 
32,022 
48,551 
5,437 

10,018 

4,805 
31, 880 

04 
107 

101, 318 
1.420, 249 

43, 650 
160,3Y9 

............ 

1,871,413 1 

7,128,945 
1,303,110 

84,334,990 
40,012,082 
0,287,700 

52,190,340 
17,018,829 

188,457 
8, 310, 120 

22, QSJ, 051 
15, !26,041 
7. 877,084 

217,924,140 

io, 402,750 

- - _  
ViLlUO. 
_._ ~- 

$102,020 
75,545 

2,745, 013 
1,042, 060 

82G, 541 
w , z n 8  

1,090,904 
73,078 
20,006 

190, 826 
1,029,751 
1,761,081 

458,760 
2, 097,178 

12,445,569 

O T E . - - T ~ O  woights of tho oystorn nud olama roprusent only the odiblo piirt or  nient. The uiiinbor of bushels of oystrrs 
shown for this suotioikia 2,100,80& apportioned ax fhllorw : Mnwsachu8otta, 6'2,008 bii~liels; Ilbodo Islmid, 158.081 bnshels, 
Conueotiout, 1,050,174 bushels. Tho qunutity ofrlains givoir is equivaleirt to 705,442 L11sliola. of wliicli 454,501 busliela aro to 
be oredited to Maine, 1,050 to Now Hampshire, 245,291 to Maasnchusotte. 53,800 to Rhode Islaud, aud 40,800 to  Conueotiout. 
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SpeCioH. 

. .  

alewivc:s .................. 
Bluefish ................... 

. _ _ _ _ _  _ _ _ _ _ _  
Pike ............................................ 
Sea IJ:IPH ................. 
S t i d . .  ..................... 
Spanish iii:ic:kerol. ........ 
SqueBaciio ................ 
StriIiod ‘ ; ;ISH ............... 
EfstWH.. .................. 

aIU8 ..................... 
Crabs ...................... 
lerrapins ............................. 
All otliern ................ 
, I  

BULLETIN O F  THE UNITED STATES FISH COMMISSION. 

I’rodnols oJ’ the$aherica (iy the ikliddle dtlarLtie States. 
~~ ~. ~ 

Now Pork. 

Pollll(is. j value. 
- . . ___- . 

2,194,560 $23,526 
5,506,575 237,010 

676, 744 35,815 
:{, 044, 956 161,209 

74.836 7,255 
2,531.523 . 94,543 

175,476 18.207 
18,277,434 2,718,509 

, .......... 
:31,06l. 082 ! 686,350 

67,638 4,778 

6,030,020 756,512 
529,066 I 11,031) 

. 

$14.286 
178,691 
:J4,073 
1,821 

153,431 

15,907 
208,051 
33,473 

760,603 
381,841 
50,278 

987 
210,227 

582. aai 

. 

2,059,015 .......... 
18,478 
5,481 

901.564 

.......... 

.......... 
23,352 

926,660 
.......... 
.......... 
.......... 

3U3,476 

1, 996, 482 

811 
777 

110,200 

2.320 
101,850 

37,555 

......... 

211,415 
25,840 

1, 110,369 
.......... 

................. 
837,510 
115,042 

1,227,324 

Menhaden ........ 
Milllet ............ 

18,410,4UO 
3.5S5.981 1 --ii+;i+i. 

826,164 
56.1,259 
103, 100 
11,560 

528,520 
442,050 
371,840 
74,948 

1,509,Y38 

2,381 
600 

30. 918 
7.911 

720 
1,060 

40,520 

9,107 
23,685 

0,081 

................. 
1,547,027 

19,445 
2, 654,022 

235,284 

14,020 
681,450 

10,350 
2. G46,032 

......... 

65,825 

__-- 

Shad .............. 
Squoteagiic . ._._. . 
Striped bass ...... 
Whitine .......... 

5.768.413 
1,885,677 

568,341 
35,300 

Oyster<.. ........ 
Shrimps .......... 
Terrapina ........ 
Othor urodiicte ... 

5,650,820 
144,200 
26,552 

3,4.50.696 

I’OIIII~H. 

I ,  978.055 

571.347 
20,250 

3,892,311 
8,746, 518 

117,25t 
7,540,196 

220,115 
18,273,241 
3,570,022 
2,599,413 

2,570 
18,049,426 

~ 

4,765,873 

Value. 

$t1,5X5 

i 4 , m  
......... 

1. 004 

GO, 255 

16,364 
15,442 
7,3* 863 

2.04i  
7.796 
2,136 

45,754 

......... 

........ 

71,246,591 284,031 17, 194,808 

I Total. 
~ _ _ _ _  

250,865 
__- 

I 

. Total ................ 170,169,910 !4,784,753 
1 

~ ~ .... - ~ _ ~ . _ _  ... __ 
I M;irylund.* 

. ._____. .-- 

Virginia 

Value. 
_ _  

$131,245 
22.761 

105,078 
35,Ztil 
4,544 

211 575 
5,369 

25.902 
97,770 

5,295,866 
8,226 

31)3.716 
22, 333 

191,113 
-L 

....... -~ Species. 
I’ounds. 

. - - -. . . . . . . . . . . . .  
Pounds. 

1 I ,  004,085 
1,802,074 

415,378 
9,450 
9,440 

6,498,242 
739,910 

3,938,019 
467. xtii 

43,061,452 
559,278 

2, RDO, 427 
52,215 

112,504,126 

. .  
\Talne. 

-~ 

$280, 605 
504,466 
175,094 
40,078 

231.8211 
1,332,854 

79,287 
469,751 
208,165 

12,50U,759 
1,184,650 

434,808 
43,950 

I. 555,227 

17,418,850 
516, 364 

2,494,625 
56:i, 264 
113,370 

0, 224,873 
44,837 

750.465 
1,264,693 

6!I,615.406 
147,760 

7,805,770 
89,780 

34, 727,770 

$93,819 35. 533,455 
66,004 12,591.486 
16. 335 3.778. PR1 

Aler\.iros.. ................ 
Imlefish ................... 
J’erch.. .................... 
Pike.. ..................... 
Sea bass ................... 
SIi;d. ...................... 

btriped bas8 ............... 
Spanish mackorel.. ........ 
~qnotoaguo ................ 
OYstCrH .................... 
C~;tIl lH. .  .................... 
9rdJH.. .................... 
I‘c:rrapins. ................. 

All others ................. 

_. ........ - . . . .  ..________ ... .. ............ 
* 1nt:lucles District of Columbia. 

~ o r ~ . - T h o  niimhern ol‘ iillaheh uf oysterw iind ~ l a i i i ~  reprenented by tho weiglrtn of the edible purtn s h r w ~ i  in the tnble 
Rre :in follows: Oysters, 2,611 ,062 hushr1s ill Now Pork, 2,610,463 ill New Jorney, 132,380 bush(3k1 in I’aunsyli7ania, 175,332 
bIIH11dd i n  I~elaware. 9,945,058 hiinlie18 iu Maryland, and G,151,636 Iti inliels in Virginia. Clams, 716.115 bunhels in Now York, 
443,869 hiinhrls in New Jersey, 2,670 biishels in I)elaware, 18,470 biidieln in Maryland, and 69,910 bushels in Virginia. 

. -  

Value. 

Bl66 100 
30: 431 
36,918 
16,171 

133,635 
28,396 

482,403 
68 260 

23 766 
254: 141 
32 665 
23: 598 

259,456 

589,894 

- 

33: R4$ 

- 
_. 

Vnlnc.. 

$740 
107 

3,060 

9,405 
26,283 
41,187 
3, 604 
1,084 

20,930 
23,204 
18,592 
8,376 

46. 030 

........ 

Vnlnr. 
- 

I’OUndH. 

16.543,783 
591,276 

12,410,400 
5, 573, 623 

879,684 
9,085,354 
2,368,067 

591,214 
8,344, R05 

714,025 
154,900 

7,512,614 

1,452, w 

5 ~ 8 ,  no1 

Value. Pounds 

$580 10,120 ...... 181,846 
....... 7,310 

____ 
24,000 

......... 

......... 

......... 
52,740 
10,000 

399, 660 
144,000 

9.000 
18,374 

1,570,485 
162,160 
43,050 

560, 648 

/2,904,117 
- 

s1po 
9,832 

255 

24,441 
355 

104,283 
7,895 

845 
14,850 
2,557 
1,425 

........ 

........ 

69,472 

$1!4, 636 
20, 492 
33,603 
16, 171 
97,40b 
1,158 

306,015 
48,856 
32,138 
1,231 

175,567 
5,435 
4,690 

120,269 

~ e a  I J ~ S H  ......... .! 9% 075 

I__- -- 
Tit:il ....... .151.799, 142 iI,O27,669 202, 602 123,563 7, 163,531 1 __. 

236,000 67,201,630 

NOTL-TIIB quantity of oyst,ors whown ia tho weight of the edible part. Tho total niuuber of bIlHh8h represented is 
1,192,115, of whloh North Carolina bas 807,260, South Carolina 63,150, Georgia 224,355, and Florirln 97,350. 



STATISTICS O F  THE FISHERIES O F  THE UNITED BTATES . 
Products of the jialrwies of the Gulf &ate8 . 

SpeciCR . 

Bream and sunflsh ..................... 
Catfish .................................................... 
Channel bn8s ........................... 
Croaker, ................................ 
Grunt#* ................................ 
Mullet ................................. 
Pompano ............................... 
Sheepshead ............................. 
Snappers ................................ 
Spanish mackerel ....................... 
Squeteegue ............................. 
Sponges ................................. 
Turtlea ................................. 
A11 otlier products ...................... 
OySterb t ................................. 

............................. Total 

.. - .. .___.. . - ........... ._ . . . . .  - 
Alabama . I Florida . 

~I_- 

Pounds . 
_____.-. . - .. 

38, 088 

457, 737 
42 923 

'680:725 . 
13,020, 962 

300, 356 
543, 797 

4,220. 245 
440, 993 
602, 463 
300.772 

474, 881 
2,731, 05d 

27,418, 562 

2.591, 567 

-.--I 
I 

62. 375 
43. 960 

208. i50  

VRlIlA . 
_i-- 

$968 ............. 
. 7. 230 

2. 495 
2. 464 

10. 706 

..... 
1%. 760 
21. 100 
13. 378 

438. 682 
93. 602 

. 21. 960 
112.202 

- .... . . . .  

Sl)eCieH . 

1.103. 809 
I ___- ............... 

Xissiadppi . 
-.____ .. 

Bream and sunflsh ....................... 
Buti'akwflsh ............ 
Catash .................................. 
Channel bass ............................ 
Croakers ................................ 
Mullet ................................... 
Pompano ............................... 
Sheepshead .............................. 
SUapperS ............................................................... 
Spanish mackerel ....................... 
Squetea ue .......................... 
0 stor8 f ................................ 

80. 100 $3 009 
121.700 1: 217 
03. 400 1 794 

?01. 300 8: 157 
57 325 1. 405 

305:'400 3. 479 
14. 875 1, 087 

173, 200 7, 870 

46. 500 3, 150 
372, 100 17, 596 

5,645. 346: 166, 672 
Sirimps ................................ 1 613, 500 
Turtles ................................................................ 
All other products ...................... 397, 655 

Total ............................ .'.! 8.181, 401 
- 

. . . . . . .  . - .- -- ...... - _______ 

34. 700 
13. 800 
45. 000 

1.107. 950 
175. 950 

12, 622 

15, 831 

245, 699 
--- 

_____.--- - 

.............. 
83. 450 

~ 2. 000 
778. 800 

4. 800 
25.000 

1.120. 450 

Broam mil sun5sh ...................... 
Butlalo.tlsh ............................. 
Catflsll .................................. 
Channel bass ........................... 
Zronkers ................................ 
3ronts .................................... 
Mullet .................................. 
jheepshend ............................. 
lnappers ............................... 
rotnpano ................................ 

..... 

jpouges. ............................................................... 
3,085, 800 

dr imps  ................................ 17i.800 
rurtlos ................................. 583.000 
811 other products ...................... 723, 100 

Total .............................. 7,950, 400 

.) sterst  ................................ 1 
--__-- 

I 

... 

127, 990 
5, 670 
9, 345 

28, 228 

313, 832 

$1. 526 
090 

47. 905 
6. 730 

2. 770 
600 

30. 871 
240 

1. 313 
47. 864 

1. 090 

....... 

1s. 200 $960 

2. 242 
3. 231 

37. 600 

98. 075 
54. 464 

.............................. 
' 107, 812 

245, 201 7. 033 

3,367, 490 ............................... 

4.776. 968 I 154. 871 
- _______I_.---- 

Louiaiann . 
Pounds . 

270. 020 
1.180. 259 
2.674. 007 

339. 316 
158. 267 
281. 750 
32. 450 

390. 817 
240. 500 
144. 000 
655. 070 

5 891 095 
0: 082: 050 

90. 793 
1.772. 218 

value . 
$15. 083 
22.940 

~~ 

7; 215 
14 865 
33: 026 

299.890 
90.619 
2; 335 

81. 226: 

20.189. 203 I 681. 284 
. _  - ___ .. 

Total . 
_____.- 

l'ounds . 
..- . 

451, I08 
1,315, 750 
2,850,' 007 
2,160, 767 

532, 540 
080 725 

15, TW: 117 
366. 859 

1.921. 728 
4.527. 920 
700 459 

2. 969. 43!1 
366. 772 

20.587. 098 
7. 451.350 
I. 148. 614 
5.869. 227 

69.015. 534 
~- 

.. ____ 
Value . 

.... .- 

$22, 743 
24, 847 
59, 560 
77, 410 
21, 655 
22, 202 

238. 528 
35. 551 
75. 410 

134. 716 
42. 692 

122. 570 
438. 682 
796. 002 
108. 811 
33. g46 

244. 520 

2.409. 495 
--- 

* In all the States exoept Florida the c*atch of grunts has been included with the miscellaneous flsh . 
t Tho weight of oystors given i n  tho table reprcsents only the edible part . Tho eqnivalcnt number of 

bi~sl~els  in the entiro region is 2.941.014. divided a8 foUows nmong the differeiit States: Florida. 371. 081 i 
Alabama. 481. 070. Mississippi. 806. 478. Louisiana. 841. 585. Texas. 440.800 . 

F . C . 13 . 1803-26 
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Barracuda 
Cod ...................... 
Ploiinders 
Halibut 
Herring ................. 
~ a c k e r e l  
Perch ....................................... 
Rockfish (Sebaslichthys) 
Salmon .................. 
Sardines 
Shad ........................................ 
Smelt .................................... 
Sturgeon 
~e l low- ta i l  
Ontopiia and squid 
Terrapins and frogs 
Crabs ........................... 
Shrimp and prawn 
Clams and mussels 
0 stere 

F u r  seal andotherpelts 
Whale . 5sb, nnd seal oil ... 
Whalebone 
All other DrOdUcta 

A%alonc meat and shells 

Products of the jishwiea of the Pa&& State8 . 
Species . 1 -- A l a r  j " ' 7 t o n  . 1 O r c T .  Califo? . . 1 Tot; 1 

Pounds . Value . Pounds . Value . Pounds . Value . Pounds . Value . Pounds . Value . 
ppp-p-p---- 

...................................................................... 
2,259, 835 $55, 562 794, 000 $26, 725 26, 304 $1, 315 

18,700, 000 32, 900 542, 112 10, 567 ..... .I ........... 
.................................. 184, 560 3, 191 10, 000 400 .................................... 1,903. 500 3e, 560 18870 1, 787 

65, 140 1, 303 .................. 
..................... 163, 000 4, 515 86, 115 4, 255 

87. 350 2, 703 125, 000 3, 750 
, .. 321, 726 6, 158 .................. ................................... 547, 623 5, 584 2,513, 490 26, 399 

........................ 13, 125 5, 250 .................. 

......................... 684 000 5 700 8 250 825 

....................................................................... 

43,199, Fa0 2,212, 593 21,684, 411 541, 546 24,044, 151 779, 922 ........................................................................ 

.................................................................... .............................................................. 
_.'. ......... 70, 000 3, 550 4, 125 165 .......................... 2, 000 500 .................. 

..................................... 1, 139.808 147:995 17;15d 3, 062 

............ 109,793k ......... 121, 528 .......... 46, 526 . 

................ 1 ....... 284, 000 9, 815 .................. 

....................................................... 
.........I.. ....... 37, 500 1, 750 .................. ..................................................................... 

654. 227 
2.274. 565 
4.040. 557 

180. 930 
4.486. 887 

351. 961 
335. 117 

1.850. 186 
4.759. 816 

752. 994 
526. 494 

1.919. 894 
718. 017 
358. 954 
374, 622 
36. 875 

2.862. 320 
5.315. 075 
2.969. 150 
1.250. 515 

404. 637 

$21. 504 
56. 864 
85. 482 
8. 532 

55 795 
14:174 
10. 077 
52. 540 

176. 189 
15. 237 
14 372 
53:471 
21 854 
13:865 
36. 191 
8. 050 

242. 161 
39. 108 

698. 257 
9. 071 

205.943 
62. 295 

944 609 
95:ZOO 

102. 900 

......... 
1.578. 758 

198. 865 
3.608. 467 

. 

Speoiea . 

Bas3 ................ 
Perch .............. 
Pike and pikc perch 

rrout ............... 
Whitefish .......... 
Othern .............. 

Total .......... 

Earring ........... 

Sturgeon ........... 

_ _  .... ~ ___ i T o i l  ............ -.I 64,159, 2351 2,410, 8481 28,532, 8501 934, 9401 26.853. 4551 868. 4061 41,809,88y:3~~I101.365,423 

New Pork . 
Pounds . Valuc . 

48, 797 $3, 187 
.2,406, 098 49, 367 

407. 567 6, 883 

80 430 3, 992 

1, tw7, 521 37. 776 

8.087. 969 256, 506 

.__ 

819 519 49 723 
2, 251. 416 82: 068 

466: 621 22. 610 

____- 

NOTE.-The numbers of bushels of oysters. clams. and mussels represented by the weights shown in the table are 
follows: Oysters. 178. 645 bushels in Cahfornia. 2. 450 bushels in Oregon. 162. 829 bushels in Washington . Clams. 40. 470 
bushels in  California. 825 bushels in  Oregon. 11. 400 bushels in  Washington . Mussels. 10. 000 bushels in California . 

The nmnber of skins of seals. sea otter&. and other mammals. the  value of which aro given. are as follows: Fur se& 
14. 710 in California. 2. 945 in Oregon. 9. 143 in Washington. 7. 175 in Alaska . Sea otters. 235 in California. 20 in Oregon. 1s 
in Alaska . Hair seals and sea lions. 952 in California . 

Product8 of the$aheriea of the Great Lake8 . 

97 987 
6. 393. 756 
3.029. 464 
2.689. 891 
1.480. 256 

95 109 
87: 437 
40. 380 
86. 677 
45. 073 

Pennsylvania . 1 Ohio . 

Bass ...................................... 
Herring ............ ' 88, a75 
Perch ............... 1 511, 000 
Pike and pike porch ...................... 

Whiteflsh .......... 27, 835 
Others .............. 107, 035 

Sturgeon 16, 480 ........... 
Trout ............... 71, 660 

Pounds . I value . I . Pounds . I V ~ I U O  . 

$1.768 I 
14, 009 

3, 479 
1, 400 
2, 840 

19. 990 
8.012. 510 

208. 540 
3.402. 285 

105. 750 
82. 000 

758. 019 
275. 750 

$1 032 1 203 223 1 1  096 
'EO: 443 27.888(. 663 281: 878 

5 420 2 483 247 22 189 
76: 436 9: 442: 291 185: 061 
3. 265 230. 493 8. 861 

Michigan Indiana . 
Pounds . 1 Value . 1'ounds.l Value . 

~~ -.__. 

5. 393 
160. 408 
106. 064 

70. 716 
154. 733 
66. 901 
75. 278 

....... 

$270 
3266 
<184 

2. 780 
7. 730 
2 9 5 1  
1:572 I 
....... 

I ......... ' - I  \ Illinois . I Wisconsin . I Minnesota . I Total . I 
..... ......... 

Species . I 
1 Pounds . 1 Valuo-1 Pounds . 

R7 . RRB 
3. 798. 220 
1.008. 137 

481. 118 
134.648 

3.820; 178 
2.187. 667 . 1.978. 633 

Total .......... 1 822. 3% I 23, 836 1 13.496. 312 
-.-?__. . - 

$4. 379 
57. 502 
21. 195 
19. 141 
4. 779 

175. 334 
84. 467 
32. 888 

1 ..... .i.iig. 1. .... $iii.J 
...................... 
...................... 1 .... igi%.l. ... iii. I 
...................... 

463. 086 
48.753. 349 

7.754. 028 
16.835. 119 
4. 2R9. 759 

12 890 441 
12: 401: 335 
10.511. 414 

399. 685 1 183: 422 1 6. 238 I 113.898. 531 
.- 

$25. 073 
561 703 
1131 260 
417( 038 
148: 366 
505 950 
518' 891 
17Q: 487 . 

2,471, 7681 
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The products classified.-h the following table the value of the fishing industry 

ni each State is shown for eight main branches into which the products may be 
naturally divided. These are (1) the general fisheries for food and bait fishes; (2) the 
menhaden fishery for oil and guano factories; (3) the fisherjes for oysters, clams, 
scallops, squid, octopus, and other mollusks; (4) the crab, lobster, shrimp, and other 
crustacean fisheries; (5) the alligator, tcwapin, turtle, and other reptilian fisheries; 
(6) the fisheries for whales, porpoises, and other cetaceans; (7) the seal and sea-otter 
fisheries, and (8) the sponge fishery. 

Fishes proper, excluding menhaden, have a value of $21,243,000, or nearly as 
much as %he combined value of all other classes of products. Mollusks are worth over 
$18,100,000. The products of the whale and porpoise fisheries have a value of about 
$2,146,000. Closely following the cetaceans are the crustaceans, with a value of 
$2,028,000. The menhaden fishery yields $638,668, a sum representing the value of 
the fresh fish and not that of the manufactured products. The seal and the sea-otter 
fisheries, worth $502,180, occupy the next position. The sponge fishery and t h e  
reptilian fisheries, which complete the list, have a valuation of $438,682 and $215,000, 
respectively. 

The States which lead in the different branches are as follows: Massachusetts in 
the food and bait fisheries and in the whale fishery; Maryland in the molluscan fish- 
eries; Maine in the crustacean fisheries; California in the seal and sea-otter fisheries; 
New York in the menhaden fisheries and Florida in the reptilian and sponge fisheries. 
Yhe killing of an ordinary number of seals on the Pribilof Islands would place Alaska, 
at the head of that group, but in the yea,Pcovered by the figures the seal catch was 
reduced by law to about 7,500 skins. 

Table 8hoWhfJ by States and $fisheries the value of the fisheriea of the United States. 

. 13,142 
61,638 
20,604 
6,@20 

165 

53,762 
20,832 
10,765 
62,114 
4,050 

2, OZP, 282 

........... 

........... 

__ 

I I 

......................................... 
1,047 ............................... ......................................... 
5,714 4,398 ................... 
3,074 ............................... ...................... 40,520 ......... 

......................................... 
8,376 ............................... 
10,877 ............................... 
24,152 ............................... 
5,250 600 121,528 ......... 

215,316 2,146,130 602,180 438,682 

.................................................... 

..........I............ ................... 
---4 

__ I 

--I I .___-_ 

.......... .......... 
28,771 

186,048 

.......... .......... 

.......... 

Alahatna .......... 
Alaska ............ 

...................... 
3,887 

101,850 
359,216 
23,204 
127,990 

2,656,098 
163,605 

California. ........ 
connooticnt ......I 
UQlawaro.. ........ 
Florida. ........... 
Georgia ........... 
Illinois ............ 
Indiana. .......... 
Louisiana ......... 
Maine ............. 
Maryland *. ...... 
Mas'saohusetts .... 
Michigan ......... 
Minnesota. ........ 
Hississippi. ....... 
Now Hampshire . . 
New Jersey.. ..... 
New Pork ........ 
North Carolina.. .. 
Ohio .............. 
Oregon. ........... 
Penna lvania 
Rhode%slana. : 1 : 
south Carolina ... 
Toxae ............. 
Virginia .......... 
Wmhington. ...... 
Wisconain ........ 

Total.. ...... 

$46,119 
2,301,055 
687,902 
244,925 
103.443 
702,090 
66,405 
23,830 
21,693 
239,448 

1,410,428 
765, I90 

5,848,032 
933,005 
6,238 
64,368 
77,364 

1,393,151 
1,153,189 
806.560 
015,609 
817,828 
393,303 
283,920 
150,090 
164,200 
812,870 
649,817 
399,272 

21,242,858 

.......... $107,812 

.......... 782,627 
$28,622 1,476,435 .......... 75,010 .......... 108,649 

~ ......... 40,820 

..................... 

...................... 

.......... 299,896 

.......... 343,171 

..... 

I .......... I ............ .................. 1. 166,672 .......... 075 
27,009 2,142,444 
291,105 3,570,211 I 15,920 1 188,467 

..........I ............ - .-- - 
838,868 1 18,100,698 

.- 
I I I I 

I ........... ............ 
$355.547 
101,318 . 
8,081 
2,742 
7,141 

$109.793 .......... ......... ......... ......... 
3,431 ......... 
86,706 $438,682 
9,107 

Total. 

$154,871 
2,410,848 
3,044, I .  871,413 751 

250,865 
1,339,869 
125,563 
23,836 
21,693 
681,284 

2,225,806 
7,531,194 0,460,769 

934,005 
6,238 

245,699 
91,481 

3,625,890 5,041,250 

1,027,069 
618,083 
808,406 
495,153 
725,675 
202,002 
313,832 

3,641,282 
934,04(1 
309,272 

45,312,818 
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Rank and ealue of principal j isltery products.-The principal fisheries have in 
the following table been arranged in four groups based on the value of the catch. 
Sixty fisheries or special products have an annual valuation of over $35,000. Niue of 
thesc are worth more than $1,000,000; 9 between $500,000 and $1,000,000; 23 between 
$100,000 and $500,000, and 17  between $35,000 and $100,000. 

The 9 fisheries which yield over $1,000,000 represent nearly three-fourths of the 
total output of the United States fisheries. They include 4 fisheries prosecuted on 
both the Atlantic and Pacific coasts, 4 that are peculiar to the Atlantic seaboard, mid 
1 that is confiiied to the west coast. Tlie chief anioiig tliein, the oyster, is worth over 
$16,000,000, or more than one-third the valne of the entire industry. The Pacific 
s d i ~ ~ o i i  fishery ranks second; i t  is worth about $3,700,000. The Atlantic cod fishery 
and the mhiile fishery have a valuation of over 88,000,000. The otber fisheries iu this 
group are the shad, clam, mackerel, lobster, aiid haddock. 

The leading product in the second class is the halibut, valued at about $874,000. 
. Five other products included in this group are marine or coast suimals, viz, sque. 
teague, menhaden, bliiefisli, alewives, and crabs, and the remainiug three belong in 
the Great Lakes, viz, the herring or cisco, the whitefish, and the lake trout. 

Of the 25 products haviug a value between $100,000 and $500,000, the sponges 
heiid the list. In  this division are found such well known fisheries as the fur-seal, 
shrimp, Iiiullet, hake, sea bass, herring, sturgeou, striped bass, eel, scup, snapper, 
Spanish mackerel, smelt, sheepshead, channel bass, pike perch, scallop, etc. 

Tlie fourth group embraces most of the remaining fisheries of general or local im- 
portance. Among the fisheries now having :L valuation of less tlian $100,000 and mor8 
thau $35,000 are the herring, rockfish, smelt, and sea-otter fisheries of the Pacific coast; 
and the pollock, swordfish, tautog, pike, and black bass fisheries of the east coast. 

Table showing rank und ualrw of the 60 moat important $sherice or special p r o d i d 8  qf the United States. 

Fisheries. 

711. Fvorn$lOO.OOG to 8500.000-COn- 

. _  - - .__ 

__ 
Eank Value. 

- . -- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
i n  

19 
10 
21 
22 
23 
21 
25 

* 28 
27 
28 
29. 

Flatfish.. .......................... 
Scup ............................. 
Atlantic ycllow and white perch'. . 
Catfisli ............................ 
Scallop ............................ 
Red m a p y : :  :. ................... 
Pacitic co( .................... 
Cusk .............................. 
Spaiiish inackercl.. ................ 
Spot aud cronkcr .................. 
Atlantic siiielt ..................... 
Yellow perch (Great Lakes) ...... 
Sliecpshend. ...................... 
Chauucl bliss or rodfish ............ 

............................ ! I .  Over $1,000,000. 

..................... 
Oyster 
Pacific salmon 
Atlantic cod ....................... 
Whale.. ........................... 

$249,095 
205,421 
197,863 
178,758 
172,983 
147 744 

ld6,215 
129 259 

122,115 
113 260 
101: 925 

140: 468 

128: 853 

100,386 

I 
! 
I 

I 

33 
34 
35 
A8 
37 
911 
I.. 

II. From $600,000 lo $1,000,000. 39 
' 1  40 

S l i d . .  ............................. 
Clam .............................. 
Mackerel .......................... 
Lobster.. .......................... 
Haddock .......................... 

Halibut . ............................ M7Y 810 41 

Mciiliadeu ........................ I 693, 808 43 
Sqiictcagiie. ...................... I 708: 870 I 42 

1,879,688 
1,690,536 
1, IO!, 851 
1,050,077 
1,015,814 

Bliictish .......................... .I OR7 305 
(:rnb.. ............................. I 572: 147 1 1  

l'ncific linrriug .................... 
Pollock.. .......................... 
Alligntor .......................... 
lerra.]iin .......................... 
Siiuflsh ................. .: ......... 
I \  

Lake herring ..................... ~ 

Alewife ........................... / 554: 740 44 
Lake wliitvtiah .................... 518,891 1: 45 
Lake trout ...................... ..I 507,950 ,, tl 

581 703 ' 
99,262 
BO, 109 
77,010 
78,243 
72,139 

I =. 
1 48 i 49 

111. &om $IOO,OOO to $s00,000. 

438, 881 
417 038 
390:627 
389,2!)7 
387,916 
887.638 
358,803 
329,298 
271,328 
259,474 
255,801 

Sponge .......................... ..I 
Pike poroli aiid pike ((;rent Lakes)' 
Pnr.sen1 .......................... .I 

, 

! , 
1 

Shrimp and prawn.. .............. ., 
Mullet. .......................... ..A 
Hake .............................. 
Sea barn ........................... .! 
Atlmtic Iicrriug.. .................. 
Sturgeon .......................... ' 
Striped bas8 or rocktisii ........... 
gel ............................... .I 

60 
61 
52 
53 
54 
55 
56 
57 
58 
59 
60 

' tiuiiecl.' I 

I 1 P. From $JE,OOO tu $100,000. 

-. 
A Species can not bo satisfBotwily separated. 
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Statistics of special important products.-To facilitate the comprehension of the 

extent of some of the principal fisheries prosecuted in the coast States, the followiiig 
tables, based on preceding ones, are presented. They relate to the catch of oysters, 
vhales, lobsters, crabs, clams, shad, alewives, bluefish, and squeteague. 

The oyster, the foremost mater product in the United States, is the objectof a com- 
mercial fishery in every coast State except Maine and New Hampshire. In  12 States- 
viz, Alabama, Connecticut, Delaware, Georgia, Louisiana, Maryland, Mississippi, 
New Jersey, New York, Rhode Island, Texas, and VirginiaAt is the most valuable 
fishery product taken. In  each of 5 States-Oounecticut, Maryland, New Jersey, New 
York, and Virginia-its annual value is over $1,000,000. The output of the entire 
country is about 28,000,000 bushels, mliose value to the fishermen is $16,152,000. No 
other object of our fisheries has received so much attention as t'he oyster and is so 
generally cultivated by private individuals. Statistics of tlie oyster catch in each 
s ta te  arc shown in the following table: 

The oycltw output of the United Statee. 

- -- 
I WbaloboyLy 

Pounds. Valuo. 

Califoruia ... .... 108,885 $944,609 
Connecticut ............. 150 400 
Masswhusetts ......... 149,838 748,825 
North Carolina 
Washingtoil .......................................... 

Statos. 

I __ __ - 

__________ 
Total .............. 348,863 1,693,834 

_. - - - -_ 

Status. ~ Bushels. I 

- 
Oil. Ainbcrgris. Porpoises. 

_______ 
Gallons. Valuo. Pounds. Value. No. Value. 
- - - _- - ___ ___ - - 

205,699 $62,063 .................................... 
3,150 1,323 ................................... 

656,298 378,650 ZOS, $5,278 ................. .......................................................... 1.747 $4,398 
*600 ................................... 

866,147 442,626 20jh 5,278 1,747 4,398 
--- 

-I__- - -- 

Alabama.. ................ 
California.. ............... 
Connecticut .............. 
Delaware ................. 
Florida. .................. 
Georgia.. ................. 
Louisiana.. ............... 
Maryland.. ............... 
Massac*husetts.. .......... 
Mississippi ............... 
Now Jersey .............. 
Now York. ............... 
North Caroliiia ........... 
Oregon ................... 
Pennsylvnnia. ............ 
Rhodo Island.. ........... 
South Carolina ........... 
Texas. .................... 
Virginia .................. 
Wnshington ... ; .......... 

Totril ................ 

481,070 
178,645 

1,950,174 
. 175,332 

468,431 

841,585 
9,945,058 

52,608 
806,4i8 

2,611,062 
807,200 

2,450 
132,380 
158,081 
63,150 

440,800 
0,151, G36 

162,829 

224,355 

2,610,463 

28. 203,847 

Talue. 

$107,812 
698,267 

1,426,240 
73,863 

108,542 
40,520 

299,898 
5,295,866 

70,240 
166: 672 

1 780 603 

175,567 
3,062 

101,850 
255,492 

23,204 
127, OB0 

2,520,068 
147, 996 

18,152,257 

2: 7483 509 

__- 
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In the 8 States of the Atlantic seaboard north of Maryland lobster fishing is 
carried on, The abundance of that  crustacean increases from south to north, and 
the most southern and most northern States in which it is sought havel respectively, 
the minimum and maximum output. The catch in Maine, amounting to over 17,000,000 
pounds, worth $650,000, is more important, than any other product of the fisheries, and 
in Connecticut, where the yield is 1,615,000 pounds, valued a t  $101,000, it is surpassed 
only by the oyster. The aggregate product is 23,301,149 pounds, with a value of 
$1,041,677, divided as follows among the different States: 

Output of the lobster$shemj of the United States. 

Connecticut .............. 
Delaware.. ............... 
Maine .................... 
Massachusetts ........... 
New Eampshire .......... 
New Jersey .............. 
New Tork ................ 
Rhode Island ............. 

Total ............... 

______ ... ___. 

States. 1 Pounds. 

1,614,530 
8,200 

17,198,002 
3,177,295 
220,024 
143,905 
165,093 
774,100 

23,301,149 
-- 

I 

I States. 

California ................ Delaware. ................ 
Florida ................... 
Louisiana ................ 
Haryland ................. 
Mississippi ............... 
New Jersey. .............. 
New York ................ 
North Carolina ........... 
Sou h Carolina ........... 

Georgia. .................. 

Ore&on .... ~. ............. 

Pounas. 

2,862,320 
1,164,675 

4,100 
47,866 
980,700 

7,605,770 
47,160 

2,599,413 
529,066 
47,400 
4,125 
93,260 

I ........ _____._ __ 

____ 
Value. 

_____ 
$101, ai8 

410 
649,891 
205.638 
13,142 
10,861 
15,655 
53,762 

1,050,677 
___- 

Several species of crab8 are of commercial value in 15 States of the Atlantic, Gulf, 
and Pacific regions. They are actually and relatively most important in Maryland, 
where the reported yield is over 7,600,000 pounds, valued at $303,700. Crabs there 
rank next to oysters in value. Other States having a crab fishery of considerable 
magnitude are California, Virginia, New Jersey, and Delaware, in which the yield is 
between'l,000,000 and 3,000,000 pounds, as the following ta8ble indicates : 

The crab catch of the United States. 

Value. 
_..____ 

$102, 900 
7,796 
185 

1,060 
19,362 
303,716 
2,037 
50,278 
11,039 
1,185 
165 

1,740 
5,095 
62,039 
3,550 

572,147 
-- -- 

Clams of several kinds exist as economic objects in 16 States. They are especially 
prominent in the fisheries of Maine, Massachusetts, New York, and New Jersey, in 
which the aggregate output is 1,860,000 bushels, valued at $1,487,000, the production 
in the entire country being 2,129,373 bushels, worth $1,690,636. The yield in each 
State is as follows: 
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Statistics of the produotr of the clam jishery of the united States. 

New Hauiphire .......... 
New Jersey.. ............. 
New York ................ 
North Carolina ........... 
Oregon.. .................. 
Rhode I ~ l s n d  .............. 
Virginia .................. 
Washington .............. 

1,050 
443,869 
710,115 
28,269 

825 
53,800 
09,910 
11,400 

California ............... 40,470 
Connecticut .............. 40,800 
Delaware ................. 1 2 670 
Florida ................... 1: 433 

States. 

Californin ................ 
Connecticut .............. 
Delaware ................. 
Florida.. ................. 
Qeorgia.. ................. 
Maine .................... 
Maryland.. ............... 
Massacliiisetts.. .......... 
New Jersey ............. 
New York ................ 
North Carolina.. ......... 
Oregon ................... 
Ponnsylvania.. ........... 
Rhode Island ............. 
South Carolina ........... 
Virginia .................. 
Washington .............. 

Total ............... 

Georgia.. ................. 500 

Maryland ................. 18,470 
Mainc ...................... 454,501 

Mas'sachusetts ............ I '145,291 

Pounda. 
- 

520,494 
105,109 

1 110 BOB 

399,860 
815,620 

6,224 873 

8,146,518 
3,044,950 
5,768,413 

125,000 
1,990 482 

503,259 
0,498,242 

87,350 

38,830,977 

$ 0 5 4  022 

140: 260 

24: 850 

$27,108 
43 up0 
2: 047 
1,097 

300 
150,033 

192,724 
975 

381,841 
756,512 

825 
65,372 
30, OUO 

5,700 

8, 2a6 

12,090 

--' I Total ................ 1 2,129,373 1 1,690,530 

The shad is the most va,luable anadromous fish of the Atlantic coast and one of 
the most generally distributed food species. As shown by the following table, it is 
the object of commercial fishing in all coast States except New Hampshire and those 
borderlng on the Gulf of Mexico. Even in the gulf region it occurs sparingly in sev- 
eral States, where i t  has been artificially introduced, but it does not exist there in 
sufficient abundance to constitute an economic commodity. In Pennsylvania, North 
Oarolina, and South Carolina i t  is the principal product of the fisheries, and in New 
Jersey, Delaware, Virginia, and Georgia i t  is surpassed only by the oyster. The 
fishery is most extensive in New Jersey, where the accredited catch is about 8,747,000 
pounds, valued a t  $583,000. Two of the best shad rivers in the country mark the 
boundaries of this State, and in  them and their estuaries extensive fishing is carried 
on. Virginia, Marylmd, North Carolina, New York, Florida, Pennsylvania, and Del- 
aware follow New Jersey in the order named as regards the quantity of the catch, the 
output ranging from 1,110,000 pounds in Delaware to 6,498,000 pounds in Virginia. 
The value of the yield, however, is greater in North Carolina than in any other State 
save New Jersey, the rank of the other States in this respect being Maryland, Vir- 
ginia, New York, Pennsylvania, Florida, and Delaware. 

The shad catch of the United States. 

Valoe. 

~ 4 , 3 7 2  
8,988 

60,253 
104 283 
80: 918 
28,121 

211,616 
6,721 

582,221 
161,209 
308,015 

3,750 
110,200 

770 
41,187 

207,394 
2,703 

1,819,088 



408 BULLE’I’TN O F  THE UNITED STATES PlSH COMMISSION . 
Similar to the shad in distribution are the alewives. or river herrings . They are 

taken in largest quantities in Maryland. Virginia. and North Carolina. in which States 
the catch is. respectively. about as follows : Maryland. 17.418. 000. Virginia. 11.000.000. 
mid North Caroliua. 16.481.000 . They are also of considerable economic importance 
in Massachusetts. New York. New Jersey. and Pennsylvania. in each of which the 
output is about 9.000. 000 pounds or over . The quantity and value of the yield in . 
each State is as follows : 

208. 150 
2R5. 310 
831 510 
837: 741 
144. 000 
655.670 
750. 465 
240. 000 
312. 100 

7.640. 196 
2.531. 523 
1.885. 877 
889. 910 
103. 106 

1 120 450 
3: 938: 019 

22.340. 433 

The alewife catch of the United States . 

I 

’ 

- 

States . I Pounda . 
I 

Connecticut .............. 
Delaware ................. 
Florida ................... 
Qeorgin ................... 
Maine ..................... 
Mnrylnnd ................. 
Mausachusetts ............ 
New Hnmpshirc .......... 
New Jeruey ............... 
New York ................ 
North Carolinn ........... 
Pennsylrauis ............. 
Rhode Islnnd ....... t 
South Carolinn ............ 
Virgiuiu .................. 

..... 

879. 120 
848. 890 
IO. 120 
24. 000 

2.113. 950 
17.418. 850 
3.326. 445 

41. 500 
1.978. 055 
2.194. 560 
16.481. 063 
2.059. 015 
967. 930 

28,.600 
11.004. 085 

Value . 

150 
580 

10 104 
131: 245 
60. 056 

170 
14. 280 
23 528 
164: 636 

18. 291 
740 

12. 144 

93. 819 

Total .............. ..I 59,176, 183 1 554. 740 

The catch of weakfish and of spotted squeteague has. in the following table. been 
combined . The aggregate yield is 22.340. 000 pounds. having a first value of $708.830 . 
The fish are obtained i i i  1G States. and in some of them occupy a prominent position 
in the list of fishery products . More than one.tbird the catch in the entire country is 
taken in New Jersey. where the weakfish ranks next to the shad in importance . In 
Virginia. New Pork. North Carolina. aud Texas the yield is very large . 

The squeteague cafch of the United States . 
States . I Pounds . 1 Value . 

. 
Alabama .................. 
Connecticut .............. 
Delawure ................. 
Florida ................... 
Georgia ................... 
Louisiana, ................. 
Maesndiusetta ............ 
MissiRsippi ............... 
NewJerneg .............. 
New York ................ 
North Carolina ........... 
lthode Island ............. 
FFuth Carolina ........... 
lexas .................... 
Virginis .................. 

Maryland ................. 

Total ................ 1- 

$10. 706 
11. 290 
16 364 
21: 213 
7911 

25. 902 
7. 200 
17 596 
208: 061 
94. 543 
48. 850 
29. 153 
3. 004 
41. 864 
124. 801 

708.830 

as: 020 

The bluefish is one of the most generally distributed. be& known. axid important 
fishes found on the east coast of the United States . The following table shows a Gat& 
of nearly 16.000. 000 pounds. with a value to the fishermen of $637.000 . About two- 
thirds of the output is taken in New York and New Jersey; in the former State the 
bluefish is more importaiit then any other fish. and is surpassed i n  value only by the 
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Virginia and North Carolina have a relatively large catch of this oyster and clam. 
fish, the quantity taken in each being between one aud two million pounds. 

The Bluejish catuh of the United States. 

- 
Miseissippi .............. 
New Jersey .............. 
New Pork:. .............. 
North Carolina. .......... 
Ithode Island.. ........... 
South Caroline.. ......... 
Texas .................... 
Virginia .................. 

Alabama ................. 55,700 
Connecticut .............. 640,450 
Florida.. ................. 7,310 

95,900 
4,765,873 
5,506,575 
1,345,194 

247,100 
100,480 

25,500 
1,802,674 

Louisiana ................ 13,050 

MnnRnchuRetts ........... 415.560 
Maryland ........... .....I 516,364 

Total.. .............. 15,967,836 
_____I__- I---- 

_____- 
Value. 
.- 

$1,213 
32,022 

255 
843 

22,761 
31,167 

4,595 
178.691 
237,010 
33,603 
14,356 
3,000 
1,327 

88,004 

637,305 
--- 
- __- 

The catch by diferent forms of apparatus.-In the accompanying table the quan- 
tity and value of the products resulting from t,he use of the different kinds of apparatus 
are shown for each State, the catch with each of the following forms being separately 
given, via, (1) purse seines; (2) haul and other seines; (3) gill nets and trammel nets; 
(4) pound nets, trap nets, and weirs; (5) fyke nets and pots; (6) lines; arid (7) dredges, 
tongs, and rakes. , 

Excluding the oysters, clams, and other mollusks, taken with dredges, tongs, 
etc., the value of which, $18,269,465, is much greater than the yieid of any other class 
of appliances, it appears that lines are the most important form of apparatus employed 
in the capture of fish proper. While the quantity of fish thus obtaiued is less than 
with purse seines, the value of the catch is much greater, being about $7,220,000. 
Gill nets and trammel nets rank second in value of yield, which is about $4,888,000. 
Haul seines take products worth nearly as much as those obtained with gill nets, via, 
$4,061,000. Pound nets, trap nets, and weirs have an output valued at $13,412,000. 
Pyke nets and the closely related pots rank next in the value of the catch, which is 
worth about $1,604,000. Closely following are purse seines, whose yield is valued at 
$1,409,000. 

The States in which the purse seine is most valuable as a productive agent are 
Massachusetts, where it is employed in the capture of mackerel, and New York, where 
the fishery is for menhaden. The haul seine is far more importslit in Alaska than 
elsewhere, salmon being the principal object of fishery. The State holding the next 
position as regards the extent of its haul-seine fishery is North Carolina, where large 
quantities of shad and alewives are thus taken. The gill net is also mor0 productive 
in the salmon fishery of Alaska, than elsewhere, and is next important in the shad 
fishery of New Jersey. The use of the pound-net type of apparatus is most important 
in Virginia and Michigan. Maine and Massachusetts lead in the value of their com- 
bined fyke and pot fisheries, the lobster constituting the principal object taken. The 
value of the fyke catch alone is greatest in New York. The results of line fishing are far 
greater in Massachusetts than in all other States taken together; lines, in this Sttkte, 
areinore prominent than any other form of apparatus in aiiy other State except 
dredges and tongs iu the oyster fishery of Maryland. Maine follows Massaclrusetts 
in the value of its line fishing. 
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Table showing by Stales the quantity and value of the products taken with eachprinoipal form of apparatui 

Alabama .......................... 
Alaska ................ 
California ............. 
Connecticut ........... 
Dulaware .......................... 
Florida ............................ 

1 Purse seines . I Haul and other seines . 

660. 000 
357, 622 

10,222, 300 

States . 1 Pounds . I Value . 1 Pounds . 

Michigan ..... .........I ......................... 
Minnesota ...................................... 
Miasissippi ..................................... 
New Jersey ............ 8,571, 960 
New Y ork ............. 99,057, 590 
North Carolina ........ 12,209, 400 
Ohio ............................................ 

New Hampshire ....... 42, 000 

I 
3, 705 

27, 609 
288.123 
15, 920 

............ 
$34, 650 
35. 762 
29, 219 ............ ............ 

Statan . 

770. 053 
42.461. 000 

*16.683. 006 
221. 051 

1.671. 633 
8,390.444 

Alabama .......................... 
Alnska ................ 
Califcrnia .......................... 
Connecticut ........... 
Dolaware .............. 
Florida ................ 

Georgia ................ 1 ............. 1 ::::: .......I 67;230 
Illinois ................ ........... 34.365 

Pounds . _____ 

2,604, 280 

3,260, 886 
444, 919 
86.715 

Indiana ........................ 
Louisiana ............. I.. 1: ........ .I.... : 1:: ... I. 

$136, 912 .......... 
32, 249 
1, 129 
1, 365 
1, 285 
I ,  369 
7, 983 

. .  
Maine ................. 1,630, 230 110, 661 
Maryland .............. 28,818. 000 
Mwsachusetts ..... ...I 9.012. 280 I 5;: ?:; 1 

................................... ......................... 
490, 721 $13, 658 

2,119, 390 124, 958 
153, 675 7, 207 

20, 190 898 
......................... 
......................... ........................ 

Louisiinne .............. 
Maine ................. 
Mnryland .............. 
Massachusetts ......... 
Michigan .............. 
Minnesota ............. 
Mississippi ............. 
New Hampshire ....... 
New Jersey ............ 
New Pork ............. 
North Carolina ........ 
3hio ................... 
3regon ................ 
Rhodebland .......... 
South Carolina ......... 
Virginia ............... 
Washington ........... 
Wisconsin ............. 

Pennsylvania .......... 

rexaa .................. 

............ 
10.200. 553 
4.656. 345 

14.320. 173 
4.053. 640 

848. 735 

........................ 
17.392, 502 
1.943. 659 
3.571. 400 
1.605. 474 

220. 024 

4.412. 219 
178. 300 

2.394. 945 

158. 860 
902. 015 

........................ ........................ 
913. 370 

............. 

............ 
2,231. 205 

16. 000 
8.266. 067 
4.245. 731 

18.171. 082 
600.700 

658, 209 
77. 649 

2 1 .  375 
31. 271 

13. 142 

146. 829 
.9. 938 
40. 373 

_ . _ _ _ _ _ _ _ _ _ _ I  
7. 152 

59. 887 I 

46. 8e3 

Oregon ............................ .I. : : ......... 1 I ,  558; 362 
I'cuns~lvnnin .............................. 3.101, 386 
Ithode Island .......... 5.312. 100 I 28. 916 669. 760 
South Carolina .................................. 702. 853 
Texas .......................................... 3,784, 100 
Virginia ............... 100,695, 700 1S6, 348 4,159, 252 
Washington .......... 1 2,822, 191 1 27, 603 1 3,261, 352 
Wisconsin ..................................... 400, 873 

Total ............. 1 279,439, 473 1 1.408. 791 1 155.649. 951 

Value . 
$24. 190 

1.301. 010 
476. 807 

8. 004 
44. 918 

204. 490 
10.368 

856 .......... 
240 663 
83: 983 

266. 609 
55, 020 
19, 678 .......... 
68, 726 &ai 

165. %i 
161. 710 
411. 346 
16. 525 
46. 119 
82. 913 
17. 170 
29.370 

157. 422 
97. 493 
62. 631 
8. 800 .. 

4,061, 480 

&ill nets and trnmmel nett 

Pounds . 
.. .___ 

510, 300 
16.174. 320 
9.220. 198 

727. 496 
2.697. 621 

15.197. 223 
608. 662 
220. 645 
314. 447 ............. 

9,167, 537 
8,571, 287 
4.542. 305 

12.085. 678 
150. 465 
220. 750 
146. 000 

9.083. 366 
9.924. 736 
6.354. 178 

13.539. 618 
5.004. 295 

12.713. 135 
283. 160 
793. 730 ............. 

4,887, 014 
9 143 086 

I 7:513:323 

159.744. 678 
. 

Georgia ................ 41; 695 
Illinoie ................ 41, 120 
Indiana ................ 250. 711 ............ 

33,788, 072 
8.877. E60 

15.734. 800 
17.129. 997 

10. 520 

40. 100 
10.864. 669 
11.294. 204 
8.288. 562 

27.582. 045 
4.932. 895 
1.214. 849 

11.159. 010 

24.033. 367 
6.081. 967 
3.696. 098 

............. 

............ ............ 

Total ............ 191.459. 141 I 

Value . 
.____ 

$18. 762 
772. 921 

11. 217 

278. 186 
37. 063 
7. 268 

10. 421 

274. 950 

102. 938 

.......... 
142, 540 
217, 088 
i42. 605 
409. 943 

6.  261 
9. 185 
1. 680 

572. 960 
370. 105 
252. 249 
193. 523 
124. 956 
226. 105 
13. 1 4 1  
42. 474 .......... 

124, 463 
274, 638 
241.185 

4.877. 824 

Value . I Pounds . 1 Value . I Pounds . 

......... 
260. 371 
165. 559 
409. 789 
432. 802 

298 

852 
195. 660 
181. 138 
123. Q66 
345. 142 
152. 263 
28. 008 

199. 100 

......... 

........ ....... .......... .....I.. I .................................. 
476, 294 1 333, 661 I El: ti: 1 
154, 10: ......................... 
101, 580 1,321, 245 

88. 625 
2.259. 635 
5.606. 402 
3.630. 835 

52. 760 
6.683. BY 

350. 843 
59. 469 

3.315. 176 
33.824. 339 
8.566. 034 

149.352. 736 
918. 305 
22. 437 
19. 400 

3.444. 750 
10.977. 643 
6.896. 862 

443. 775 
814. 800 

2.594. 496 
1.031. 883 

980. 105 
2.641. 303 

202. 400 
5.563. 129 
3.314. 500 

499. 296 

401. ias 

I. 412. 036 I 38.131. 650 1 1.504. 048 I 249.396. 992 

*Include8 the catch with bag uetn . 

Value . 
$3. 096 
65. 562 

167. 929 
146. 315 

2. 625 

18. 947 
10. 562 
2. 608 

81. 807 . 712. 980 

4.462. 998 
29. 714 

826 
68. 160 

419. 432 
271. 694 
14. 548 
21. 620 
32. 860 
46. 399 
40. 483 
81. 225 
8. 595 

136. 539 
81. 315 
19. 319 

211. 793 

70. 303 

e79 

.. 
7,220, 941 
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?able sliowivg the quantity and value of products taken wit16 each principal form of apparatus-continued. 

Orcgon ................ 
Pennsylvania.. ........ 
Rhode Island .......... 
South Carolina ........ 
Texas ................. 
Virginia.. ............. 
Washington ........... 
Wisconsin .............. 

Total ._.._. __. -. . 

I Dredges, toage, rakes, 

25,400 
926,660 

1,976,035 
442,060 

3,086,800 
44011,368 
1,823,803 

2.. ......... 
253,140,411 

I 1 Pounds. 

etc. 
States. 

I 

.............. I Alabama 
Alaska ................. 
California ............. 
Connecticut .......... .I 

I 
Delaware ..I 
Florida ................ 
Georgia. ..... ..........I 
~lliuois ............... .' . 
Indiana.. ;... ........... 
Louisiana.. ............ 1 

Maine ................ . I  
Maryland.. .......... ..I 
Massachusetts ........ ' 
Michigan. ............ .I. 

.I. 
Minnesota. ' 
Mississippi ............ 
Ncw Hampshire.. .... _ '  
New Jerscy ..... ......I 
New Pork 
North Carolina.. ..... ., 

............ 

........... 

............. I 

3,367,490 ............ 
4,219,665 
25,426,518 
1,248,684 
3,291,947 
1,574,485 ........... ............ 
5,891,095 
4,061,135 
72,869,251 
3,379,315 

............ 
5,645,346 

10,500 
21,961,496 
41,407,596 
6,894,972 

Value. 

$107,812 .......... 
737,365 

1,476,435 
76,910 
109.639 
40; 820 .......... .......... 
299,896 
105,487 

5,498,770 
338,671 .......... .......... 
166,672 

975 
2,146,819 
3,570,211 
188,457 ........... 
3,887 

101,850, 
359,216 
23,204 
127,990 

2,676,684 
163,095 

. . - . . -. . -. . 
18,209,465 

All other apparatus. 

Pounds. 

40,500 ............. 
5,232,269 
15,849,745 

925,513 
1,231,848 
280.717 ~~ 

~ 175;421 
I 14,866 
1,382,379 
16,680,040 
2,213,763 

111,702,855 
283,800 ........... 
14,500 
37,460 
608,020 

1,018,841 
258,873 

............ 
12,798,007 

172 480 
464: 904 
887,300 
269,066 

2,085,951 
43.748 

39,579 

174,612,486 

-- 
Value. 

$1,012 
109,793 

1,338,260 
43,021 
16,140 
534,397 
14,187 
3,781 
681 

58,918 

104,248 
1,336,994 

10, E07 

91,575 

........... 
290 

2,537 
51,283 
61,449 
11,245 
2,500 

505,492 
2,726 
7,762 
26,320 
19,825 
31,053 
180,957 
8.187 

4,558,239 

Total. 
___ -- 

Pounds. 

4,776,568 
64,159,235 
41,809,833 
61,458,221 
7,194,808 
34,882,093 
2,994,117 
822,394 
639,493 

20,789,203 
121,700,200 
141,177,827 
301,349,331 
32,371,989 

183,422 
8,131.201 
3,956,824 
71,246,591 
178,257,879 
51,799,142 
44,932,108 
26,853,455 
19,189,362 
21,434,065 
4,944,840 
7,959,400 

183,952,557 
28,532,850 
13,474,583 

1,501,474,631 

Value. 

$154,871 
2,410,848 
3,044,731 
1,871,413 
250,866 

1,339,869 
123,563 
23,836 
21,693 
681,284 

2,225 806 
6,460,759 
7,531,194 
934,005 
6,238 

245,699 
91,481 

3,625,890 
5,041,259 
1,027,669 
018, 683 
868,406 
495,153 
725,675 
202,602 
313,832 

934,940 
399,272 

15,312,818 

3,641,282 

-- 

8hore jtshery industries.-Among the most important industries directly connected 
with the fisheries are sardine canning, the manufacture of menhaden oil and guano, 
Salmon canning, oyster packing and canning, and the canning of various other fishery 
products, as mackerel, clams, turtles, and shrimp. These give employment to over 
30,000 people; represent an investment of over $14,000,000; utilize 530,000,000 pounds 
Of raw materials, for which $10,458,000 is paid; and produce manufacturod articles 
having The canning of sardines and the canning of mackerel 
and clams are usually done by the same firms, so that i t  is not feasible to present 
separate figures for each of these branches. Lobsters are also canned principally a t  
sardine factories, but owing to the importance of this industry, an effort has been made 
to represent it separately as regards the employ& and investment. The packing and 
Canning of oysters constitute the most important of the industries exhibited in the 
table, after which come salmon canning, sardine canning, and the manufacture of oil 
and fertilizer from menhaden. 

value of $80,648,000. 

- .- _ _  _______ ~ _- 
Sardine maokerel, and clam oanning ... 57 4,754 $3G8,200 $508,100 46 548 695 
Lobater(canning.. ...................... 11 307 24,200 38,600 6:326:322 
Menhaden. ............................. . 50 1,431 900,300 743,000 288,764,767 

Salmon canning. ....................... 93 5,374 2: 086: 947 3: 413: 850 89: 035: 465 
Shrimp canning. ....................... 6 430 35,500 41,000 1,653,246 
Turtle cnnuing. ........................ 1 10 7,000 6,000 243,000 

Total .............................. 619 30,039 0,660,013 7,586,250 630,749,005 

OYEterpaoking and canning ............ 301 17,733 3 247 866 2 835 300 99 177 680 

------- 
I I 10,467,772 20,648,113 

- 
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Approximate 
value of fish- 

eriea. 

UNIPED STATES FISHERIES COMPARED WITH THOSE OF OTHER COUNTRIEK 

As a matter of general interest, the following comparison between the fisheries 
of the United States and those of other countries is presented. The figures for the 
foreign countries are the most authentic and recent ones available, have been obtained 
largely from the latest official records, and represent the value of the products taken. 
Unfortunately, it is not possible to exhibit figures for a number of countries having 
commercial fisheries, owing to the fact that there are no published reports available 
relating to the subject; among these are China, India, Germany, Austria, Denmark, 
Belgium, Turkey, Greece, Mexico, and Australia. 

The prominent position occupied by the United States in the matter of fisherieu 
will doubtless occasion some surprise. It is far in advance of any other country, sur- 
passing Great Britain, the next important country, by over $10,000,000. 

The table shows the value of the fisheries of most of the principal countries of 
the world. As a matter of additional interest, columns are inserted showing the pop- 
ulation of each and the average amount of nioney resultiug from the fisheries for eacb 
inhabitant. A comparison of this kind would be much more valuable if it could 
include other items besides the value of the catch, as, for example, the number of 
per’sons employed, the number of vessels and boats engaged, the quantity of apparatus 
used, and the amount of capital invested; but such information is a t  hand for only a 
few countries. It appears that in proportion to the population Newfoundland has 
more imporfant fisheries than any other country; the average value of the catch per 
inhabitant is $33.52, while in the United States i t  is only 70 cents. Other countries 
having a greater relative catch than the United States in proportion to  population are 

Average z$$r 
inhabitant 

Great Britain, Norway, and Portugal. 
I -----__ 

Countries. 
I 
i 

United Staten. ....................... 
Great Britain.. ..... .: :_.:. .......... 
Japan ............................... 
Ilussia.. ............................. 
France ............................... 
Canncida .............................. 
Noraay ............................. 
Newfoundland.. ..................... 
Portugal.. ........................... 

olli~nd ............................. 
Sweden.. ............................ 
p i n  ................................ 

Italy.. ............................... 

Approximate 
population. 

- _ _ _ _  
65,000,000 
36,300,000 
40,072,000 
87,850,400 
38,343,290 
4,833,500 
1,999,200 

197,500 
4,306,550 

17,266,100 
4,5G4,600 

28,459,600 
4,579,100 

I- __ 

COMPARISONS WITH 1880. 

Perhaps the most valuable purpose which statistics subserve is the opportunity 
they afford for making coinparisons from time to time between the present and past 
condition of an industry. In  the case of the fisheries this comparison must deteriniiie 
the necessity for legal restriction of certain fisheries, the desirability of undertaking 
artificial propagation, and the results of restriction and cultivation, besides indicating 
the actuaa aud relative extent of the industry. 

It is not the purpose to discuss d l  the details of comparison between the present 
status of the fishing industry and its condition in 1880, but simply to direct attention 
to the general features of the variations that have occurred and to notice certain 
specially striking changes in the condition of our fisheries. 
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Considering the persons employed in various capacities in the fishing indnstry, 
the statistics show an increase over JSSO aluountiiig to about 51,000 persons. The 
Principal increase, aggregating 30,832 persons, occurred in the Middle Atlantic States, 
although all tlie other geographical sections, except New England and the Pacific 
Coast, show a substantial gain. The decrease in New England is oiily 1s persons, and 
that in the Pacific States is also insiguificant, being only 32. 

The amount of capital invested in the fishing industry is a t  present much larger 
thah iu 1880, the increase amounting to about $20,285,000. This is due largely to the 
employment of improved types of vessels, the use of greater quantities of the most 
lnodern and expensive forms of apparatus, and the building of new factories, can- 
neries, and other shore establishments directly connected with the lisheries. A 
larger investment is to be observed in every region, except the New England States, 
Where there has been a diminution amounting to about $58,000. In  the Middle At- 
lantic region the increased investment is $6,720,000, while in the Pacific States, with 
a relatively small investment, the augmentation in the capital devoted to the industry 
is $6,125,000. 

Comparing the present value of the products of the United States fisheries with 
their value in 1880, an advance is to be noted, which, while not relatively so large ZLS 
the increase in the fishing population and the invested capital, is, perhaps, not dis- 
couraging, in view of the recent scarcity of three of the most important objects of 
fishery in 1880, vie, mackerel, fur seals, and whales. The increased value of the yield 
amounts to about $6,630,000. The fisheries of New England liave decreased in value 
to the extent of $64,000, while every other region presents an increase, varying Sroni 
$333,000 in the South Atlantic States to $3,687,000 iu the Middle Atlantic States. 

The following table shows the extent of the fisheries of tlie United States in 1880 
and at the present time, together with the number of persons eniployed, the amount of 
Capital invested, and the value of the catch in each State and each geographical region: 

, 

Comparative summary of thojisheriea of tho United States in  1880 uud IS@. 
_- 

1880. I 1892.* I 1880. 
States. 

Now Englnnd : 
Mnine .............................. 
New Hampshire .................... 
Massachusetts. ..................... 
Ithodo Island.. ..................... 
Connootiicut ........................ 

Total..  ........................ 

New York .......................... 
Now Jersoy. ........................ 
Penns ylvanin ....................... 
Dolaware.. ......................... 

Middlo Atlantic: 

11,071 15,128 $3,375,004 $2,8R2,llS 82,742,571 $2,225,806 

20,117 17,025 14,334,450 12,980, 079 7,959,700 7, VJl, 194 
2,310 1,684 500,678 1,034,407 096, 814 725, 076 
3,131 2,015 1,4"1,020 2,808,021 933,242 1,871,433 

414 373 209,405 03,328 176,084 91,481 

-- ---- -- -- -- 
37,043 37,025 19, f87, 607 19,859,508 12,50O,O71 12,445,569 

0.220 10,413 1,492,202 2,517,704 3: 103: 927 3,825,800 
438 2,220 94,801 970,011 276, 000 ?84,031 

- - . _ _ _ _ _ _ ~  ---- __- -- _--__._______- __. 

0, 344 12,248 2,573,535 5,282,970 3 703 537 4,784,753 

1,979 2,247 208,231 218,129 997, 005 250,805 

South Atlantic: 
Nortli Carolinn ..................... 5,274 10,274 
South Carolina ..................... 1, 00G 2,701 

1,022 Georgia ................. ,. ......... 
Florida ............................. I 308 

Total ........................... 7,548 10,138 
~ 

Mnryland ........................... 20,008 
Virginia. .......................... . I  18,804 -- 

1,243.98R 845,005 1, ?27,609 
'I!$ gyi I 127,782 j 212,488 1 202, 002 
78,770 174,431 110,093 123,563 
43.554 I 146. 695 I 78.408 I 230,060 

39,044 6,342,443 7,405,718 5,221,716 0,400, 750 
23,505 1.014, 119 2,044,550 2,907,043 8,641,282 

~ *This year is plaoed at the head of tho oolunins because it is  tho most rooent one to w-hioh tho statistics relnte and 
the bno to whioh most of tho figures apply. Tho dirtn for tho New England, Middlo Atlantic, and Paoiflo StntOB two for 

year; thosefor the South Atlantio Statos we for1891, and those fur the Gulf region and Groat Lakes we for 1890. 

Total ........................... 50,85J ' 00,085 I -- 12, 06'5, 331 19,405,161 18,360,517 10,047,580 lL==I====II_==-J=~ 
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Comparative summary of thefisheries of the United States in  1880 and 1892-Continiied. 

Stntcs. 

Gulf: 
Florida ............................. 
Alabama ........................... 
Missianipp' ........................ 
Louisiana .......................... 
lexns 

Total. .......................... 
.............................. r .  

Paci5c : 
California ......................... 

Porsons employed. Capital invested. Value of produota. 
1880. 1892. 1880. 1892. 1880. 1892. 

~ _ _  

____ 

2,112 4,335 $362,563 $1,377,057 $564,819 $1,103,809 
6 15 618 38,200 135,290 119,275 154,871 
186 1.721 8,800 434,710 22,540 245,099 

1,597 4,068 93,621 719,876 392,610 681,2t34 
601 1,277 42,400 319,122 128,300 313,832 -- -------- 

5,131 12,019 545,584 2,903,080 1,227,544 2,499,495 -- ____ -- _ _ ~  

3,094 5,426 1,139,675 2,526,062 1,860,714 

~ - _ _ _ - - -  __- I---- 

......................... 59,050 1 !?: I "% 1 24,700 
New Pork. 
Pcnnsrlvanin.. ..................... 
Ohio -1.. ............................ 1.046 2.738 473. x m  

Grent Lakes : 

Oregon ............................ 4,483 4,200 
Wnshingtoti ........................ 3, 096 4,296 
Alaska ............................. 6,130 2,840 

Michigan.. ......................... 1; 781 3;343 4az;sas 
............................ 29,360 1 3:; 3:; 1 83,400 

Indiana. 
Illinois ............................. 
W i ~ c o n ~ i n  .......................... 800 1.225 222.840 

687,000 2,220, 667 605,302 
474,708 1,590,481 417,932 
447,000 2,535,70Q 2,061,640 -- 

........................ 35 1 ' 51 I 1O;lGO Minnesota.. I 

I Total ........................... 16,803 16,771 1 2,748,383 8,873,813 

697,845 
283,238 

1,874,000 
1,458,884 

21,549 
429,545 
481,374 
170,743 

5,545,588 / 7, 258.925 

154,870 256,506 
43,450 211,122 
618,420 618, e83 
718,170 1 934,005 

GO, 100 I 23,836 
253,100 ! 399,272 
6,200 I 6,238 

32,740 21, 693 

------ ---- 
Total .......................... 0, 738 1,345,975 5,478,080 1,784,050 1 2,171,355 I ______ 
Grand total.. ................... l ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  I 

One of the most instructive and important comparisons which may be made i R  

that which exhibits the present and past condition of the shad fishery. The shad is 
the most important river fish of the Atlantic seaboard, and has been the subject of 
more extensive fish-cultural operations than have been undertaken in the interest of the 
preservation and increase of any other fish. The maintenance and increase of the 
supply of shad in recent years, in the face of an enormous annual catch, are, without 
question, attributable to artificial propagation carried on by the National and State 
fish commissions. The results achieved are among the most noticeable i i i  the annals 
of fish-culture. From the following table i t  will be seen that the aggregate yield of 
shad i n  1880 was 15,074,534 poiinds, valued at $995,790. At that time the fishery in 
some of the priiicipal rivers and coast waters was in an uiimtisfactory condition and 
had been showing positive symptoms of a decline for a number of years. Ti, was pre- 
dicted in some regions that, under the conditions and methods then prevailing, the 
practical suspension of the fishery, was imminent. It was about that time that the 
results of extensive fish-cultural operations were manifested. The supply of shad 
became greater and the abundance has steadily continued to increase, until in 1892 the 
yield amounted to 38,830,977 pounds, for which the fishermen received $1,879,688- 
While i t  is impossible, on the Atlantic coast, accurately to gauge the effects of propa- 
gation methods and t o  distinguish between the results of riatural and artificial increase, 
the establishment of a shad fishery along the Pacific coast as the immediate sequence 
of relatively iusigiiificant plants of fry in two or three rivers affords a reasonable basis 
for claiming the dependence on fish-culture of the Atlantic shad fishery. 
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The table shows the quantity and value of shad taken in each of the coast sections 
in 1880 and 1892: 

Comparative la618 shotoiug the vesu2tu of the u?&adjuhcr,q .f 1880 and 1892. 
- 

1880. 1802. Incroase or decrease. 
Sections. 

New En land .................... 2,117,302 $88,730 1,085,339 $43,006 - 1,032,053 - $45,124 
Middle &antic. ................ 12,024,579 526,082 27,621,440 1,332,854 +15,696,861 + 805,872 
South Atlantio .................. 3,a32.501 380,078 9,385,354 482,403 ,+ 5,452,701 + 102,325 
Pacific. ...................... ...I. ..... .....I. .I ........ 738,844 1 20,825 i+ 738,844 I+ 20,825 1 

I ..................... 
----- I Total. 18,074,534 1 905,790 j 38,830,977 1 1,879,888 +20,750,443 I+ 883,898 I I I 

The changes that have taken place in the oyster production since 1880 have been 
among the most noticeable features of the fisheries during that period. The question 
of the preservation and increase of the supply has been widely discussed. The 
threatened exhaustion of the natural beds in the most prolific sections has drawn 
Special attention to the value of arid necessity for artificial methods in maintaining 
the crop. The increased output shown by the table, while in some States due to a 
development of the natural resources, has in others been mainly attributable to the 
application of planting methods made possible by the enactment of protective and 
stimulative laws. 

In  the New England States the increased yield has been over 300 per cent, with 
a reduction in the average price to the consumer. In the principal oyster-producing 
region, the Middle Atlantic States, the increase is less than 5 per cent, with an 
advance in the average price per bushel. The South Atlantic section presents an 
augmentation in the yield of about 350 per cent, with a large diminution in the average 
price, as is also the case in, the Gulf States, where the catch has increased over 500 
per cent. The most remarkable change has occurred in the Pacific States, where in 
1880 ouly 15,000 bushels of oysters, mostly native, were taken, while t$he annual 
output at the present time is between 300,000 and 400,000 bushels, in large part east- 
ern oysters introduced as seed; the average price per bushel in 1880 was 66 cents, 
while now it  is over $2.50, the demand for the more desirable oysters brought from 
the Atlantic coast being very great. 

Considering the entire country, a u  increase has occurred since 1880 amounting to 
6,067,000 bushels, having a value of $4,122,755, the average price increasing from 55 
cents to 57 cents a bushel. 

Conzyariaoa of the output of the oystwJi8hery i n  1880 and 1892. 

1880. ' 1892. Increase. __---_-- Sootions. 
Bushels. 1 Value. Bushels. 1 Value. 

I___II __ -I--- ____ I. 
Gulf Statos ....................... 178,725 
Pacific States ..................... 

Total .................... 
---- ] 16,152,257 I +6,067,032 /+ 4,122,755 1 
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Among other important products the comparison of whose pa& and present abun- 
dance, as shown by the catch, may be of general interest, are bluefish, alewives, sea 
bass, squeteague, Spanish iiiackerel, salmon, cod, mackerd, and lobsters. Comparative 
figures for each of these are given by geographical sections in the fgllowing table: 

I .  lotal ................... 
Lobsters : 

New Euplaud Stetetl.. ...... 
Middle Atlautic States ..... 

Comparative statiatics of the catch of cer tain products in 1880 a n d  1892. 

-- 
119,137,350 3,475, io6 02,043,811 i 2,990,691 I - z a , ~ ~  - 478,415 I _________-________ __-- ______-_ ___ -___ 

I 

291,951) 10,948 317,198 ~ 26,926 + 25,248 + 15.978 ' 19,946,733 620,821 22,983,951 1,023,751 + 3,037,218 + 402,930 . 

New England Statcs.. ........ 
Middle Atlantic States.. ..... 
South Atlantic: States ........ 

Alcwivcs : 

Mull1.t. 
Middle Atlantic States ...... .I 115,700 

Blnefish : 
Now England States.. _ _  __._ ..I 5,526,341 1 161,418 I 1,303,110 1 77 545 1 - 4 223 231 ' 83,873 1 
Middle Atlantic States ....... 8, 267,217 187,653 12,591,486 504: 466 + 4: 324: 269 1 J 316 813 
Soiith Atlantic States ........ 850 000 16,60(1 1,452,984 36,918 + 602,984 I + 20: 318 1 
Gnlf States ................... *64:250 I 1,085 610,266 18,376 + 546,006 1 + 17,291 , 

3,991 456,100 15,753 + 340,400 + 11,762 

,. I otol ......... 
I ~ - _  

Total ..................... 

New England States .......... 
Middle Atlantic States ...... 
South Atlantic States ........ 
Gulf States ................... 

Total .................... 

Squeteagne: 

Cod : I 
New En ~laucl States.. ....... 110,282,350 3,286,525 84,334,900 2,745,613 -25,947,360 - 540,912 1 
Middle ktlantic Stater, .._._..I 5,247,000 1 98, :I81 1 2,954,317 ~ 11O.fi12 1 - 2,202,683 1 + 12,231 1 
Pacific States. ................ 3, 608,000 90,200, 5,354,504 140,466 + 1,746,504 f 50,206 1 

1,887,423 I 131,639 1,773,081 129,259 - 114,342 - 2,380 

48,243 + 883,160 k 20,621 
469,751 4 2,093,213 + 106,706 

1.827.000 40,355 2.368.067 68,266 + 541,067 + 27,911 
t50U,000 1 15,000 2,959,433 122,570 + 2.459.433 1- 107,570 

__-___.__ _____ - -_ _-- - - ____ 
532,060 ' 18:; 1,415 220 

12,004,500 1 363,045 15,597,713 

-- - -- -- -- 
15,463,560 I 437,022 22,340,433 1 708.830 + 6,876,873 4. 271,808 

Totill ............... 

New Englnucl States.. ...... 
Middle Atlirntic States . . _____  

M:ickorcl : 

Salnrou : 
Atlautic States ............... 1 111,324 1 21,052 I 138,540 1 20,166 I + 27,225 ~ - 1,786 I 
Pacific Statcs ............... 51,522,500 1,064,387 03,687,978 3,710,250 +42.165,478 +2,645,863 

,, lotal ................... 
--__ 

I i  I ...... 
Sea ~ ~ I H R  : 

New En ;tud States.. ..; 629,450 21,511 I 1,928,440 i 95 386 1 + 1 298 990 + 73 875 
Middle & a n t i c  States ...... .' 1,488,200 1 70,485 5,693,429 231: 820 + 4: 107: 229 + 155: 335 
Soutb Atlantic States.. ...... I 527,000 15,180 I 879,684 28.396 4- 352,684 + 13,216 

I "-__ 
Total ..................... 

Spaiiialr iuackerel: 

Ncw Middlo England Atlantic States.. States ........ ....... i 3,2601 
4,285/ l , 0 2 6 1 +  I,0251+ 7311 

1,852,663 129,709 976,837 79,287 - 875,826 - 50,422 

Gulf States ................... 2C,OOO 1,000 700,459 42,692 + 680.459 + 41,692 
Sonth Atlantic States ........ 11,5011 91,500 6,254 + 80,000 + 5,610 
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The change in the relative positions of the different States, as determiuod by the 
value of the catch in 1880 and a t  this time, is a matter having considerable general 
interest. Massachusetts heads the list, followed, as in 1880, by Maryland and New 
Pork. Maine, which ranked fourth, gives place to Virginia, which formerly ranked 
sixth. New Jersey has the same position, vk,  fifth. Alaska, which held tlie seventh 
place, is supplaiited by California, and takes the rank California fornierly occupied, 
viz, eighth. Delaware lias dropped froiki the ninth to the twenty-first pla8ce. Con- 
necticut advances one point, from 10 to 9. North ;Carolina remains in (:loventh place. 
Michigan drops from the rank of 12 to tliat of 13, its place being talien by Washing- 
ton, whicli moves upward four places. The remaining States which liave increased 
their rank are Florida, froin 14 to 10; Oregon, froin 15 to 14; Washington, froni 17 to 
12; Louisiana, from 18 to 16; Pennsylva8iiia, from 19 to 18; Wisconsin, from 20 to 19; 
Texas, from 23 to 20; Alaba,m:b, from 25 to 24; and Mississippi, from 28 to 22. The 
other States which have lost prestige are Ohio, which drops from 16 to’17; South 
Carolina, from 21 to 23; New Hampsliirc, from 22 to 26; Georgia, from 24 to 25; Illinois, 
from 26 to 27; and Indiana, from 27 to 28. Minnesota remains a t  the end of the list. 

Tablo 8/LOtUiTtf/ tho valative rank, based OIL valzra of tho pvoducts, of : ] I O  coast a d  Great Lakos States in 
ISSO a i d  1S93. 

__ 
[Lank. 
__ 

1 
2 
3 
4 
5 
ti 
7 
8 
9 

10 
11 
13 
13 
14 
Id 
lti 
17 
18 
10 
20 
21 
22 
23 
24 
35 
26 
27 
28 
ID 

1880. 1892. I 
M U H H ~ f J ~ l i i 8 ~ t t a . .  ............ 
Mnrylinid ................... 
New Pork .................. 
Mniiio ...................... 
New Jersuy.. ............... 
Virginia .................... 
Ahaka ..................... 
Cnliforriin ................... 
Delaware ................... 
Coniioot,ioiit.. ............... 
North Carolinn ............ 
Micliignii ................... 
Rliodo Islmid ............... 
Florida ...................... 
Orogon. ..................... 
Ohio ........................ 
Wrislritigtou ................ 
Loiiiniuns ................... 
l’oinisylvuuin ............... 
Wisconsin .................. 
South Carolimu .............. 
New 1Iniiipdiiro ............ 
luxus ...................... 
(;corgis ..................... 
A l n h m a . .  .................. 
Illinois ..................... 
Indinnu.. ................... 
Nisaissippi ................. 
Miiino8otu .................. 

r *  

Mafmnoliiwetts Murylaiid. 
New York. Virginia. 
New Jersey. 
Califorilia. 
Alaska. 
Mnine. 
Coiitrcoticut. 
Florida. 
North Carolina. 
Wneliington. 
Mioliiguii. 
Orogon. 
Itl1ode I ~ l ~ l l .  Loiiisiana. 
Obio. 
Ponnsylvaiiiw. 
Wisconsin. 
TOXLl8. 
Dolnwnro. 
Miesimippi. 
Soutli Cziroliiiu. 
Alnbmue. 
Geor T i n .  

Ncw humpshiru. , 
Illinois. 
Indinna. 
Miniieaotii. 

F. C. U. 1803-27 
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45.--‘I”E FISHERIES OF JAPAN. 

BY THE ‘JAPANESE BUREAU OF AGRICULTURE. 

INTlCODUUTORY REMAICIZS. 

The series of exhibits of the fisheries and fishing resourcos of Japan was brought 
together in order to give the visitor a glimpse into the fishing industries of the Jap- 
anese Empire. When the varieties of objects sought after are SO numerous, and the 
methods employed for obtaining them are so diverse, as is the case in extensive 
fisheries, i t  becomes a serious question how appropriate selections may be made so as 
to form a suffjciently comprehensive aud representative collection. In the present 
case, after much deliberation, the following plan has been adopted: Of the animals 
and plants found in our waters, those were at first selected whose respective annual 
yield exceeds 10,000 yen. As this, however, was found to exclude many objects of 
peculiar interest, exceptioiis have been freely made in favor of such special cases. The 
h a 1  selections as displayed in tho present series consist of 13s species of animals and 
plants, as follows: Mammals, 3 species; reptiles, 2 species; fishes, 55 species; molluscs, 
33 species; crustacea, 11 species; algae, 4 species. 

By an unfortunate circumstance a species of Echinodermata, St i chops  japonicus, 
One of the important fishery products of Japan, was not included in the collection. 

Of these species, alcoholic spocimens, as far as possible, or photographs from actual 
specimens where they are too large, are displayed. In one or two cases of exceptional 
nature it has not been possible to follow this rule. The species are arranged in order 
of scientific classification, beginniiig with the Cetacea and going down the animal scale. 
pour species of seaweeds which are of great commercial intereat art) placed a t  theend. 

Out of the 138 species mentioned above, those which are of great economic or social 
importance and are likely to interest the American and European public, have again 
been selected and made the subjects of a somewhat exhaustive display. Of each of 
these kinds, in addition to the alcoholic specimens or photographs, are given a map 
showing the distribution of the species, the various .devices employed for catching it, 
such as hooks, traps, lines and nets, together with methods of culture where there are 
Such, and finally the different articles manufactured from it. In  some cases, where 
this full treatment is not possible or essential, only R part of the program has been 
carried out. The following subjects have beeu treated in this full manner, viz, the 
----_______- 

NOm,.-This paper has boon abstracted and arranged from a descriptive catalogue of exhibits 
illuEtrating the fisheries cmd fishcry resources of Japan, at the World’s Columbian Exposition; tho 
oatalogue emanates from the buroau of agriculture of the department of agriculture and commerce 
Of the Imperial Japaneee Government. There is added an article on the fisheries of Japan by IC. Ito, 

from the Transactions of the American Fisheries Society for 1887. Tho compilation has been 
made by Dr. H. M. Smith, aAeistant in charge of the division of methods and statistics of the fisheries. 

419 
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whales and dolphins, the edible turtles, the 6ctai,7J the mackerel, the tunny, the bonito, 
the cod? the soles and flounders, the carp (with the goldfish), the salmon, the ‘(ayu,” 
the sardine, the herring, the oyster, the shrimps and lobsters, and the algae before 
referred to. By the adoption of this plan, it is hoped tliat a, fairly representative dis- 
play of the fishing industries of Japan has been secured. 

The models of nets, boats, etc., have been made with the strictest fidelity to t h e  
originals, even in minute details, so that tlie actual things may again be constructed 
from them. Only, as i t  is impossible to reduce the size of the meshes in nets on the 
same scsle with other parts of the models, the proportions of meshes in different parts 
of large nets are alone intended to be displayed. 

When the size of the meshes is given in the description of tlie nets, it is to be under- 
stood as the distauce between every two knots on the same straight line, when they 
are pulled as far apart as possible. 

The prices given are all wholesale prices in the Japanese market. A yen (= 100 
sen) is eqnal a t  the present rate of exchange to $0.654 U. S. gold. 

THE WHALE AND DOLPHIN FISHERIES. 
. 

The whales found in the seas adjacent to the Japanese coasts are the finback 
whale (BaZmiza,japonica), the semi-kujira of the Japanese; the California gray whale 
(Ithaclbiancctes glaucus), known among the Japanese as the ko-kujira; the hump- 
back whale (Mepptera boops ?), whose Japanese name is the xato-liujira; the rorqual 
(Balanoptcra arotica), known in Japan as the i\vasIii-kujira or katsuwo-kujira; the 
sulphur-bottom whale (SibbaZdius sulpkureus ?), called nagasu-kujira in  the language 
of the country; t h e  sperm whale (Physeter macrocephalus), known as makko-kujira; 
and the sperm-whale porpoise (Hyperoodon rostratus 8), whose Japanese equivalent is 
tsuchi-kujira. Of the porpoises and dolphins found in the waters of the country 
are the sunameri (Neomcris phocanoides), the goto-kujira or blackfisli ( Globicephalus 
sieboldii), the sakamata or grampus (Grampus sakamata), and the iruka or dolphin 
(Delpl~inus lonyirostris), the last named being the most common. 

Dolphins and other small cetaceans are captured by means of nets. A dolphin 
net, exliibited by model in the Japanese section of the fisheries building, used at Tag0 
in  the province of Izu, consists of three separate nettings, called respectively the 
(‘ closer,77 the “ and the tuck-seine.” The first is used for closing the mouth 
of the bay when the dolphins have entered it. It is made of straw ropes and the 
meshes are about 2 feet and 5 inches. Tho mine is used for encircling the dolphins 
and drawing them near tho land. Its central portion is made of hemp, and the meshes 
are here about 84 iiiches; while the two lateral portions are made of atraw ropes with 
meshes of from about 2 feet to 2 feet and 5 inches. The tuck-seine is used for finallY 
landing the dolphins. It is rnade entirely of straw and the meshes are about 84 inches. 
Six boats are attached to it as floats. 

The prepared products of this group of marine iinimals represented a t  the expo- 
sition consist of dolphin oil and crude and refined rorqual oil, manufactured by the 
Tokyo Fish Oil and Wax Conipaiiy and exported to London, the price received being 
about G yen per 100 pounds. There were exhibited also crude and refined sperm whale 
oil, refined rorqual wax, and crude and refined spermaceti. The oil and waxof the sperm 
whale are produced only in small quantities. The price for tho oil is G or 7 yen Per 
100 pounds; for the spermaceti, 15 or 18 yen per 100, and for the rorqual wax, 13 to l6 
yen per 100. 
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SNAPPING-TURTLE CULTURE. 

The snapping turtle (Tryonix japonicics), known in Japan as the suppon, is found 
in all parts of Japan in rivers and marshes, and is highly esteemed for the flavor of 
its flesh. Recently special attention has come to be given to its cultivation. The 
specimens exhibited were from the hatching-grounds of Mr. Kurajiro Hattori, of 
Tokyo. Tlioy comprised exainples representing the stages ok growth in the first, 
second, third, and fourtli years after hatching. The breeding season is from the 
latter part of May to the first part of July, and the same individual is said to deposit 
eggs niore than oiice in the course of a single season. The food consists of fish, shell- 
fish, and worins. From about the niicidle of October to April of the next year the 
snappirig turtle Iiibernates i n  tlie inud. Specimens two years old weigh from 10 to 13 
Ounces. 

A map of the snapping-turtle farm of Mr. Eurajiro Hattori, of Tokyo, was exhib- 
ited. The pond has a niuddy bottom, and its depth is about 1 foot near tlie bauks 
and about 3 feet in the central part. The eggs are deposited in the sunny part of the 
bank In the sandy area around the pond, which easily becomes dry, fences are 
erected to prevent the escape of the turtles. Wlien tlie season for depositing tlie eggs 
is over, wooden boards of about 1 foot in height are erected on the lower margin of the 
bank and, between these, slieets made of reed or bamboo splintls are placed to protect 
the broods from the attacks of' their parents and other foes. Within the barrier @re 
buried numerous pots to aflord slielter to the newly hatched turtles. 

The canned meat of the snapping turtle lies a large deliland, owing to its fine 
flavor and nutritious properties. The saniplo exhibited was made iu the province of 
Chikugo. The price per dozeii cans is 3.60 yen. 

Those weighing about 80 ounces are more than ten years old. 

THE TAI FISHERY. 

The hi,* as the Japanese call the scup, is tlie most highly esteemed of all the food- 
fishes of the country, and no feast can be complete without it. Of tlie four species of 
tai in Japanese waters, Pagrus tmaifrons (called hanaore-dai), 1'. cardinalis (1r:tsuko- 
dai), P. inajor, and P. ruber, the socoiid rianied is the most abundant. The tai of the 
market is generally from 1 to 2 feet long. The price of :L fresh tai a foot in length is 
often more than a yen. The tai is a bottom fish preferring sandy or muddy places. 
It feeds on otlier fishes, shellfish, and annelids. I n  the early part of suinmer it n~igr i t te~ 
from the deeper to the shallower seas, where i t  spawns, and in the autumn it again 
8eeks its deepwater hauuts. Iu the southwestern provinces tlie chief supply of the 
market-fish comes from the Iiiland Sea, the middle portion of which is a thorite 
&Wwning-ground. The tai enter the sea through its eastern and western channels, and 
Peturuing seck the ocean by the same route. In the northeastern part of the country 
the spawning season is July mid August. The tai is'fouiid in all parts of the country. 

111 fishing for the tai long linea or set lines, hand liiies, aiid several foriris of nets 
*e used. The box of long line exhibited represents such an alpparatus as is used at 
Misaki in the province of Sagami. It is a long line bearing a certain number of snoods 

A section of about 1,900 feet of the liiie besring 85 snoods is put 
a shallow round wooden box. A single boat ~ntinrietl by six or seven men often 

A stone and B barrel buoy are 

20 feet long. 

Works a line of as many as twelve of these sections. 
___.-__ ----___ ______ - 

* Changed into dai for tho mlto of oiiplioiiy wlioii compoliuded with a prefis. 
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attached to each section of the line as it is let down, except the first, to which is 
attached, instead of the stone, a wooden grapnel to fasten i t  to the bottom. When the 
whole line has been let down, a stone and a buoy are tied to its end; the boat is then 
rowed back, and the line is taken up from its beginning. For bait spoon-worms 
(Eckiurus), sardines, and squids are used. 

The whole lengthaof the tai hand line is 160 feet, of’ which the leader, 100 feet in 
length, is madsof silk-worm gut, the remaining part being of si lk At  three points a 
leadof onetenth to-one-fifth ounce is tied to hold line against the currents. When 
tile line is used, the bamboo rod on which the lineis reeled whennotinuse is employed 
as a jishing rod. 

For bait, shrimps covered with Mysis are used, the Mysis serving as a toll bait. 
Tai hooks of different kinds are used in various parts of Japan. Those made of 

brass are mostly used with the long line, while those of iron are generally used with 
the hand line. They are of various shapes; some angular, others are curved; some 
possess barbs, others have none, while in still others the end is bent laterally at an 
angle. Some are made simply by bending a wire, while others are carefully tempered. 

The principal net used in the tai fishery is the scare-cord seine. 
This net is called ‘ I  katsura-ami 77 by the native fishermen, froin the idea that its 

scare-cord resembles in appearance the stem of the ivy (katsura=ivy, amiznet). The 
meshes are largest near the ends of the two wings, where they measure about 5 feet, 
and gradually diminishing in size become a t  last about half an inch in the central 
portion. The portion with smaller meshes is made of hemp, while those portions 
which have larger meshes are made of straw. The net is divided along its middle 
line into portions which are joined together when used. 

The scare-cord is made of hemi> and is about 3,760 feet long. To it are attached, 
at intervals of 2 feet, thin rectangular pieces of wood. Also to keep the cord in a 
horizontal position at a proper depth, stones and barrel buoys are tied to it. 

To work the net, each end of the scare-cord is kept by a boat. The two boats, 
keeping a t  a convenient distance froin each other, row in conjunction, and, gathering 
together the scattered fish, scare them on the net, which is kept spread by two other 
boats which also gather it in after the fish have entered. 

In addition to being extensively consumed in afre8h condition, the tai is preserved 
in various ways, viz, with salt, by being opened and dried; or by being boiled and 
crushed; or again by being made into wafers. Salting is, however, the chief means 
of preservation. Salt tai is largely made along the soutliern Pacific coasts of Japan, 
more than 10,000 casks being produced every year. The price varies according to the 
size and quality of the fish salted, but about 5 yen per 100 pounds may be taken as 
the current wholesale price. 

Tai wafers are excellent for making soup. Neither taste nor color is affected by 
lapse of time. Mashed td (Japanese, tai-dembu) is excellent for making broth. It 
has a delicate flavor which is very delicious. 

’ 

The price is about 60 aen a pound. 

THE MACKEREL FISHERY. 

The species of mackerel SoUgl1t by the Japanese is Scornber colias, which is known 
by the name &ba. 

Fishermen distinguish several kinds of “saba,77 such as “maru saba,,’ “him saba,,’ 
and “goma saba;” but they are v-obably to be regarded merely as varieties of the 
species named above. This species is always rbuud in or near the Kuro-Shiwo or 
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Black Stream; buf, nothing is as yet known about its migration. In  its pursuit of 
prey it comes into bays aud shallow waters near the coast, and can then be caught 
with grouud-seines. A t  night it is easily attracted by light, and the fishermen take 
large shoals by burning torches in their boats. 

The food of the mackerel consists principally of sardines, small crustaceans, 
squids, and pteropods; but i t  is not very fastidious in its taste and takes even salt 
fish. Spawning takes place in April and May. .Large specimens often measure about 
2 feet in length and weigh about G pounds. 

Mackerel fishing is carried on in all parts of Japan. Both nets and lines are 
used for the purpose, but the latter are by far the more effective means. 

A mackerel long liiieusedat Misaka in thepkovince of Sagami, which may be talreri 
as a type of this form of line, is about 350 feet long, bearing 85 snoods of about 2 feet. 
Fourteen baskets of this line are usually worked by a boat of G or 7 men. When 
being used, the line is kept floating at some intermediate depth by means of five 
barrel buoys attached to the principal line by means of ropes 300 to 360 feet long. 
As ballast a small stone is tied to the lower end of each hanging rope. Beside these, 
nine smaller stones are attached a t  iritervals to the whole line.. 

A mackerel hand line, locally called bislii, used in the same place, consists of a 
piece of brass wire bent in the middle so as to form a loop, the two ends of which 
diverge from each other. The wire is then attached by the loop to a line consisting of 
three strands coiled together, and measuring about 260 feet in length. Each end of 
the wire bears a snood of silk-worm gut, and to the loop are attached a conical piece 
of lead and a bag containing bait. This line is worked by night and a t  a depth of 10 
to 50 fathoms with good tidal currents; large shoals beiug made to gather by torch 
or lamp light. 

For bait, sardines aud mackerel are chiefly used. Wben these can not be obtained 
fresh, salt sardines or salt mackerel are used; the small bag attached to the loop 
contains minced flesh of these fish, which acts as a toll bait. 

The mackerel is caught in considerable numbers in the spring and aptumn, but 
also more or less throughout the year, 

A mackerel torchlight net is used near the coast of the southern parts of Japan. 
The whole is a rectangular net 60 feet by 210 feet, the central portion being made to 
hang down slack and form a sort of beg. Its meshes vary in different parts from 
half an inch to about G inches. Four ropes made of straw are tied to the short sides 
of tlie net and five to the long sides. At  the junction of the net and the rope a 
stone (of 8 to 10 pounds) is attached. The net is first of all kept spread flat by four 
boats holding the ropes tied to the sides. Two boats with dragons then row on to the 
middle of the net. A large number of mackerel, attracted by the lights, follow them. 
Then the men ‘In the four boats hegin to work in the ropes, and the boats with dragons 
extinguish them and row out of the net. This mode of attracting large numbers of 
the mackerel with torchlights has been in use in Japan for 400 years. 

There are three ways of preserviug the mackerel, viz, drying, canning, aud salting. 
Of these, salting is carried on on an extensive scale in every part of Japan. In recent 
years various improvements, such as the use of specially selected salt, have beenintro- 
duced, and fine salt inackerel is now not a rare article in the market. If there should 
be any demand for exportation in fiiture, this mode of curing would doubtless attain a 
still higher degree of perfection. 
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Salted mackerel are put on the market in casks of several shes; a small cask, 
containing 8 or 9 fish from 1 to 1+ feet in length and weighiiig about 10 pounds, com- 
mands the price of 1 yen; alarger cask, holding 14 mackerel weighing twice as 
much as the fir$$ cask, sells for 2 yen. The value of the salt mackerel packed in 1890 
was 234,561 yen; and in 1891 it was 183,686 yen. 

THE TUNNY FISHERY. 

The tunnies-Thynnus sibi and T. nlbacora, the shibi and kiwada-shibi, respec- 
tively, of the Japaiiesemovein large schools in the Kuro-Shiwo but never enter bays 
or inland seas. They are carnivorous 3nd feed on small fishes and squids, being often 
seen dancing around shoals of small fish and eating them. They are very quick in their 
movements and are good swimmers. Specimens 5 feet long and weighing over 124 
pounds are quite common. The tunnies are caught throughout the year, but summer 
is the best fishing season. They are caught with trawl lines and in pound iiet8. 

The tunny long line is a cord of about 1,250 feet with 10 snoods about 5 feet long, 
and is worked at a depth of more than 400 feet. Both tlhe cord and the snoods are 
made of hemp, and put into shallow baskets. TWO boats, with 8 or 9 men each, 
usually work 12.basketfuls of the cord. To use it, 5 stones weighing about 27 ounces 
apiece are tied to the cord ; also a t  each end of it is attached, by means of a cord about 
300 feet long, a rod of Paulownia imperialis. To these again is tied at  right angles a 
long stem of bamboo, at the top of which some easily observable signals are placed. 
The principal cord does not reach the bottom of the sea, but is kept suspended at some 
intermediate depth. For bait, squids and horse-mackerel are used. 

The hooks are made of brass castings. 
The pound net used in tunny fishing is a fixed net made of straw on a large scale 

and with great art. It is used a t  theextremities of wooded promontories in the 
vicinity of Nagasaki. It consists of two principal parts, the leader and the bowl. 
The leader, which is set near the coast, has 1-foot meshes. In the bowl the meshes at 
first are also about 1 foot, but become smaller as they approach that portion whioli is 
made of ropes of straw. The net is fixed by stones, some of which are attached to 
the lower margin of the barrier, and others are put into nets and suspended by ropes 
of straw from the floats consisting of bundles of bamboo tied to the upper margiii of 
the net. The leader is about 1,150 feet long and 20 feet high, while the bowl is about 
350 feet long and 280 feet wide. Two watchmen are always placed on a watchtower 
to keep a lookout. When the fish enter the bowl along the barrier, a net which is 
placed at the entrance of the bowl is in the first place drawn up, and the fish are 
caught in the inner pound by gradually raising up the net of the pound. When, 
however, they do not enter the bowl directly, the entrance into the pound is closed 
with another net and tho fish are driven into the bowl. 

A double pound net set for tunnies is used in the seas near Sendaiin the northern 
part of Japan. It consists of a leaclcr and a pouch. The former is about 1,750 feet 
long and its meshes are about 5 feet; the latter is about 1,740 feet in circumference 
and its two blind ends form the inner pound. There are five intercepting nets, vie, 
one at the entrance of the pouch, another on each side of this, and others at the 
entrance of each inner pound. These nets are usually allowed to hang down; but 
when the fish enter the pouch they are successively raised and lowered, so that the 
fish are gradually driven into the inner pound. The whole net is provided with stones 
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hnd with floats of unhewn timber. The meshes of the poiicli vary from about 1 foot 
4 inches to about h d f  an inch in length. 

This net proves itself to have been coiistructed with a full knowledge of the habits 
of the fish for which it is intended. Owing to the presence of a rectangular bend in 
tlie barrier and the curvature-of the pouch, the fish which have once entered the bet 
can not possibly get out of it again. Moreover, if a second shoal of fish comes after 
the first has entered the pouch the latter is driveu beyond the second intercepting net, 
and the net a t  tho entrance of the pouch is opencd; then the second shoal merely 
swims to arid fro between the barrier and tlie entrance of the pouch for any length of 
time, and there is no fear of their escape. 

In  the watchtower 2 men always keep a lookout, while below is a boat with 
G men. When the fish enter the net, word is given from the tower to the boat and 
the intercepting ncts are put into action. Moreover, signals are made l o  the fisher- 
men’s huts on the shore, according to the uumber of fish. 

The tunny drift net is used in the vicinity of the Bay of Tokyo. A single net- 
ting is about 275 feet long and 20 feet wide. Twelve such pieces (or r‘mogai,” as the 
fishermen call them, are .joined into a single net. The meshes are about 7 inches, and 
the knots are made so as to prevent sliding in either direction. A big rope is tied to 
the upper margin. In order to make the net float on the surface, the rope is made 
from the fibers of the palm (Trachycarpus excelsa), and floats are attached to it at 
a distance of about every 1 foot 4 inches. The rope of the lower margin is made of 
hemp, and no stones are attached to it. 

This net is worked in the spring and in the open seagt a depth of 500 to 1,000 feet. 
Many boats form a line and intercept the route of the Fsh, and the net is shot down 
the tidal current. While being drifted, one end of the net is kept tied to the boat, 
while the other end is attached to a float, with a floating signal and a lighted lamp. 

Until recently the only methods of pres- 
ervation were by salting, and by smoking and drying; but now they are also canned 
arid preserved in oil according to Europea,n methods. The only method which 
offers any peculiarities is smoking. As preliminary to that process, the flesh is first 
boiled in water, and. after being smoked is dried. It can be kept for any length of 
time without any alteration in its taste. It is daily used in Japanese households as a 
condiment, and is especially excellent as a stock for soup. One hundred pounds cost 
12 to 15 yen. 

Tunnies are mostly eaten raw in Japan. 

THE BONITO FISHERY. 

The fishes embraced by the name bonito include anumber of scombroid species, 
chief among which in Japan are Thynrnnzrs pelamys, called Katsuwo,* and Amis tapeia- 
osoma, called Soda-gatsuwa. 

These two fishes, especially the first, are of prime importance in the fisheries of 
Japan; and the amount of their catch directly affects the monetary condition of the 
fishingvillages. They are both inigratory fishes. Coming in the spring in large 
shoals along with the Kuro-Miwo from the southern seas, they pass tho summer about 
submarine rocks near the coast, and go back to the south in the autumn; but of the 
details of their routes, their habits, and the time and place of their spawiiing, nothing 
accurate is known. Large specimens often measure about 1 foot and 5 or 6 inches in 

* Changed into g&ttbuwo whon oornpoiiudod with ib prefix. 
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length and weigh about 124 pounds. The bonito as well as the sdda feeds on smaller 
fishes; but they have a very fastidious appetite, so that dead fish can not be used 
for bait. The s8da comes nearer the coast than does the bonito. 

Both nets and lines are used in bonito fishing; but angling with bamboo rods is 
the chief means of fishing, and it has attained a high degree of perfection. The 
bonito being found chiefly near hidden rocks and in rapid currents, nets can not be 
used to advantage. 

The hooks for fishing bonito are of two kinds, viz, those used with true baits and 
those with artificial baits attached to them. In  the latter thecartificial baits are made 
to resemble both in form and color either'sardines or squids. 

A fishing scene off the Shiwono-Misaki, in the province of Kii, illustrated in the 
Japanese section, represents the method of angling for bonito. The man in the 
middle of the boat, lifting up his right hand and holding a dipper in his left, is cast- 
ing Sardines into the mater to attract the fish; 2 men near the stern with fishing-rods 
in their left hands and with long bamboo rods in their right hands, are throwing 
water on the bait by means of spatulas attached to the end of the bamboo rods, so 
that the fish may not see the line and the hook above the bait; th man near the prow has 
succeeded in catching a fish and has just freed i t  from the hook by holding it under 
his arm; a man a t  the stern has caught a large fish, and a boy is about to raise it.up 
with a hook. The man at the stern with his face turned toward the right side of the 
boat is the master. 

A bonito circle net is used a t  the entrance of the Bay of Tokyo from the latter 
part of autumn to the early part of winter. The bunt is made of hemp, but the wings 
are made of straw. The net is macle up of two halves, each measuring about 1,550 
feet in length. The meshes are from about 2& inches to 5 feet. To work this net 4 
boats with 48 men are required. Of these the 2 smaller boats serve as leaders, searching 
out the shw;ll of fish and giving orders. When t h e  signal is given, the other boats, 
which have hitherto carried the two halves of t he  net, separately, join them together 
and encircle the shoal. The wings are gradually tucked in and the fish are driven 
into the bunt. 

The bonito is to a.certain extent eaten raw; but nine-tenths of the fish caught 
are smoked and dried for preservation. Some are also preserved in salt, but very 
rarely. The fish is mashed for food, like the td, and oil and scrap are also prepared 
from it. 

In smoking bonito, the fish is cut lengthwise along the spine and the lateral lines 
into four pieces, and the head, tail, fins, and bones are removed. The pieces are then 
well boiled, smoked, and dried. The bonito thus treated can be kept for any length 
of time without any change in its taste. It is shaved into small pieces and used as a 
condimentl, smoked dried bonito being one of the necessities in Japanese culinary art. 
The shavings are also eaten by themselves with a little sauce added. Smoked dried 
bonito is also esteemed by some as a stock for soup. B'or this purpose the shavings 
are boiled with water, and the broth is then cleared by filtering. To the filtrate is 
then added sauce or other condiments, and ai1 excellent soup is made. 

He is using a hook with artificial bait. 
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THE COD FISHERY. 

Two species of cod are objects of fisheries in Japan ; these are Gadus bra,ndti (Jap- 
anese tttr&*) and Gadus chalcogrammus (Japanese suketb-d&r&). The cod are gregarious 
bottom fish living at a depth of more than 500 feet and limited to those seas which are 
within the reach of cold currents. Cod fishing is mostly carried on in January and 
February, when the fish come near the shore for spawning. In  ~ o m e  places they come 
up to a depth of about 100 feet, but in others are never found at  a depth of less than 
G50 feet. They feed on herrings, lampreys, squids, arid lobsters. The first-named species 
is the more abundant and important, the other being found chiefly near Niigata. 

Cod fishing is carried on with long lines, hand lines, gill nets, and pound nets. 
The long line is more commonly used than the hand line, and the gill net than the 
pound net, tho latter being restricted to a single locality. 

The two baskets of long lines exhibited are such as are used near Niigatain 
fishing for Vadus chalcogrammus. It is a line 225 feet long, bearing 65 snoods of about 
2 feet each. Such a line is put into a shallow basket made of bamboo, and is called 
a L~n~aki.” A boat of.6 men yses 80 such 6‘ rnal~i’~ tied end to end into a single line; 
a t  each end and in thc middle are tied a stoiie and a barrel buoy, the latter by means 
of a cord; also at  the end of each L L  maki” are attached alternately a small stone and 
a float, so that the whole line may not lie flat on the bottom, but be kept floating at 
intervals. For bait, sardines and squids, cut into pieces of convenient size, are used. 

The cod gill net is a hempen net used along the shores of the Sea of Japan for 
catching Gadus clmlcogrammus. For this purpose i t  is sunk to the bottom of the sea. 
A single piece is about 1,212 feet long and about 5 feet high, acd the meshes are 
about 3 inches. For floats, pieces of vernish-tree or of Paulownia imperialis are used, 
and for grapnels stone and wood. A single boat uses several pieces joined together. 
For Gadus brandti nets with larger meslies and made of bigger cords are used. 

The cod is but little eaten in a fresh condition. The fish is cured in different 
ways and exported to various countries. Pressed cod is made in Hokkaido after 
the American method. Split cod are slightly 
salted and then dried in the sun. A hundred pounds cost 5 or 6 yen. The yearly 
produce represents from 40,000 to 80,000 yen, or over 800,000 pounds. 

Cod-liver oil is manufactured in Hokkaido and sold in bottles containing ahpound 
each. This is used exclusively for medicine. A dozen of such bottles cost about 2 
yen and 4 sen. The yearly produce is increasing. 

One hundred pounds cost about 12 yen. 

THE SOLE AND FLOUNDER FIBHERIES. 

Many species of flatfishes are found in the waters of Japan. Among the most 
important are Pseudorhombus cinnamoneus (called lianzii-hiram6), P. olivaceus (hiramb), 
Paroplwys cornuta (meita-garei), Pleuroncctes scutifer (ishi-garei), P. variegata (hoshi- 
garei), aad Plagusiajaponicu (ushinoshits-garei). They are all bottom fishes and spawn 
mostly in winter. 

In the capture of these fishes both nets and lines are used; but the former, of 
which gill ncts, trawls, and dredges are employed, are the chief nieans by which most 
of the niarket fish are obtained. The lines are either tho long or the hand line. 
___ -. 

” Chmigod into dara when aoinpounded with IL prefix. 
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The plaice hand line is. a double coil line about 50 fathoms long bearing 30 pieces 
of lead each weighing about 24 ounces. These pieces of lead serve to hold the line 
against the current. The distances between them grow less and less as we approach 
the hook. To the hook is attached a flat circular piece of lead, and beside this there 
is a long line for tying the bait, for which sardines, either fresh or salted, .are used. 

A form of pole-trawl for soles and flounders, such as is used in the seas near the 
province of Owari, was exhibited. It consists of :I pouch with two wings and a net- 
ting stretched between tpeir upper margins. The pouch is about 21 feet long, and its 
meshes are from a little less than 14 to about 2 inches. The wings are about 30 feet 
long and their meshes are about 2 inches. To prevent any damage to the pouch, a 
hempen netting with meshes of about 39 inches is spread below it ; this is worked 
with full sail a t  a depth of 100 to 200 feet. To keep the pouch and the wings open, a 
long pole is projected from each end of the boat, and to these the drag-ropes are tied. 

A single netting is about 165 feet long and G 
feet high, and the meshes are about G inches. To the upper margin is attached a 
strong rope of straw with wooden buoys, and to the lower a similar rope with stones. 
When being used, from ten to twenty of such nettings are joined into a single net, to 
one end of which are then tied a wooden grapnel and ~i float. The net is used on sandy 
bottoms a t  the depth of 60 to GO feet. 

The flatfish are mostly eaten raw, only a small proportion being dried for pres- 
ervation. Dried flounders are chiefly prepared on the 
coasts of the inland sea. They are mostly sold to the mountain villagers. Plounder 
oil is a by-product in the preparation of the preceding; it is used for lighting purposes 
in some retired localities. A scrap, made by pressing flounders, is used in agriculture. 

The plaice gill net is made of hemp. 

They are also pressed for oil. 

CARP AND GOLDFISH. 

The carp (Cyprinus carpio) is a food-fish of considerable importance in parts of 
Japan. A form of weir intended for the capture of carp aqd crucian carp is used in 
Lake Biwa in the province of Omi. It is made of bamboo splints and for posts bam- 
boo poles are used. The weir consists of three inclosures which, however, have 110 

intimate relation with one another, but are complete each by itself. Of these three, 
that  nearest the bank is small and low, being about 10 feet high’, and the intervals 
between the splints beiiig a little over one-fourth of an inch wide. The next one is a 
little larger, being about 12 feet high with the intervals between the splints about 2 
of an inch. The last inclosure is largest, and is about 15 feet high with the intervals 
between the splints about 12 inches. It is intended mainly for carps and crucian carps. 

Of the goldfish (Carassius auratus) we distinguish tliree varieties, viz, ryukin, 
wakin, and rnaruko. Various other names are given, according to the form of the 
caudal fin. The most costly form is  the so-called “lion-head ” variety of Maruko, 
which has ~~unicrous warts 011 its head. A pair of this variety, Inalc and female, often 
costs more than 100 yen; and even the most common specimen csn not be obtained 
for less than 5 yen. The goldfish spawns from the latter part of April. The culti- 
vators usually make their fish spawn three times with intervals of about one week. 
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THE SALMON FISHERY. 

The spring salmon (Onoor7~ynchus perryi) and fall salmon (0. Rnberi), called sAk6 
by the Japanese, are found in the northern parts of Japan, especially in Hokkaido. 
They ascend the rivers of those parts for spawning, and at that season undergo a 
great change in shape as well as in color. They usually attain the length of about 3 
feet, and weigh 12 to 17 pounds, but large speciinens sometimes measure about 4 feet 
in  length and weigh about 20 pounds. 

In fishing for salmon drift nets, tow seines, circle nets, and pound nets are used; 
the first and the last most commonly. 

The salmon pound net is employed along the coast of the province of Tokachi in 
Hokkaido. It consists of a large bowl made of hemp and a leader made of straw. 
The latter is 750 to 1,500 feet loxig and its ineshes are 24 t o  7 inches. Interceptod by 
the leader, the fish follow i t  anti enter the bowl. A t  this time a netting which has 
hitherto beeu kept lowered is raised, and the mouth of the bowl is closed. The fish 
are landed by gradually tucking in the bowl. 

The salmon drift gill uet exhibited is such a form as is used in the provinces of 
Ueen and Ugo. It is made of hemp, and a single netting is about 175 feet long and 
Sg feet high. Floats are tied to the upper margin, but the lower margin has no weight 
attached to it, It is worked by night at the mouths of rivers from about the middle of 
October till the first pert of December. Eight or ten nettings are usually joined into 
a single net, and are shot down the stream. 

In addition to being consumed in a fresh condition, salmon are placed on the 
market in a salted, smoked, and catined state. Salt salmon forms the greater bulk of 
the salmon cured for preservation. The price has risen hi recent years in consequence 
of exportation, and a singlo fish now costs 30 to 40 sen. Salmon are not smoked in 
large quantities, as the demand is not very great. The price is accordingly high, a 
single box coiitainiiig 10 fish costing about 2.50 yen. Oanned salmon is largely made 
in Illokkaido; more than 200,000 cans, amounting in value to about 24,000 yen, are 
sold every year. 

THE AYU PISHE,BY. 

The ayu (Plecoglossuv altivelis) is very highly esteemed among the fresh-water food- 
fishes. It lives in sandy rivers, and is found in almost all parts of Japan. It feeds 
chiefly on diatoms and other lower alga. Large specimens measure sometimes more 
than a foot in length. 

In  fishing for the ayu, lines provided with fly hooks and ordinary hooks are used; 
scaro-cord and casting nets are also employed. Beside these there is a peculiar mode 
of fishing with tame cormorants, called u7cai. 

Tho ayu scam-cord net consists of a receiving net and a scare-cord. The former 
is made of hemp, and its meshes are about an inch. The scare-cord is also made of . 
hemp and is from 200 to 250 feet in length. It bear8 at intervals short branch lines, 
also of hemp, to the extremities of which are attached feathers of the cormorant. A 
single man keeps the receiving net open against the current, while four men scare the 
fish down the stream with the cord and drive them into the net. 

A graphic model of the method of ayu fishing with tame corinorants? or &ai, 
shown in the exposition, represents a single ukai boat of tho Biver Nigara, in tho prov- 

It spawns in autumn, in shallow rapids. 
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ince of Mino. A dragon is placed at the prow to help the maneuvers of the cormo. 
rants. The men are four in number, of whom two manage the boat and the other two 
the cormorants. The skill with which the men handle the birds is truly wonderful. The 
man near the prow-usually manages 12 birds, and when one of them swallows four or 
five fish he draws it to him by the cord with which it is tied, and by pressing its throat 
squeezes the fish out into a tray beside him. In  doing this, he is always sure to pick 
out the right cord, and not the least entanglement occurs. The large basket with 
the wooden cover is used for keeping the cormorants in. This mode of fishing is said 
to have begun more than a thousand years ago. 

The ayu is highly esteemed in the fresh state; but it is also boiled and dried, or 
preserved in salt and sake' dregs, so that it may be kept for a long time or transported 
to distant countries. The ayu thus treated is highly esteemed and is sold a t  a high 
price. When preserved in the dregs of sal&, or Japanese wine, the fish is stuffed 
with its own roe. The value of a single fish is about 50 sen. 

THE SARDINE FISHERY. 

The sardine or iwashi (Clupea melanosticta) is the most important of the useful 
fish of Japan, and the economic condition of the whole fishing indu8try is intimately 
connected with the amount of its catch. This is due to the fact that the sardine 
always wmes in enormous shoals and is caught almost everywhere along the coast. 
Large areas of the surface of the sea are sometimes changed in color by the presence 
of a, single shoal. The sardine is a migratory fish, going from south to north in spring 
and returning again to the south in autumn. The shoal usually swims at the surface, 
against the current, but is said also to sink a t  times to the bottom. The sardine feeds 
on small. crustaceans, such as Xyeis, and is attracted by torchlight. Spawning takes 
place in the spring. 

Both nets and lines are used for sardine fishing. The latter are, however, limited 
to certain small districts, while the former are extenfiively used and have been greatly 
improved, there being no less than twenty different types of them, the most important 
of which are the ground seine, circle net, eight-armed net, tack seine, dip net, afid 
drift net. 

It con- 
sists of a pocket and two wings. The pocket is made of hemp, with meshes of from 
Q to & of an inch, and is about 150 feet long. The wings are about 1,150 feet long, 
and are made partly of hemp and partly of straw. The hempen portion has meshes 
of from 2 of an inch to about 2& inches, and the straw portion has meshes of about 1 
foot. The wings and the pocket can be separated from each other. The drag ropes 
are made of three strands coiled together, and are a little over an inch thick and 105 
or 110 feet long. From 60 to 80 such ropes are usually provided ready for use. If a 
shoal is detected, two boats row out with the separate portions of the net. A little 
before reaching the shoal, the pocket and the wings arejoined together; the former is 
then cast first and the shoal is gradually encircled with the wings. When these 
come to an end, the drag ropes are cast and the net is hauled on shore. 

The circle net is called hassaku-ami by the native fishermen. It is used off the 
coast of the province of Hidachi. It consists of a central portion and two wings. 
It is usually separated at the middle into two equal portions, and these are joined 

-together when the net is being used. The central portion is made of hemp and is 400 

The sardine ground seine is used at Kujakuri in the province of Kazusa. 
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feet long, the meshes being from about five-eighths of an inch to a little over 1 inch 
(about 1$ inches). The wings are made of straw snd are about 700 feet long, the 
meshes being 1 foot. To work the net 4 boats with over 50 men are required. Two of 
the boats carry the net separately and act according to the orders of the other 2 boats, 
which go in search of the fish. 

The eight-armed net is a flat net used on the Pacific shores of Japan. It is almost 
square in shape, and the meshes are from a little civer half an inch to about 1: inches. 
To one side of the square are attached floats and to the remaining three sides ropes 
are tied. To the bottom of the ropes of the lower margin large weights of lead are 
attached. When in use the ropes of the three sides are held by 3 boats and the net 
is lowered obliquely against the current. When the shoal of fish comes over it the 
ropes are raised and the net is gradually drawn up, the fish being finally transferred 
to the boats. 

The tuck seine is employed on the Pacific shores of the main island and closely 
resembles the purse net of the American fishermen. It is about 600 feet long and 65 
or 70 feet wide a t  the two ends. The meshes are from about 8 of an inch to a little 
over 1 inch. When not in use the net is carried in equal portions by 2 boats. 

The dip net is operated on the Pacific shores of the main island. It is nearly 
square, each side about 35 feet, and the meshes are from about half an inch to about 18 
inches. To prepare it for use one side is stretched and made fast lengthwise to a 
bamboo rod, and to the opposite side 3 ropes, with stones attached, are tied. To each 
end of the bamboo rod another rod of bamboo is made fast. 

To work this net the right side of the boat is, in the first place, turned against 
the current aud the net is made to dip down from the left side; the bamboo rod to 
which one side of the net has been made fast is kept horizontal a t  a short distance 
from the boat by means of the two other rods. Some shrimp (Mysis) are then’strewn 
on the right side, and the fish aro called together; some more are then strewn on the 
left side, and when the fish come over it the net is drawn up by means of the ropes. 
This net is used in getting the sardines used as bait for the bonito. It is therefore 
made on a small scale, and the fish caught are kept alive in the well of the boat. 

The !sample of sardine drift ne t  exhibited represents the form in use in the Bay 
of Tokyo. A single netting is about 150 feet by about 35 feet, and is made of ‘hemp. 
The meshes are from about 16 inches to about 18 inches. The cord of the upper margin is 
made of hemp, and a lead is attached at every 3 feet. The rope of the lower margin 
is made of the fibers of the palm (Tvachycarpus excelea), and at about every 4 inches 
a wooden float is attached. A single boat with 6 or 7 men uses 7 or 8 nettings joined 
together. Fifty or 60 such boats usually form themselves into a line and the net is 
shot across the course of the sardines. 

The sardines are caught; in enormous numbers, and the greater part are dried 
and made into fertilizer, either entire or after the oil has been extracted. Recently, 
however, eardines have been canned and smoked, and their value has consequently 
increased. Smoked sardines promise to become a valuable article of export. ‘6 Gill- 
struck ” and ‘( back-split ” sardines are used for food in the mountainous districts of 
Japan. Reflued sardine oil, a by-product in the manufacture of’ scrap, is a very valu- 
able exported product; over 2,500,000 pounds are annually made an 3nt to various 
parts of Europe and America. 

This net is worked at night. 
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THE H E R R I N G  F I S H E R Y .  

The herring or nishin (Clupea karelzgus) is economically a very importa,nt fish in 
Japan. Prom the latter part of spring to the beginning of summer, it comes in large 
shoals to the adjacent seas and deposits its eggs on stony bottoms overgrown by sea- 
weeds. The most famous-fishing ground is the west co-ast of Hokkaido; but the fish 
is found more or less in all parts of our northern seas where there is a cold undercur- 
rent in winter and spring. 

Herring fishing is carried on only by means of nets. Of these, gill nets, flat nets, 
and pound nets are used. 

The model of the pound net shown in the Japanese section represents a fixed net 
used in Hokkaido. The pound is rectangular in shape and its nettings are made of 
hemp. The longer side of the pound is about 170 feet long, and its meshes are about 
3 inches in the front part, while in the greater portion of the back part they are about 
1 inch. On both sides of the entrance of the pound are the wings made of straw rope 
Fit11 the meshes about 3 inches. The leader is perfectly straight, and is 500 to 1,500 
feet long. It is also made of straw rope, and tlie meshes are about 5 inches. 

The most striking fwature of this net is the so-called bag-net boat (Jap. wiiku-5nii- 
hunk), that is,,Z boat with a flat bag shaped net suspended under it from the sides. It 
is placed at the closed end of the pound, and the bag net is joined to the pound by 
one of its sides. When a shoal of herring enters the pound, a boat a t  its entrance 
takes up the rope and draws up the net, and on its approaching the end of the pound, 
the fishermen in the bag-net boat allow the joining line of tlie bag net and the pound 
to sink somewhat below the surface of the sea, and the fish are passed on into the 
former. The joining line is then again raised, and when, after repeating this process 
a number of times, the bag net is filled, the boat leaves its post to be taken by ailother, 
and rows for t h e  coast, where the fish are bailed. 

A single herriug gill net is about 20 feet by 7 feet, and the meshes are about 2 
inches. A single boat of 2 or 3 men uses usually twenty-five to fifty nettings, and five 
nettings are joined into a single group. Between each netting a weight of4 to B pounds 
is attached, and to each group a float and a weight are tied. A number of these groups 
are set in a single line parallel to  the coast. 

For food purposes 
t h e  fish are prepared by salting, smoking, and drying. The yearly production of salt 
herring is increasing. The price per barrel is 1 yen. Smoked herring is put up in 
Holrkaido aud the northern provinces of the main island. The sample exhibited has 
been prepared by the German method. The current price is 20 sen for ten fish. Dried 
herring slivers, dried split herring, and dried back-split herring are used for food in 
retired districts among the mountains. They are all sun-dried. The dried sliver is 
most largely used. Herring scrap is the substance that remains after boiled herrings 
have been pressed for oil. It is the best fish fertilizer, and is consequeiitly highly 
valued and produced in large quantities. In 1889,4,002,146 yen’s worth was produced. 
Price per 100 pounds, 2.50 yen. 

The dried refuse from slivered herring is used abundantly as fertilizer. Crude 
and refined oil and wax are produced in large quantities, 17,500,000 pounds of t h e  oil 
being produced yearly. Both the oil arid the wax have a large deinand in Japan, and 
are also exported in large quantities. 

The forms in which herring are put 011 tlie market are various. 
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O Y S T E R S  AND OTHER MOLLUSKS. 

Among the mollusks of economic importance in Japan, the following, represented 
in the exhibit by specimens, photographs, etc., may be mentioned : 

Octoplls octopodia (Jap. Ma-DakO). * 
Octopus megalocyatl~ue (Jap. Yanigi-Dako). 
OCtCpUs ocellatus (Jap. Ii-Dako). 
Ommasfrephes oualaniensis (Jap. SnrumB-Iks). 
Loligo eulgaris (Jap. Yari-Ik:L). 

Sepia sp. (Jap. Wari-Ika). 
Rapana bezoar (Jap. Aka-Nishi). 
Triton saulice (Jap. Hora-Gai). t 
Turbo ccrnalus (.Iap. Sazai). 
Halictis gigantea (Jap. Awabi). 
Haliotis w g i n e a  (Jap. Tokobiishi). 
Lutraria nuttalli (Jap. Mirukui). 
Silicparia ccnatricta (Jap. Agemrrki). 
Xaclra  sulcataria (Jap. Baka-Gai). 
Trigonella saohalinensis (.lap. Uba-Gai or 

I Srpioteuthis lessonianu (Jap. Awori-Ika). 

Hokki-Gal). 

Cythereu meretrijc (Jap. Hamaguri). 
Dosinia troscheli (Jap. Manju-Gai). 
Tapes philipinnrim (Jap. Asari). 
Corbicula alrata (Jap. Shijimi). 
Cardiicnb japonicum (Jap. Tori-Gai). 
Tridacna gigas (Jap. Shako-Gai). 
Area iiijata (Jap. Aka-Gai). 
drca  snbcrenata (Jap. Seruba). 
d r c a  granosa (Jap. Hai-Gai). 
Mgtiliis crassitasla (Jap. I-Gai). 
Pinna japonica (Jap. Tairagi). 
P i m a  81). (.Tap. I<uro-M:ab6). 
Avictila niartensii (Jap. Akoya-Gai). 
Pectcn yessoensis (Jap. Hotate-Gai). 
Pecten laqueatus (J:&p. Itaga-Gai). 
Ostrea rrccullata (Jap. Khki). ! 
Ostrea denaelamellosa (Jnp. Itabo-Gaki). 

These shellfish are useful for food and for various industrial purposes. The oyster, 
Aviculn martensii, Area granosa, Mactra sulcataria, and Oardium japonicutn are culti- 
vated in various parts of Japan. Canned oysters are prepared in Hiroshima and 
Hokkaido. Price per dozen yen, 1.50. 

The Trigonella is also canned, and has the same value as the oysters. 

CRUSTACEAN F I S H E R I E S .  

Shrimps, lobsters, prawns, crabs, and other kinds of crustaceans are taken by the 
Japanese for tood. Chief amoug the econoniic species are the following: 

Palinurus ,japouicus (Jap. Ise-Ebi). 
Peneus canaliculata (Jap. Kuruma-Ebi). 
Peueue enaie (Jop. Shiba-Ebi). 
Pahn07L longipea (Jap. TenagB-Ebi). 
Palamon Sp. (Jap. Nurns-Ebi). 
Squilla oratoria (Jap. Shako). 

dfya ia  ap. (Jap. Ami) .  
Pcrhenao pelagicus (Jap. Gazami). 
Lilhodes canisckatica (Jap. Ibara-Gani). Q 
Inachus 8p. (Jap. Taraba-Gani). 
Grapsusjaponicue (.rap. Mokuza-Gani). 

Besides these there are still many other species of shrimps arid lob~ters  in Japan. 
They are all used for food or bait, and are econoniically very important. Palinurus 
japonicus, or the spiny lobster, lives on stony bottoms of the Pacific shores washed 
by Warm currents; but the-other species are mostly found in bays, and prefer sandy 
or muddy bottoms. They usually hide themselves during the day, and go out in 
search of food at night 

The spiny lobster is caught with gill nets, while the other smaller forms are caught 
either with trawlw or flat-nets, or with traps. 

The lobster trawl is a hempen net extensively used in the Inland Sea, and closely 
resembles the trawl for catcliiug soles already described. The only points of difference 
_ _ _ _ _ . ~  ____.._ - -____- - - __ I_-_ 

* Tako=cnttlefish, changed into Dako when oomponnded with a prefix. 
't Xai=ahellfish, changed iuto Gai when compounded with e prefix. 
4 Kdki-  oyster, changed into Gdki when compounded with a pretix. 
$ Zi'ankcrab, changed to gaui wlien compounded with II pretix. 

. 

F. C. B. 1893-28 
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are the comparative lightness of the weight used and t h e  stem of bamboo used for 
keeping the mouth of the trawl open. The former circumstance is due to the fact 
that this trawl is used on muddy bottoms. The purse is about 14 feet long, and the 
wings are about 18 feet in length. The meshes are a little less than half an inch in 
the posterior part  of the purse, and from half an inch to a little over five-eighths of 
an inch in the remaining portion. The drag rope is from 300 to 400 feet long. This 
trawl is worked under a, good wind, and two or three are usually attached to a single 
boat coutaining two men. 

The lobster gill net is a hempen net sunk to the bottom for catching the spiny 
lobster. It is about 35 feet long and, only about 3 feet wide. The meshes are 1 or 2 
inches. A single boat usually carries two men, and uses several dozens of nettings 
joined into a single net, to one end of which are then tied a stone and a float. The 
whole is then sunk in the evening in rocky places 10 to 50 feet deep, and taken out 
the next morning. 

They are made 
of bamboo splints. At  the entrance is a funnel-shaped piece with its smaller end 
projecting into the interior, so that any shrimp that has once entered i t  can riot get 
out. When being used, dozens of these traps are tied to a long rope, and crushed 
shellfish (Corbicula or Paludina) are put within each; then the whole is sunk to the 
bottom. They are taken out from time to time and the shrimps are caught. 

Among the important preparations from this class are canned spiny lobster and 
shelled shrimp. Canned lobster is made after the manner of the boiled lobster of the 
Americans; one dozeu 1-pound cans cost 1.20 yen. Shelled shrimp consists of the 
boiled bodies of Peneus canaliculata and P .  ensis which have been deprived of their 
shells. It is oiie of the chief exports 
to Ohina. 

Prawn pots are used in Lake Biwa in the  province of Omi. 

About 300,000 yen's worth is produced annually. 

UTILIZATION O F  ALGA?:. 

Among the seatweeds found 011 the coasts of Japan there are several having con- 
siderablee conomic value, of which the chief are amanori (Porphyrlm vulgaris), tengusa 
( Qelidium corneum), funori ( GlBopeltis coliformis), and fukuro-funori (Q. intrica,ta). 

The first named grows near the niouths of rivers in various parts of Japan. It is 
cultivated on a large scale in the bay of Tokio. About the time of the autumnal 
equinox, branches of bamboo gnd of various treeo ere stuck into the bottom of the 
sea, aud the seaweed is allowed to grow on them, the fronds being cut away from the 
top ihs they grow. The alga wholly dies away about the time of the vernal equinox. 
The article prepared for commerce is known as asalcusa-nori and is highly esteemed 
both for food and as a condiment. The weed is but seldom eaten fresh and nearly 
always is made into thin sheets like paper, and dried for preservation. This is heated 
over the fire and eaten with broth, or by itself with a little sauce. It is also used for 
various other culiuary purposes. 

The Gelidium grows 0x1 the coasts of various parts of Japan, on rocky bottoms, a t  
;t depth of from abovt 10 to 135 feet. It grows in clusters and is never found in bays 
that have no open communication with the ocean. It is said to germinate in early 
spring and die away in autumn. The best harvesting season is summer. A jelly is 
made from'thid species which is largely used both for food and as glue. It has also 
recently come to be used for purifying sakt?, or Japanese wine. Added to the already 

- .  

One hundred sheets cost from 50 sen to 1 yen. 
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large demand for hqme use, its exportation has .recently increased. In 1891 the 
exports alone amounted to 454,000 yen. 

The species of Glmopeltis are employed in the manufacture of glue. They grow 
on rocks near the coasts of the warmer parts of Japan. The glue is. iriade indis- 
criminately from the two species, and is largely used to impart luster and stiffness to 
various textile fabrics. It, is also used for various other purposes, accordiug to  which 
it is refilled in various degrees. The price of a single sheet (about 5 feet by 3 feet) of 
the most refined form is 50 sen. 

THE F I S H E R I E S  O F  NORTHERN JAPAN. 

BY K. ITO. 

Fish constitntes the chief article of food in Japan, and the fishing industries are 
necaserily the most important pursuit of the Japanese. It gives employment to 
1,654,178 men, and yields $35,000,000. The peculiar features of the country aff'ord 
every kind of fishing, and a great inany varieties of the marine animals and plants 
me collected and utilized. It is not possible, however, without some previousprepara- 
tion, for me to enumerate them or to give any accouut of the metllods used for catching 
and curing them. I will, therefore, limit my subject to thefisheries of northern Japan, 
or Hokkaido, with which I am more familiar. 

Hokkaido, more Bmiliarly known to you under the name of Yesso, i8 one of the 
islauds constituting the Japanese Empire, and is situated between 400 21' and 450 30/ a 

north latitude. It covers an area of about 319,000 square miles. The fisheries indus- 
t q  is the oldest and most important of tlie island. I will give a brief description of 
some of the principal fisheries of the Hokkaido. 

The spring 
herring (Olupea harengus) approaches t h e  western coast of the island in trenieudous 
groups in the spring and early summer, and fishing is carried on from the first part 
of April to the last of June. The implements used for the capture. of this fish are of 
two kinds-the gill nett and the moored trap net. The fish caught are gutted, and the 
bones and head taken off and dried upon the scaffoldings. They are then made into 
bundles and sent to the southern part of Japan for food, while the roes, which are left, 
are dried on the flake or pickled and used for food. The head, bones, and gills left, 
after making the boneless herring, are also dried and used as fertilizers. But since 
the introduction of traps, about thirty years ago, and also the iritroduotion of the 
pocket attachment, after that, the catch became so enormoug that all the fish crtught, 
could not be utilized in the old way, and so the guano, and the oil industries were 
inaugurated. . This industry has grown from year to year and at present is the most 
important of the fisheries of Hokkaido. At  present the total amouut of  the dried 
scraps ni~nufactured reaches the enormous quantity of 90,000 tons, 

First in the order of importance are t h e  spring herring fisheries. 
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Next in importance is the salmon fishery. Our salmon belongs to the same genus 
as the Pacific coast salmon. There are two principal species of salmon, namely, the 
spring salmon (Oncorhynehus perry i )  arid the fall salmon (Oncorhynchus haberi). The 
spring salmori ascend the waters for the purpose ot spawning in the months of May and 
June, and the fall salmon in the late Fall months. The fall run is the more numerous 
of the two, but inferior in flavor. 

The methods used in the capture of this fish are several, but the principal kinds 
of‘ nets used are the drag seines, traps, and gill nets in the seas, while only the drag 
seines are used in the rivers. Some of the chief salmon rivers in the island can stili 
compare with any salmon rivers in this country. The most important river for salmon 
is Isliika,ri, emptying into Strogon of Bay, on the western coast.. Curiug in salt used 
to be the only way of preparing salmon*for the market, but about eight years ago the 
Government employed Mr: Treat, of Eastport, Me., to introduce the method of canning; 
the new industry is growing constantly, and some of the articles are now sent to France. 
About three years ago a gentleman commenced a smoking business there, and this we 
hope will soon become one of the principal iudustries in the salmon fisheries. 

Now, I will make a few remarks on the cod fisheries. The cod are most abundant 
in the winter and early spring. The fishiugground at  present is limited more to the 
inshore, being from 5 to 25 miles from the shore, and in water horn 100 to 200 fathoms 
deep. Thq gear used for capture is the trawl, exclusively, the construction of which 
is on the same principle as the trawls used in the New England fisheries of this 
country. The vessel used in this work is very small. It is an open, flat-bottomed 
boat, about 36 feet in length, and is furnished w i t h  a single mast and one large, 
clumsy rectangular sail. The most common method of treating the cod is to take off 
the head and bones and dry them very hard, like the  Norwegian stockfish. The second 
vay is to split and thoroughly cure them with salt. Still, some of the fish of the early 
catch are just gutted, slightly cured, and sent away for more immediate consumption. 

Another important fishery is the iwashi (Clupea melanouticta), a kind of herring 
that comes into the open sandy beach of the eastern coast in the months of June and 
July. The schools are not so large as those of the spring herring, arid are sometimes 
mixed with ‘; seven dots” (Etrumeus micropus) and also with the young of the spring 
herring. The principd contrivance for tlie capture of this species is tlie drag seine. 
The fish are all made into scrap arid oil. 

Trepaugs, or sea-cucumbers, occur in 
the sandy bottom of the se?,:, all along the coast, and.are gathered by use of a dredge. 
The fish caught are gutted and boiled in a decoction of mugglewolts. or artemesia, 
and are then spread on a sort of cleat, with bamboo bottom, and dried for exportation 
to the Chinese market. 

Another fish for the Chinese market, and of great importance, is the awabi. The 
awabi is a gigantic gasteropod, which is known on the Pacific coast of this country 
as‘babalone.’’, It is speared from an open boat, just like the dories used by the New 
E~~glanci cod fishermen, i n  water from 2 to 44 fathoins deep. The fisherinen formerly 
used cod oil in order to look into the bottom of this deep water, but water glass is now 
alniost universally used for this purpose. About five years ago some ;idventurous 
fisherman introduced the diving apparatus, but, in consequence of its injurious effect 
upon the propagation of the shellfish, it was firially prohibited by legislation. The 
fresh product of this fish is separated from the shell, cooked, dightly smoked and 
dried, and then sent to the Chinese market. 

Kext, I will mention the trepang fisheries. 
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Next comes the squid, which has its run in the fall, lives in big schools, and is 

caught with the jig. It is spIit open, pressed, aiid dried, and sent over to China. 
Another product of the sea I would like to inention is the lcoinbu. The kombu is a 

kind of d g z ,  belonging t o  the species of Lnutinaria. They occur in  great abundance 
all along the coast, but the best kind is obtained ou the northeastern coast, where the 
cold current comes down from the north. They we  taken from the rock upon which 
they grow by the use of the wooden hook; they are then dried on the sandy beach, 
made iuto bundles, and exported to China. 

Now, let me say a few words in reference to the fisherrnoti ou the island. They 
are divided irito three classes: (1) outfitters; (2) fishery proprietors; (3) einploy6s. 
Outfitters are those who furnish the fishing gears, or capital, or fQod supply to fisher- 
men who caii not fit out for themselves; the fishery proprietors are thosu who own the 
fishiug vessels, fish-houses, and all fishiug gears; the ernp1oyi.a are tlios(+ eiiiployed 
by the fishery propriecors for the prosecutioii of the fisheries. Soine of the fishing is 
doue on shai-es, like the cod fishery of this country, while others are part in shares 
and part in wages, and in some cases certain piLrts of the ontiro catch are given to the 
gang of employ6s, besides regular wages. 

The fisherinen of 111y country are o very open-hearted and frank set of people, and 
are sometimes superstitious. Among the fishery proprietors there are a, great many 
well-educated, intelligent, :lad progressive men. They have formed associations 
tliero for the purpose of preventing the manufacture of inferior articles :hiid to adjust 
any disputes arising between fhhermen. They have a fishery society there, under the 
iiame of Hokusui Kyokwai, for the promotion and irnprover~ie~it of tlie fisheries. They 
publish monthly reports and distribute among the fishermeu important and useful 
information in regard to the fisheries. They also publish the translated account of 
valuable information from th i s  country. I fhink it will be of some interest to you to 
know that a recent number of a publication which 1 have receivedcontains a translation 
of the paper read before the Fishery Uonveiitiou iu London, by one of your prominent 
members, Dr. Goode. This society holds fairs for competing in the kind of artilces 
manufactured by the diflerent fishermen. 

Now, I will say a few words in regard to tlie measures adopted by the Govern- 
ment for the promotion of the fisheries on the islaud. Under this head there are 
only a few laws for the protectiou of salmon. The principal features of the legislation 
protecting safmou is that no stationary apparatus is allowed in the river, and the 
only kind of net allowed is the drag seine. The next feature is that all nets must be 
taken out of the water from suiiset to sunrise; that is, every night they must cease 
fishing. The next prominent feature is that fishing of any kind is prohibited in the 
spawning tributaries, and during the spawning season the Government appoints fish 
wardens to Rrotect the fisheries from the poachers. In additiou to  this legislation in 
regard to salmon there is also a law, which I have already meiitioned, ageinst the 
use of diving apparatus for the capture of awabis. 

Next, let me refer to the measures adopted for eucouragirig the fishermen. The 
Government has a fuiid which is loaned to the fisherinen when they meet a bad 
season and wheu they can not borrow t,tie capital to furuish their outtit. The Gov 
erument also exempts for a certain length of time from the fishery tax all those 
fishermen who open new fishing-grounds 01' who malie new fishing establishuients, 
wherever it is impossible to make them without the expenditure of large sums of 
money. 
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Lastly, let me just touch on the legislation for regulating the fisheries. Under 
this head I may mention the method which has been adopted by the Government to 
govern all fishinggronnds. In every fishing locality, the position of all traps and 
seines is located on a map, and this map is filed in the county oftices for the reference 
of fishermen, so that when they have any quarrel in regard to the position of nets it 
can be settled very easily. Under $his head comes the regulation for inspecting tho 
manufacture of kombu. The manufacture of kornbu lately became inferior, aud to 
check this evil the Government has made a regulation requiring that all kinds of 
kombu must be inspected and branded before it is exported, just as the mackerel are 
branded in this country. 

Now, before I finish my remarks, let me read a few statistics concerning the 
fisheries of the island, which I prepared some time a go for the U. S. Fish Commission 
Bulletin : 

-- 
Total. 

* 7,880 
05,773 
35,373 
1,089 
3, o m  

184,250 
6,511 

Number of persons, boale, seines, and nets engaged i n  the fisheries of Hokkaido i n  1884. 

Herrin .................................................. 
Spring aalmon. ................................ .: ........ 
GI&... ................................................... 
Iwmhi ................................................... 
Trepung ................................................. 
Eur.shel1 ................................................ 
Squid. ................................................... 
Kombn .................................................. 
Sea otter.. ....... :. .............................................................. 
Oyster.. ......................................................................... 

Fnfl &no , .  ............................................. 

’ Total .............................................. 

I Items. 

pens.* 1 Yene. yen@. yens. 
1,412,763 9.023.883 108,003 3,644,048 

31,389 221,993 281,874 535,856 

5,001 23,210 14,623 43,494 
25,818 95,123 ............ 121,941 

2,817 ............ 38,067 35,250 
49,993 189,811 164,440 404,244 

3,160 3,160 
13,413 13,413 

1,690,QU 2,662,93B 706,530 5,080,440 

1,528 5,017 118,075 125,820 
16,390 85,048 712 102,150 
116,577 15,434 1,040 133,651 

------. -- 

Fialieriea proprietors 3,324 .................................... 
Bmploycd hands.. .................................... ...I $ il 33,630 
Boats ................. ................................. 16,800 :. 
Seines .................................................. 207 
Trap ~ e f 9 . .  .............................................. 1,828 

Miscellnneous net8 40 
C8K Ileta.. ............................................. ..I 15:i 1 33,365 ...................................... 

1,338 
14,703 
3,473 
320 
335 
65 
65 

~ 

Value of the principal fishery products of Hokkaido i n  1884. 
_. I Hakoilate 1 Sapporo Nomnro 

dietriot. cliatrict. I dietriot. 1 [ Fishery. 

I will remark here, however, that the figures just given are rather smaller than 
&he average, on account of the poor catch aiid low prices during the year; but I think 
they will give an idea of the amount of the fish caught on the island. 





46.-ON PEARLS, AND THE UTII,IZATION AND APPLICAL'ION OF THE 
SHELLS IN WHICH 'THEY ARE FOUND I N  T H E  ORNAMENTAL ARTS, AS 
SHOWN AT THE WORLD'S COLUMBIAN EXPOSITION. 

BY GEORGE FREDERICK KUNZ. 

I n  these pages I have sought to bring together a series of notes from the World's 
Columbian Exposit; 'I, regardiug the exhibits of pearls and pearl-bearing &hells 
to be seen there, : the various ways in which these beautifid .materials have 
been or may be erny ,bd in jewelry proper and in other of the decorative arts, such 
as inlaying, cameo wtlr.c, and the like. With these are included soma notes upon the 
use of pearls by the mound-builders of prehistoric Anerica. 

Before proceeding to describe any of these exhibits in detail, it may be well to 
take a general view of the subject of pearls and pearl shells. 

The term pearly is applied strictly only to those shells that are iridescent or 
nacreous. These are of several families, especially the Aviculidce, to which belongs 
the true pearl oyster, Meleagrina, in its several varieties mentioned further on, and 
the Unionidw, or fresh-water mussels, found in a11 countries of the globe, but especially 
abundant in theinterior river system of North America. These two Mter  groups furnish 
the greater part of thd , 3arls of commerw . ' ile most of the mother-of-pearl is from 
the shells of the first- ' -d family. Ot . r pcarly shells, more or less employed for 
ornamental work, w e  LIW Xautilus, the Turbo lamily, the Trigonio, riiid particularly the 
Haliotis family, or abalone shells, which furnish the green mother-of-pearl used with 
such fine effect for inlaying, etc., in connection with the usual white Yariety. 

Other groups of shells also yield pearl-like concretions or are used in the orna. 
mental arts j but not being iridescent or nacreous, they are not properly poarly, and 
their beauty is that of color effects simply. Such are in particular the large marine 
univalves commonly lrnowii as conchs. Of these, the pink conch of the West Indies, 
Htrombus gigas, is used to a small exteltt for cameo work, and largely for the beautiful 
pink jewehy carved out of pieces of the  hell, to  form brooches, earrings, etc., and 
cut into bead forms in imitation of the rose-colored pearl The cameo-shell proper, 
or king-conch, Cassis L *Izuta, is of a wholly different fami, 1,- d its white and brown 
layers afford the fiuest r i ~ '  for shell cameos. All t b . w  11 various other colored 
shells are used also in ni 

I shall take up the subject of the Oolumbian exhibits in nbout the following order: 
(1) Pearls and pearl jewelry, with further notes upon fresh-water pearls, and also 
upon ornamental articles of which pearls form a part, as shown in the Qermar1 section; 
(2) pearls from the prehistoric mounds of the Mississippi Valley j (3) shell carviugs, 
oameos, and inlayings, in many forms j and lastly, remarks on the Unio shells of our 

.,c work. 
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owii aucl other countries, :LS exhibited a t  Chicago, and their actual aud possible uses 
for ornamental work. 

A t  the Tiffany Pavilion in the Mauufactures Building there was a collection illus- 
trating the occurrence of pearls and the various pearl-bearing shells and mollusks- 
notably a series of several thousand odd-shaped and curiously-formed pearls, pearl 
blisters, and hiiige pearls, from the Unios of Wisconsin, Texas, Tennessee, and Ohio. 
In  this collectiou are found round, oval, oblong, and mallet-shaped Unio pearls; two 
pearls ingrown iuto one auother; pearls consisting of scarcely more than a blister, 
others formed of a single nacreous layer, with a central arc of clay, and other curious 
and abnormal growths, of interest to the naturalist, but of little commercial ralue 
(see PI. 31). A silver tea-pot incrusted with fresh water pearls (see P1. 28). A speci- 
men of the fresh-water mussel i7largucrituna murguritqera, from the Botova River in 
Bohemia, carefully prepared and iujected, showing a pearl in place between the mantle 
aiid the shell (see P1. 4L). A series of Unios from the Sugar River, Wisconsin (see 
Pls. 35 aud 36), and from Texas, Tennessee, and Kentucky, remarkably large; a 
heart-shaped pearl, very nearly an iiich in length (see P1. 31), from the true pearl oyster 
of Ceylou, interesting as being hollow throughout. (This type has been frequently 
observed, notably in a collectiou of this  kind presented by Mr. M. Lowensten to the 
Imperial School of Mines at St. Petersburg.) A pearl oyster was shown with a para- 
sitic fish, Pierusfer, from Lower California (see P1. 32); a pair of pearl-oyster shells 
reiuarliable for their size, weighing 151.35 ounces (see P1. 37), from the west coast of 
Australia; a pearl-oyster shell from Tahiti, having attached to it three forms of coral, 
oue of them a group 8 inches in height and 8 inshes in width; the mollusk had 
lived, notwithstanding this great burden, although one of the corals at the side had 
very nearly suffocated i t  by closing the .shell of the animal a t  the time when it was 
captured (see P1. 29). A shell found on the coast of New Guinea had on it a cup- 
shaped coral over 8 inches in diameter and G inches in height. (For a series of similar 
specimens, see P1. 30.) 

There are also other examples where pearls are imbedded in the shells themselves, 
and some (see P1. 34) where pearls had been imbedded and dropped out; also abnor- 
mally large growths iu the shell (see P1.33), some of them more than an inchin diame- 
ter and an inch in height. These forms are frequently cut over and used as baroque 
pearls. Another form is a curious inclusion at the point of the shell, wher e the muscles 
are nttiiched to the valves. This has the appearance (see P1.33) of the eyes and mouth 
of an ape's head. A small piece of the true mother-of-pearl shell two.fifths of' an inch 
in length, which broke while undergoing the operation of being made into a button, 
revealing ZL small inclosed crab (see P1. 32) immediately below the blister; a collection 
of pearl blisters assuining imitative shapes; and a large pearl-oyster showing the 
perforations of some marine borer which the mollusk has covered (see Pl. 39). 

Other exhibits in this series were a group of four pearls united in a heart-shaped 
form (Pl. 31, E) ; several hundred pearls from the abalone shell, Huliotis rzcfescens, from 
the Gulf of California; a collection of various species of Haliotis, one containing an 
immense interior growth resembling a camel's head (see P1. 38), due to some external 
injury (measuring 2B by 2 inches) ; ;t collection of fine pearls from the large pink conch 
of the Bahamas, ~Strombus gigas, varying from deep pink t o  almost pure white, one of 
tho pearls measuring nearly an inch iu length; one small conch pearl and tho shell iu 
which i t  was found, from the coast of Florida; pearls from the Unios of Weymouth, Nova, 
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Scotia; seven of tliu pear18 from the original find made in 1856 a t  Notch Brook, near 
Ptiterson, N. J. (these were from the collection of Prof. D. S. Martin, of New York, 
wliere they had beeii siiice a short time after the discovery); a small quantity of pearls 
taken from the altar of the Turner group of mounds, Little Miaini Valley, Ohio (these 
were from the original find of Prof. F. W. Putnam, who obtained several bushels of 
them, resembling strikingly those fouud by Warrev IC. Moorehcad at points to benoted 
fui*ther on); a round white pearl, measuring four-fifths of an inch in diameter, from the 
giant oyster, Ostrea singaporica; about thirty pearls varying from white to pink, brown, 
l)urple, and almost a deep b h k ,  from the coinmon clam, Ve~~ertus wwmnaria, from Long 
Island Sound and Chesapeake Bay; eight pearls from the corninon oyster, Ostrea uir- 
gi,zica, from Long Island Sound and the Connecticut coast, one of them over half an inch 
in diameter and remarkable for its resemblance to tlie human eye; also the shell and 
])earls of Venus jluctifraga, San Diego, Gal., and PuclLyderma crassatelloides, and shells 
and pearls of l’rigoiaia pectinata, from Australia. 

The most remarkable exhibit of pearl jewelry that was ever seen in this country 
is that in the four necklaces displayed by Messrs. Ti8any & Go., which for tlieir purity 
of color, fine orient, even form, and careful selection are unsurl~asserl-notably :L neck- 
lace of 3 strands consisting of 159 pearls, weighing 2,038 grains, aud a single strand 
of 44 pearls, weighing 94Gg grains ; these strands represent $100,000 each. Possibly 
illore remarkable still for their great size were tlie strand of 38 pearls, n-eighing 1,OG4 
grains, valued a t  $200,000, aud the oiie of 52 pearls, weighing 1,1458 grains, valued 

A remarkable illustration of the delicate manner iu which pearls can be set is a 
watch case so thickly incrusted with Tennessee pearls that scarcely any mounting is 
visible. 

Two great Freuch jemelers had very interesting displays ; tlie first, Vever, had sev- 
eral fine necklaces of pearls, notably one 5-strand necklace, valued a t  about $100,000, 
and some very large single pearls and various others; the second, Boucheron, had two 
magni.ficent black-pearl earrings, weighing about 80 grains each, and several strands 
of fine white pearls of very large size. 

In the French section were also some very fine exhibits of imitation pearls, notably 
that of Rutan, who had many strings, etc., of them. Constant Vales, of Paris, imi- 
tated the necklaco of black and white pearls that  belonged to  the Empress Josephine 
aud the ti-strand necklace of the Princess of Wales. Passeau-Peil, of Paris, had many 
imitations of both bhck  and white pearls, notably a new kind produced by coating 
beads made of true mother-of-pearl shell with silver, giving them almost the same 
specific gravity and the silver simulating the luster of the gray pearl. 

Schurban, of Franlrfor t, in the German section, exhibited a fairly good drop pearl of 
105 grains; a remarkable Nautilus shell, mounted in a silver goblet; an ivory flguro 
lloldiiig a mother-of-pearl shell; some pearl earrings, of from 25 to 40 grains each, and 

quaint brooch, containing a pink, a yellow, a gray, a dark-gray, and a black pearl. 
Messrs. 0. Heitel and Sohn, Hanau, showed a marvelous display of large oriental 
1)earls of great size and fanciful forms. These were baroque pearls, artisticallymounted, 
forming the principal features of figures, paperweights, brooches, pins, coupes, vases, 
cpl)s, etc., as described hereafter (see Plata 19). Among these mas a group of histor- 
icul and other figures of fine artistic finish and origiiial dosign, made in the style of 
those of Dinglinger in the Green V e u l t ~  at Dresden. The mounting of the figures is 

a t  $80,000. 
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in sterling silver, partly gilded and enameled, all on marble or lapis-lazuli bases, 
with the exception of the first two, which had bases of sterling silver gilt. Some of 
these were- 

A negro king, with white waistcoat formed of a monstrous oriental pearl of good 
white color, 37 mm. x 29 mm, somewhat pointed on the upper part issuing from the 
neck and ornamented with 3 rose diamonds ; the coat is of blue and yellow enamel, orna- 
mented with 6 more rose diamonds and em cubochon rubies. The lower part of the 
negro’s body and head are formed by one large baroque pearl, with the arms and legs 
of variously colored enamel. 

A negress, with bust of one enormous pearl of20 x 17 intii., narrowing toward 
the waist, valued :tt $145. 

A dancing girl, the upper part of whose body is formed by a black pearl 25 x 10 
mm. The figure stands on a slab of rose onyx resting on a base which is richly orna- 
mented with gold, silver and enamel. 

Mercury, after Giovanni di Bologna. The body and upper parts of the legs of 
this figure are formed of an oriental baroque pearl, 24x24 mm., going all around 
the body. One. foot stands 011 a rock, an oriental pearl 22 x 17 mm., aiid this again 
re&s on a jeweled stone pedestal. 

Don Quixote, Falstaff, a monk, and a hall porter, conceived in artistic mountings, 
rivaling in delicate workmanship the prototypes of Dinglinger, and not inferior in 
skilled teclinical execution. 

A goblet with boar’s head; the Litter, a t  the end of the horn-shaped goblet, 
is ail oriental pearl of extraordinary dimensions, being over 45 mm. in length and width. 

A paperweight; an amourette riding on a dolphin, formed of &TI oriental pearl 
65 mm. in length and 48 mm. in width, pointed at its end. 

A sheet of mater formed by a very flat pearl 65 mm. in length and 50 mm. in 
breadth. 

Other fanciful conceits, all unique in form, as brooches, dogs’ heads, spiders, 
beeiles, pigs, ducks, pheasants, peacocks, etc., the special feature always an irregular 
pearl. These mounted objects ranged in value from $135 to $1,700. 

The firm of Michel Piscione, in the Italian section, had a quantity of the small 
shells of Trigomia pectinata mounted in brooches, as single valves or two single valves 
together, generally with a fresh-water pearl set in them; and in the Japanese building 
was a collection of pearls from the abalone shell and various other shells and shell work. 

The great family of fossil shells known as the ammonites, aid their allies, which 
are very closely related to the modern pearly Nautilus, were, like the latter, highly 
nacreous, and in many cases retain this feature very beautifully in their present fossil- 
ized state. If the outer layers have been removed by partial decomposition, the pearly 
layers are exposed as is done artificially by means of acids in “cleaning” Nautilus 
shells for ornament. Some of the ammonites and baculites of the Cretaceous deposits 
of Dakota and elsewhere are gorgeous and glowing in their nacreous coloring, in some 
cases resembling masses of opal, and more rich than any other pearly material known. 
Specimens of these are not uncommon in geological collections, and some fine examples 
were shown in the South Dakota State building at the World’s Fair. 

In  this connection may be mentioned some remarkable Rpecimens of lumacketle 
(fire marble) from Bleiberg, Carinthia. One of the finest examples of this beautiful 
marble was that in the National Museum collection in the Government building; one 
of the finest-worked specimens was an eighteenth century snug-box in the Tiffany 

‘ 
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Pavilion. This rare and elegant material, nearly all found during the latter part of 
the eighteenth century, is a limestone filled with fossilized shells, in which the colors 
have become so splerididly intensified that i t  is frequently difficult to decide at a 
glance wliether a cut specimen is a fire opal from Mexico or luniaclkelbe marble. 

Pearls were used in large quantities by tho prehistoric Iribes of America, and have 
been found in great numbers in the tumuli of the Scioto and Miami valleys in Ohio. 
Prof. F. W. Putnam, of the Peabody Museum, Cainbndge, Mass., and Mr. Warren E. 
Moorehead, of Xenia, Ohio, have made extensive explorations ill these mounds, some of 
the results of which were shown a t  the World’s Fair. Tlie former had investigated 
particularly the Turner group of mounds in the Littlc Miami Valley, the latter the 
Hopewell group in Ross Courity, neaF Chillicothe, 011 the North Fork of Paint Creek. 

In the Anthropological building was shown the great ‘‘ find” of pearls made 
by Mr. Moorehead in the Effigy mound of the Hopewell group. Here more thau a 
gallon of pearls was obtained with two skeletons. They ranged from the size of a 
small millet-seed to a diameter of two-thirds of an inch, or even more. In  shape they 
were usually irregular, though many were round or nearly so; but the absence of the 
elongated and hinge pearIs is remarkable. A11 have been drilled, with holes varying 
from 1 to fully 3 nim. in diameter, but generally the 1:trger size, made with a heated 
copper mire, i n  the manner described by early travelers as common among the Indians. 
This drilling was undoubtedly for the purpose of attacliing them to clothing or belts, 
as shown by the fact that four or five hundred had beeii originally sewed upon arough 
cloth shirt extending from the waist to the knees of a skeleton. Copper plates on the 
hips had preserved traces of the cloth, and several dozen beads mere found with cloth 
fiber still extending through the perforation. Pearls were usually placed at the wrists, 
on the ankles, around the neck, or in the mouth. Tn the Porter mounds at Frankfort, 
Ross County, several hundred mere 011 copper plates. Nearly all, however, are found 
loose, although some are imbedded in :t hard, rock-like mass of clay, cemented either 
by a calcareous solution from tjie weathering of the pearls or by an iron oxide pro- 
duced by the decomposition of the nieteoric iron onianients that were found in such 
quantities in the Hopewell group of mounds. These, like all the pearls found in , 
mounds in the Ohio and adjacent v:slleys, were undoubtedly from the Unios, which 
were evidentlyvery plentiful a t  the time these were collected. Very few of the pearls 
have retained any of the original orient, although it is possible that by peeling them 
some good unaltered pearl surfaces could be obtained; but it is more likely that 
either heat or burial in the ground, where they have undoubtedly lain for centuries, 
has destroyed them by infiltration of surface maters through ths  earth in which they 
were imbedded. 

In the explorations in which Mr. Moorehead has beeu engaged, he has found over 
forty bear’s teeth in which pearls had been set, lying near skeletons. The settings 
were in the side or near the base (root) of the tooth. Skeletons accompanied by a 
large number of pearls always have other relics associated with them, such as native 
copper articles, mica, obsidian, galona, henistito, ocean shells, bad-land fossils, and other 
foreign objects. This fact would indicate clearly that the remains thus distinguished 
must have been those of prominent persons. 

prom the altars or ( 4  hearths” in mounds have been taken thousands of spherical 
pearls. For instance, a t  the Turner group in the Little Miami Valley, Prof. Putnam, 
exploriiig for the Peabody Museum, secured half a bushel, nearly every one blackened 
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by heat, some cracked, and all impaired in luster. Mr. Moorehead took from two 
hearths upward of 100,000 pearls. 

In an altar, or ‘‘ hearth,” of the Effigy mound were found a number of bears’ teeth 
and several quarts of pearls, many of which had several successive layem flaked OK 
Some of these pearls measured two-thirds of an inch in diameter. In  this remark- 
able altar were found hundreds of obsidian knives and spears, of exquisite work- 
manship, measuring from a few inches up to S inches in length. With these were 
several hundred earrings made of native copper coated with meteoric iron. 

From their manner of occurrence in connection with the akeletons, the archzolo- 
gist is lod to see that the use of pearls, although so many are found, was confined to 
a few individuals. 

Areinarkable fact in this connection is that pearls have never been foundin 
isolated mounds, nor out of the great mound groups. The hill mounds, the villages 
of the small streams, and the tumuli of northern Ohio have yielded none. They seem 
to have been used by the more cultured tribes, and are an evidence of extensive trade 
and barter. 

It is of interest to archzologists to note further that they are not found in any 
quautity outside of the Miami and Scioto valleys, and that they invariably were kept 
in large and prosperous commuuities ; that the pearls were deposited with the remains 
of persons held in espechl distinction ; while the enormous numbers found indicate 
that the yield of Unio pearls must have been far greater in the remote past than it 
has been a t  any time since the whites have occupied the country. 

Prom Taylor’s mound, Oregonia, Warren County, Ohio, there were four Unio 
shells in which a hole two-thirds of an inch in diameter has been drilled, either for 
the purpose of extracting a piece of the shell to make a bead from, or else to allow the 
shell to be used as an ornament. From this same mound were shown decorated disks 
made of Unio shells, and a long Unio from which the corner nearest the lip has been 
either ground down or cut off, evidently to adapt jt for use as a scraper or a tool of 
some kiud. 

In the Ayer collection from Alaska was a large cloak of buckskin decorated with 
about one hundred pendants of abalone shell (Ealiotis IcamchatIcana), the exterior of 
the shells being almost a brick red, the interior showing a brilliant iridescence of green, 
red, and yellow, the combined colors making a pleasing contrast with the dark-brown 
buckskin. The pieces are pear-shaped or elongated, frequently with a square lower 
end, occasionally having a notched edge, and varyirig in length from 1 to 4 inches. 

One of the most striking objects in this collection was an ornament made of wal- 
rus bone, beautifully inlaid with green abalone shell. The shape is that of a capital 
letter H, laid down horizontally, the sides being concave and curving gracefully. The 
length is about 5 inches and the breadth 1i inohes a t  the middle and nearly 2 inches 
at the ends. The whole is adorned with elaborate inlays of abalone, oval, semioval, 
ring-shaped, etc., producing a delightful combination of color in contrast’ to the yel- 
lowish-white bone. 

The decoration of various wooden dishes, bowls, boxes, and chests with pieces of 
abalone shell, is striking. Many of these are remarkably beautiful; and when it is 
considered t h a t  they were used as household utensils, one can not but admit that these 
savage tribes possess more natural artistic taste than nine-tenths of our American 
people. They also used circular pendants, either plain or with serrated edges, and in 

- 



. PEARLS AND PEARL SHELLS. 445 

several instances engraved with a human eye, the outlines being filled in with a red 
mineral color. Abaloue or Haliotis shell is also skillfully used in the decoratioii of 

. their horn spoons, the handles, quaintly carved, being inlaid with abalone and Unio 
shell. 

In  the Eminons and Terry collections in the anthropological gallery of the American 
Mnseum of Natural History, a t  New York, are some remarkable specimens of peari 
work from the aboriginal tribes of Northwest America. Among these ina'y be noted 
some of the grotesque masks of the shamans, or medicine men, of the tribes of British 
Columbia, in which the face is surrounded with large iulaid pieces of Haliotis (abalone) 
shell. Another exhibit sliows the whole process of making pearl fishhooks, among 
some of the Pacific coast Indians. Pearly shells are cut into rude disks of about 2 
inches diameter; these are then perforated and the perforation gradually enlarged 
until the disk is reduced to a flattish oval ring; this  ring is then cut through on one 
side, and worked into the shape of a letter C, and the completed hook is soon attained. 
Another consists of several hundred riug-shaped and discoid pieces of pearl, aver- 
aging from 1 to 2 inches across, which were found together in a grave in Ualifornia. 
These are further drilled with small holes on opposite edges, evidently for sewing them 
to a garment, doubtless a splendid pearl-covered mantle worn by some distinguished 
person and buried with his remains. 

The South American exhibits presented many interesting uses of pearly sliells, 
both for inlaying and in various f o r m  of personal adornment. Both these modes of 
application seem to have been carried very far among some of the native tribes .of this 
continent, as indicated by the articles here described, nearly all of which are now in 
the Field Columbian Museum. 

In the Amazon basin the Unio family is well developed, but is largely represented 
by two genera not found elsewhere, Castalia and Hyria. These are characteristic 
South American types, and while differing from the Unios and Anodons of North 
America and the Old World, are equally suitable for ornamental uses, from their pearly 
character. Probably many of the objects here described were made from these shells. 

In  the Paraguay collection were a number of necklaces made of obloug squares 
of Unio shell, connected by means of a fiber drawn through two drilled holes at the 
upper end, while the lower ends are decorated with three small circular drillings 
which do not entirely perforate the shell. Another necklace consisted of small joints 
of llollow reed or bamboo, about an inch iu length, between which were blue-glass 
beads, and pendent from each of these a small brilliant Unio shell, pure white, with a 
slight iridescence, and remarkably beautiful. Still another necklace was made entirely 
of unio shells, not very iridescent, with the dark-brown epidermis remaining on the 
exterior. Internally the drilling was either near one of the ends or toward the center 
ofthe shell. These were strung by a thin vegetable fiber so as to hang pendent about 
3 inches from the fiber necklace, and were evidently intended to serve for a rattle or 
noise-producing ornament. In  the same exhibit were a large number of pendants, 
consisting of small pieces or large sections of Unio shells, beautifully iridescent, vary- 
ing in form from oval to disk-shaped, and in length from 1 to 4 inches. In another 
neclrlace Unios were strung indiscriminately with hoofs of some small animal. 

The use of shells as ornaments is very pronounced among these people. In  
addition to those mentioned, Bullas and land shells mere struug. in a similar 
manner. These were white, gray, yellow, frequently with pink-tinted tips. An 
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interesting necklace consisted of operculums, 2 inches in length, of some large shell, 
attached by a fiber decorated with yellow feathers. 

Montaiia of Peru, were shown fully attired with their ornaments. These tribes decor- 
ate their headdresses, shoulder bands, and breasts with a profusion of circular, dia- 
mond-shaped, and pear-shaped pieces of a brilliant Anodon shell. These they arrange 
to form stars and other patterns, by sewing a nuniber of them to the fabric, generally 
by meaus of perforations, and frequently have them swinging as pendants from the 
dress. They also use small Unio shells, the wing-cases of beetles, white and red dried 
seeds, teeth of animals, etc. 

A woven necklace on which are sewed square sections of some fresh-water shells, 
and hanging from it oblong pendants; also three shells of the Spondylus, a pendant 
ornament, the red color of the latter shell adding a very strikirig feature. 

From Peru, was shown an immense mother-of-pearl casket measuring 30 inches 
in length, 17  inches in width, and 18 inches in height, ornamented with large silver 
clasps and handles, and decorated with scrolls filled with a black pitchy substance, 
probably asphalt, Spanish work dating from the sixteenth and seventeenth centuries. 

In the collecbiori made by Dr. 0. Finsch, of Hamburg, Germany, from the islands 
of the Pacific, are a uumber of shell articles, naturally much used among & people 
whose choice of materials is so limited and whose life is SO much upon the sea and 
beach. Among these may be mentioned : Fishhooks and scrapers of mother-of-pearl, 
from the Caroline Islands; armlets from cross sections of TroolLus shells, from New 
Britaiu; similar armlets from New Guinea, decorated on the exterior with character- 
istic carvings; also nose ornaments, tassels for earrings, etc. The nose rings were in 
shape long-elliptical, about 3 inches by Q of an inch, with a piece cut out from the 
middle of one side, about 4 inch in length. This interrupted ring could then be put 
on the lower part of the nose, and would remain there by clasping it, much as we 
attach our spring eyeglasses above. 

Another New Guinea ornament was il sort of plate or gorget, oval iu form and 
about 3 inches by 2, perforated a t  the middle of one side, to be suspended and worn. 
This was cut so thin as to be almost transparent. 

A somewhat similar mother-of-pearl gorget, from New Britain, about the same 
size, has the form of a semi-ellipse, with the upper edge cut somewhat concave, so as 
to give the whole a luuate shape. A t  the middle of the concave side are two drilled 
holes near together, to suspend it. 

In the Orient articles of personal adornment made of shell have been used and 
valued among the East Indians time out of mind; particularly, bracelets made from 
large univalves, such as TurBinelZa yapa, have been regarded as indispensable by 
Hindoo women, and worn as a badge of ceremonial purity by every wife. They are 
given to the bride by her father at her marriage, and a brief religious form is gone 
through before putting them OIL 

In making them, the shell was cut into thin slices, as it were, across the body- 
whorl of, e. g., a large Z'urbineZZa, and these were then easily wrought; into rings of 
a suitable sizo for bracelets. They were then variouslv ornamented by gilding and 

From Peru, life-size models of the Zaperos and Jiveros Indians, residing on the * 

Somc of them were carved and some plain. 
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coloring, or attaching beads, etc. Their use, however, is gradually becoming less 
general. Many varieties are made, distinguished by diff’erent native names, and a 
series was shown in the Indian Department of the International Exhibition at Glas- 
gow, in 1888. The prices are very moderate, ranging from an average of half a rupee 
to a rupee for a pair. 

Fuller, references may be found in ‘‘ The Art Manufactures of Inaia,” by T. M. 
Mukhauji, Calcutta, 1588, p. 265. 

SHELLWORK AND MOTHER-OF-PEARL IN FURNITURE AND JEWELRY. 

Some excellent examples of Damascus inlaid pearl work were those shown by 
Lockwood DeForest in the Manufactures building (see P1. 23). These consisted of 
chests, some of which dated from the early part of the century, in which diamond- 
shaped pieces of mother-of-pearl were set iu carved brown wood; also fiome very fine 
examples with floral and arabesque designs in mother-of-pearl work. They form a very 
pleasing contrast when inlaid in the dark-brown wood used throughout the East in 
making settees, chairs, and other objects of Oriental furniture. These are now regular 
articles of commerce, and are quite extensively imported into the United States. 

Pearl-inlaid musical instruments are not infrequently seen. A number are exhib- 
ited in the MetropoIitan Museum of Art, New York City, in the Brown and Drexel 
collections. Among these may be mentioned Turkish and Peraian tambouras, etc., 
inlaid with pearl in dark-brown wood, in the favorito Oriental style-the pearl pieces 
being mainly lozenge-shaped or in simple geometrical forms. More elaborate pat- 
terns are seen in Italian work, particularly in several mandolins of the eighteenth 
century, in which both bowl and stem are richly inlaid in somewhat peculiar and 
characteristic forms. 

A unique piece of American pearl-work is a maiidolin exhibited at  the World’s 
Fair, by the makers, Lyon & Healy of Chicago (see P1.22), which was purchased by 
the proprietor of the Kimball Opera Comique Company as a present for Oorinne. It 
was entirely covered with inlaid work, four kinds of pearl being employed, of diEerent 
shades and tints, inlaid in metal. More than 2,000 pieces of the several materials were 
used, and 265 days’ labor expended in making it, in cutting, fitting, and polishing 
the pieces of pearl. It was valued at $1,500. 

Some years ago there was shown in New York Oity-probably at  the old Crystal 
Palace exhibition-a piano in which the entire keyboard was of pearl, the body of 
the keys being of ordinary white mother-of-pearl, arid the flats and sharps of green 
abalone (Haliotis), producing an extremely rich and pleasing effect. 

One of the most remarkable examples of American pearl inlaying was a grand 
piano mado by Cottier Bt Company, of New York city, which is a study of the old 
Spanish method of inlaying mother-of-pearl with tortoise shell and colored woods iu  
a hard wood. Plate 26 represents what is probably the most remarkable example of 
inlaying of woodwork ever made in the United States. This is only one of a number 
of pieces, all varying in design, marking, coloring and workmanship, that this leading 
firm of woodworkers and decorators have produced from time to time. 

Another exposition piece-an electrolier designed by Mr. Louis 0. Tiffany-is 
inlaid with flowers, each petal formed by one of the natural segments of the chambers 

. 



448 BULLETIN OF THE UNITED STATES FISH COMMISSION 

of the pearly nautilus (Nawtiluspompilius), while the background is inlaid with bits 
of abalone shell. 

There may also be mentioned a table in the same exhibit, where the flowers, forming 
part of a decorative border upon the top of tho table, are made of pearl-oyster shell. 

Some fine specimens ofinIaying in furniture were shown in the Italian section by 
Ferdinand0 Pogiani, where mother-of-pearl is used in diamond- shaped and hexago- 
nal forms, i n  the Oriental manner, as well as for entire figures inlaid with ivory and 
ebony, as a decoration in connection with his fine furniture. 

Among many striking applications of pearl-bearing shells to decoration and fur- 
niture may be iioted, in particular, some shown by the Tiffany Glass and Decorating 
Company in the Manufactures Building. One of these, a specimen of high art, is an 
ecclesiastical table. Beneath the edge of the mensa, or top of the altar, which con- 
sists of a single slab of Carram marble, is a design of four circles, each containing 
one of the Apocalyptic emblems of’ the four evangelists. On tlie altar frontal, on 
either side of the center, are two larger circles, each containing a monogram of the 
Holy Name imbedded in a background of rosary beads made from the Fiji Island 
pearl shell. The monogram is further enriched by inlays of gold and precious stones, 
and made to appear iridescent by the addition of‘ the green Japanese mother-of-pearl 
(abalone shell). (See PIS. 22 and 24.) 

A tabernacle door is beautifully ornamen ted with several kinds of pearl shell from 
South Africa and from Terra del Fuego and Japan. 

On the walls of the chapel, containing part of the above-named exhibit, the green 
abalone shells were made to simulate peacock’s feathers with wonderful success. 

Tifl’any & Co. exhibited a very fine piece of wmk in the dial of a large astrono~nical 
clock. This dial measures 20 by 30 inches. The shells :we arranged in such a manuer 
as to give sky and sea effects. Tnlays of mother-of-pearl shells were also used iii 
elaborate scrolls on some boxes made of shark skin from Long Island Sound ancl Java, 
the shark skirr being stained green, yellow, and other coIors, and polished. 

One of the most iuteresting objects of pearl inlay vas  a small round earthenware 
pot in the ~ollection in the Cliff Dwellers’ exhibit, immediately west of the Anthropo- 
logical Building. I n  this earthen pot, irregular squares of Unio shell (fresh-water 
mussel) have been inlaid in hard clay in regular layers, the clay between the pieces of 
pearl being about the width of the pieces themselves, aud producing the effect of 
mosaic. This is the only object so decorated that has ever been found. 

Pearl-shell has also been utilized in the beautifying of church vestments. Two 
varietieu havebeen specially used; one form, employed in the decoration of a miter, is 
peculiarly adapted to the embroiderer’s art, as the protuberances on the true pearl 
oyster, sawn out and pierced, or mounted in a metal border and pierced, can 
readily be fastened to the embroidery with silk or wire. The other form is beads 
made from the Fiji Island pearl shell, which have been successfully used in the 
decoration of a chasuble. The natural surface of the shell is not ground down; only 
t h e  aides are shaped, thus giving a more pearly appearance than if the wliole were 
polished. In  Rumia, for centuries, this method of embellishing ecclesiastical gar- 
ments has been practiced with wonderful success. The treaeury of the Metropolitans 
in the Eremlin at Moscow contains an immense numbor. These applications seem a 
curious “reversion” to the Indian pearl-covered mantle referred to previously, as 
indicated by the cut pieces of mother-of-pearl in tlie Americau Museum of Natnral 
History. 

‘ 
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Some of the finest known examples of inlaid pearl work are in the canopies of the 
the tombs at  Allahabad, India. These date from the sixteenth century, the pearl 
work being a thin veneer set in black wood, and the ornamentation consisting of elab- 
orate Persian designs. 

In the Siamese pavilion were numerous examples of inlays, minute diamond- 
shaped pieces of abalone shell set in a black, pitch-like lacquer. This is similar to  the 
lacquer work that the same people make, in which‘they use tiny bits of looking-glass 
made of remarkably thin glass with a coating of mercury on one side. 

In the Chinese section there were some flne specimens of what Jacquemart, in his 
Histoire dele Porcelaine Chinois,”describes as Zacque burgandt?e, belonging to thereign 

of Kong Hi, in the seventeenth century, and made in the porcelain works at  Chingte- 
chew. They consist of an application of black lacquer on a specially prepared unglazed 
porcelain, the lacquer inlaid with thin flakes of pink and other iridescent colors of 
mother-of-pearl. Thin leaves of gold and silver are inlaid and introduced as parts 
of the decoration. Through time the silver has generally become black. This method 
of inlaying is now carried on at Oanton and in Cochin China, forming auite an indus- 
try, wooden vessels and dishes being used instead of the unglazed porcelain. 

The embellishing of ironwood, teak, and other wood at Canton forms quite an 
industry, the shell being set in wood in the form of leaves, flowers, and arabesque 
desigiis blending with the carved and plain surfaces of the chairs, settees, and other 
objects in which the shell work is inlaid. 

The Japanese have added to the inlaying process the painting of mother-of-pearl 
work with lacquers. This work dates from the time of Kovin and Ritzui, the greatest 
artists in this line, who, although they did not create the art, founded quite a school 
for this style of ornamentation. The abalone shell is used to represent hawthorn or 
other floral designs, aud the lacquer is brought close to the pearl work, the two 
blending one with the other, and the pearl itself occasionally exquisitely lacquered. 
Another form of ornamentation consists in inlaying, into the lacquer, squares of 
mother-of-pearl, so niinute as to form an unbroken iridescence; also microscopic petal- 
like bits arranged as flowers in transparent lacquers. Beautiful examples of such 
Japanese work, in various styles, may be seen at  the Metropolitan Museum of Art in 
New York City. In the Moore collection, for instance, is a casket with butterflies in 
abalone on gold lacquer; another with leaves and flowers in mother-of-pearl, also 
on gold lacquer; and some small pieces so closely inlaid with pearl that nothing 
else appears, and the most exquisite effects are produced by the digerent kinds 
employed, the ground being a sort of mosaic of the brightest green abalone, and the 
patterns inlaid in rich pinkish and lilac-tinted mother-of-pearl. 

As so little has appeared in the United States concerning the utilization of pearl 
shells of any kind in lacquer or similar industries, the following notes” from the works 
of Prof. J. J. Rein, of the University of Berlin, and Prof. Christopher Dresser possess 
great interest : 

Ao-gai.nuri or ao-gai-togi-dashi, mother-of-pearl lacquer, in which the coarsely 
or finely pulverized mother-of-pearl from varieties of Trochus and of Haliotis is used. 
If whole surfaces are to be evenly adorned, the process is like that in which metal 
powder iR employed. If, on the contrary, definitely outlined decorations are intended, 

_____- ___ -~ 

*See also article on “Lacquer,” by Russell Sturgis, in Johnson’s Universal Encyclopmdia, vol. 
IV, New York, 1894. 

- -  
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stencil patterns of tin foil.are pasted on the surface of the groundwork, and the open 
spaces are coated with rd-iro-urushi, and then sprinkled with ao-gai or mother- 
of-pearl powder. When dry the patterns are removed, and the whole is coated with a 
mixture of r6-iro and se-shime-urushi, and then the strewri mother-of-pearl is CareCully 
rubbed with magnolia charcoal. A second coat of the same lacquer varnish follows, 
then a second rubbing, aud finally the polishing. The same course is pursuod in the 
simpler work of strewing the whole surface evenly with mother-of-pearl powder. The 
beautiful green and violet iridescence of small mother-of-pearl pieces on the lacquer 
waxes decorated with it depends on its varyiug position toward the light and the 
uneven coating of the transparent lacquer varniah. 

SILari-nadii-ji, i. e. tin. ( d w t )  pearl grouizd.--The tin dust (or bronze powder 
instead) is strewn with a little sieve, evenly or in stripes a,nd figures, on the moist coat 
of naka-nuri and wheu dry covered with a coat of se-shinie. With this it takes a 
brown color, like the scattered powder of a precious metal. The gold ground becomes 
lighter yellow and more lustrous with age, the scattered tin or bronze dust on the. 
contrary grows darker and duller, as may be easily observed in many of the conixnon 
Japanese lacquer wares. It is to be understood that the strewing of metal powder 
does not finisli the work, but that  a coat of transparent 1ac.qiier aiicl the poliehing 
process must follow. 

Simple lacquer ware8, oritanrented with inlaid work.--l rank thie group next to 
the preceding, because its execution, although demanding some skill, does not, any 
more than the foregoing, necessitate a real artistic talent. The precious metals also 
are either not a t  all, or only exceptionally, employed in this. The inlaid mother-of- 
pearl work, ao-gai-zaiku, as cabinets, boxes, dishes, etc., which are brought iu  such 
numbers to Europe and made chiefly at Xagasaki, belong principally to this class. 
It is customary to incrust even the finest lacquer wares with mother-of-pearl, ivory, 
and precious metals, and to form from them reliefs of flowers and other natural objects. 

This branch of lacquer industry is already old, a8 articles in the Dutch, Dresden, 
and other collections testify. The common ao-gei comes from the inside of the ahell 
of the Haliotis, each shell yielding only one thin plate. The finer or ma-gai ao-gai, 
i. e., ao-gai imitation, is the product of the large Trochus, and comes principallg from 
the Riu-kiu islands. Both kinds (in Troohus, the last convolution) are scaled off in 
thin, transparent sheets, iti a painstaking, primitive way. 

The mother-of-pearl sheets are laid on the design, which is pricked through with 
India ink and brush. The colors (Prusfiian blue, gamboge, and a mixture of the two 
for green, also sienna, carmine, carthamine, etc.) are rubbed together with hot glue 
water and laid on with the brush according to the pattern, on the right places in the 
mother-of-pearl. When dry, the paiiited portions are covered with silver foil laid on 
with glue water arid again dried. Then the mother-of-pearl is cut with a sharp chisel 
into the shapes designated on its opposite side (leaves, flowers, etc.), with their cor- 
responding transparent colors. These are glued on the dull groundwork of vases, 
plates, cabinets, etc., and all the depPessed intervals filled up with black lacquer. 
Then the whole surface, including the inlaid work, is covered with two coaB of trans- 
parent varnish, and if necessary rubbed with charcoal and polished. The underlying 
silver foil is used to protect the colors on the under side of the mother-of-pearl from 
the lacquer, and to bring them out more clearly; but this is done only in the more 
valuable articles. Instead of mother-of-pearl, an inlay of tin is sometimes used, 
which is treated, of course, differently, and then never loses its color and polish. 

4 
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Ao-gai-xaiiku, mother-of-pearl work.-Pearls and mother-of-pearl consist of thin 
laminae of carbonate of lime with a little organic substance. But while they are 
found in concentric layers in the pearls, in the latter the lamina follow the direction 
or trend of the shell, yet in such a way that even in flat mussel and snail shells they 
lie somewhat inclined to the surface. The luster proceeds from the reflection of light 
and the iridescence or play of color from the interference of the rays reflected from 
the projecting edges of the thin laminae or blades a\nd the somewhat deeper parts. 
(The color change or iridescence of mother-of-pearl, consequently, is a phenomenon of 
iiiterference which inheres in the structure, and is analogous to t h e  colors of difl’rac- 
tion spectra produced by ruling very fine lines upon glass plates, rtc.) 

Furniture inlaid with mother.of-pearl is very popular in Turkey and throughout 
the entire Orient, but particularly in farther India and China. Iu Japan i t  is used 
mainly for decorating lacquer wares. A product of the country, called ao-gai 
(Ltwogai), used in thin sheets, is distinguished by its magnificent, iridescence in all 
the colors of the raiubow, and is obtained mainly from the smooth inside of the larger 
varieties of ear shell (Huliotis japonica Reeve, 22. gigantea Uhemn.), called awabi. 
A still more valuable sort goes by the name of ao-gai-magai, i. e., imitation ao-gai. It 
is formed of lamina: scarcely 3 centimeters broad, and is said to come from the Riu- 
kiu islands, from a kind of Nautilus. The shell of the Sazaye (Turbo cornutus 
Chernn.) also yields mother-of-pearl. 

The polishiug of the mother-of-pearl, as observed in Nagasaki, is not scientifi- 
cally conducted, since there is no facilitation of the work such as is afforded by the 
hoavy grindstone, revolving vertically on its axis. The thick, curved outer edge of 
the Haliotis she11 is first removed up to the row of holes, by means of l)incers, ham- 
mer, arid chisel; thcn the remaining part is ground on a fine-grained grindstone, 
sprinkled with water, till only a thin transparent lamina remains. It is a very weari- 
some work, and one man can polish only eighteen pieces a day. Each sheet costs from 
2 to G sen, according to size and fineness. These thin sheets or plates, as well as the 
mother.of-pearl dust of various dbgrees of fineness, obtained from the wa&e, are now 
used by the ao-gai-shi, or mother-of-pearl workmen, for decorating lacquer wares. 

The inlaying of pearl in lacquer * is effected almost exactly as we i d s y  our pa,pier- 
mache work, tlio process differing only in detail. The pieces of pearl from which the 
parts to be inlaid are cut are very thin, and can be used like tracing paper. Before a 
workofthis kind is begun, a drawing of the pattern is madeon a sheet of paper; this 
drawing is transferred to the box or tray upon which the pattern is to be wrought. 
Little sheets of pearl are now placed over those parts which are to appear in this 
lustrous material; the forms covered by the sheets of pearl are traced upon them, and 
then they ere removed. With a curious chisel-like knife, the pearl is next cut into the 
desired shapes, and these are stuck by lacquer in their respective positions. After all 
are in place, the whole surface is covered with repeated coats of lacquer, by which the 
pearl is entirely hidden. By grinding, a smooth surface is then secured, and the pearl 
again appears, but is now level with the general surface. The pattern is again trans- 
ferred to the surface, having beell fitted to the bits of pearl so that they may take their 
right places. 

Besides this ra-den or mosaic work with thin sheets of mother-of-pearl, thicker 
_. - -. - - - ----- - _  - .. __ _.- I___i__ 

* L‘Japan,” by Prof. Christopher DPemer, page 362. 
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pieces are ground and engraved as a flower, an egg, or some other design, and made 
to serve, like ”iory, as an inlay in raised gold lacquer work. The making of brooches 
out of this material, however, and turning buttons and other art.icles of jewelry on 
the lathe, are scarcely known. 

An enterprising New York firm utilized in a novel way all the available pearl. 
sheets, or leaves, as are termed the paper-like pieces of ear-shell, or awabi, as it is 
called in Japan, where, in preparing the abalone shell for export, they break oft’ the 
thick edge, or “ear-piece,” and reduce the rest almost to the thinness of paper, and 
then polish. These thin sheets, or. leaves, were ingeniously inserted for windows or 
for sky effects on photographs made on glass, the plates being views of the World’s 
Fair buildings, and were sold in great quantities. 

SHELL CARVINGS AND CAMEO WORK. 

Among the most beautiful pearl work may be noted the high-relief cameos carved 
on mother-of-pearl shells, seen in the Italian section and elsewhere. Here advantage 
is taken of the difference of tint in the inner and outer portions of the dark variety 
(Tahitian pearl-shells) to cut cameos, where groups of carved figures 6 inches in 
diameter in white pearl are raised upon a background of darker pearl, producing a 
peculiarly elegant effect. Cameo work is also shown on the pink conch of the West 
Indies (Strombzcs gigas), where deeper and paler shades in the shell aflFord similar 
opportunity for relief designs. Some magnificent specimens of carved Cassis cornuta 
(queen conch) were in the exhibit of Rocco Morabito, of Naples, who, among other 
fine examples, had one immense group of figures on a conch, representing scenes in 
British history. 

The firm Decaro, of Naples, had inany remarkably fine cameos, as well BB carved 
shells representing Columbus, Diana, and Neptune. The firm Santa Maria (Rome 
and Florence) and Michel Piscione showed remarkably fine carved conch shells; and 
Leopoldo Pelissier had, among others, one depicting the Columbus caravels, another 
representing the landiiig of Columbus. The latter has been purchased by Gardiner 
G. Hubbard, of Washington, D. C. On the other side of the shell is a medallion 
head of Columbus (see Pls. 20 and 21). Throughout the entire Italian section could 
be seen many interesting examples of the utilization of the common conch and 
the queen conch, mother-of-pearl and other shells, into various beautiful articles repre- 
senting industrial progress. 

An interesting exhibit is that of M. Toledo, the work which he terms Massaniello, 
a lava-like material, surrounding which is a square frame made up of long pieces of 
the queen conch (Cassis cornuta), ornamented with elaborate, delicate, and intricate 
figures and scrolls in cameo work. This piece is of the highest artistic merit, and 
was one of the daintiest bits of carved shell work in the Exposition. 

The utilization of mother-of-pearl for carving was also well illustrated in the 
exhibit of Dabdoub Brothers and by that in the Turkish Village. Here the polished 
mother-of-pearl shells are engraved with allegorical and ornamental designs and are 
known as Jerusalem shells, serving for trays, light screens, and similar objects. They 
are also cut into paper-knives, spoons, etc., and rounded into beads and strung to  
represent pearls, the beads being flat and the original nacreous surface being left 

This required two years’ work. 

I. 
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to give a more pearly eff'ect. They are quaintly carved into brooches and bracelets. 
In  the Manufactures Building was exhibited a fine crucifix several feet ip height, and 
other interesting objects. 

Leitner and Salomaii showed a large quantity of mother-of-pearl shells and a 
series of works in engraved illother-of-pearl-haiiclles, paper-cutters, and like objects- 
from Australia. 

In the Anthropological Building, forming part of the Ward collection of mollusks, 
were fine exsinplcs of Pinnas from the various parts of the world; four specimens of 
the pearl oyster, Azihda (1Meleagrina) margaritVera Linn., from the Indian Ocean, which 
are remarkable examples of carving by hand, and some beautifully carved examples 
of Avicula mawoptera Lam., enriched with a circular disc-like ornamentation; also 
fine examples of Avicula hirundo aiid Avicula sterna Qould. 

In the building of the French colony of New Caledonia were shown fine examples 
of engraving of mother-of-pearl shells, tlie relief being obtained by filling in the 

' cutting with printers' ink. The subjects were in the style of steel engravings, tlie 
reproductions of famous paintings. The artist who made them was an unfortunate 
steel-plate engraver, who for some forgery was sent to Now Caledonia, and when not 
pardoned as soon as lie expected, took his own life. His pearl engraving was the 
finest that it has been my fortune to see anywhere. 

Another mode of shell ornamentation, of a type related to cameo work, may nere 
be referred to, viz, the carving of Nautilus shells by some of the Pacific Islanders. 
The outer colored layer is removed down to a surface of uniform dead white, somewhat, 
creamy in tint. I n  this, patterns are cut down further to the pearly layers below, aud 
when finished the entire shell is thus covered with elaborately carved designs, flowers, 
scroll work, arabesques, etc., raised in the cream-white upon a ground of pearl in a 
very beautiful manner. This is also frequently done by etching with acids. 

One of the finest collections illustrating the utilization of the mother-of-pearl, 
abalone, and other shells, was an exhibit prepared by the Smithsonian institution. 
Among these may be mentioned a series illustrating the evolution of pearl buttons, 
breastpins, earrings, inlaid cane-handles, umbrella handles, cardcases, and boxes, made 
of the shells of Haliotis craclberodii, and of the true mother-of-pearl shell, Meleagrina 
margaritvera, aiid of other shells. 

An interesting exhibit illustrating the mother-of-pearl industry in Austria was 
that of Carl Storck's successor, at Vienna. This consisted of' beautiful carved mother- 
of-pearl shells, among which may be mentioned a very interesting frame made of the 
mother-of-pearl aiid conch shell, and a large series of buttons and other carved orna- 
ments. The Royal Imperial Austrian Museum of Arts and Industries, of Vienna, 
exhibited some remarkable shell objects, one a pearl casket, 13 by 10 by 10 iuches, 
made of white and greenish-black mother-of-pearl, a superb piece of workmanship 
designed by Prof. J. Storck and executed by K. Krehan, of Vienna. Worthy of meu- 
tion in the same exhibit were IL collarette and brooch made of elongated and acorn- 
shaped beads of yellow-greenish-tin:ed mother-of-pearl, the necklace and brooch being 
of gold and silver, designed by Storck and made by Bacher & Son, of Vienna. 

Probably the most superb piece of pearl work in the Fair was a platter, 20 by 15 
inches and 4 inches deep, representing the Danube in silver gilt, and embellished 
with carved figures made of successive layers and pieces of mother-of-pearl, yellow, 
pink, and other colors of conch, abalone: btc. The central figure is the Danube, and 

. 
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various ousts representing the several proviuces of the empire. The central group 
includes eight busts and eight fruit groups which embellish the dish, all the shellwork 
being placed on a background of lapis-lazuli. This was designed by Professors 
Storck, Earger, and Schwartz, and executed by Dorflinger Q Brothers, Praukfort- 
on-the-Main. 

Another design by Prof. Storck is a frame of Louis XVI style, inlaid entirely in 
gray, white, and black mother-of-pearl, and pink and yellow conch, 13 by 8 inches in 
size, executed by Rudolph Furtener, of Vienna. In  the same exhibit were a col- 
larette of four rows of mother-of-pearl beads with drops, set in silver and gold enamel ; 
also a necklace and brooch, both designed by Prof. Storck. A collarette of five 
strands of sea pearls that  alternate with panels of silver gilt was designed by Prof. 
Storck and executed by Bachner Q Son, of Vienna. A casket 12 by 15 by 10 inches 
of ebony, mahogauy, and olivewood, decorated with mother-of-pearl, was designed 
and made by Anton Michel of Vienna. 

MISCELLANEOUS U S E S  O F  S H E L L  MATERIAL. 

Great quantities of mother-of-pearl cat’s-eyes were sold, mounted in silver or some 
other metal, and many people believed them to be true oriental cat’s-eyes. These are 
generally made out of dark mother-of-pearl shells, abalone, or some other dark-colored 
species. By cutting across a thick layer of such shell and polishing the piece into a 
hemisphere the light condenses upon the dome into a batlid, giving a cat’s-eye effect. 
A number of green Trochus shells were made into napkin rings by cutting oblique 
sections across the large diameter of the shell, leaving tlie apex or spire of the shell 
as well as the main whorl to  receive the napkin. 

With reference to the imitation cat’s-eyes and the cutting of beads, etc., as also 
other peculiar uses, the following notes may have interest here. They are taken from 
a coiisular report on these pearl industries made by Mr. Edward Bedloe, U. S. consul 
at Amoy. 

In  the cutting of beads, buttons, studs, and other small articles from shells of a 
high luster, there are some fifty species utilized, of which the Chiiiese mussel and 
oyster are the most prominent. One variety gives a black, blue, or white button, 
similar to the cat’s-eyes of Ueylon, and named after these, Amoy or Canton cat’s-eyes. 
A second variety is of a pale fawn ranging to translucency, called white cat’s eyes, 
A third is half an inch in diameter and resembles light-brown onyx. The black and 
white cat’s-eyes are used for bracelets, necklaces, ladies’ dress buttons, and also as 
dress ornaments similar to pearls. The balls are strung and used as necklaces, brace- 
lets, earrings, and rosaries. Though apparently fragile, they are really tough and 
very durable. Their price depends upon some inscrutable Chinese rule, and varies 
from half a cent to 5 cents apiece. When mounted as buttons the black cat’s.eyes 
are a pleasing ornament when worn on a black-silk dress. The gradations of color 
are brought out into fine relief, and the suggestion of blue, which runs through the 
shell, gives a color to the somber silk, which is very pleasing. The best effect is 
when they are sewed closely together in a double line upon a vest or waist, when they 
seem to be a fine and brilliant stripe. A curious way of setting both cat’s-eyes and 
onyx balls, practiced by the Uhinese, consists in alternating them with small carved 

- 
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fruit stones. It is rather attractive as an oddity, but the lack of color deprives i t  of 
any aesthetic value. 

Among the quaint things shown by the Chinese" are the oups, saucers, and 
spoons made from the larger types of tropical univalve shells. The finest specimens 
come from the southern Philippines and the next from Borneo, but good ones are 
found in the Pescadores and Formosa. It would seein as if the original idea was 
Malayan and that the other races of the Orient were merely imitators. In making 
cups and saucers the conchs are sawed through in about the same manner as 
cocoanuts are when iutended for dippers. They are cleaned and poIished, and tho 
convex surface ground slightly so as to rest on a table without spilling or tilting. The 
spoons are made by sawiiig the rouud superior surface of the conch at  such an angle 
as partially to intersect the spindle or inajor axis (columella), which becomes the haudle 
of the completed spoon. According to the size of the shell, the result is a dessert- 
spoon, a tablespoon, or a ladle capable of containing s quart. The interior is of a 
rich sulphur, salmon, or orange color, or of a pearly luster. It has no angles where 
dirt can accumulate, and is about the handsomest natural spoon that I have ever seen. 
They stand heat and cold well, but are attacked by vinegar, lemon juice, and other 
acids. The best market in which to obtain them is Cebu, in the Philippine Islands. 

FRESH-WATER PEARLS AND PEARL SHELLS O F  THE UNITED STATES. 

The abundance of the pearly shells of the family Unionidae, commonly known as 
fresh-water mussels, in all the lakes, strea'ms, and rivers of the United States, makes 
them quite important as a possible source of material in the ornamental arts. Refer- 
ence has been made at various points in this article to fresh-water pearls and their 
use in jewelry, both in this country and Europe, and to the enormous numbers 
gathered in prehistoric times by some of the mouud-builders of Ohio. As we possess 
so great a variety of these shells, so widely distributed over the country, it seems 
desirable to bring together here& general review of all the material of this kind shown 
at the World's Fair, and to lay stress 011 the value which it may have for decorative 
work, and the importance of preserving and utilizing the supply so freely bestowed 
upon our country and hitherto so little appreciated. 

Included in the references above made to various exhibits of pearls and pearl 
shell are the following : 

In the Tiffany exhibit in the Manufaotures building: The prepared and injected 
speoimen of Margaritalza margaritifera, from Bohemia, showiug a pearl in place 
between the mantle and the shell; Unio pearls from Nova Scotia; seven of those from 
near Paterson, N. J., gathered in the first river-pearl excitement in 1856; and some 
of the prehistoric pearls from the Turner mounds of Ohio. 

There was also a large oollection of various species of Unios, from the small shells 
to the magnificent valves measuring nearly 8 inches in length, in a series in which one 
valve of each specimen is polished and the other in its natural state, to show the com- 
mercial possibilities of these shells. 

In the museum of the Brooklyn Institute of Arts and Sciences there is displayed, 
in their local collection of the mollusc& of Long Island, a remarkable specimen or" 

*Report of U. S. Consul Edward Redloe, at Amoy. 
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Anodon, with both valves polished and beautifully pearly, from the lake in Prospect 
Park in that city. The valves are about 6 inches long. A number of these splendid 
Anodons have lately been found in this lake, and the fact that they can thus occur 
shows how readily these mollusks could be propagated and their shells made an article 
of commercial value. 

In  the Swedish building, Augusta Mollenberg, the royal court jeweler, exhibited 
twelve fresh-water pearls, weighing from 4 to PO grains each, eight mounted on a chal- 
ice and two on an eccleRiasticd bowl. A Norwegian jeweler exhibited several dozen 
pearls, white and faintly pink, from Norwegian rivers. 

In the English section of the Manufactures building Edmund Johnson, jeweler 
royal of Ireland, exhibited several fresh-water pearls, weighing over 10 grains each, 
from Irish rivers, mounted in a brooch in his collection of representations of Irish 
gold antiquities. 

In the Mexican section, in the Fisheries building, from the district of Jederal, with 
a series of pearl shells from the west coast of Nueva Leon, was another of fresh-water 
Unios, some measuring nearly 10 inches in length. 

In the southeastern gallery of the Anthropological building there were displayed 
about fifty specimens of Unios and mother-of-pearl shells, with one valve of' each shell 
polished. 

In  the German seition of the Manufactures building, and elsewhere, were shown 
Unio shells from the Elster, in Saxony, a'nd the Bohemian rivers, frequently polished 
on both sides and made into beautiful little portmanteaus, satchels, etc. The shells 
are often ground very thin, so that colored photographs or designs may be shown 
through them. 

A very interesting series of mounted fresh-water pearls was shown from Wiscon- 
sin, Tennessee, Ohio, and Texas. Among these are some absolutely white, pink, and 
brown pearls. All those from Wisconsin are very fine, possessing A marvelous metallic 
luster. The pearl fisheries of that  State have produced a t  least $250,000 worth of 
pearls since 1889. 

I n  the Mining building, Bunde & Upmeyer, of Milwaukee, exhibited a case of 
several hunared Unio pearls, some of them very fine, of the various colors found in 
the rivers of Wisconsin. 

The New York State exhibit, in the gallery of the Anthropological building, con- 
tained a superb collection of Unios, beautifully mounted and well labeled, belonging 
to the State cabinet. This collection embraces those of the Rev. John Walton, Shelly 
G. Grump, G. E. Beecher, and others. In  the south gallery, forming a portion of the 
exhibit of Prof. Ward, of Rochester, were some magnificent specimens of Unios. 
Superb examples of Dipsas plicatzls Lea, from Lake Riwa and from central China, 
oontaining pearl figures of Buddha and flat pearl-like disks, produced by inserting 
between the mantle and the shell of the mollusk small tin-foil figures of Buddha, or 
small hemispherical disks, which in time become coated by the pearly nacre, were 
shown in the folklore collection of G. F. Eune and in the Ward collection in the 
south gallery (see P1.40), both now in the Field Oolumbian Museum. 

This method of producing figures and symbols that could be used for ornaments 
is one that would recompense any American who would produce the same results in 
some of our richly colored and brilliantly lined Unios. 
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CULTIVATION O F  T H E  PEARL OYSTER. 

In the Japanese section, E. Mikimoto, of Toba, Shima, Japan, made a remarkably 
interesting exhibit of pearl shells from the Bay of Ago, province of Shima, on the 
Pacific coast of central Japan, near the famous temple of Ise. The Bay of Ago is 
about 3 miles long and 2 miles broad, and, penetrating ‘inland for some distance, its 
waters are always calm. The pearl oyster is abundant along its shores a t  a depth of 
from 1 to 6 fathoms, where the bottom is eandy, with a scant growth of seaweeds. 

Little can be ascertained as t o  when the fishing of pearl oysters began in this bay. 
I t  is believed, however, to  have commenced some three or four centuries ago. 
I In  about 1880, pearl fishing in this bay was very actively carried on, and although 
pearls were comparatively cheap at that time, the annual yield amouiited t o  $10,000. 
But too great an activity on the part of fishermen led to a dopletion of the fisheries, 
so that the yield gradually decreased until in 1885 the value of pearls obtained was 
less than $1,000. 

Fearing the extinction of this yaluable shellfish, the Fisheries Association of the 
district took steps to restore the industry by establishing a closed seaeon, etc., and, 
at the advice of the late Admiral Y. Yanagi, president of the Japan Fisheries Society, 
of Profs. E. Mitsukuri and C. Saraki, of the Imperial University, and of Kishinouye, 
the zoologist of the department of agriculture and commerce, tried with success the 
experiment of collecting and rearing the spat on tiles, stones, logs, ropes, etc. By 
the adoption of these various means the fishery has largely recovered its lost ground, 
and for tke past two or t h e e  years the yield of pearls has been restored to the amount 
obtained at the active period of the industry. Mr. Mikimoto entertains every hope 
of greatly extending and promoting the industry in the future by systematic cultiva- 
tion of this kind. 

The chief Eource of pearls in Japan is the pearl oyster (Auioala martensii), but 
the mussel (Mytilus orassitesta), the oyster, the sea-ear or abalone (Haliotis gigaatea), 
and the fresh-water pearl mussel (Dipsas plioatus) also produce their special pearls. 
In  Japan, as in Europe, pearls from the pearl oyster are especially valued on account 
of their brilliant luster and pure color. Those with the silvery hue command higher 
prices than those of the golden hue. Pearls from the mussel, the pearl mussel, etc., are 
of various tints: those from the oyster are usually milkywhite; while those from the 
sea-ear (Haliotis) and abalone shell have usually a golden tinge. 

Mr. Mikimoto’s exhibit illustrated the growth of pearl shells from one to nine years. 
This shellfish spawns from June to  August; therefore soine of the shells exhibited 
could not have been more than a few weeks old. These continue to grow until the 
following November, when the approach of the cold season checks them for a time. 
In March of the year following, growth again commences, and on this account Febru- 
ary is considered the end of the ‘‘ pearl-oyster year.” In other words, young shells 
collected in the first fieason, up to and including the following February, are called 
first-year shells; those obtained from March of the second year to February of the 
third year are known as second-year shells, etc. 

’ 

- 

NoTE.-Articles figured on plates 29,30,32,33,34,35,36,37,39 (see page 440) are in the Tiffany- 
Higinbotham Colleotion in the Field Columbian Museum, Chioago, Illinoi’. 



Bull. U. S. F. C. 1893. Pearls and Pearl Shells: PLATE 19. 

OBJECTS I N  SILVER,  I N  W H I C H  S O M E  PART O F  T H E  FIGURE I S  MADE OF A LARGE O R I E N T A L  BAROQUE PEARL. 

Exhibited by Richard Horstman, of Berlin, for Messrs Heitel & Sohn, Hanau. 
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Bull U .  5. F. C. 1893. Pearls and Pearl Shells. PLATE 20. 

SARDONYX H E L M E T  S H E L L  R E P R E S E N T I N G  THE L A N D I N G  O F  C O L U M B U S ,  A C O P Y  O F  T H E  BAS R E L I E F  O N  
T H E  M O N U M E N T  TO C H R I S T O P H E R  C O L U M B U S  I N  N E W  YORK. 

Carved b y  E, Campi,  of Rome, who obtained the award a t  Rome for th is  fine carved cameo-shell. Th is  shell i s  unique, and w i l l  
not be reproduced. Owned by Gardiner G. Hubbard, Esq., Washington, 0. C. 



PLATE 21. 
Bull. U. S. F. C. 1893. Pearls and Pearl Shells. 

ILi.l 

SARDONYX H E L M E T  SHELL,  REVERSE. PORTRAIT OF COLUMBUS.  



PLATE 22. Bull. U. S .  F .  C. 1893. Pearls a r d  Pearl Shells. 

T A B E R N A C L E  DOOR, T I F F A N Y  GLASS AND D E C O R A T I N G  C O M P A N Y .  

Three center pieces i n  central ornament and f o u r  cjrcles at each end, natural pearly pieces of mother-of-pearl; four oblong ornaments 
above and below circles, rounded A'nwlilrirr p<l7n~JililCX; f o u r  other circles w i t h  ob long or  i r regu la r  centers, natural beach pebbles, 
used for t ranslucent effect--an ot lg ina l  use  of natural objects. 

M A N D O L I N ,  L Y O N  & H E A L Y .  CHICAGO. 

Made of t w o  thousand separate pieces of  vbrious materials) i n c l u d i n g  four dist inct  qualit ies of pearls, the  effects b e i n g  produced b y  
the shading of the  di f forent pearls. 



Bull. U. S. F .  C. 1893. Pearls and Pearl Shells. PLATE 23. 

OAK SCREEN, INLAID W I T H  MOTHER-OF.PEARL,  O N E - T E N T H  DIAMETER.  

Damascus work, made for  World's Columbian ExpoidJon by Lockwood De Forest, New York 

OLD WOOD CHEST,  I N L A I D  W I T H  MOTHER-OF-PEARL,  0 N E . N I N T H  DIAMETER 

Damascus work, 75 years old Exhlbltcd by Lockwood De Forest, New York 



W 
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F R O N T  OF MENSA, T I F F A N Y  GLASS AND CECORATING COMPANY.  

Mother-of-pearl (natural, rounded, pearl-like surfaces) used in upper border-iine and in circles on right. A-a?hlitibapompiliur, natural rounded pieces, used for central ornament of 
large circle. Groundwork, a mosaic of Mexican onyx, colored and aventurine glass. Chicago, 1893. 
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SILVER RELl QU A I  RE. 

Rococo style. Bohemian work of the seventeenth century, inlaid with Bohemian river pearls, garnets, and turquoises, Rock crystal cover over 
Limogcs enamel o n  reverse stdo. relic. 



cd 
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GRAND P IANO,  COTTIER & CO. 

One of the most remarkable examples of American pearl inlaying; a study of the old Spanish method of inlaying mother-of-pearl wlth tortoise sheil and colored woods 
in a hard wood. 



R U S S I A N  ICON, TRYPTICH OF V I R G I N  A N D  CHILD. 
Made about 1643. by a leading Russian artist, for one of t h e  principal c h u r c h e s  of Nijni Novgorod. The framework in  s i i v e r g i l t ;  t h e  inlaying, r iver  pearis, rubles,  emeralds, etc. Brought from 

Nijni  Novgorod by George F. K u n z ;  i n  t h e  collection of t h e  Unrted States Natronal Museum. Washin&m, D. C. 

-* 
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Bull. U S. F. C. 1893. Pearls and Pearl Shells. PLATE 28. 



Bull. U. S. F. C. 1893 Pearls and Pearl Shells. PLATE 29. 

PEARL OYSTER, dfeleagril~a~nar~aritifera. OBVERSE AND REVERSE, I N N E R  AND OUTER VALVES. 

Stze, valve wlth coral, I5 Inches hlgh, 7 Inches wide. O n  the exterlor are groups of three dtfferent opecles of coral. 
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Bull. U. S F. C 1893. Pearls and Pearl Shells. PLATE 30. 

D 

PEARL OYSTER SHELLS W I T H  CORAL GROWTHS.  

One-tenth diameter. from Tahiti. 

T R l G O N l A  PECTINATA. Australia. Natural size 
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PLATE 31. 
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T I  F FAN Y. H I G I N BOTH AM C O L L E C T  I O N .  
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reenish pearl, IInliolia w f r s r n i n .  Lower California. 
(J '  Greenish pearl from a lorge'species of Trochus. Wcst coast of 

( K '  GMexico. 
(L) P i n k  U n i o  pearl. Tennessee. 
( M )  Ostrea borealis, resembl ing human eye. 
( N )  Fragment  of U n i o  f rom Wisconsin;  copper colored. 
(0) Oriental  pearl; peeled. 

( A )  Fresh-water pearl, s imu la t ing  Pan p lay ing  on pipes ; p ink .  
(B) Fresh-water pearl, showing concentric markings. 
(C)  Fresh-water pearl, animal head; white. 
( D )  Fresh-water pearl, ram's head ; bronze color. 
(E) Four  pearls uni ted,  represent~ng head; f rom Tahi t i .  
( F )  Ostrea borealis, showing internal  structure. 
(G) Fresh-water pearl, Spaniel Hend, ruddy copper color. 
(H) Heart-shaped pearl. 1 (P )  Inter ior  concave view. 

~ 

Ex t r r lo r  convcx side. 

(I) Ostrea borealis. 
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PLATE 32. 

(a)  MELEAGRINA MARGARITIFERA, W I T H  I N C L U D E D  PARASITIC FISH. 
( b )  MELEAGRINA MARGARITIFERA, W I T H  I N C L U D E D  PARASITIC FISH 

Lowor Caltfornta. 

Lower California 



PLATE 33. Bull. U. S. F. C .  1893. Pearls and Pearl Shells. 

#--’”- a- 

PEARLY K N O B ,  Blrleagrina ?naj*garitifei-a. SIX by flve and a half Inches Thursday Island, Tohltl. 

MOTHER-OF-PEARL S H E L L  W I T H  PEARLY K N O B  W I T H  M O N K E Y - L I K E  FACE 
Four and a half by four and a half Inches. rhursdny Island, Tahiti. 



PLATE 34. Bull. U. S. F. C. 1893. Pearls ond Pearl Snells. 

! 

PEARL OYSTER, 
One valve showing two ingrowing pearls and four places where pearls had been attached and had fallen out. Coast of West Australia. 



PLATE 35. Bull. U. S. F. C. 1893. Pearls and Pearl Shells 

FRESH-WATER MUSSEL,  U N I O ,  W I T H  D E E P  P U R P L I S H - R E D  INTERIOR.  

Eight inches long. From Sugar River, Wisconsin. 



Bull. U S. F. C 1893. Pearls and Pearl Shells. PLATE 36. 

F R E S H - W A T E R  M U S S E L ,  UNIO. D E E P  P U R P L I S H - R E D  I N T E R I O R  

E igh t  inches in length. Sugar Rlver ,  Wlsconstn 



PLATE 37. Bull. U S F C. 1893 Pearls and Pearl Shells 

PAIR O F  LARGE SHELLS, dfeleagrina margaritifera, M O T H E R - 0 F . P E A R L  

Wetght, 1551 ounces, each valve being 1 1 4  inches across. 



Bull. U S. F C. 1893 Pearls and Pearl Shells PLATE 38. 

A B A L O N E  S H E L L ,  Ulnliolia i-wfmcom, W I T H  P E A R L Y  G R O W T H  R E S E M B L I N G  C A M E L ' S  HEAD,  AND NEARLY 

T W O  I N C H E S  I N  D I A M E T E R  

From coast near San Ddogo County,  Cal i fomla.  



PLATE 39. Bull. U. 5. F C 1893 Pearls and Pearl Shells 

PEARL OYSTER JfeZrngrinn mar[garil(fwa. S H O W I N G  BORINGS W H I C H  T H E  S H E L L  HAS COVERED 

S i x  by five inches  Tahit i .  



PLATE 40. Bull. U. S. F C .  1893. Pearls and Pearl Shells. 

DIPSAS PLICATUS, lNTERlOR AND EXTERIOR, INTERIOR C O N T A I N I N G  T I N F O I L  F I G U R E S  O F  BUDDHA. 

Four inches long. Pearl-coated figure of Buddha, obverse and reverse, showing concave depression nriginally filled with tinfoil or wax. 

DIPSAS PLICATUS, C O N T A I N I N G  T H R E E  STRINGS OF BEADS W I T H  A PEARLY COATING. 

Both from temples in Souchow, China. 



Bull. U. S. F C. 1893 Pearls and Pearl Shells PLATE 41. 

FRESH WATER MUSSEL,  dfaargardnnn mn,gnrzlifcm. S H O W I N G  P E A R L  I N C L U D E D  B E T W E E N  M A N T L E  AND S H E L L  
I N  T H E  L O W E R  R I G H T - H A N D  C O R N E R  

Spocimrn prepared by V Fric, of Praguo From Botova Rivcr, Er,hcmio 
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