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SARDINE BOATS S A I L I N G  TO T H E  F ISHING-GROUNDS.  

A SARDINE F ISHERMAN'S  HOUSE, 



THE FIIENCI-I SARDINE INDUSTRY. 

BY H U G H  M. SMITH. 

GENERAL IMPORTANCE O F  THE INDUSTRY. 

Few if any foreign fishery industries are of greatev interest or importance to 
Americans than the sardine industry of France. The wholesome, palatable, and 
cqnvenient canned sardine is consumed in nearly everr community, and the annual 
importations of French sardines into the United States are worth about $1,000,000, 
a sum exceeded by the value of but few iniported fishery food products. This is 
perhaps sufficient reason for the presentation of this report; but another consideration 
is the advantages that inay accrue to thc fisheTmcn ZLnd fish-canners in the United 
States from a knowledge of the methods pursued in the sardine fishery and canning 
industry of France. 

f i m i  

official statistics' it appears that in 1898 the sardine fishery gave emplov~iient to 
81,871 fishermen; the number of boats used was 8,164, with a tonnage of 32 863 
tind valued at  5,934,633 francs; the apparatus employed was worth 7,030,945 francs; 
the quantity of sardines taken was 53,924,275 kilograms (or 115,633,400 pounds,; and 
the selling price of the fish was 9,204,988 francs (or about $1,840,997). 

The information on which this paper is based was obtained by the writer during 
a visit to Brittany in September and October, 1900, and represents the conditions 
especially prevailing at and in the vicinity of Concarneau, where most of the time was 
spent, The fishing and canning methods of the various centers tire so much alike 
in all essential respects that the descriptions here given are applicable in a general 
way to the entire coast. 

The sardine is the leading fishery product taken in the waters of FrtLnce. 

THE SARDINE. 

There has been and still is considerable uncertainty among the fishing interests 
in America and Europe regarding the specific relations of the sardine of the Bay of 
Biscay and the Mediterranean Sea. Some persons have believed that the sardine 
canned in France is a distinct species, while others have held that the French sardine, 
like the sardine of New England, is simply the young of some horring-like fish. The 
term sardine is a general one, applied to various clupeoid fishes, mostly of small size, 
in different parts of the world, and can not be restricted to any particular fish. Thus, 
there are the Spanish sardine of the West Indies and Florida; tho California sardine, 
found along the entire west coast of the United States; the Chile sardine; the oil 
sardine of India; and the sardines of Japan and New Zealand. But the sardinepa,. 
emeZZmce is the French sardine, called rilso co'lcren, cdlan, royan, galicc, and cmdctin 

1Statistiqucs des I'@clics Mnritimrs, hxindu 1898. Paris. Imprimcric NiitiOllale, 1900. 
F. C. B. 1901-1 1 
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on various parts of tho French coast. The 11ame sardinc has rcfercnce to the island 
of Sardinia, in tlic Mediterranean, about whosc shores the fish is ihundant. , 

As e d y  :is 1553, Pierre ~61011, n, French naturalist, :Lsserted that thc sardiiic is 
the young of the pilchard; and at  present this is thc view of nearly all authorities. 
Thc pilchard, :LS is -well known, is one of tlic most jiiiporttiit fishes of the southern coast 
of England, bcing cspecially ahunclant in Cornwall. Young pilchards ~r " sardines " 
are found on tho Cornish coast, but t ~ r e  apparently not so nunicrous as in France mid 
arc in little dcniand, as canning is very limited in cxtent; on the other hmd 1:irgc 
sardines or pilchards tire caught on the French co:tst, but arc much less ahndnnt  and 
I ~ s s  important than tho m d l  fish. 

In  allusion to the small sarilinc Iming caught almost wholly by means of bait 
consisting of fish roc (7~1g7~) ,  the Frcnch call it sardine de rogtu., in contradistinction 
to the Iwgc fish which is t:ilren without bait by means of drift nets, :~nd hence called 
smdi7u de d&riw. Modern French writers on the s:brdinc fishery secm averse to 
tdrnowlcdging the spccific identity of the sardine mid thc pilchard; SOIIIC even fail 
to explain or suggest the rclntion hctwecn the large and sniall fishcs of the wcst coast 

of Francb, hut Mcssrs. Falii*c-l)onicrgue ~ n d  Bietih,  o€ the French dcpartmcnt of 
fisheries, in a pqmrl on the rcproduction of tho ocoanic sardine, s t t c  that they con- 
sides the w x d i n e  de dcirive as thc adult individual of tho spccies, which toward spring 
lays pclagic eggs in  local waters; the s i i i *d im  de ~ O ~ I L L ' ,  on the contrary, is the young 
for111, whosc age, accorcling to their reasonably exact computations, does not cxceed 
two years. 

This fish has hecn rcfe1;id to by most Anicri~an and European systematic 
writers .under the n:Lme ~ % p ( ~ a  p6lchardun Linnicus. Cuvier, in 1829, described the 
small iish under the n:imo Cl,q)cl,~a scwdbn,ii, which dcsignation is still retained by sonic 
writcrs. In  1803 Ltlc6pGdc sepamtcd thc pilchard with several other species froui the 
gcnus C'lzqicn, because of supposed peculiarities of dcntition, and refcrrcd it to a new 
genus, Chpcr,nodon, which has been revived in a reccnt American work' and made 
to include the West India sardine, C: p s e u d o h l h p ~ n i ~ ~  (I'oey), and the California sar- 
dine, C. cctrdeus (Girard). Modern European writers on the pilchard (Cunningham, 
McIntosh, and others) apparently havc seen no necessity for taking it out of the 
genus Cktr3,'ea. 

- - - -__ _I_____ 

1 I'rocwdinp 01 thc Intwnationtll Congre55 i , f  ~ r ~ ~ r i t i m c *  Fi4i(:riw, Siit~lc\-t~'olt~i~~,e ,  ~ant;. 
zTlx Fishes of Xorth and Middle America, bg J o r d ~ n  k 12vcrmim11. Y w t  I ,  i8w,, 
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Thc pilchard is a well-niarked spccies, easily distinguished by prominent radiating 
lines on the operculum and by large scales, as well ns by other features. I n  general 
shape it resembles the sea hcrring (C77mpea rllcxrcnyus Linimus), but is less elongated 
and coniprcssed. The greatest depth of thc body i x  about one-fourth the length, and 
the length of tho head is somowhat greater than tho depth of the body. The lower 
jaw projects slightly; the uppw jaw extends to a point opposite the front third of thc 
eye. No teeth arc found on the vomer, palate, or tongue, and on the jaws the teeth 
arc either small or absent. The dorsal fin contains 17 or 18 r:iys, and begins nesrcr 
to the end of snout than to the basc of tail. The 
ventral fins bcgin under tho middle of the dorsal basc. There stre &out 30 scales in 
a longitudinal series between the gill-opening and tho end i f  the body. Thc back of 
the fish is a deep olive grccn, the sides are silvery, and the belly is white. I n  the 
full-grown fish there is a small dark spqt in the scapulary region. Tho noriiittl 
length attained by the pilchard is 8 or 9 inchcs; the length of the largest recorded 
specimen was 14 inchcs (taken in Cornwall). 

The anal fin has 1!1 to 21 rays. 

The sardine of the French coast is a handsome little fish, whoxc beauty is not 
cntirely lost in canning. In the water tho back is of tt grcenish color, but out of tho 
water the upper parts are rich dark-bluish, contrasting strongly with the silvcry and 
white colors of the sides and abdomen. The scales arc very easily detachcd, but their 
loss docs not detract seriously from the appearance of the fish, either when fresh or 
canned, as the skin is rather thick and bas a brilliant uniform silvery color. There are 
no evident spots on the sides in life, but after the scales are detached a fcw dark latcral 
spots may bo seen. The back and belly are well roundcd, being less compressed than 
in the young sea herring. 

Scveral American fishcs resemble the pilchard, among them thc sca hcrring and 
the California sardine. The former, which is extensively canned on the coast of 
Maine, may be distinguished from the pilchard by its more elongate form, by the 
more posterior origin of the dorsal fin, by the smaller and more nunierous scales, by 
the presence of teeth on the vomer, by the much projecting lower jaw, by tho smooth 
operculum, and by the much compressed abdomen. The California sardine is dis- 
tinguished from thc pilchard in having a more elongate form, fewer dorsal rays, a. 
somewhat longor maxillary, and a series of dark spots along the side. 
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The flesh is dark-colored, rich, and oily. The fresh sardine, when broiled or 
grilled, has a delicate flavor and is very palatable. It is improved by the slight 
salting that it usually receives when intended for immediate consumption. The 
California sardine resembles the  French fish in character of flesh and is a more 
perfect substitute for it than ang -other American species. 

The range of the sardine or pilchard extends from Sweden to the Madeira Islands. 
The southern coast of England, the Atlantic: coast of France, and the Mediterranean 
Sea are the chief centei*s of abundance. 

On the coast of Brittany the 3uclrdine de 7 a p e  is found for about nine months of 
the year, being absent from the inshore waters most of the winter. When the fishing 
season opens, the fish i r e  reported first about February at  Arcachon and other 
southern points on the west coast, :Lnd gradually reach the districts toward the north. 
During the minter, however, the large fish-sorne :L foot in  length-are observed at  
various places on the coast. 

The immature sardines frequent the coast waters throughout the SUII I I I IB~  and 
remain in Brittany until late fall. Some years, if the season is mild, the9 are caught 
until the first or second week in December; bnt a storm coming any time in Novem- 
ber is likely to drive the fish away and terminate fishing for the season. In 1900 
sardine fishing a t  Concarneau was ended November 5-the waine dit& as in 1S9Y-by 
a southwest storm, which swept away all the sardines in the bay. 

The spawning time on the coasts of England and France is from .June to Octoher. 
Spawning takes place at  a considerable distance from the land, and ripe or spawning 
fish are seldom caught, as fishing is done mostly in the inshore waters. The small 
fish used for canning purposes on the French coast are never found with ripe eggs or 
milt, and tire now known to be immature fish hatched in the summer and fall of the 
previous year. The eggs are buoyant, and the average number extruded is rol>orted 
as 60,000. In thc Mediterrtinem the sardine apparently belongs to a different race, 
which is smaller than the oceanic: forin and reaches maturity when under 7 inches 
in length. 

When sardines first arrive they are poor and urisuitable for canning; but as the 
season advances they improve in quality, and :ire fatter in September than in cJune 
and in  December than in September. Their food bonsists niainly of copepods and 
other small crustacea. The fondness of 
the sardine for such eggs plays an important part in the fishery. 

As many as 100,()00 
fish have been taken in one net from one school, but the usual size of the schools is 
small, They are preyed on by cetaceans and by many finh-on the French coast the 
mackerel, the haddock, and the dolphin bei rig especially destructive. 

Like other free-swimming oceanic fish, the sardine varies in :hndtLnce from 
year to year; but there is no evidence that the extensiye fishing is offeotingany 
permanent reduction of the supply. During the years 1887 to 1890 there Was an 
alarming scarcity of sardines on the French coast, and the outlook for the industry 
was serious, but after four years the fish returned in their former numhcrs. The 
history of the sardino fishery shows what, extensive operations inay be supported 
annually when the natural conditions permit the fish to spawn unniolested, the 
spawning-grounds in this case being many miles offshore. 

Small fish eggs are also a favorite food. 

The sardines go in schools and swim : L t  or near the surface. 
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THE SARDINE FISHERY. 

The sardine fishery of France dates back n1:iny years, nnd even in the early part 
of the eighteenth ccnturg it was i ~ n  importnrit industry, but it has beconie much 
more extensive since the introduction of canning. The building of railroads hns also 
benefited the fishery 1)y providing means of shipping to inland points that part, of the 
catch which can not be disposed of locally. In all of the centers of the west coast 
essentially the same methods of fishing are followed, with slight local variations. The 
inethods have an important bearing 01; the quality of the wined sardines, and will 
thei*dore be noticed with some detail. 

The province of Brittany supports by far the iiiost extensive fisheries and is the 
center of the canning industry. Rere in 1898 were 21,684-sardine fishermen, with 
4,611 boats, valued at  3,759,403 francs, and apparatus worth 3,307,643 francs; and 
here were caught 49,478,365 kilograms of sardines, selling at  7,572,347 francs. The 
leading center in 1898 was Douarnenez, which was credited mith 4,200 fishermen, 710 
hoats, and over 18,000,000 kilograms of sardines, valued at 2,442,000 francs. Next 
in iinportanco was Concarnenn, with 2,695 fishermen, 490 boats, and 9,163,000 
kilograms of sardines, worth 1,719,890 francs. Other important places in Brittany 
are Audierne, Quimper, Port  Louis, Etel, Quiberon, La Turballe, and Le Croisic. 
Outside of Brittany the fishery is most extensive at  Sables-d’Olonne, St. Gilles-sur- 
Vie, rind Aroachon. 

On the Meditei*i-anean coast of France sardines are caught : k t  niiinerous places 
and by many fisherinen, but only in relatively small quantities. The fisheries here 
in 1898 gave employment to 7,794 men, using 2,861 boats, valued at 1,607,930 fi-tincs, 
and nets vdued at  3,386,743 francs; the catch was 8,129,519 kilograms of sardines, 
valued ILt 987,738 francs. 

BOATS. 

All of the boats engaged in the sardine fishery are registered, and have their 
numbers in large white figures on both sides of the bow, preceded by a letter or 
letters indicating the town to which they belong (thus, CC for Concarnenu). Each 
boat is taxed about 4 francs yearly by the department of marine and 2 francs by the 
dcpartmerit of customs. Porinerly the boats were smaller, flatter, slower, and less 
seaworthy. The larger boiits, such as are used at  Sables-d’Olonne, require rowboats 
for operating the nets. 

Boats are built locally, and cost 1,200 frnncs when of oak and 1,000 francs when of 
Norway pinc. In Concar- 
neau and other parts of Finisthe the average dimensions are as follows: Length of 
lroel, 25 feet; length over all, 35 feet; beam, 9 or 10 feet; depth amidships, G feet; 
depth aft, 10 feet; length of foremast, 33 feet; length of mainmast, 36 or 37 feet. 

The stern is pointed, the prow is sharp and straight, and the sides flare consider- 
ably, so that there is great carrying capacity. There is a broad floor about 2 feet below 
the rail, and on this platform most of the work is done and most of the fish carried; 
[rut when there is a large catch, soiiie of the fish are put below to avoid crushing. 

There are two.long masts, the folwnast raking aft, while the mainmast is nearly 
vortical. The raising and lowering of the 
foremast are facilitated by a rope running from its base through a pulley at  the head 
of the mainmast. Each mast carries a large, square, lugger sail, and sometimes a 

They do not vary ihuch in  sizc in the different sections. 

The masts may be lowered if desired. 
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topsail m d  a jibsail are employed. The sails are either linen or cotton, the latter 
heing used in summer fishing. Linen sails :we tanned brown with catechu and cotton 
sails are colored with ocher. 

The otirs are large and heavy, 33 feet long, with a very small, narrow blade, and a 
square butt about 4 inches in diameter. Owing to the great length of the oar, the hutt 
is large arid hetivy in order to balaiice the oar when in use, and stones are somet,imes 
piled on it in rowing. There are four oars to a boat, each used by one man. 

’ NETS. 
In parts of Brittany nets were formerly used to surround the schools, and then 

stones were thrown in to frighten the fish into the meshes. In this way largo catches 
were often made and the market was glutted; but bhe method came into disrepute and 
is no longer followed. Fishing is now carried on exclusively with gill nets made 
of very ’fine cotton twine. Some of the nets come from Germany, and some are made 
locally, at Nantes and Douarnenez. The nets me 
uniformly 45 yards long and 500 meshes deep. A change in depth has taken place 
within :t comparatively few years; formerly they were only 200 to 300 meshes deep. 
The mesh is necessarily very small, as it is intended to gill the tiny sardines. Its size 
is determined or designated by stretching the meshes and measuring the distance 
apart of the first and last knots of R series of five-cquivalent to two meshes. 

The nets vary i n  fineness to suit the different runs of sardines, and are of tibout 
three stsndard sizes. The largest mesh, designated 66 mni. (as iiioasured according 
to foregoing rule), is equal, in America, to 0.66 inch, bar measure, while tho smallest 
size, 40 mni., equals 0.40 inch, bar measure. 

The complement of each boat is 10 nets, representing three sizes of mesh, adapted 
for small, medium, and large fish. When actively used the nets last only three or 
foul- months, but with proper care they often last six months, or even an entire sea- 
son. 

The nets are dyed a bright greenish blue, and when suspended froin the masts to 
dry add to the picturesqueness of the fishing boats and the wharf scenes. The dyeing 
is for the twofold purpose of preserving the nets and Tendering them less conspic- 
uous when in thc water. The practice of dyeing the nets blue has been in vogue only 
a short time snd appears to have begun shortly after the introduction of cotton nets. 
Formerly, when linen twine was employed, the nets were stained brown by tannin. 
The dye substaricc is : L n  :~niline, in the form of t~ powder, and 50 grams are used 
on one net. ThiH quantity, with a little alum, ir dissolved in enough hot water to 
thoroughly wet a net. The nets are soaked in the solution and spread out to dry 
before use. Fishermen are often seen with their h:mcls and wrists stained t i  uniform 
blue from handling wet nets. The blue dye is reported to be better than tannin for 
cotton net# and to render nets less conspicuous. The dyeing is repeated’ from time 
to time as the color becomes soaked out. 

The nets are kept in position in the water by nun~erous cork floats and a few 
sinkers. The corks are 4 inches in diameter and half fin inch thick, and about 400 
are used with each net. For about 19 feet below the cork line the net consists of 
coarser twine of large mesh, to give strength, as, owing to the method of fishing, this 
part of the net is subjected to great strain. The lower edge of the net for a depth 
of 3 or 4 inches is also of coarse twine, to support the stone sinkers, two or three 
sinkers about the size of a man7s fist being :itt:u*hd to each net. 

Those from Germany are cheaper. 

The intermediate size is 52 mm. 

When rigged for use they are worth about 100 francs apiece. 
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I3AIT. ' 

In the fishery for sardines for oxnning, hii t  is almost as important ns the boats 
and nets. In no othcr net fishcrg in the world is hait so extensively employed :tnd 
so essential to the success of the industry. The scarcity of 1mit is dtvttys 11 serious 
inatter in fishing'districts, curhiling the catch, reduc:ing the income of the tkhormcn, 
mid ofton producing distress :mong the iisherfollr. 1 t is therefore re1il:irkable that 
for this indispenst~ble article the French should I)e disolutelg dependen t on other 
countries and that the success of the fishery for s:irdinrs should be intiniately related 
to the fisheries for other species in  distant lnnds. 

In the early days of the sardine fishery, especially prior to the estnblishnient of 
crmning, small shrimp-like ttnitxials, about half an inch in length, ~vere iiiuch used as 
,bait. These are one of the natural foods of the ssrdine and are considered the best 
bait, but can not be procured in sufficient qutmtities to incat the dcrnand mid itre iiow 
rarely used. The gathering of this lrind of bhit was an occuptition of the wo~ncn, 
who sought the schools in  the bays 2nd coves, catching them in lnrge canvas bag-nets. 
They frequently made their best ciitchcs in water up to their n~clts, when the weather 
was bad and the water along the shores was thick. The crustaceti were heiivily sultcd 
in barrels and retained until required. The tdting of these little creatures tappears 
to have been prohibited many ye :w  q o ,  because of the supposd destruction of fish 
eggs at the time of catching the shrimps. Although the interdiction is now ronioved, 
little effort is made to secure this forin of bait. 

The bait now in general use is the salted eggs of the cod (t!&:rcch~ cdlarius), though 
the cggs of hake, haddock, pollock, cusk, herring, mackerel, and many other fishes 
arc dso euiplqyed. Cod eggs are not known to possess any properties which m&e 
them superior to the eggs of several other species, but owe their prominence to the 
abundance of cod in regions on which the sardine fisheruieu depend for their bait 

Well-prepared roe has :L not unpleasant fishy odor; but the odor is not a matter 
of any fipeciul imporhncc, and the production of any peculiar odor is neither sought 
nor rcalized. The sai*dines are 
attracted by the sight of the bait rsther thun by the s111e11, a1thoug.h it is possible that 
the strong odor of the old roe used in the enrly fishing, when the fish w e  inore 
scattered, may serve to attract the fish. The color of salted roe is IL delicate salnion. 
The ovarian niembr:Lnc is normally transparent or light; when bi'own or dark, it is 
:in indication of age or of fresh wtiter (usually rain) having fallen in the barrel. 

The annual consumption of roe in France at present is 40,000 to 45,000 barrels, 
for which the fishermen pay about $i300,000. It is reported that in  f:Lvor:Lblc seasolis 
2s nmng as 25,000 barrels of roe have been expended in Coiicnrnetiu alone. 

from Norway, which country 
has always furnished the grenter piwt of the s t. Other countries which 
have contributed supplies are Holland, Newfoun the United Shtes. From 
time to time the French Governiiient has encourtiied its own cod fishermen (at St. 
Pierre and Miqnclon; on the Grand 13anlts; in tho waters of Iceland, and in the North 
Sea) to preserve the roes of cod and other fish, and in 1816 offered IL bounty of S R 

1)nrrel for roe made from fish caught by them; but this iirid other inducements have 
hrtd little effect on the supply froni mtive sources. 

supply. 

When the roe becoines old it :icyuires :L rank smell. 

For at least two centuries cod roe litis been iin 
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The price of roe has varied greatly from year to year. In the early part of the 
eighteenth century, bait was bought for 50 cents to $1 a barrel, and throughout that 
century prices were comparatively low. In the second decade of the last century 
prices reached their highest point; they were apparently never less than $32, and 
ranged from that to $60 per barrel. By 1822 the price had fallen as low as $5 or $6, 
and Hince then has seldom been as high as 825 or $26, averaging $12 01: $15.. 

The average price for Norwegian roe recently has been about 35 francs ($7) per 
barrel. In  1900, owing to the failure of the Norwegian cod fishery and the resulting 
scarcity of roe, the price for Norwegian bait rose to 120 francs ($24) per barrel, or 
about ?+ cents per pound. The price of American and Newfoundland roe is but little 
inom than half that of the Norwegian. In 1900 the best American roe was selling at  
$8.60 a barrel and in the previous year a t  only $4.60. 

Mackerel roe, which ranks next to cod in  quantity used, brings uniformly 10 td 
50 per cent more than the latter. 

The sardine fishermen also use peanut meal or  flour in mix with the roe, it being 
much cheaper. It comes in bags holding 75 kilograms, and costs 15 francs a bag. 
Floating lightly and being quite conspicuous, it attracts the attention of the sardines, 
which readily devour it. When they gorge themselves, however, the mass swells so 
as to burst their intestines. The relative quantities of meal and roe used depend on 

.the scarcity of roe and the personal preference of the fishermen. The two articles 
are often mixed in about equal proportions, but rather more roe than meal is usually 
employed. In the case of a certain sardine boat in Concarneau, whose operations 
are elsewhere referred to, the bait consumption one season was 7,500 kilograms of 
roe and 6,000 kilograms of meal. 

The following description of the methods of preparing roe for sardine bait wab 
issued by the French Government in 1817 for the information of the native fisher- 
men, and applies well to the present time: 

I The ovary of the cod or of the other fishes of the same family that are fished for on the game 
bottoms incloses the eggs in a double sac, which is ordinarily thrown into the Rea with the refuse. To 
convert these eggs into rogue, several methods can be pointed out. 

The first consists in separating the ovary from the body without tearing the covering, and placing 
it, with the inclosed eggs, on a plank pierced with holes or in an inclined position, or on a small-’ 
meshed net, in order that the drying may ensue equally at  all points. When this covering is dry, 
several ovaries are brought together and placed in a barrel, the bottom of which is spread with salt; 
and, withont pressing them too much, the ovaries are piled one above the other, Heparated by light 
layers of salt, until the barrel is entirely full. Then it is closed Hufficiently tight to prevent the air 
from penetrating into it; otherwise there will ensue a fermentation injurious to the quality of the rogue. 

The layers 
of salt and of rogue are put in alternately, as in the preceding case; but as the barrel becomes full the 
quantity of salt should be increased. Four days suffice for the rogue to sink; the barrel is filled to the 
topagain, and this is continued un ssel is ready to be closed. TO provide for the escape of the 
brine the precaution is taken to pi 1 holes in the lower end of the barrel; by this means the 
brine escapes and the rogue form which keeps in good condition Up to the month of June, 
when the fishermen carry it to Bergen. There the salting is finished by adding a quantity of salt 
equal to the first; the rogue is put into new barrels, which are also pierced, and these can immediately 
be delivered to the merchants, who ship them to France. It is said that formerly the Hollander8 

Another manner of preparation is to put the eggs into barrels without drying them. 

1 Instruction sur la ManiOrc de prcparcr lex Rogues de Morue et de Maquereau emplOy6ex comme Amorces dnns la 
~ & h c  d~ la Bardine. 
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bought in Norway a certain number of barrels of this rogue, to which they gave this last treatment, 
and that they sold it afterwards to advantage in ‘barrels of oak wood under the name of rogue of 
Holland fish. In  Norway use is not made of Portugpem or Spanish salt, but of Freuch salt; that of 
Croisic or of Ile de RB seems to possess the desirable qualities. 
. The preparation of the rogue, according to the two processes which have just been mentioned, is 
susceptible of improvement. It has been improved in Norway, especially since the very much higher 
price obtained in the markets of France has stimulated the activity of fishermen; for it, must not be 
mpposed, because the importation of rogue into Brittany has diminished, that less rogue is manufac- 
tured at Loffoden. It has simply found another market, in I3iscaye and in Galicia; but its importation 
into Brittany would very soon be resumed if French trade were not promptly supplying our wants in 
this direction. 

The proportion of salt to rogue is as one to four, 25 kilograms of salt sufficing for 100 kilograms 
of rogue. 

The method of improving this substance consists particularly in ridding it of all fatty md muci- 
laginous parts and in rejecting the envelope of the eggs, over the length of which are spread a number 
of blood vessels, which render it all the more subceptible of fermentation, since salt has little effect on 
them. It is important to preserve the eggs from contact with the air, which give8 them a yellowish-red 
tint, especially if the temperature is high. Fine salt is more suitable than coarse salt, and nittrine salt 
should be preferred to mineral salt. Cod eggs derived from summer fishing require more salt than 
those from the winter fishing, decomposition being lea3 active in winter than in summer. I t  is nec- 
essary to exclude from salting all rogue of fish too ripe; the rogue has not the necessary consistency 
when the eggs are about to be extruded. 

The barrel should be hermetically closed except a hole in each end, one to give passage to the 
brine, the other to let the gas freely escape. There should be no space between the upper end of 
the barrel and the rogue, which can easily occur if the barrel is dosed only several days after it is 
filled. As much as the arrangement of the building permits, the barrels should be sheltered from 
dampness. 

By takiug these precautions one is sure to prepare rogue superior to that which the Norwegians 
put on the market, especially if the quantity of salt employed has beeu calculated, according to its more 
or less penetrating qualities, as new salt or old salt. 

In  the respective interests of the cod and sardine fishermen, it would perhaps be well to make 
use only of barrels of a uniform gage; but this is a matter which could be settled later. 

Finally, the French fishermen ought to prepare the rogue with all possible care. It is the best 
means of assuring sale, of obtaining preference in the markets of Brittany, and of having no longer to 
fear there foreign competition. 

In the ports in which mackerel fishing is conducted the rogue of this fish can be prepared in the 
same manlier as that of the cod, and is in fact so prepared in some of them. In applying to the prep- 
aration of the eggs of the mackerel the simple and easy methods indirated for the eggs of the cod, both 
will be-improved in the mine degree; they can very soon supply the place of each other and maintain 
the equilibrium between the needs and resources of each year. The union of their respective products 
will then free the sardine fishery from the tribute which it has paid to foreigners, a tribute which they 
themselves are 110 doubt astonished at receiving for so long a time. 

In an article on “The Sardine Industry in Vend&”’ Dr. Marcel Bnudouin has 
the following references to hait: 

The rogue or r6wre is that which serves as bait for taking the sardine on the coast of the ocean, 
while in the Mediterranean no use is made of it. The rogues are called natural or artificial. The 
natural rogue, the most prized, is of a very high price. 

Since it is necessary to employ large quantities, it can easily be conceived that an attempt would 
be macle to substitute other substances; whence the invention of artificial rogues, which are manufac- 
tured especially in Brittany. Sonic fishermen 
sometihes prefer to them bait yet more simple and conin:on, bran incompletely sifted, the product of 
the flour mill, of which the cost price is almost nothing (it has been employed at  Saint-Gilles recently), 

*Rcvuc des Sciences Naturclles dc I’Ouent, 1893. 

, 

It is what the Norwegians call blade rum, soft rogue. 

In Vendee these artificial rogues are little employed. 



10 BULLETIN OF THE UNITED STATES FISH COMMISSION. 

or else a sort of special bait called gue!dre, a mixture of the fry of fish and little crustaceans, especially 
prawn and shrimps, broken and pounded. Forbidden in 1726 by a declaration of the king, the use of 
gueldre was allowed in 1853, then forbidden assecond time. Now it is employed again, not only at  
Croiuic and a t  Turballe, but in Vend&-at Noirnioutiers, for example-where it has procured good 
fishing. There, as well as elsewhere, it  is said to spoil the fish by facilitating decomposition. The 
manufacturers reluctantly buy sardines caught with this bait. 

A number of artificial rogues have been tried in VendBe. We will point out from nicmory the 
principal ones which, successively, have been used in commerce: (1)  The artificial rogue called “ de 
Douarnenez,” prepared by Mcwrs. Morvaii arid Delasalle. (2) The flame rogue, modified by Mr. 
Morvan in 1876, which contains pickled meal and a sinall quantity of natural Norwegian rogue; this 
is the “farinaceous mixture of Morvan”; it is no longer manufactured; in 1877 a barrel of 130 kilo- 
grains of this rogue was worth 25 francs, while a barrel of good natural rogue wm worth 40 francs at  
least. (3) The “heterogeneous rogue” of Mr. Ispa (of Douarneneh) is composed of cakes forined of 
oleaginous grains (~esame, arachide) diluted with water and a quarter of Norwegian rogue. (4) Caillo, 
senior, about 1818, made a trial of artificial rogue, coinposed of boned sardines, pounded and reduced 
to a paste; he used the flesh of all fish except of those called fat fish. (5) Caillo, junior, reports that a 
long time ago a pharmacist of Leon (1’ Angers prepared and sold as rogue grains of linseed or rape s e d .  

While these artificial rogues may still be occasionally used in VendEe, recourse is usually had to 
the two natural and well-known rogues. At the Sables, on the Isle of Yeu, among others, the rogue 
of Norway or of Bergen is employed (rogue made with the eggs of salted cod, stockfish) to cause the 
fish to come to the surface of the sea at  the beginning of the fishing. The rogue made with the eggs of 
the niackerel serves to keep the lish on the water. This last costs 70 francs a barrel of 130 kilograrns; 
the Birgen rogue, very inuch in uue 011 the Vendben coast, is not worth more than 55 to 60 francs. 

FISHING SEASON, GROUNDS, AND METHODS. 

Sardines are caught in greater or less numbers throughout the year. On thc 
west coast, however, the fishing season opens in February and continues to Novem- 
ber, rarely extending into December. In Brittany the fishing begins rather Inter and 
continues longer than at points farther south on the 13ay of Biscay. Fishing in the 
canning district is continued as late as practicable, usually as long as the fish reniain 
in abundance, as their condition at  that time is good. In  the Mediterranean sardines 
are caught during every month of the year. 

The sardine fishery is em‘phatically a shore fishery, and most of it is done within 
a very short distance of the home ports. This permits the use of smaller and less 
expensive boats than would otherwise be required, and insures the landing of the fish 
a short time after capture. 

. The early fishing for the sardine de derive is mostly within 1 or 2 miles of the 
shore and rarely beyond 5 or 6 miles. I n  the sumniei* and fall fishing with bait, the 
boats may go 10 miles to sea, but the largest part of the catch is taken within 3 or 4 
miles of shore, and a very considerable proportion close inshore in the bays. 

The fishing in the wrly part of the season-that is, in March, April, and May- 
is done mostly with old nets and is conducted only at  night. About 20 nets are used 
by each boat. These are tied together and submerged about 1 yard, the corks lscing 
attached in bunches of four or five at intervals of 2 yards. While the boti,ts are lying 
near by under a small aft sail and the men sleeping, the nets are allowed to drift. No 
bait is used. The fish thus caught are not fat and not used for canning, but arc tialtecl 
or sold for immediate consumption. 

The 1)oats start for the fishing- 
grounds early in the niorning (2 to 4 o’clock), SO as to be there when day breaks; 

The regular fishing is citrried on only by day. 
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they iiii~y also have to leave earlier if the tide would otherwise beach them. The 
best fishing is in the enrly morniiig, :~nd the honts tire often 1):wk to port by 9 or 10 
o’clock with full fares. 

When waiting on the fishing-grounds (at night, early in the morning, or a t  any 
other time) the fishermen place one of the long oars obliquely upw:ircl tilid birckward 
from the bottom of the boat to the rear iiinst (where it is f:istcned), and over this they 
spread a sail. 

When :L boat arrives on the fishing-grouncis the rerir mist is tdmi down &id the 
boat is headed toward the wind. If fish are present :i net is shot nnd slowly towed 
by iiicans of a, short line attached to the cork line and fttstcned in the stern of the 
boat. When there is no wind, or .when the wind is from t ~ n  unfavorable qunrtcr 
with rcferencc to the mater currents, the sails are lowercd :ind the crew row tlie 
boat. In  the stirdine fishery :it S:hles d’Olonne, whi?re largo boats :tw i is~d, Iho  iwts 
are not towed therefroin, but itre pulled 1,y IiietLiis of rowboats. 

13:tit is always used in the day fishing, being necessary in order to nttr:iot -the 
fish to the vicinity of the boats and into the nets. The casting of the hiit, on the 
proper use of which IL great deal of the success of fishing depends, is :il\v:Lys done 1)y 
the master or “patron,” who stands in the stern of the hont on :I little p1:kforni and 
uses’the flour and roc tis rcquircd. When the fish have conic toward the surf:ice 

‘and‘are on one side or tho other of the net his olijoct i&o c m t  the bait in  H U C ~  :L w:~y 
that they will rush against the net :md becomo gilled. 

Considerable skill and experience are of course necessary in iiianaging the net 
and in having it hang properly in the water and not become folded or wvavy owing to 
currents or tide. Unless the net is straight or gently curved, the fish will see rind 
avoid it. When a net contains fish and is ready for hauling, it is ttLken in the 1)ont 
tind the fish are removed from-the meshes by gently shaking the net or l)y h:ind. 
The fish are put in n cornpartinent in the bottom of the boat. When large wtches 
are made other receptacles arc provided. 

In sumniner fishing, when sardincs are abundant, the fishermen often let one net 
go adrift when it is full of fish, trusting to pick it up Mer,  and put out another net. 
Indeed, a boat m L y  hare fish in three nets at one time, though this is rarely the CRSC. 

The sardincs are often found i n  a inore or less compact body, and the boats will 
be concentrated in a comparatively sniall area, a t  tinics so close together that the 
olieration of the nets would seem almost impossible and the chance of catching fish 
very improbable. The entire fleet of a given port-consisting of several hnndrcd 
boats-may be at  work on one school and fishing literally en masse instend of indi- 
viduallp. 

No ice or other preservative is uscd on the fish, which are 1:indod n short tiiiie 
after gilling. The fish reach port in good condition, mid :we often at the canneries 
within one or two hours after capture. Sbould the f:iilure or uiifavornl.de direction 
of the wind threaten t o  delay the arrival of the boats, :Lnd hence impair the quality of 
the fish, the crews row leisurcly hick to port. 

Soon after reaching port tlie nets are spread for drying, h i n g  1i:iuled to tho top 
of the niasts and snspendad between thorn for this pui*pose. Wlicn all the fleet has 
arrived and the nets tire spread, the view of tho nime of l)luc> n h ,  s:Lils, :ind niwts is 
most interesting and unique. 

Under this shelter they sleep or rest. 

This is shown in a iiieasure in the upper figure of pl:itc 2. 



WTTAIW SCI+;NIER. 

When the fishing honts hegin t,o arrivr, th(. whnrvrs, \vhir.h h:Lw pr:i(*tic:dly 1)ecn 
deserted, :issiiinp, a very busy and aniintitcd :qlpcar:mce, :id :is tht: arriv:ds incream 
in niirnl)er tho bustle among tho clifYc.rrnt clnsscs of p(~ople lx.x*omrs intcnsc, : ~ l t h o ~ g h  
good i1:rturc nnd good ordcr prevail. Thc foreign visitor here witnesses SOMC 

cscccdingly interesting and pictnresqiw fishing scenes-tlious:Lnil..l of fishermen in 
their C O : L ~ ~ R  I)louses nnil flat cloth caps, with trouscrv rollccl up  and their 
or in thc huge wooden show of the rwintry, iin1o:ding their f i q h  :ind cnrrying them 
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of fish and move them rapidly up :md down in the water in order to remove the dirt 
and loose scales from the fish and niake them look bright. Many scales come off, 
and the shores of the harbor are lined with them after a day’s fishing. The water 
about the shores is usually quite foul, and the rinsing of the fish therein seems very 
objectionablc. 

The fish are then taken by the fisherman to the agent of the cannery to which 
the cargo has previously been sold, and the contents of each basket are poured into a 
iiat box or  basket. If a winery is conveniently located the fishermen may carry the 
fish directly thereto; but as a rule the fish are taken to the factory i n  wagons, the 
trays being carefully pncked so that no pressuw comes on the fish. From the time 
the sardines are first caught everything that will bruise, mash, or okhexwise impdir 
the soundness of the fish is carefully avoided. The method of diycharging ,the catch 
in small lots insures thc arrival of the fish a t  the cannery in similar quantities and 
obviates the formation of large piles in the cutting ~ooni ,  :LS the cutters are in ample 
numbers promptly to disposc of the fish :LS brought in. 

P13ICES ItB2CEEITrED FOB SARl>INBW, ETC. 

The prices received by the fishermen are regulated by the faotoiy operators, 
and depend on the supply, the size and quality of the fish, the weather, and other 
considerations. The fish of each boat are virtually sold at  auction, only there is as a 
rule no counter bidding, the prices offcrcd by one or two factories being adopted by 
the others and accepted by the fishermen. If a fisherinan is not satisfied with the 
price offei.cd by.one factory, he is a t  liberty to seek a higher price elsewhere. Some 
boats always sell their catch to the same factory, and all of them, to a greater or less 
extent, deal with particular factories. 

Tho maximum price which factory operators can profitably pay for sardines is 
85 francs ($5) per 1,000 fish. The dealers in fresh sardines can pay as much as 35 
francs per 1,000. At tiiiies the denland for s:rrdines to be sold fresh (LOU vert) tends 
to keep up the prices; but this use is limited and does not interfere greatly with the 
c:innery demands. 

The following are the average prices for sardines at Conoarnesu i n  1900, and 
: h u t  t h e  same prices prevailed in othcr parts of the coast: 

00 r n i l l l l l l ~ t e n . .  ........ 
~:!iriilllmetela ....................... ................, 
40 millimrter\ 

....................... 1 I 7 t O l X  
7 to 9 

.................................... I !4 to 
_ .  --- 

W onicn roprese~it thc factories ah purchasing agents. They are given consider- 
able discretion by their employers and are very sharp in making bargains. The 
price agreed on is for tho entire cargo. Payments arc not made in money, but in  
tokens or tickets which are redeemed wceldy. As the fishermen deliver their fish, 
two baskets full at a time, to thc agents of the canneries, they receive a metal tag or 
token with the name of the buyer on it. When all the fish are landed the metal 
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pieces are counted and surrendered and a claim check is issued in their place. At 
the end of each week the master or the owner of the boat (often the s:inie person) 
goes to the factory, receives the inoney due, and apportions the easnings of the crew. 

The boat, nets, equipinent,‘and bait usually belong to a non-fisherman (who niay 
own a number of boats). The men of the crew furnish their ow11 food, fuel, and 
clothing. The owner is entitled to half of the sales of fish, and the remainder goes 
to the crew in the following proportions: Thorc being ti inen in the cfcw, -I- of them 
yet equal park, thc captain or patron‘mceives the share of one 111an plus 10 per cent, 
and the cook half a share. Dividing the proceeds into 82 pa&, thc owner is entitled 
to 11 par&, 4 nieriibers of the crew to 8 parts, the master to 2 parts, and the cook to 
1 part; the share of the mwter being increased by 19 per cent of 9 parts: and that of 
each nieniber of the crew diminished by 29 per cent. 

At the end of thc swson the boat owners usually give to each inaster a quarter of 
a share (“quart de lot”) as ti bonus. if the crow have been selected and engaged for 
the next year’s fishing. I n  this way it is possible for the owners and the masters 
to select the best men. During the winter, say in Jauuary, the crew will report, 
and each man will receive, as a kind of bonus, about 5 francs and perhaps a loan of 
money, 

From the time the inen begin to fish until the close of the season, they pay to 
the government 1.10 fi*ancs per month, in consideratia’n of which they are pcnsioncd 
011 attsining the age of 50, provided they hnve sorved 300 niontlin on  so:^ duty (either 
in  fishing or in any other inaritinie occupation). They also pay 1.50 francs per 
month as premiuin on an insurance fund which the govcrnmcnt allows for injury due 
to the vioissitudcs of sea life. In case of death, the family of the fisherman receives 
an annual pension depending on the size of family and on the age and lcngth of sea 
service of the deceased, the iiiinimuui sum being 300 francs: navsl service incrcuses 
the pension. 

DETAILED FISHING RECORDS. 

Advances are repaid in fish or cash after the season opens. 

The average stock per boat in  :L givoii season varies greatly on different parts of 
the French coast, depending on various local causes besides the abundance of fish, 
such as weather, bait supply, local dcnimd, shipping facilities, onergy with which 
fishing is prosecuted, and other evident factors. The boats fishing out of Brittany ports 
have a larger average yield than those of other ports of the west coash; and thosa in 
the Mediterranean have by far the snidest  stocks. Thus, in 1898, the average catch 
per boat was about 10,’700 kilograms of sardines in Brittany, 3,300 kilograins in the 
southern part of the Bay of Biscay, and(\oiily 745 kilograms in the Mediterranean. 

Considering the rocoyd for 1899 of‘? certain boat in Conuarneau which fished 
regularly, it appears that the aggregate stdqk was 4,400 francs, of which the crew of 
5 men and a boy received 2,200 francs in tho\proportions elsewhere mentioned. Tho 
owner of the bout had the following expenses to meet out of his half of the proceeds: 
Twenty-five barrels of bait, a t  35 francs; 2 new nets, at 100 francs; 40 bags of peanut 
flour, a t  15 francs; and riiiscellaneous items, bringing the total to 1,725 franm, leaving 
a net profit of 475 francs. 

* Some idea of the energy with which the sardine fishery is porsued a t  times r n a j r  
be gained from the following outline of one day’s fishing operations a t  15 centers on 
the coast of Brittany. The data twc compiled from a local newspaper (La Depeche 



16 B U L L E T I N  OF THE U N I T E D  S T A T E S  FISH OOMMISSION. 

de Lorient), and relate to September 1 7 ,  1900, for some of the places and September 
18 for others. The number of boat* fishing was about 1,500, the approximate total 
catch was at  least 17,000,000 sardines, having a value of 200,000 francs, or  $40,000. 
Aucc”it.rne, September 18: Number of boats going out, 200; average number of fish per boat, 6,000 to 

8,000; arera e price per thousand, 13 francs; size of sardines, 12 to 14 to the quarter can ( y w r t )  . 
Cvruwneau, Septemfer 17: Number of boats oing out, 500; average number of fish per boat, 2,000; 

sold fresh (au vert), 30,000; sold for kying (.fiture), 970,000; average price per thousand, 18 
francs; highest price, 24 francs; lowest price, 2.50 francs. 

Crvifric, September 18: Number of boats going out, 2, which have caught 6,000 to 7,000 sardines; 
highest price per thousand, 28 francs; lowest price, 26 francs. 

Ihwwnenez, Xeptember 18: Number of boats going out, some hundreds; average number of fish per 
boat, 45,000; average price 14 francs; size of sardines, 8 to 17 to  the “quart.” 

litel, September 17: Boats not going out because of bad weather. The boats 
going out late have been unable to fish on account of a calm anghave not returned at evening. 

Gavres, he tember 17: Number of boats going out, 86; average number of fish per boat, 9,000; numDer 
of &h to the “quart,” 10 to 12; average price per thousand, 4.50 francs; highest price, 7 francs; 
lowest price, 3 francs. Some boats have an average of 18,000 to 20,000 fish. 

Guilvinec, September 17: Number of , F t s  going out, 20; average catch er boat, 15,000 to 20,000; 
number of fish to the ‘‘ quart, 14 to 16; average price per thousan:, 4 francs; highest price, 5 
francs; lowest price, 3 francs. 

Ile Tudy ,  September 17: Number of boats going out, 35; average number of fish per boat,. 15,000; 
number of fish for frying, 535,000; highest price per thousand, 7 francs; lowest price, 2 francs. 
Some boats have an average of 20,000 fish. 

Lannion, September 18: Number of boats going out, 67; average number of fish per boat, 1,100; average 
price per thousand, 9 francs; highest price, 10 francs; lowest price, 8 francs. Some boats have 
an average of 5,000 fish. 

Loctudy, September 18: Number of boats going out, 35; average number of fish per boat. 15,000; 
average price, 6 francs. 

Pulais, September 17: Number of boats going out, 75; average catch per boat, 3,000; sold fresh, 50,000; 
sold for frying, 165,000; average price per thousand, 15 francs; highest price, I6 francs. Some 
boats have an average of 6,000 fish. 

Penmurch, September 18: Number of boats going out, 45; average catch per boat, 10,000; average price, 
4.50 francs; size of sardines, 12 to 18 to the “quart.” 

Port Louis, September 18: Number of boats going out, 55; avera e number of fish per boat, 6,000 small. 
10 boats with 4,000 large; average price, small, 5 francs; Yarge, 18 to 22 francs; sizes of fish, 7 to d 
and 16 to 20 to the “quart.” 

Acint GuihlE, Sqtember 17: Number of boats going out, 100; average catch per boat, 15,000; nuiilber 
of fish sold for frying, 15,000; average price at  midday, 4 francs; highest price, 6 francs; lowest 
price, 2.50 francs. Some ooats have an average of 20,000 to 25,000 fish. 

,S’CCUZOU, Se tember 17: Number of boats going out, 84; average catch per boat, 10,000; number of fish 
to t t e  “quart,” 7 or 8; average price per thousand, 15 francs; highest, 16 francs; lowest, 14 
francs. 

The following similar record is for several of the foregoing places and some 
additional ones on September 22 and 23, 1900: 
Cxroisic, September 23: Number of boats Ijoing out, 30; average catch per boat, 2,000; average price per 

thouband, 24 francs; highest price, 28 francs; lowest price, 20 francs. Some boats have an 
average of 5,000 fish. 

I,’Herbaudibe, September 22: Number of boats going out, 25; average catch per boat, some hundreds; 
number of fish sold fresh, 30,000; uniform price per thousand, 12 francs. Some boats have an 
average of 6,000 to 7,000 fish. 

Lunnwn, September .%‘.2: Number of boats going out, 65; average nuinber-of fish per boat, 1,300; average 
price per thousand, 9 francs; highest price, 10 francs; lowest Pnce, 8 francs. Some boats have 
an average of 6,500 fish. 

La Turballe, September 22: Number of boats going out, 60; average catch per boat, 3,000; number of 
fish to the ccquart,” 9 to 10; sold fresh, 120,000; sold for frying, 80,000; average price per 
thousand, 18 francs; highest price, 23 francs; lowest price, 15 francs. Some boats have an 
avera e of 4,000 and 5,000. 

Les Sables, 8eptember 22: Number of boats going out, 150; average catch per boat, 6,000; number of 
fish to the “quart,” 14 to 16; average price per thousand, 4 francs; highest price, 6 francs; 
lowest price, 2.50 francs. Some boat8 have an average of 17,000 fish. 

Lomener, ,S’eptcmber28: Number of boats going out, 40; average catch per boat, 7,000; number of fish 
to the “quart,” 15 to 20; uniform price per thousand, 4 francs. Some boats have an average of 
10,000 sardines. 

J’ort Louis, September 23: Number of boats yoing out, 86; average catch per boat, 8,000; number of fish 
to the “quart,” 10 to 12; average price per thousand, 3 francs. 

Se t. 18: No fishing. 

Some boats hare an average of 25,000 fish. 

Some boats have an average of 13,000. 
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THE CANNING INDUSTRY. 

THE FACTORIES. 

!&e construction of tnc iirst sardine-canning cstablishmcnts datcs from about 
1845, sincc which timc thc growth of tho business has bccn almost unintcrrupted. 
Thc factories gavc to thc sardine fishery a great impetus, and to-day arc .tho chicf 
suppo-ters of the very extensive fishing operations in the Bay of Biscay. 

The factories are generally large stonc structures surrounded by a stonc wall 
and inclosing a courtyard. They cost: from 30,000 to ‘75,000 francs or more to build 
and equip. Some are ablo to utilizc upward of :L 
quarter of a million fish daily. Tho ycarly output of individual csbablishmcnts i:j 
froiii 300,000 to 4,000,000 or 5,000,000 boxes. They pay no special licensc iux, 
but havc thc same tams as other manufacturing cstablishmcnts, bascd 011 number of 
eniployces and sizc of plant. Thc output is not taxed. 

I n  no linc of thc business is there any standard to bc followed, except what tlic 
tradc deinands and the intcrcsts of the canners dictatc. There is no governmcnt or 
other official inspcction of the canncd products. 

Tho sardine canners, not unnaturally, are avcrsc to having titrangers cntcr their 
works and are circiumspect in granting permission to do so. Almost cvcry caniicr 
has some slight pcculiarity in mcthod of preparation which ho thinks aclvantagcous 
and worth being kept to himself. As tho factories aim surrounded usually by high 
stonc walls, anel cntrance is only through a guarded gatc, a strangcr might remain in 
some of the fishing villages for a long timc without being ublc, from pcrsonal inspcc- 
tion, to learn anything about tho canning methods. 

No complete statistics for the canning industry are availablc, but it may be 
stated that over 100 factories arc opcratcd, and not less than 15,000 pcrsons, ~iiostly 
women and girls, arc cniploycd thcrcin. Concurncaii and Dou:~rncn~z have iiiorc 
factories than any othcr loculitics, tho iiuiiibcr opcrdtcd in 1‘300 being 29 and 25, 
rcspcctivcly. A largo nurnbcr of tho canning cstablishmcnts arc owned or leased by 
cornpanics having licadquartcrs at Bordeaux and Nantcs. 

Their capacity varies greatly. 

CANNING 1’ROCESSES ANI) I\IATEltIALS. 

Who11 thc fish :we taken to tho factory thcy are spread on largo tables and sprin- 
lilcd with a littlc salt. Thc woincn who rcniovc tlic heads and visccru either stand or 
sit, and 1)crforni their work with grcat rapidity. They hold tlic fish in thc lcft hsncl 
and with thc right h i d  prcss the knifc into thc back and sidc of thc head of the fish, 
using thc right thunib for a countcr prcssurc. Thc hcad is pulled*or torn off, rathcr 
than cut, and the csophagus, stomach, and most of tho intcstincs go with it. Tlic 
body drops into onc baslrct, tho rcfusc parts into anothcr. Tho rcfuw is disposod of 
to farrncrs for fcrtilizing their fields. 

Iniincdiately after cvisccration the fish arc sorted by sizc into largo tub8 (half 
oil barrcls holding 250 liters) coiitdiniiig a brinc strong enough to float u potato. 
Hcrc they are lcft for half an hour to an hour, dcpending on tlicii. size, quality, and 
thc condition of tho wcathcr. They arc then placed in small wicker baslrets and taken 
to tho y:ird, whcrc they are washcd i n  either frcsh or salt water (salt prcferrcd) while 
in the baskets, a ~ u h  buskct being put through two wstcrs. This washing, which takes 
but n few scconds, rcmovcs from tho fish any undissolved salt, loose scales, and dirt. 

I?. C. B. 1Wl-2 
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Drying, which is the next step, is preferably clone in the open air, and :L largo 
part of the product is so treated. For open-air drying thc fish arc :Lrratnged hy 
hand, one hy one, in wire baskets or trays holding about 150 fish of mecliuin size, 
placed on wooden frames or flakes. The baskets are 16 or 18 inches long, 9 inches 
wide, and 34 inches deep; arc made of coarse wire with a polygonal mesh two-thirds 
or three-fourths inch in diameter, and have n long bridle-like wire handle on each 
side by which they arc suFipendecl on the flakes, each bridle having- at its middle :L 
loop or ring which interlocks with its fellow. The distinctive feature of this wire 
tray is its division into about '7 crosswise compartments, V-shaped in section, tho 
slmccs being pointed at the bottom and open above. The divisions arc of cot~rsc 
wire, and one side of the V forms %t widm angle with the haslret bottom than the 

l k l ~ ~ : t d ~ t ~ g  i i t r i l  Jh ~~ccr.itit if i  hlit[liiiw. 

other. Against the mor0 oblique sides the sardines arc placed in regular rows, with 
their tails upward, so as to promote the escape of water from the abclomin:il (8:Lvity. 
By means of the loop in the handle somc of the lmslmt~ wc hung on the framer, some- 
what above the head; others are rested on lower frames. Wooden baslrct,r or trays 
:we used in somc places. 

The sardines remain out for a v:rriahle time, depending on their size, the &Lte of 
the atmosphere, ctc. 

I n  danip, foggy, or rainy weather (especially in  :tutumi), the snrdines must be 
dried indoors hy artificial heat, and drying ensues m u ~ h  sooner than in the opcn air, 
Suine factories, not being provided with driers, :ire un:Ll>le to operate in such ;ve:tthor. 
In  niost of the f:L('tories-espcoi:illy those more I'CCCII tly constriicted--:i~.tifici:~l heat 
is suppliecl in a spocial drying chamber by moans of steairi pipes; but in some of the 

The usual tirno in favorable weather is one hour. 
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older canneries the wire baskets are suspended from :L wire 1:rttic.e under which are 
sniall charcoal furnaces. 

From the drying flakes the fish are taken in the same wire huskets to the cooking 
room and inirnersed in boiling oil, in open vats of various sizes and construction. 
As the fish are quite dry, much of the oil is taken up in cooking and has to be 
replaced froin tiirie to tiine by fresh oil. The immersion in oil usually lasts about 
two minutes, but depends on the size of the fish and is best gaged by experience. 
When the caudal fir1 will break easily, the fish are said to be cooked enough. The 
baskets are then removed to a table or platforiri with an inclined metal top, where the 
surplus oil is allowed to drain from the fish. After II few ininutes the haskets are 
taken to the packing room, where they are hung on wooden frames .over metal-top 
tables for further draining and cooling. The oil which drips off here is in some 
places used in soap-making. 

The sardinc manuftrcturers employ two kinds of oil in their canning operations- 
olive oil and arachide or peanut oil; arid s~iiall quantities of sesame oil have-at times 
been used. While it is reported that t,he ninnufacturers knowingly handle only the 
oils named, it is understood that, cottonseed oil, being tasteless and cheap, is used by 
the French oil-dealers for adulterating both olive and peanut oil, Inforniation on 
this subject is naturally difficult to ohtain; but the testimony of scveral oil-manu- 
facturers and dealers clearly indicates the existence o f  the practice. It is interesting 
to note, in this connection, that during the fiscal year 1899 the United States exported 
to France nearly 17,000,000 gallons of cotton-seed oil, having B value of $4,000,000. 

Fish packed 
in it will remain in good condition ten yews or longer, and are reported to be 
better the second year after packing than earlier. The cost of olive oil to the canners 
is from 175 to 300 francs ($35 to $60) per 100 kilograms. 

Arachidc oil is extensively employed. It is inado i n  Bordeaux, PBcatnp, and 
Marseilles froin peanuts imported from India, Seiiegal and other parts of Africa, 
and other countries. It conies in three grades and costs 65 to 95 francs.per 100 
kilogrsnis, the best quality being worth less than one-third that of the best olive oil.. 
The mass remaining after tho expression of the oil from the peanuts is made into 
cakes and used as food for cattle. The cakes are ground into flour and employed as 
bait in the sardine fishery. 

Peanut oil is largely used to meet the Anierican demand for a low-priced sardine. 
Most of the cheaper French sardines exported to Ainerica are packed in peanut oil, 
which is practically tasteless. 

A canner rmy f ry  his sardines in peanut oil and fill the cans with olivo oil, or vice 
vcrsti; or one oil, with or without the admixture of cotton-seed oil, may be used 
throughout the process. 

Tlie following account of the utilization of peanuts in France is quoted from tho 
Philadelphia Manufacturer: 

Aiuericans have come to look upon the peanut chiefly as an article of food, associating it with 
circuses and country fairs. Its einployinent for food purposes is, however, one of the least important 
of its uses. Although Europeans seldom eat the nuts, Marseilles is the peanut center of the world. In 
1899 that city iinported 61,241 tons of.unalielled and 9,579 tons of shelled peanuts, and that wm not 
an unusual year. Bordeaux also uses large quantities every year, but the first-nained city stands in 
Eurppe at the head of the production of vegetable oils from oleaginous seeds. Tlie chief sources of 

French olive oil is used with the best quality of canned sardines. 



20 B U L L E T I N  O F  THE U N I T E D  STATES FISH COMMISSION. 

the city’s peanut supply are Bombay, Moeainbique, and Senegal, although large quantities are received 
froin other places. 

In the Marseilles crushing mills for lrandling tlie peanuts, the sliells are broken by means of 
toothed rollers and the kerncJls separated by a system of winnowing niachines, such as are used in flour 
mills. The inside red skin js then removed by revolving sieves and air blasts, and the kerrlels are 
ground, after which they are ready to be presswl. The pressing takes place in the same manner in 
which other oleaginous seeds are pressed, the meal lieing enveloped in strong fibrous ma69 and 
subjected to hydraulic pressure. The resulting cake is then reground, the oil remaining in the meal 
secured as in the first instance. The oil is graded according to first, second, or third extraction. This 
oil, after beiug clarified by filtration and the adrriixture of fuller’s earth, is put on the market and 
used as an illuininant, and more extensively as an adulterant in olive oil, in which latter field its 
chief competitor is cottonseed oil. 

The cake left is sonietiiries chemically treated to secure the oil that may have escaped the presses, 
but whether thus treated or not, it is valnable as a food for cattle. The husks are roinetiuies used for 
fuel, and they have some value as fodder, although goats are about the only animals that will eat thein 
when not mixed with the peanut cake. 

Sesame oil comes from Egypt, and costs about 80 francs per 100 ltilograms. 
The& are various other ingredients with which or in which the sardines are 

packed to give them flavor or piqumcy. Some of the very best goods are prepared 
with melted butter of good quality instead of oil; these are mostly for special French 
trade. Tomato sauce, pickles, and truffles are also used. With all of these the 
sardines are packed precisely as when oil is employed and in cans of the same sizes. 
Only relatively small quantities of such goods are prepared. 

When the fish reach the packing room, the women who had been cutting will 
probably have finished that task and are seated at a table ready to take up the 
packing of the sardines in tin boxes; they carefully place the fish in the cans, and 
then pass them along to another set of women who fill the boxes with oil from a faucet 
or with other materials used with the sardines-tomato sauce, mustard, truffles, etc. 

In  some countries (United States) the trade demands that the blue back of the 
sardines be uppermost when the box is opened; while for other countries (France, 
Belgium) the white I d l y  should be uppermost. The position of the fish when the top 
of the can is removed by the consumer is reversed i n  packing, as what is the bottom 
of the can from the packers’ standpoint is in reality the top. 

With most of the oil sardines a small quantity of spices is used in ordex to 
impart a flavor. The usual ingredients for each can are 1 or 2 cloves, quarter or 
half of a laurel leaf, and a sinall piece of thyme; these are put in the can before thc 
fish, so that they will be on top when the can is opened. The fresh leaves of tarragon 
(estmpn) are sometimes used. 

Swdines are packed in tin boxes of a large variety of sizes and shapes, soixie of 
which are well known to the American public, while others do not enter into the 
general trade here. Among the kinds which have received special designations arc 
the “ quart bas,” “ quart haut,’) (‘ demi,” L L  huiti6mc,” and “ triple.” The ‘( quart ” 
can is the standard. It ordinarily contains 1 2  to 14 fish, but sonictirues as many as 
20 and sometimes only 6 or 8. is twice as large as the “ quart,” and 
the “ h u i t i h e  ” is only half as large; while the “ triple ” contains 12 times as much 
as tho ‘‘ quart. ” Lozenge-shaped and boat-shapcd cans (which are protected by 
patent) are also employed by a few companies; and some factories put up fish in 
glass vessels. The standard wooden cases in which the cans are psLcked and sent to 
niurlwt contain 100 “quarts,” 200 “ huiti&mes,” 50 ‘‘ demis,” etc. 

The (‘ demi 
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At one factory the writer oliserved that the fish in  coursp of canning were for 
the most part mutilated, soft, and uneven, and wore being put up in pranut oil, and 
learned that these sardines were destined for thc American inmket. 

Sealing the bottoms on the cans-thc nest step i n  thc preserving process-’ is one 
of the few things doiic by incn. Soldering appliances of various types are used in 
the different factoi*ies. The most convenient, time-saving, and modern soldering iron 
would appear to be that which is kept constantly heated by gas. The handle of the 
iron is pierced by two pipes, one conveying gas and the other air for admixture 
with the gas; and the gas is ignited in the head of the iron in such a way as to keep 
the soldering edge continually at a white heat. The free movement of the iron is 
effected by rubbcr tubes connecting it with the main supply pipes extending length- 
wise under the tablc at which thc solderer works. While being closed tho can is 
held in a frame on a sinall turn-table moved by the foot of the solderer. The covcr 
is applied so as to force out the air, and at the same time a good deal of oil escapes. 
The soldering begins in  this oil, at the middle of one end of the can, and is continued 
around by the revolution of the turn-table rather than by the movement of the iron. 

Froni the soldering table the cans are taken to another rooni i n  which they are 
placed in large square iron vessels, open at the top and holding several thousand 
L L  quart” cans. This 
accomplishes a fourfold purpose: (1) The cooking of thc fish is c.oinplcted; (2) the 
bones are softened; (3) thc.bacteria in the oil and fish are killed, which would 
otherwise produce putrefaction ; (4) the prescncc of IciLlts in tho  cans is disclosed. 

After cooliig, the cans arc placed in dry sawdust and stirred from time to tinie; 
this absorbs the oil and moisture on the surface and renders the c:tns clrnii and 
ready for packing. 

There is ti comparatively sinall proportion of the fish prcpnrcd :is “ boneless 
sardines,” which are rendcred “ boneless ” by bending the cmxd:d pcdunclc until the 
backbone breaks, and then drawing out the vcrtebrnl column with specid tweezers 
or pincers. Fish intended for this purpose require more prolongcd drying (2 to 3 
hours), so that the niuscular tissue inuy separate more coinpletely froin the vcrtebm. 
Only fish GO mm. long OF over are made “boneless,” and of cven thc larger fish 
only a sinall quantity is so treated. The best sardines arc not so prepared, as thcy 
are fresher when they reach the coolring room, having required only one-half or 
one-third the time for preparation up to that stage. Thc “ boncless” fish, while 
undergoing the additional drying, are dcteriorsting. Tlic reinoval of the bac:libone 
adds about G per cent to the value of tho fish, nlthough the wonien who prepn1.e 
them receive no additional wages. 

Tin plate for sardine cans is manufactured :It Nantcs and other pliwrs in  France. 
I n  Concarneau, Nantes, Hennebont, and elsewhere cnns are inade for the cmnerics 
tLt special establishments and are sent to the factories in the smne boxes in  which 
they are subsequently shipped when filled. At Hennebont therc is a plant for the 
decoration of tin plate. 

Most of the canning factories receive their cans ready-made, but soinc simply 
have the separate parts cut, and during winter give cniploynient to the c:m-iiiakers. 
Nearly all of the sardine cans arc now pi’ovided with Ircys, which arc placed on 
the cans as the sardines are boxed for insrket. The surdines of the best qattlity 

The vessels are then immcrsed in boiling watcr for two hours. 
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have keys for use on the side or cdge of the can, rather than on the top, which 
remove a thin strip of tin. 

Labeling of French sardines is an important branch of the canning husincss, and 
although the use of labels is not requircd by French law, labeling is almost inwriably 
practiced. The most popular and generally employed label is that which is stamped 
on the tin. Very few paper labels are used, and these are chiefly for special French 
trade. Soine of the hest grades of sardines are labeled with brass labels of oval or 
oblong shape, attached to the side of the cans by solder. 

CANNERY EMPLOYEES AND THEIR WAGES. ’ 
The canning of sardines gives employment to many thousand persons, a t  what 

are considered good wages, and in  some of the fishing towns gives work to piwticdly 
all able-bodied persons who are not engaged in  fishing. In Concarneau, a town of 
10,000 people, fully 3,000 men, women, and children are directly connected with the 
sardine-canning business, besides the fishermen. The average number of employees 
at the factories in Brittany is over 100, and at the largest cannery in  Concarneau 
about 335 persons are employed. The 
principal diet is fish and bread, and meat is eaten usually but once a week. 

Most of the work in connection with the canning of sardines is done by women 
and girls, a few men being employed for special duties for which women nre not 
adapted (can-making, soldering, boxing, etc.), together with R small numher of hoys 
who are apprentices. 

The 
ratc in 1‘300 was 19 francs for each 1,000 fish, the aggregate hoing divided equally 
among employees. A good week’* income for cutters and packers is 30 francs @ G ) .  

Thc solderers, who seal on the tops of the cans, receive 1.50 francs for 100 c:iris. 
In  minter many men devote their time to can-making and are paid 3 franas per 100 
cans. Other employees about thc factories are paid by the inonth and receive an 
average of 70 francs. A good solderer can seal 1,3 00 to 1,300 cans daily, and some 
men do considerably more. Boxes that arc bad19 soldered are returned, and, with 
their contents, charged to the solderer, who is not allowed to sell them. M. Deyrolle- 
Guillou, of Concarneau, conimunicates the following interesting note on the work of 
apprentice solderers: 

I have heard of a solderer who could seal up 1,800 “quart” cans of sardines in a day, but an 
ordinarily good worker does about 1,300. I have recently spoken with 
a cannery director, who told me that lie had six young apprentices of last year, one of whom can now 
(1900) solder 1,200.boxes in a day, two can do 1,100, two can do 1,000, and one can do 900. Tliese 
are only 15 to 17 years old, and inust be apprentices three years and get only half pay during that 
time, that is to say about 75 centimes for 100 “quarts” soldered up. 

Living in  the fishing towns is very cheap. 

Among women and girls in the Brittany factories uniform wages prevail. 

It is very easy work to learn. 

PRICES OF SARDINES. 

In  1900 the sardine packers received an average of 50 francs per 100 ‘‘ quart” cans 
for fish of good quality in “olive” oil; in 1899 the average price for the same goods 
was 43 francs per case. Some “ quarts ” i n  oil; however, bring as much as 100 francs 
per 100 cans, and retail in Paris a t  2 francs per can. These ase the fish with which 
special care is taken; they are brought to the factories early in  the niorning and are 
canned with the minimal amount of softening and deterioration. Fish intended 
for the average American trade are quoted at  about 35 francs per case of 100 cans, 
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During the first week of duly, 1900, the wholesale prices of French sardines in 
New Yorlr were $10.50 to $14 per case for choice “quarter” oils, $6.75 to $11 for 
ordinary “qum.ter” oils, and $16 to $23 for boneless “halves.” During the last week 
in December, 1900, thc quotations werc $S.50 to $12 for choice “quarter” oils, $7.25 
to $11 for ordinary “ quarter 7 7  oils, $14 to $17 for choice “halves,’: and $16 to $23 
for boneless “ halvcs.” 

COMPARISON O F  FRENCH AND AMERICAN SARDINES. 

Observation has shown that French sardines, when of thc best quality, have a 
h v o r  and richness which malm them preferable to any sardine prepared on the 
Atlantic coast of the United States from the young of the sea herring; French sar- 
dines of average grade, even when canned i n  peanut and cotton-seed oil, are much 
superior in palzttahility to the grmt bulk of the American output; while the cheaper 
grades of French sardines-which unfortunately find a ready iimrket in the United 
States-are certainly not preferable to much of tlie native pack. 

The conditions which undcrlic the general superiority of the French canned sar- 
dines, and the steps which may be adopted in America for narrowing the gap which 
now separates the product of the two countries, appear to thc writer to be chiefly as 
follows: 

(1) The methods adopted in the French sardine fishery result in the landing of 
the fish in  excellent condition. This‘is the main object and is never lost sight of. 
The fish arc caught singly in n delicate mesh, rcmoved by hand, carefully kept on 
board’the boats so as to avoid crowding and mashing, counted by hand into small 
baslccts, taken to the factories within a few hours after being caught, and promptly 
put through thc preserving processes, so that ordinarily the deterioration which 
ensues is not worthy of mention. The sardine fisherr on the coast of Maine is a 
woir fishery and the unit of measure is not the individual fish, as in France, but the 
hogshoad. A large number of fish-sometimes a vast school-may be in  a wcir at 
one time, and are often held in the weir for inany hours, sometimes for several days, 
during which they w e  without food, itre incessantly harassed by their fellows and by 
other fish, and necessarily undergo detcrioration; they are then talren from the trap 
with large dip ncts and transferred to the collecting boat, where they are piled deep 
in bins or in the hold, and are often many hours in reaching the cannery. There the 
unloading results in further mashing, crushing, and bruising, so that by the time the 
sardines reach the cooking room they have lost so much of their flavor and firmness 
that no amount of subsequent care and no kind of oil or spice can replace or restore 
their quality. Although fish are liable to more rapid decomposition after capture 
t,han any other class of food aiiiinals, there are no products with which greater 
liberties are taken, and none in which the lack of care results so disastrously; this is 
especially true of the American sardine, mid, in the writer’s opinion, is largely 
responsible for the unsatisfactory quality of the canned fish. 

because they are not in the best condition. It is only after the fish have becqine fat 
that they are considered suitable for canning. The fattening depends on an abun- 
dance of proper food, and along with i t  is an improvement in the flavor and general 
quality of the flesh. In  the casc of our sardines, fishing for the canneries is carried 
on from April to December, without reference to the fatness of the fish. 

(2) In France the sardines caught in the early part of the season are not canned, . 
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While the young sea herring is an excellent fish, i t  may he admitted that even 
when at  its best its meat is inferior to that of the fat  young pilchard in richness. 
The latter has a peculiar flavor which, to :L considera1)le degree, is preserved in  
canning, and which probably can not be successfully imitated in the sea herring. 
However, the difference in flavor between the French and the American sardines, on 
which many persons lay inuch stress, appears to the writer to be of only second:lry 
importance. The taste for French sardines has heen acquired and perpetuated in the 
United States because of the long-continued unsatisfactory quality of American 
sardines. The herring is naturally no less wholesome than the pilchard; if it is 
caught for canning only when in prime condition, and if, in the forni of canned 
sardines, i t  is placed on the marlrets with the minimum amount of deterioration and 
with such zdjuvants in the way of oil, spices, etc., as may be suitable, it should and 
will receive ample recognition at home, :tiid meet with a constantly increasing demand, 
a t  pricys that now are hardly dreamed of. 

The history of a few canneries on our cast coast during recent years has shown 
that R very marked improvement in the quality of American sardines is entirclypracti- 
cable and, furthermore, is highly appreciated by consumers, as evidenced by the niuch 
higher-prices they are willing to pay and the steady demand beyond the capacity of 
the factories. With regard to the sardines of the Pacific coast of the United States, 
there is no reason why they should not, when properly canned, prove equal to the 
French fish i n  every respect. The high reputation which has been acquired by the 
comparatively small quantities packed in California during the past five or six years, 
and the excellent prices which they have cominanded, argue well for the SLK 

an extensive business. 

AMERICAN BAIT FOR THE FRENCH SARDINE FISHERIES. 

The mattcr of supplying bait for the extensive sardine fisheries of the French 
coast has received some little attention in a few New England towns during the last 
few years, resulting i n  a smdl increase in the trade; hut the consumption of bait is 
so large, the demand is so great, and the prices are so remunerative, that the American 
trade should be very much extended, especially as the bait material is now a waste 
product and may xadily he prepared at a trifling cost. 

Upward of ten years ago the United States Commission of Fish and Fisheries 
brought this subject to the attention of the New England fishermen, hut with no 
noteworthy results. Now, owing to a shorhgc of the cod catch in the country which 
furnishes the principal part of the bait supply, the opportunity is unusually favorable 
for our fishermen to enter the market and establish permanent trtlde. Having 
recently visited the sardine district of France for the purpose of investigating tho 
industry and having given special attention to the requirements of the sardine fisher- 
men in the matter of bait, the writer here presenh the results of his inquiries and 
obrervations with a view to show the benefits that will arise from the utilization of 
an article that is now generally thrown away. 

The preparation of sardine bait from cod eggs is entirely'feasible in all the coast 
States from New Jersey northward, and if proper precautions are observed the business 
should result in a yery substantial increase in  the incomes of nimy of our cod fisher- 
men. There would seem to be a similar opportunity for fishermen in other fisheries 

The eggs of the cod are an artificial food of the 

. 

in other parts of the country. 
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sardine, and are not known to possess :my properties, especially when salted, which 
n i : h  them an indispensable bait. So far as known, all fish eggs not over one-sixteenth 
of an inch in diameter are suitable for bait. Aniong the gttdoid fishes, the haddock, 
the hake, the pollock, and the cusk should yield eggs not inferior to those of the cod. 
Reference has already been made to the value of mackerel eggs as bait. Many other 
common species inhabiting our salt or fresh waters might be mentioned. 

Norwegian roe has for many y c a ~ s  practically monopolized the trade, and is still 
the leading bait as regards quality, qutmtity used, and price. American i’oe, as such, 
is just :LS good and just as satisfactory to the sardine fishermen as the Norwegian, 
but, o w i n g  to certain diti‘erences-amounting to positive defects-in the methods of 
packing, it is far less acceptable than the Norwegian, and will inevitably bring much 
less inoney per barrel until other methods are observed. The roe hrouglit in by the 
French fishermen of Newfoundland is inferior to the American. 

A description of the manner of preparing cod roe, as practiced in Norway years 
ago, and of the improvements therein suggested by the French Government, has 
already been given. The features which give to the Norwegiim roc the superiority 
which it has continued to inainhin, and the points to which Americans inust give 
careful consideration if they would hope to rcceive a fair share of the trade, appear 
to the writer to be as follows, after a critical comparison of the product of the two 
countries as seen in Fimce: 

(1) The Norwegian roe is closely packed in the barrels, and when the barrels are opened the 
sardine fishermen find them practically full. Tlie roe is evidently salted on shore and then repacked 
and pressed in the Imrrels with some force; antl after stailding and settling the barrels are apparently 
filled again before being finally dosed. Barrels of American roe, on the other hand, altliongli the 
flame size as the others, invariably contain less bait, owing to ehrinlrage incident to salting, to failure 
of the packers to properly fill them in the first place, or to both these causes combined. The roe is 
taken froin the barrels and carried to the fishing-grounds in buckets. A barrel of Norwegian roe will 
fill eight I)nckets, while ofteu a barrel of Anierican roe will f i l l  only five or six buckets. Barrels of 
Newfoundland roe, while larger than the Norwegian, often contain 20 to 25 poiinds less of roe. 

(2) Norwegian roe is packed dry, antl remains dry unless i t  becomes very old. The barrels con- 
tain no inidissolved salt and no free brine. The brine which may form after the closing of the barrels 
escapes through Iiolrs, about one-fourth inch in diameter, bored in the sides of the barrel. Barrels of 
America11 roe are either dry or may contain more or less brine; they are also liable to have consider- 

’able unilissolvcd salt in the bottom or mixed with the roe. The barrels should contain nothing but 
dry roe, as the French fisherinen are too economical and too keen to knowingly expend their hard- 
earned nioiiey for salt and water as bait for sardines. Small shipments of roe froin America ten or 
more years ago were very unsatisfactory and gave rise to a well-founded prejudice which still prevails 
to a considerable extent. Barrels were occasionally found that contained very little roe and were filled 
cahiefly with salt. “Salt is not good for sardine Lait,” was the remark of a dealer at Concarneau. The 
quality of American roe in the foregoing respect is now better, although, in the opinion of the fishermen, 
there is still much room for improvement. 

(3) The Norwegians observe several grades of roe, depending on the ripeness of the eggs, and 
pack them in separate barrels, which bring different prices. The ripeness of the roe determines its 
quality as bait, because of the plus or minus of ovarian capsule or membrane, which is thinner and 
relatively less in quantity when the eggs are riper. With the American roe no distinction of this kind 
is made, but eggs of all degrees of ripeness are mixed. Large pieces of thick ovarian nienibrane are 
often found in the roe froin the United States. 

(4)  The ovaries are salted more or less entire in Norway, and when a barrel is opened the 
individual organs may be removed one by one. As the roe needed for fishing is transferred froin the 
barrels to the buckets by hand, the existence of the whole roe facilitates the work and is appreciated 
by the inen. American roe is largely a concrete inass of wet eggs with strings of membranes running 
through it. 
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The foregoing considerations lead to the presentation of the following suggestions 
and information for persons who may he in position to undertake the preparation of 
b i t  for use in the sardine fishery: 

(a)  Ovaries in which the eggs are sufficiently developed to be separable are suitable for bait. 
They should be removed and salted as soon as possible after the fish are caught. In  the offshore 
vessel fisheries the roes may be salted loosely in barrels or vats, and repacked in suitable barrels after 
the vessels return to port. In the shore fisheries the salting may be deferred until the boats land their 
catch. When prachable, the ovaries should be removed entire and salted between layers of dry, 
rather fine, salt. The salting should be thorough, so that no salt need be put in the barrels in which 
the roe is shipped. 

( b )  The repacking of the roe is to be commended and will amply +epay the extra labor involved. 
The barrels should be of uniform size, neat, and well made. While the size of the barrels is not a 
matter of much importance, the sardine fishermen have become accustomed to a barrel holding about 
140 to 144 kilograms (308 to 316 pounds) of roe, and their preference should be borne in mind. 
Barrels should have not less than 300 pounds of roe, net, and should have no nnoccupied space. The 
pressing of the roe, in order to completely fill the barrel, is desirable. Escape should be provided for 
the brine that may run from the eggs, by boring several small holes near the ends of the barrel. 

(c) The grading of the eggs is recommended. Eggs of different degrees of ripeness and from 
different species should not be inixed in the same barrel. The amount of ovarian membrane should 
be rednced to a minimum; after salting, this can be stripped off more easily than when the eggs were 
fresh. Loose eggs, resulting from ovaries ruptured while fresh or in process of salting, should be 
packed in separate barrels. 

( d )  The barrels should be marked with the name of the packer, together with the kind and grade 
of the roe. The eggs of all the members of the cod family mhy properly be labeled “cod.” The net 
weight of the roe (in kilograms) might also be put on each barrel. Packers desirous of establishing 
and increasing their trade will of course see that no discrepancy exists between the contents of the 
barrels and the marks on the outside. 

( e )  American bait now goes by steamer ta Ilavre and thence by rail to the fishing towns. The 
freight on a barrel of roe from Ilavre to Concnrneau is 6 francs. Roe might be sent directly to the 
fishing towns, or to some center on the west coast, from which i t  might be distributed at less cost than 
from Havre. Bait-dealers or 
agents may be found in all the leading fishing towns. It is reported that they make a net profit of 20 
per cent on the roe handled. 

The present duty on roc is about 1 franc per barrel of 144 kilograms. 
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Contributions from tlie Biological Laboratory of thc U. S. Fish Commission, 
Woods Holc, Massachusctts. 

BIOLOGICAL NOTES. 

NOTES ON TKE MIGRATION, SPAWNING, ABUNDANCE, ETC., O F  CERTAIN 
FISHES IN 1900. 

By Gitormia 11. 8~ricitrnoon ant1 VINAL N. Ihwnm>s. 

Ohswvntions on tho habits, :hmdmice, spniviiing, inigrntions, mid on the 
iiifluencc of physicnl calmiigos on theso pheiioiiicim, are Iiero presented for n numl~er 
of fishes of tho Woods Hole i.c,,nioii dui*ing thc senson of 1'300: 
Tarpon atlanticis, Tarpoi&. 

Mr. 11. M. Iinowles, o f  Wakefield, lt. I., is authority for the statement that a tarpon 5 fret, 
long, and so slender that it weighed only 30 ponnds, wns mnght in a fish lrap ncar 1)ntcli Island 
Harbor, Narragansett Bay. Anotlirr weighing 80 pornids ww taken at, Marthas Vinryard, and a 
.smi~ller one in the Fish Coniniission trap t%t Mroocls IIole. The northern limit of range of this Rpwies 
i s  southern New England, but i t  prol)nhly does not brred north of Cuba. 
Brevoortia tyrannus, ilftnhuckn. 

Altlrougli tho menhaden season of 1900 wa8 regarded as the most sncceasful in tlirec yrars, tlie fish 
were exceedingly scarce in this vicinity, p~rtic~ult~rly during the last of Augiist, a t  wliic41 time i t  was 
impossible to procure any, either in Boston or Newport; and on this acconnt a c~onteinplatecl trip to 
the tile-fish grounds had to be postponed. In Bumards h y ,  liowever, wliere all net fishing is 
prohibited by law, large schools were present all siiinnirr. 
Hippocampus hudsonius, Sea-horse. 

FISIL Huwk, outside of Devils Bridge, Gay I-Iead. 
days in  the aquarium. 
Scomber scombrus, Afuckwel. 

Notwitlidanding the catch of mackerel along the Atlantic coast was phenomenal, very few were 
taken in inshore waters. Even tlie traps far froin the shore off Seaconnet and Newport took scarcely 
m y .  Tho failure of the inackerel to enter Buzzards Bay and Viiieyard Sountl is to be attributed in al l  
probability to the remarkable scarcity of small fish of all kinds. Indeed, seining lias nrver resulted in 
the capture of fewer small and young fish than in 1900. 

Tlie first mackerel readied Chatliam April 29, and on the following day were taken at Cuttyhunk 
and Menemsha. The temperature of the water at Woods IIole at this time was 4G0 F., altllough 
50' F. is apparently more favorable for them. The presence of so many spawning fish near the coast 
in 1900 led one to expect that young mackerel would be numerous, but this was not tlie case. On 
July 9 a few young mackerel 2.5 to 3 inches in length were seen in a trap at Woods Hole, but in 
a few days they disappeared and no more were recorded in the vicinity until late in the fall, and even 
tlicn only in  small numbers. 

As  throwing some light 011 the question of the equatorial migration of the inackerel, it is of 
interest that in 1898 they appeared at Seaconnet, It. I., Chatliam, M a w ,  and Yarinoutli, Nova Scotia, 
on tho saine day, May 3. 

I n  August R fine specimen of I I Q ~ J J o c ~ ~ ~ s  was tlredgrtl by the U. S. Fish Cornmimion steamer 
It was taken to the Inboratory and livcd for several 

Tliis is the only one muglit for several yeam 
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Sarda sarda, Bonilo. 
Seventy-five bonito from a trap a t  Cedar Tree Neck on June 18, 1900, were reported to be the 

first arrivals of the season, and throughout the summer on almost every clear day the schools were 
breaking at  the surface froin Gay Head to Woods Ilole. On  account of the peculiar flavor of its flesh 
the bonito has not found a ready market, but it is growing in favor. In 1900 there was a considerable 
demand for it, and it brought even better prices than the squeteague. The indications are that the 
bonito may largely supplant the latter as an article of food. 

Scomberomorus maculatus, Span kli ilfackerel. 
One was 

taken in the Fish Commission trap in 1898, and three were caught a t  different times during the snmmer 
of 1900 in the trap in Vineyard Sound. 

Trichiurus lepturus, Cutlas-fi?~. 

which were also caught in Narragansett Bay, were sent to the Rhotle Island Fish Cominission. 
October one was taken in a trap a t  Menemsha. 
Pomatomus saltatrix, Blue-f~71. 

In  a note on the abundance of the squeteague reference is made to  the gradual decrease in the 
numbers of blue-fish which enter the waters of Buzzards Bay and Vineyard 8ound. Simultaneously 
with this change there has occurred another, equally difficult to explain, in the time of their arrival. 
Some twenty years ago the fish were sure to be taken in the traps the first or Recond week in May, while 
recently they may be as late as the middle of June. The presence of large schools of blue-fish off 
Nantucket and No Mans Land all summer makes it evident that they have not completely deserted 
our coast; but just why so few come jiishore and why they are so much later in their arrival is not 
apparent. In  Hpite of the scarcity of inature fish the young have been very abundant everywhere, 
and particularly at  Katama Bay, where undoubtedly they have destroyed many of the rare bright- 
colored southern forms referred to in Biological Notes No. 1. The rate of growth of the young, as 
found in Katama Bay in 1900, is as follows: July 27th, 3 inches; August 8th, 3 to 6 inches; August 29th, 
5 to 7 inches; September 24th, 7 to 9 inches; October 3d, 8 to 11 inches. 

Centropristes striatus, ,Sea Bass. 
I n  a short tirile it 

will probably become a rare species in this locality. Hand-lining, even on the spawning-grounds off 
Ilyannis, was remarkably poor this season, and the abundance of tlie y ~ u n g  does not give promise for 
the corning year. As a rule the first adults appear in their seasonal migration during tLe first 
or second week in May, when tlie water has reached a temperature of 48' to 50' F. However, in 
spite of the cold of 1900, they appeared at  Cuttyhunk and Menemsha Bight on April 28-with one 
exception the earliest arrival recorded in twenty-five years. Formerly the young were abundant 
everywhere, but at present they are restricted to a few localities-Kataina'Ray, Quisset Harbor, and 
Wareham River. The first fry were seined July 31 and measured three-fourths of an inch in length. 
On the 20th of October young fish 2 to 3 inches long were very plentiful in ICatama 13ay. 

Lobotes surinamensis, Rlluu7ier, Wple-tuil. 
The Rhotle Island Fish Commission has in its posseesion a specimen of Loboles weighing 6 

pounds and measuring 22 inclies in length, caught on September 10 in a trap off Prudence Island, 
Narragansett Bay. This inhabitant of all tropical seas is a very rare visitor in the waters of southern 
New England. Not more than six specimens have been recorded,from this vicinity in the last 
twenty years. 
Stenotomus Chrysops, Scup. 

The catch of scup this year has been good, but not extraordinary. The first arrivals were taken 
off Newport April 21, at Cuttyhunk April 26, and five days later a t  Woods Hole. This wm an average 
arrival, although the water was 2' to 3" F. below the average. The adult fish usually leave in October, 
while the young may remain a month or more longer. Hundreds of the latter are killed.every year 
1 , ~  the sudden changes of temperature. 

The growth of fry as observed at Woods IIok is as follows: July 3d, 0.5 to 1.5 inches; August 
2 4  1.5 to 2 inches; September gth, 2 to 3 inches; September 29th, 3 to 4 inches; November lst, 4 inches. 

This delicious food-fish, once quite abundant in Buzzards Bay, is now very scarce. 

These were all small fish, weighing 1.5 to 2 pounds. 

A specimen 3 feet 8 inches in length was caught in a trap off Newport. Several smaller specirnens, 
In 

I t  is to be regretted that this gamy fish is decreasing so rapidly in numbers. 
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July 25 
Aug. 2 
Aug. 5 
Aug. 22 
Oct. 5 

Roccus lineatus, Slriped Bass. 

large'st weighed 20 pounds. 
and at  Cuttyhunk they were reported as large and more plentiful than usual. 

Cynoscion regalis, Xqueteugue 
The first squeteague of the seaaon were taken at  Cuttyhunk on May 5, 1900, and nine days later 

they reached Woods Hole. Compared with previous 
years, the arrival waa a little later than usual; but since the temperature of the water during the spring 
waa below the average, this was to be expected. As a rule, the first run of squeteague, like that of 
other migratory species, is composed of large adult fish, while the yearling appear about two weeks 
later. During the spring of 1900, however, the reverse was true, sinal1 fish, weighing from 2 to 3 
pounds, coming first. Toward the last of May, during the run of large fish, one was caught at  
Cuttyhunk which weighed 14 pounds. In  the 
Menenisha traps alone 10,000 were taken in a single day (July 31); and, in fact, they were so plenty 
throughout the season that they ruined their own market and did not bring enough to pay the 
shipping bills. Many of the Vineyard fishermen retained the fish in the pockets, waiting for better 
prices, but a heavy northeast storm tore up the nets in the fall, and most of the summer's catch 
was lost. 

Observations on the first appearance of the fry, their growth, and their abundance have been 
continued. The results are given in the following table, although much inore complete data have 
been collected by Professor Eigenmann. The rate of growth corresponded with that of the blue-fish: 

Three specimens of striped bass were caught in the Fish Commission trap on July 21,1900. The 
Several others were taken by the summer sportsmen with hook and line, 

The water temperature at  this time was 50° F. 

The abundance of the squeteague was remarkable. 

Incfied. ' 
Wiirehiim River.. ...................... 1.25 to 2.25 Very scaree. 

Warehnrn River (further up) . ._._. __.. 3. tu 5 Very 8curre. 
Acuvhnct Kiver ........................ G 7.25 1 Do. 

..... do .................................. 2 3 1 Do. 
Red Bridge, Providence ltivcr ........ 1.2; 2.26 Abrindriilt. 

I I -__I I I 

When, a few years ago, a bill to prohibit all net fishing in Buzzards Bay was presented to the 
Massachusetts legislature, one of the strongest arguments of its supporters was that the bay was the 
natural spawning-ground of the food-fishes, and therefore their decrease was attributed to excessive 
trap fishing. A careful study of the records of the movements of the squeteague for the last thirty 
years has revealed some striking facts which have an important bearing on this question. Notwith- 
standing protective legislation, it is very evident that breeding squeteague have ceased to enter 
Buzzards Bay in any considerable numbers; for while twenty years ago the young could be seined 
almost, anywhcre in the vicinity of Woods Hole (at Great Harbor, Hadley Harbor, Nobska Beach. and 
Quisset), there are now only two localities in Buzzards Bay and Vineyard Sound where they are 
found-at Wareham, near the head of the bay, and in Acushnst River, on the New Bedford side. 
Even in these places their numbers are greatly reduced. 

The former abundance of the young was due in all probability to tlie facet that thc adults spawned 
in the open bay or outside waters, and since the buoyant eggs were subject to the influence of winds 
and currents, they were carried hither and thither until finally lodged in the protected harbors and 
inlets. Such conditions would tend to distribute the eggs more or less uniformly albng the shores of 
the bay, and tlie fry would not be restricted to the present areas. On the other hand, with the 
remarkable increase of the adults, if they still continued to spawn in the same places, there would 
have been a correspondingly large increase of the young. 

It may be argued that the spawn is deposited in the same places as formerly, but that the ems 
merely drift into the estuaries-Wareham River and Acushnet River. But this does not seem at 
all probable, since the outward current in these rivers is stronger and longer continued than tlle 

-inward. A more plausible explanation is that the few adults entering tliese rivers find conditions 
favorable, and therefore spawn, while the great majority of the fish seek other localities. The Ithode 
Island fishermen who control the sea traps off Seaconnet and Newport say that whereas years ago 
they used to catch plenty of squeteague at  the mouth of the bay, very few are ever seen there now. 
They believe that the fish no longer run in ofshort. waters, but enter the bays and inlets. Substantiating 

* 
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this is the extraordinary al)untlanc*e of the f ry  dnring the past few years in Narragansett Bay, particu- 
larly in its upper part, near Red I3ridge and India Point. Even here great numbers of them were killed 
in 1900 byPeridlni?~?n. For two weeks or more in September this small protozoan infested the waters 
of the upper bay in sucli numbers that tLe water was almost t i  blood-red color, and as a result youllg 
squeteague, together with fish of several other species, were piled in windrows on the shore. There is 
but one conclusion to be drawn from the foregoing facts-the squeteague has changed its spnwning- 
grounds within a few years, and, judging from the abundance of the young, Narragansett Hay is the 
more favorable locality at the present time. 

The study of the yearly records has also shown that :I definite relation exists between the 
abundance of squeteague and blue-fish. Twenty years ago 100 squeteague were roilsidered a remarkable 
catch, but now it is uot uncommon to take 4,000 at a single tlraft of a trap. On the other hand, 
twenty years ago blue-fish were so plentiful that barrels of them were shipped daily, while in 1900not 
over 50 were recorded from the bay or sonnd. There can be but little tlonht that the marvelous increase 
of the squeteague has been made possible by the disappearance of one of its most clangerouu eneniies- 
the savage blue-fish. 

Tautogolabrus adspersus, C U ~ L ~ L ~ T .  

the surface with the tautog. 

Tautoga onitis, Tautog. 
In fact, uiany Iiook- 

and-line fishermen were compelled to seek other eniployment, but just the reverse obtained in Narra- 
gansett Bay. According to the report of the llhode Island Fish Conimission for 1900, the tautog in 
Narragansett Bay were very abundant and of large size, some weighing 13 pounds. Capt. Isaac L. 
Church, of Tiverton, B. I., who has followed tautog fishing for niany years, says that they are as 
abundant now m they ever were. Young tautog were nutnerous aloiig all shores during the summer, 
but more particularly at Katama Bay, where they actually occurred in shoals. ]Tor several days in 
February, 1901, tautog were found floating on the surface, evidently killed by the anchor ice, which 
formed nearly all the month. 

Lagocephalus lmvigatus, SniootlL PGffcr. 
During 1900 several specimens of this occasional visitor were taken in the vicinity of \\'oods Ilole. 

In  the fall two adults were caught in a trap a t  Cedar Tree Neck. The llhode Ixland Fisli Conimirsion 
reports three specimens from Narragansett Bay; the largest, taken October 4 at, Tiverton, R. I.,  weighed 
10 pounds; the other two were caught the week before itt the mouth of the Imy. The siriooth puffers 
are C O ~ ~ I I O I I  in the South, but very rare north of Cape IJatteras. The 
young from 2.5 to 4 inches long were found by the U. 8. Fish Commission in the waters of Porto ltico. 

Pollachius virens, Pollock. 
Years ago the adulte 

were plenty in the sound, but now only a few stragglers are seen. 

Microgadus tomcod, Torticod. 

Some seasons nearly all the fish are infected. 

Gadus callarias, Cod. 
Off 

Bowbell Ledge the fishermen gave up fishing for tautog and made cod fishing their business. The cod 
were all plump and in good condition, weighing from 4 to 20 pout1ds. In  Great lltirhor, where the 
cod seldom enter, they were so plenty that 10 specimens were taken in the fyke nets in Octolm, 15 
were taken in November, and 45 in December. With one exception these were good niarketable fish, 
weighing from 4 to 16 pounds, and were quite different from the thin, flabby specimens occasionally 
taken here. Five were spawners. 

That the cod have not decreased off Nantucket is evidenced by the remarkable catch macle by the. 
Grainpu~ in this locality during November and December, 1900. More than 3,000 brood cod were 
brought back to the station for the hatching season. The cod were equally abundant around No Man's 

Barrels of cunners were killed by the extreme caolii of February, 11101, a i d  were seen floating on 

Fewer tautog were caugltt in tlie vic-inity of Woods Hole tlian last year. 

The outlook for next season's fishing is less promisitlg than ever. 

Their :iver:ige lengtli ia 2 feet. 

During the spring of 1900 the young appeared as usual with the sinal1 cod. 

The tomcod during the winter of 1900-1901 were entir61y free from parasites (Lcrr~;concn~c~ radiata). 

The number of cod taken in Vineyard Sound during the fall of 1900 was nnprecedented. 
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Land, but the fisheries were a failure because of the scarcity of bait. Herring were d nmning and 
quahogs could not be obtained in sufficient numbers. 

On January 30, 1901, 500 to 600 cod, of which 48 had been stripped and the remainder were barren 
fish, were left in the cars to be tagged. On the followiiig day there was a fall of snow and the temper- 
ature of the water began to fall from 31' F. and for the greater part of February remained at  28" F. 
Ice was formed in the harbor and all the cod died. This would go to show that the cod adapt thein- 
selves to abrupt changes in temperature by migrating to deeper water. 
Rhinonemus cimbrius, Four-bearded Xocklinq. 

Young rockling were taken in the surface towings at  the Fish Commission wharf from June 27 to 
July 6, 1900. They formed in schools in the eddies around the wall and were mixed with young 
sticklebacks (Uastwolderur Zlispinocrus) . The rockling is found in 
all North Atlantic waters, and altliougli it is said to be abundant in Massachusetts Bay, only two 
specimens have been reported from Woods Hole. One measuring 10 inches in lengtli was speared in 
the Eel Pond January 5, 1889; the second was caught in Little Harbor also in the winter, but there is 
no record of the exact date. 
Hippoglossus hippoglossus, Halibut. 

others was caught off Block Island by cod-fisherinen. 
and in Vineyard Sound, but none have been taken for several years. 
that this valuable food-fish may return to its old grounds. 
Pseudopleuronectes americanus, Flat-jkh. 

An illustration of the effect of a sudden fall of temperature on the beliavior of fish was given in 
February and March, 1900. The flat-fish had been plentiful both at Great Harbor and Waquoit Ray 
throughout February up to the 23d, when they entirely disappeared, and none were taken again until 
March 6. The records show that after the 23d the temperature of the water dropped from 35' F. to 
29' F., and that on March 6 it rose again to 32" F. 

The normal breeding season of flat-fish is from February to May, and it is very unusual to find 
them with rnature sexual producta before January; but in 1900 seven specimens of tlie hatch of 1898, 
caught in Eel Pond on November 20, had ripe milt. Again, on Noveni1)er 27, three out of four flat- 
fish caught in a fyke net set in Great Harbor were ripe milters, and on tlie following day, at the sanx 
place, two females were taken, swollen with eggs, and in such condition that had they been taken iu 
February they probably would have spawned within two days. Never before have fiat-fish with ripe 
sperm been taken so early, and it is possible that the unusually warin water of October and November, 
1900, may have caused this premature development of eggs and milt. The last flat-fish with ripe eggs 
for the season of 1899-1900 was taken Apr.il 25. Although it is generally ldieved that flat-fish extrude 
their eggs only at  night, on March 14,1901, a large fish, which had been in the fish-boxes at, thc 
hatchery a day or two, spawned in the middle of the afternoon. 

In  regard to the " black-bellied" fish, the report of the Rhode Island Fish Coininission for 1900 
states: " It is an extremely interesting fact that the dark-bellied variety, which gradually came into 
notice several years ago and attained the maximum of ita abundance in 1898, is on the decline. Last 
season, according to a trustworthy estimate, only about 4 per cent were colored on the under surface, 
while three years ago at lemt 33 per cent were so colored." Among 300 flat-fish from Waquoit Bay 
this season (1900-1901) there was not a single specimen of the black-bellied variety, although lmt 
year Dr. Bumpus reported several. This variation seeins to have completely disappeared. 

A young flat-fish, 1.5 inches long, was seined at Katama Bay August 15, 1900; the posterior two- 
thirds of its upper surface was devoid of pigment, and a distinct line separated the two areas. Tho 
scales were different in structure from the normal, and the presence of a deep notch on the domal side 
of the tail suggested that the lack of pigment may have been produced through injury or disease, 
although the surface was apparently free from any lesion. This is the first time that this variation 
hm been observed, although MK. Edwards has seined in the vicinity of Woods Hole for thirty years. 
Lophius piscatorius, G'oose$crh. 

During the fall of 1900, goose-fish were very abundant in Great Harbor, arid late in the fall 
several large ones were washed ashore. This irr of considerable interest, bewuse the fish is not often 
seen near Woods Ilole, althougli Iiiiinerous at  Menernsha aiid Cuttyhunk, where the shores are 
frequently lined with their bleaclied skeletons. 

Their length was 0.5 to 1.375 inches. 

The young have never before been taken here. 

On April 16, 1900, there waa brought into Newport a halibut weighing 100 pounds, which with 
Halibut were formerly abundant in this locality 

This catch d a d s  one to hope 
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ADDITIONS TO THE FISH FAUNA IN 1900. 

By EIKJGlI fif. 8 M W l I .  

The dready surprisingly large fish fauna of the M700ds Hole region was 
These l~ri~ig the 

J?ollowing are the species 
augmented by four southern species during the fall of 1900. 
total number of species known froin the vicinity to 243. 
new to the region: 
Exocetus rondeletii (Cnvier & Valenciennes). 

States waters only in Florida. 
October 13. 
Ocyurus chrysurus (Bloch). Yellow-tail. 

fish at  Key West. 
Scarus croicensis (Bloch). I'urro/-$sh. 

been Key West. 
temperature bein; 570 F. 
Sparisoma flavescens (13loch & Schneidcr). Mud Z+trrot-jidi. 

This, the coininonest species of the genus, is :tbulldallt at  Key West and throughout the West 
Indies. It was not known north of FloridiL until a speciinen 6 inches long was found at  Woods Hole 
on November 13; it had been benumbed by the cold and was picked up  011 the shore of Buzzards Bay. 

FZying-fuh. 
This common species of the West Indies and the Mediterranean has been rec*orded from United 

A specimen 7.25 inches long was caught in a trap at  l\lenenisha Bight, 

The normal range of this species is southern Florida to South America. It is an abundant food- 
011 October 4, an example 5.5 indies long was seiiied in I<ataiiia Bay. 

This is a conimon West Indian species, the nortliern limit of wlionc known range lii~etofore has 
Two speciuiens 3 inches long were taken in ICataina Bay, October 20, the water 

NOTES ON THE SUBTROPICAL FISHES OBSERVED IN 1900. 

By HUGII M. Snnriw. 

The season as :L whole was unfavoral~le, and comp:Lrcd with 1899 there was :b 

scarcity of tropical species. No gulf weed was seen in any of the in sho i~  wtrters, :~11d 
there was little wind from the direction of the Gulf Stre:tni. Neverthcless, some rwc 
fishes were found, and a number of species which until 1899 had been coiisidcred very 
uncommon were taken in  abundance. Most of the collecting was done in Ktltarnu 
Bay, which the previous season's experience had shown to be the most hvorable 
locality in  the vicinity of Woods I-Iolc, and only in this body of water were any of 
the typical southern fishes found. Large blue-fish and flounders were abundant at 
the inlet of the bay through the summer, and may have picked up many of the sui:~ll 
gaily-colored stragglers from the south. 
Clupanodon pseudohispanicus (Poey ) . S~)wiixlL 8urdine. 

There was a sudden fall of temperature on November 16, and ti numlm of these fish, 6 to 6 indles 
long, were picked up on the shore in a benumLetl coiidition; these were the first specitnens obscrvetl 
in four or five years. 
Holocentrus sp. Squirrel-jish. 

obtained August 28. 
Epinephelus niveatus (Cuvier & Valenceienncs) . 

Octolier 26. 
Epinephelus morio (Cuvier & Valenciennes). 

was taken September 26. 

Oiie very sinall specimeii, apparently representing the same species as the one taken i n  1%N, was 

,Sriou)!/ Grouper. 
Thirty-five small specimens were seined in Katania Ikiy on nine occ.iinio1l.r 1)etween August 15 alld 

The largest number taken during onc day was 12, on Septeinber 8. 
Ret1 G'rotcper. 

A small specimen, silnilar in size and appearance to those obtained 111 tlie Hame locality ill 1899, 
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Mycteroperca bonaci (Poey). Marbled Kock-jisli. 
One specimen, 3 inches long, was taken August 15. 

Mycteroperca venenosa (Linnaeus). Yellow-finned C r o u p .  
Eight small specimens were sewred on four different days (August 8 and 28, September 8, 

and October 20). 
Pseudopriacanthus altus Gill. iSJ~ort Big-eye. 

previous year over 100 were taken. 
Neomagnis griseus (Linrmus) . 

Five specimens, the largest 1.875 inches long, were seined in Katama Bay 011 August 29. The 
general color is pale, with 6 or 8 narrow, dark, longitudinal stripes; spinous dorsal fin dark, with a 
sharply defined blackish bar involving the distal parLof the fin, the extreme edge being white. Only 
two specimens, taken in September, 1897, were previously obtained in this region. The species appears 
to railge normally as far north ax Chesapeake Bay. 
Neommnis apodus ( Walbaum). Schoolmaster. 

There has been only one previous record of the occurrence of this snapper north of Florida- 
namely, September 20, 1668, when an example 5.5 inches long was taken at Woods Hole. On August 
29 and September 11, 1900, two specimens, 1 invh and 1.5 inches long, respectively, were caught in 
Katama Bay. The general color of the body is pale yellow, with 6 to 8 dark crossbands; a dark line 
extends from snout through eye to upper end of gill opening; sereral narrow dark lines run on head 
posterior to eye; anal fin red. 
Neommnis blackfordi (Goode 9: Bean). 

Nine specimens, the largest under 2 inches long, were seined September 7, September 11, and 
October 20. Their colors in life were as follows: General color, red like the adult fish; body marked 
by about 7 double dark crossbands; in the c-rossband nearest the junction of the two parts of the dorsal 
fin is a large jet-black blotch extending from the fin to below the lateral line; spinons dorsal dusky; 
soft dorsal with a dusky median zone and a dark edge; caudal pale, with a dark narrow border. The 
only other red snapper recorded for this region is a specinian weighing 8.5 pounds, taken in 
October, 1890. 
Neommnis analis (Cuvier & Valencieiines): Jfutton-jld~. 

Twenty specimeiis of this snapper were taken, between Augubt 28 and October 12, the largest 
being 2 inches long. These resemble the young red snapper in beiqg banded and having a black 
lateral spot; the bands, however, are rather broader and more sharply defined, and the spot is smaller, 
less distinct, and does not extend to the median line of the back. This species was regarded as very 
rare until 1899, when more than 20 small examples were observed. 
Chmtodon ocellatus Bloch. ButterJy-fish. 

This species, formerly a rare straggler, must now be regarded as uoninion, in the light o f  the 
experience of the past few years. In  1900 123 specimens were taken, the fish being found in Katania 
Bay on 13 different occasions between August 15 and October 26; 26 were seined on September 6, and 
21 on October 3. 
Chmtodon bricei Smith. RulterJy-j%lfiYk. 

Teuthk cqru leus  (Bloch & Schneider). Blue Tong. 
Teuthis hepatus Linneus. Tang. 
Teuthis bahianus, (Castlenau). Thng. 

were last observed on October 3, when one of each was secured. 
Lactophrys tricornis (Linneus). Cow-fish. 

Scorpsena plumieri Bloch. Scorpion-Jish. 

Comparatively rare, only 9 being observed between August 15 anti September 8, whereas in the 

Gray &zapper. 

Red S/uppcr. 

About 35 were observed on ten different days, in rompany w i t t i  the preceding spwies. 

A few specimens of each of these spucies were taken in August, Septeniber, atid October. They 

Two specimens only 0.25 of an inch long were taken October 4. 

Two small specimens were obtained October 20 and 26. 
F. (:. R. 19014 
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Contributions from the Biological Laboratory of the U. S. Fish Commission, 
Woods Hole, Massachusetts. 

DESCRIPTION OF A NEW OCEANIC FISH FOUND OFF SOU'THERh' NEW 
ENGLAND. 

Psenes edwctrdsii, ap. nov. 

Depth 
of head over middle of eye little less than its length; eye 1 in  snout, 3.6 in head, 1.4 
in interorbital; width of body at  axils 2.5 in length of head; maxillary reaching front 
of eye; no adipose lid; top of head fatty, with few pores; pectoral broadly rounded, 

Head 3; depth 2 ;  D. XII-I, 30; A. 111, 28; V. I, 5; ltbteral line about 140. 

l',uarcs edwardii .  

1.5 in head; ventral shorter than head by half diatneter of eye; highest dorsal spine 
2 in head; highest dorsal say 1.75 in head. Translucent; back thickly covered with 
pigment cells; these extend below the laterul line, and along base of anal; abdominal 
region entirely free from pigment; spinous dorsal, vantrals, and caudal dark; other 
tins dusky; N. dark band on the soft dorsal r~nd tmd just beyond the sculv base. 

d r j  
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Type (No. 49745, U.S.N.M.), a single specimen, 90 mm. long, taken about July 28, 
1900, by the schooner humpus, from under a medusa, 30 miles south of Newport, 
Rhode Island. This species is evidently closely related to Psenes pellucidus, from 
which it differs in the longer snout, smaller eye, fewer fin rays, rounded fins, etc. 

I take great pleasure in associating with this species the name of Mr. Vinal N. 
Edwards, who has been connected with the U. S. Fish Commission as collector since 
its establishment thirty years ago, and who assisted Prof. S. E”. Baird as collector 
before the establishment of the Commission. 

The genus P s e w  is distinguished by Goode & Bean (Oceanic Ichthyology, p. 219) 
from Nomeus and other genera of the Noineidm by ‘‘ Pectorals long, surpassing ven- 
trals * * ,” but in their description and figure of I’senes pe&6cidus the ventrals 
are given as 5 mm. longer than the pectorals. The first dorsal of Psenes is said to 
possess 6 to 10 spines, while Psenes pellucidas is figured as possessing 12 spines. In  
the description of the family of Nom&idotz the palate is said to possess teeth, while in 
their description of the genus P s m a  teeth are described for the jaws only. These 
mistakes are repeated by Jordan & Evermann in The Fishes of North and Middle 
America (pp. 948-950). I n  their synopsis of the families of the Scombroidei, Jordan 
& Evermann (p. 863) distinguish the Nomeidm from the S??rvmateidm by the absence 
in the latter of tooth-like processes in the @sophagus. The specimen of Psenes 
under consideration has an enlarged cesophagus with denticles like those found in the 
Strmateich. As far as I am able to make out in small specimens of Nomeus the 
esophagus is similarly modified. The Nomeidce are readily distinguished from 
the Stromateidca by their large number of vertebrte. 

* 



Contributions from the Biological Laboratory of the U. S. Fish Commission, 
Woods Hole, Massachusetts. 

THE EGG ANI) DEVELOPMENT OF THE CONGER EEL. 

RY CARL H. EIGENMANN, 
Pofessoi- of ZooZogy, University of Indiana. 

On July 31, 1900, at 10 o’clock a. ni., the U. S. Fish Commission schooner 
Gra?rupus, while on the tile-fish grounds about 30 miles south of South Shoal, secured 
some pelagic fish eggs. These eggs were collected by Dr. Porter E. Sargent. 
Among them were many which he supposed to be the eggs of the tile-fish, which 
they resembled in many respects.’ They were brought to the Woods Hole labora- 
tory on August 1. It was soon seen that they were the eggs of some eel, and since 
no eel eggs had been observed in American waters, in fact, none outside a limited 
region in tho Mediterranean, it seemed doubly desirable to follow their development. 

When the eggs were secured, the gastrula was said to cover about half of the 
yolk. During the night between August 
2 and 3 many of them hatched. The last one died in the night between August 13 
and 14. Some were left in running 
sea water, others placed in a shallow dish of standing water. Since, 09 August 2, 
many of those in  the running water had died while none of those in standing water 
porished, they were all placed i n  standing water, which was occasionally changed; 

Before describing these eggs more in detail, a brief review of the eel-development 
question may be given. The ancient history is given fully by Jacoby.B The modern 
history begins with the discovery of Raffaele,s who in 1888 described five species of 
pelagic fish eggs secured during August, September, October, and November, which, 
on account of the character of the larve they produced, he referred to species of eels. 
This is the first description of the developing eggs of any eel-like fishes. The common 
characters of the eggs described by Raffaele are: (1) Their large size; (2) the large 
perivitelline space; (3) the delicate membrane lacking pore canals .and usually with 
iridescent reflections; (4) the vesicular yolk. They differed from each other in size 
and in the possession or absence of an oil-sphere. 

as follows: No. 6 had a large perivitelline space, diameter of the eggs 2 to 2.5 mm., 
diameter of the vitellus 1.20 to 1.50 mm., 1 to 3 oil-spheres of 0.30 to 0.35 mm. The 

On August 1 the tail was well developed. 

The eggs were divided into two lots on August 1. 

The eggs and larvm derived from the eggs secured by Raffaele were cham 

~ 
1 Ripe eggs taken from a tile-fish and preserved in formalin measure as follows: The yellow oil-sphere 0.2 mm., the 

*Report U. 8. FiHh Commiasion, 1879. 
We Uova Qalleggianti Q le Larve dei Teloostei ne1 Qolfo di Napoli. Mitthgilungen uus der Zool. Statipn EU Napel ,  

k 1.09 mm., from membrallc to membrane 1.26mm. Thc eggs arc much xuiuller than those of the eo1 hero described. 

8, pp. 1-84, tav. 14. 
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diameter of 3 mm., 6 to 12 oil-spheres which occupied the posterior (ventro-anterior 
in the figure) part of the vitellus when the enihryo developed; 59 (GO?) abdominal 
segnients were developed. No, 8 had R diameter of 2 nim. and about 30 oil-spheres; 
the larva had 72 (738) ahdoininal segments. No. 9 had a diameter of 2 mm,, the yolk 
attachkd to the membrane by filaments; when the  young developed, the oil-sphere 
occupied an anterior position and had the form of a club; 66 (678) abdoniinai 
segments; larva much smaller than that of No. 6. No. 10 had a diameter of 2.7 
mix,  was without oil-sphere, and yielded a larva with 44 (452) abdominal segments. 

All of these were taken between August and November, being more abundant in 
September and October. The earlier stages had a well-formed blastodermic callote. 
The yolk becomes well constricted after the blastodermic rim has passed the equator. 
The larvs  had a number of characters in common, viz, an enormous fourth ventricle, 
a large esophageal pouch, an elongate body with nnmcrous abdominal segments, the 
position of the anus about halfway to the margin of the ventral fin fold, very large 
and striking teeth, and a series of pigment spots along the lower parts of the sides. 

When the larva is five or six days old it is slender and elongated, with a greatly 
compressed body, very transparent, and with little pigment. The vitellus is very 
elongated and diminishes from in front backwards. The intestine ends in the ventral 
fin fold a short distance from the body in a small accumulation of cells. The noto- 
chord is formed of a single series of segments. The mouth opens during the second 
day after hatching. Three pairs are developed in the 
upper jaw. This dentition is absolutely exceptional among fishes. Contemporane- 
ously with the development of the mouth the choroidal pigment and five or six blaci 
pigmented spots forin along the body. No noteworthy changes take place between ti,; 
fourth and fifth days after hatching. Beyond this time Raffaele was unable to rear the 
eggs. He supposed these eggs to be those of eels,’without more closely identifying 
them. Grassi, in his epoch-making researches in eel development,’ identified Btlffaele’s 
egg,No. LO, without oil-spheres and with a diameter of 2.7 mni., as that of the com- 
mon European eel, Anquizla .vulgaris. While udable to keep eggs like those described 
by Raffaele-which he secured at  Naples-alive foy inany days, he showed that the 
newly hatched larvze described by Raffaele have essentially the character of Lepto- 
cephali. He states that feniales of,eels cnn only mature invery profound depths, i. e., 
at least a depth of 500 meters. 

Fertilization takes place at  great depths; the eggs float in the water; nevertheless they remain at 
a great depth in the sea, and only exceptionally, for unknown reasons, some of them mount to the sur- 
face. Froin the egg issue rapidly a prmlarva, which becomes a larva (Leploct!7~alus) with the anus and 
urinary opening near the tip of the tail. The larva then becomes a hemi-larva, the two apercares 
just named moving their position toward the anterior part of the body, whicli becomes thickened and 
nearly round. By further change the hemi-larva assumes the definitive or adult form. The larva, as 
well as the hemi-larva, shows a length of body much greater than that exhibited by the young Murtc- 
noid of adult forin into which they are transformed. By keeping specimens in an aquarium I was able 
to establish a diminution of more than 4 cm. during the metamorphosis. With regard to the greatest 

The teeth develop rapidly. 

The male can mature in  shallow water: 

‘Grnssi, B. The Reproduction nnd Mctainorphosia’of the Common Eel (-4ngflUa uzllgarls), Q .  J. M. S., vol. 89, page 871. 
Grnasi, B., nnd Calnndruccio, S. 

u. Ulteriori ricerehe Yulle r_.lctamorfosi deiMurenoidi. Itcnd. Acc. Lincei, VI.  p. 43. 
b. Descrizione d’ un L e ~ t o c c ~ h n l n s  brcvirostris In via di trndormarsi in  Anguilln vulgaris. L. C. pp, 2a9, 24O.(Trnns- 

c. Reproduzionc e lnetamorfosi dellti Anmillc. Giorn. I t d .  PCRCH. e Acqui., 1887, NOH. i ,  8. (Abstrncst iu Mobit. Zool, 
lntion in Nnture, Lvr,p.&f). 

Itnl.,vltI, pp. 233 and 234 ) 
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length which the larva van attain in a given species, and the amount of diminution which accompanies 
metamorphosis, there are great individual variations. 

Grassi assumes that three vertebra? develop to correspond to the first four proto- 
vertebrse and one for each following protovertebra. He “ ascertained in  an absolute 
manner that during the metamorphosis of the Mursenoids the number neither of the 
myomeres, nor of the vertebral arghes, nor of the spinal ganglia, is subjected to any 
change.” He referred the following Leptocephali to their respective species: 

Leptocephalus brevirostris.. ................. -. .................................... Anguilla vulgaris. 
Leptocephalus stenops (in part), morriaii, punoltLtua.. .......................... Conger vulgaris. 
Leptocephalus hseckeli, yarrcli, hibroni, gegenbauri, kollikeri, ytenops (in yurt) .Congromurana mystax. 
Leptocephalus trenia, inomntus, diaphanus.. ...................................... Congroniurana balearica. 
Leptocephalus kefenteini ........................................................ .Numerous specie sof Ophichthys. 
Leptocephalus longirostrib und Hyoproru, mcsvunensih ......................... .Nettastoma melanuruni. 
Leptocephalus oxyrhynchus. ...................................... .Saurenchelys canerivora. .... 

The eggs described by liaffaele have all the characteristics of pelagic eggs, and the 
one to be described here, which is very closely related to No. 6 of Raffaele, is 
certainly a typical pelagic egg. Grassi also secured the eggs of eels on the surface at 
Naples. Why, under the circumstances, he concludes that “ they remain at great 
depths in the sea, and only exceptionally, for unknown reasons, some of them mount 
to the surface ” is not apparent. Being lighter than sea water, having oil-spheres, and 
being io all respects typical pelagic eggs-found on the surface, we must conclude 
that “if fertilization takes place at great depths” it must be “only exceptionally, 
for unknown reasons,” that they remain at the great depths. The fact that Raffaele 
ncver secured eggs younger than when the gastrula was well formed would favor the 
supposition that they were fertilized at a great depth and rose slowly in the water. 

Cunningham’s interesting observations on the conger eel, if they are generally 
true for eels, would account for the fact that ripe females are rarely taken, and those 
of Schniidtlein and Hermes point against the supposition of Grassi that the females of 
eels in general ripen only at  depths of a t  least 500 meters. 

Schmidtlein and Hermes a both noted that female conger eels sometimes died in 
confinement, the result of excessive development of ovaries which were not emptied. 

In  1888 Cunninghams wrote: 
No one has yet, I believe, seen the fertilized egg of either the eel or the conger, although the 

He had not at that time found a male conger. I n  a later paper4 he gives a 
He  himself found a perfectly ripe 

Its  eyes were strikingly prominent and its mouth 
On December 19, among 9 congers caught, one 48 cm. and one 

ovaries and testes have been recognized and described. 

general resume of the work done on the conger. 
male 45 cm. long on December 13. 
short and broad. 

~- 
lSchmidtlein, R. 

Beohachtungeu tiber Triichtigkeits- und Eiablagc-Perioden verschiedner Seethiere. Mitth.  US der 2001. Station ell 

Beobachtungen iiber die Lebensweise einiger Scethierc inncrhalb der Aqnarien der zoologischen Station. Mitth. aus 
(Ripe female conger eels sometimas come to the surface and die from the 

Neapel. I, p. 135, 1879. (Young conger eels scarcely 3 cm. long arc capturcd in the middle of April.) 

der zool. Station zu Neapel. .I, p. 492. 
presence of excessive numbers of ripe eggs, which for unknown reason8 lire not expelled.) 

‘Hermes, Otto. 
Zoologischer Anzeiger, vol. IV, 1881. 
The Propagntion of the Eel. Rept. United States Fish Cornmimion, 1879, pp. 457463,1882. Translated from circuh 

The Migration of Eels. Rept. United States Fish Commission, 1884, p. 1123,1888. 
8The Breeding of the Conger. Journ. M. B. A.. old series, No. 2, p. 245, 1888. 
4 On the Reproduction and Development of the Conger. Journ. M. B. A., new series, XI, p. 16,1891. 

No, 6, November 25, 1880, of the Deutscher Fischerei-Verein. 
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66 cni. were males. The sexes can be detected by the following constant secondary 
sexual characters: The head in the female from above appears triangular, in the male 
the snout is distinctly blunter. In the 
female the snout is rounded in transec- 
tion, in the male the surfaces of the 
snout are flat. During December, Jan- 
uary, and February Cunningham col- 
lected 8 male congers. The largest 
female conger ceased to feed in March. 
On July 24 a few eggs were obtained by 
squeezing. These contained no oil- 
spheres and sank in water with a density 
of 1.027. The diameter of one after the 
formation of the perivitelline space was 
1.6 mm. This female died on Septem- 
ber 10. Her ovaries weighed 7 pounds 
5 ounces. The " ovaries increase very 
much in s&e and weight during the fast- 
ing period a t  the expense of the rest of - 

' 

the body, while in the total weight of , zmm. 
the fish a great reduction takes place. FIQ. 1.-Outline of embryo, showing position in membrane and ~ 

YllRpC Of the yolk. Angust 1. 
Each conger eel breeds only once in a 
lifetime." Out of a total 
number of 34 congers 11 were males and 23 were females. That no ripe congers are 
caught is because they do not feed for weeks before becoming ripe. 

He calculated the eggs in another female to be 7,925,280. 

... / --... A 
Fro. 2.-Outlineof enlarged part of the 

yolk and yolk-sac of an embryo of 
thesameageasfig. I ,  from below. 

Fro. 3.-Embryo freed from its membrane, showing beginning 
of the constriction of yolk a t  its anterior end. August 1. 

The eggs secured by Dr. Sargent measure 2.4 to 2.75'mm. from nicmbrane to 
mernbr.anee2 The y d k ,  as in the eggs described by Eaffaele, is made up of trans- 

_. - -  - -~ . - i. - -- - 
1 I n  Nineteenth Report of the Commission of Fisheries of New York, Page280, Bean describes 6'male eels. I t  is very 

probable from Qrassi's observations that thege were the males of the common eel in their nuptial dress. 
2Among other eggs collected by Dr. Sargent and preserved in formalin were six with many of the charactem of eel 

eggs. They were large, with a very large perivitelline spnce, the yolk in spheres and with one large and a number of 
smaller oil-spheres. These eggs were notably larger than those brought homr alive. They metisure S mm. from membrane 
to membrane; the yolk meas11res 1.76 mm. or a little more. I t  hpossible that these are identical with those to be described. 
The germ lies at one side of the egg, the oil-sphere a t  the othrr. 
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parent spheres not unlike those of the eggs of certain clupeoids. There are present, 
from one to six light-yellow oil-spheres of variable size. If more than one are present, 
then one is always much larger than any of the others. The yolk measures 1.75 to 2 
mm. Some of the young were found to be hatched on the morning of August 3. 

FIQ. 4.-Elnbryo freed fromits membrane, showing continued constrictionof anterior end 
of yolk and general dimimtioii of the enlarged anterior portioii of yolk with the corre- 
npondiug increase of caudal portioii of yolk. August 2, 7.30 a. m. 

Since many of these developed gaping jaws and some others, which did not hatch till 
several days later, doveloped normally, it  is possible that the early hatching was 
not normal. He was able to keep them 
four or five days after hatching. For some time after hatching the larvsc floated 

Kaffaele’s eggs hatched in  five or six days. 

with their heads upward-the Frobable 
result of the location of the oil-spheres. 
On August 6 they had assumed a normal 
horizontal position and the characteristic 
eel-like progression, but the pectorals 
were not yet used in swimming. Later 
they were seen eeling their way through 
the water, not infrequently nosing about 
the bottom and voraciously seizing ttny- 

’ The characteristic feature of the 
eggs at the time I began to observe them, 
August 1, was the shape of the yolk. 
The bulk of this occupied the usual posi- 
tion, but a narrow stalk extended bttck 
below the alimentary canal. The oil- 
sphere or spheres occupied the extreme 
anterior part of the yolk1 (figs. t and 2). 
The further history of the yolk in this 
species is unique among fishes and not 
sufficiently emphasized by bffaelc. In  

. thing that came in their way. 

t 

Fm. 6.-An embryo, of the same atiy’c (18 Fig. 4, iti ita mem- 
brtinc, from below. 

fig. 3 it is seen that the ,yolk is no longer rounded anteriorly, but that it ends in a 
marked protuberance and that the oil-sphere lies in this. Tho gencral mass of the 
yolk still retains the original shape and distribution. The anterior protuberance 
now becomes longer and at the same time narrower, so that the oil-sphere loses its 
rotundity and becomes elongate (fig. 4). At  the same time the geneid mass of the -- ----I----_. ~ _ _ _ _ -  

1 All drawings were lllllde Iron1 living speripiens, or such a8 had just been killed by fonnalin. In the drawings, at, 
alimentary canal; Ju, fourth ventricle; vlk, yolk; 1, liver; 11, heart: 0, 011-spheres. 
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yolk diminishes rapidly in  the yolk-sac, while in the elongated pouch along the 
ventral side of the alimentary canal no diminution is evident. On the contrary, there 
is an apparent increase; the nntire yolk-sac becomes notably longer with the increase 
in  the length of the body. Very soon (figs. 6 and 7) the oil-spheres, much elon- 
gated, with a small surrounding 
mass, are all that remains as a 
spindle-shaped figure (fig. 6) in 
the yolk-sac. 

The yolk-sac does not at  once 
lose its shape and bulk, bnt serves 
as an unusually large pericardial 
chamber which is equaled only in 
the practically yolkless Cyn~alo- 
guster. On August 6 the yolk 
along the alimentary canal had 
suffered little diminution, and its 
outlines were quite regular (figs. 
8 and 9). On August 6 this part 
of the yolk had become constricted 
in places, the outlines heing less 

The yolk hnd 
3-10. &--Head andantcrior part of body, showing thecotitinned reduc- 

tion of the yolk niid the very large fourth ventricle. Augufit 3 
FIQ. ’i.-Ontline of n larva xomewhut oldcr than that of fig. 6.  (fig’ lo). 

become yellowish in color and 
more fluid than vesicular. On the following day the constriction had deepened, an4 
on August 11 the remains of the yolk were located in ti series of minute globule> 
more or less widely separated from each other. Long before thkcondition w:i: 
reached, about August 8, the larvai? were taking food. 

The number of segments developed in  front of the >inus differs slightly, ranging 
from 65 to 71. The The nu1nbt.r heyond this point could not he determined exactly. 

8 

9 

FIG. 8.-A larva on August 4. Prc. 9.-n’laCVn on August 5. 

notochord consists in its anterior fourth of single segments (fig. 11). In its middle 
region the segments do not extend through its entire thickness, but in the tail it i:, 
again formed of single segments. The lines separating these are so much more 
conspicuous than the lines separating succ:essiw myotomes that i t  is impossible to 
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make out the latter in  'the thin transparent tail of living specimens. The segments 
represented in the last half of the tail in fig. 10 are therefore not a t  all reliable. 

It is first evident at, the end of the tail. 
At 6 p. in. on August 5 some of the l a r n ~  h:id4thr, following six spots above the 
alinientary canal and along lower margin of the iriyotonies of the tail: (1) About 

Color is late in-inaliing its appearance. 

FIG. 10.-A Iarvn on August 6 :  the mouth probably slightly abnormnl. 

middle of yolk; (2) halfway between this and end of yolk; (3) at end of yolk; (4) in 
front of anus; (5) some distance behind anus; (6) about the tip of the tail. The 
location of the spots coincides roughly with the moniliform eiilargeinents of the 
abdoniiniil yolk. The rela- 
tive and actual size of the spots differ greatly, but the number is the same in differ- 
ent specimens of the same age. In the oldest larvu3 the spots ~epresented in fig. 14 
were developed. Aside from those along the lower part 
of the sides there were a few cells on the upper jaw, and 
the scattered cells seen near the tip of the lower jaw as 
early as August 7 (fig. 12) have developed into R well- 
marked spot. The character of the pigment about the 
tail is also noteworthy. In the last stage figured the 
processes of the cells show a tendelicy to lie parallel to 
the embryonic fin rays. Pigment is formed in the eye 
with its earliest appearance on  the body. No color, 
aside from the black piginent spots and the yellowish 
yolk, is seen anywhere about the larva during the time 

Other spots are added hetween these already formed. 

c I mm. I 

the larvtx? were under observation. FIG. ll.-Heucl of Iarvct of tho R ~ C  nge 
ns that of fig. 10, the mouth normal. The fin fold is well developed, iwaching from the 

nape around the tail to the yolk-sac. much wider along the back and in the 
region of the vent than about the tip of the tail or the ventral linc of anterior 
abdomen. No rays had appeared i n  the oldest larva observed except about the tail, 
where there appears a distinct radiation. 

It 

Fro. 12.-A lnnw on AugnLit 7. 

The enormous development of the posterior half of the fourth vontricle is similar 
to the condition figured by Raflaele. In all but the last stage figured this part of the 
fourth ventricle is a large thin-roofed vesicle, separated from the fin fold in the earlier 
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stages by a distinct notch (figs. 6, 7, 8, 9, 10, 11). The auaitory capsules are con- 
spicuous, and, viewed from above, are seen to protrude from sides of head (fig. 13). 

The alimentmy canaI is marked (1) by large fang-like teeth, (2) the early vesic- 
ular development of the liver, (3) the position of the anus near the body and remote 
from the margin of the ventral fin fold. As soon MS thc mouth is open, about the 
fourth or fifth day from the beginning of 
development, the margins of the jaw8 are 
seen to be marked by small protuberances. 
These are the swellings within which the 
teeth are developing. In  the upper jaw 
four pairs of teeth are developed, graded 
from in front back, the anterior ones being 1 I 

comparatively enormous fangs. I n  the 
lower jaw four pairs are also developed. 
These are more uniform in size, but with the second one larger than the rest. 
the oldest individual there were five pairs of teeth in the lower jaw. 
to say whether this was a normal condition. 
those of the lower jaw. 

Imrn. 
FIG. 13.--Thc head of a larva of AUgiLst 7,from above. 

In  
I am unable 

The teeth of the upper jaw close over 

- 
h ~ .  14.-A larva of August 4. The An fold of this larva is probably represented a8 too low. 

The eesophageal pouch of Raffaele htw been mentioned. Even before hatching, 
it is a conspicuous pouch behind the heart. Later, when the anterior yolk has been 
largely consumed and is separated from thc posterior yolk hy a constriction, the 
vesicular structure becomes converted into a 
lobulated organ about this constriction. 

The evidence that the eggs here described 
are those of Leptocqhahs conqma is circum- 
stantial rather than positive. There are two 
eels found in this region-the conger and the 
common eel. The common eel egg has been 
identified as one without an oil-sphere. This 
would leave the conger as the only possible 
parent of the present species. The conger 

bottom over which these eggs were secured. 
On the other hand, the ripe conger egg has not been described, in spite of the fact 
that Kermes and Schrnidtlein have both seen it. The egg of the conger described 
by Cunninghaul was obviously not ripe. The present eggs may pi.ovisionally be 
identified as those of the conger. 

was On the at the Fro. 16.-Dentition of larva ~ ~ ~ u ~ t  14, 
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INVESTIGATIONS INTO THE HISTORY OF T H E  YOUNG SQUETEAGUE. 

BY CARL H. EIGENMANN, 
Professor of Zoodogy, U~ziversity of I?ra'in?ra. 

I n  July, 1900, I was instructed by the U. S. Commission of Fish and Fisheries 
to make certain studies of the squeteague, in accordance with the following: 

The Commission desires that you take up the study of the young squeteague (Cynoscion regalis) 
which is found schooling in Buzzards Ray, Narragansett Bay, and other waters of southern New 
England. As the squeteague is one of the most important food-fishes of this region, a more thorough 
knowledge of the young is very much needed. The following topics are suggested for your consider- 
ation : Habits; physical and biological surroundings; food; enemies; diseases; sexual conditions; rate 
of growth; changes in appearance incident to growth; length of sojourn in local waters; movements 
preceding and attending departure; route of migration, etc. 

I herewith present my report on the work done during July, August, and 
September of 1900. I take pleasure in acknowledging my indebtedness to the 
director of the Woods Hole laboratory, Dr. H. C. Bumpus. Mr. Vinal N. Edwards, 
the collcctor of the station, has in most cases selected the site for making esamina- 
tions, and, owing to his long experience, his advice has always been of great value. 
I am indebted to him for his ever-ready assistance. 

I have not been able to approach a solution on the following topics: 
(1) The diseases of the young squeteague, if it has any, are not known. The 

Peridiniuni which is destructive to the adult is probably also destructive to the young. 
The appearance of the Yeridinium is periodic, with long intervals between. After the 
young leave the shallow water they are probably subject to the san?e enemies that 
the young of all fish are subject to, viz, adult squeteague and blue-fish. 

(2) The line of migration has not been even remotely established. 
DISTRIBUTION OF YOUNG SQUETEAGUE. 

During the early period covered by this report, the latter half of July and 
August, 1900, the'only location whcrc young squeteague were found in Buzzards Bay 
was in the extreme upper parts, near Wareham. Mr. Edwards states that this is the 
only place where he has secured them during corresponding periods in previous 
years. ' In the region mentioned they were found in loose schools,' with occasionally 
stray individuals. Only occasionally a single individual was found in a haul of the - ---- 

I The following record of cutches near Wareham may be of interest t i ~  bearing on the matter of whooling: 
July 25. first haul, about 100; ~econd henl, about 26; made alongdde the fint. 
Aug. 2. First haul, 7; succeeding hauls, none. 
Aug. 9. First hanl, 1; scrond haul, 6; third hanl, none; made side by side. 
Aug. 22. Three specimens in one haul, none in six other hanls. 

45- 
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seine. Usually, if any were caught at all, there were several or many individuals, 
the maximum being about 100. They were much more abundant at Wareham in 
the earlier part of the season than at the latter part, in the proportion of about 40 
to I. They were also found at  Fields Point, Indian Point, and in Seekonk River at 
Providence. No fnrther collections were made in Narragansett Bay. The young 
appear a t  the lower end of Buzzards Bay during September and October. 

On September 9,1893, several young squeteague, from 80 to 100 mm. long, were 
taken in Hadley Harbor and are preserved in the U. S. Fish Commission Museum 
at Woods Hole. On September 7, 1900, a single young specimen was taken in the 
Fish Commission trap on the Vineyard side of Nonamesset, near the gut separating 
Nonamesset from Naushon. Mr. Edwards states that occasionally they are found 
in Quissett Harbor during the latter part of the summer, but none was found at 
Quissett Harbor, Hadley Harbor, or at the Brctbkwater during 1900.* The line and 
rate of migration could not be determined from the few d a h  secured. The one 
specimen caught in the trap was just large enouwh to be held by the meshes. Any 
smaller ones that may have gotten in are not available for record. . b 

GENEItAL NABI'J'S. 

Over 20 young were put into an aquarium, where they could be watched without 
disturbing them. They were entirely pelagic, nevw being found either a t  thebottom 
or a t  the top of the water. They kept together in a loose school, but without any 
definite coordination of .the individnds of the school, either wheji they were undis- 
turbed or when disturbed. 

PHYSICAL AND BIOLOGICAL SURROUNDINGS OF YOUNG SQUETEAGUE. 

The examination was limited to drawing f~ 150-foot seine, which enabled me to 
determine their distribution in a limited area about the shore. They were found 
here during duly and August in water with a low specific gravity. They were most 
abundant in floating weeds and other places where shrimp were abundant. They 
were found most plentifully when it  was scarcely possible to draw in the net on 
accouqt of the masses of floating weeds. Their associates were almost invariably 
young eels, Silversides, puff ers, sea-robins, tautog, cunnerg, minnows, hog-chokers, 
scup, and king-fish, and occasionally toad-fish, bill-fish, various flounders, alewives, 
menhaden, sea.bass, and young dog-fish. A direct connection of only two of these 
with the squeteague WBS established, i. e., the silversides and alewives, which serve 
the squeteague as food. 

FOOD. 

The food of the young squeteague consists exclusively of shrimp and young fish. 
In  young individuals, 43 mm. long, the contents of the stomach made about 4 per cent 
of the total weight. The proportion of the shrimp and fish making up the food may 
be gathered from the following-it should be borne in mind that the stomach is 
usually full: 

Of 14 specimens, with an average length of 60 mm., 9 contained shrimp only, 5 
contained shrimp and young fish. One specimen, 55 mm. long, contained a silver- 
sides 28 mm. long. In  another, the fish in the stomach was a clupeoid, probably an 
alewife. The other. fish found in the stomach defied identification. 

- - -  __ -_ - - - _ - -  
*Young squeteague were abundnnt at New Bedford on October 9, 1goO. 
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Of 7 specimens, with an average length of 89.5 n1111., 4 contained shrimp, 2 con- 

Of 3 specimens, with an average length of 117 mxn., all contained shrimp and 

The details of the food of 6 small specimens from Providence may be given here: 

tained d6bris of fish, and 1 was empty. 

fish, the latter in excess of the former. 

.~ ~.- -. . ~ ~ ~ ~ - ~  

Date. z$!& King-flsh. Swell-flsli. 

~ ~ _ _ _  ~ - -  
min. , mm. mm. 

July I 2  ............ 1 a32.6 
July 25 59.5 68.2 29 
Aog. 2 79.5 1 79 35. G 

107 
Ang. 22 c2z5 117 ~ 123 63 

Sept.20 e92.5 
Sept. 15 ............................................................ 
Oct. 6 fl80 

I 
. -2 

~ 
~ ~ 

Stomach contents. 

__ ~I_ ~ . . 

~ 

Scup. Bill-fish. j Sen bass. 

___ .___ 

mm. mni. Ilk7lk. ................................................ 
45 123 b 25 
58 155 ............ ................................................ 

........................ 87 

d7G 
............................................................ 
............................................................ ............................................................ 

.________.._ 

7llVk. 
1 1 33 
2 I 33 

Fragments of 8 small shrimp. 
Fragments of 11 shrimp (heads with eye-stalks lorming the brisk of  the 

13 shrimD. 3 silversides. 
count); 3 silversides, longest 11 mm. 

7 shrimd. '1 fish. I 
4 shrimp: 
10 shrimp. 

.~~ ~ 
I . .  . . . . .  . . . . .  

91 mm. in length. 
- 

d Based on 3 specimens mngiug from 73 to 82 mm. 
P Based on 4 Ypecimens from Secltoiik River 70 85 95 iind 120 mm. long, rcspectivelv. 
Jon  October 5 .Mr. Edwards found young d&ct&gue G to 8 inches lol!l$ qui+ 

tLbundant 111 New Bedford River. Mriny were ctilight off the wharf wit hooh 
and line by fishing on the bottom. No dcfinite measurements werc rerordcd. 

At the rate of growth indicated horc, the sizc of niariy adults'(400 iiini.) sent to 
the market would be reached in about se\wn months, but the rate of growth in length 
very probably deoreases with age. Nevertheless, it seems very probable that the 
fish reaches marketahle size in about a yew from birth. 

The specimens collected in Narragansett Hay were much smaller than those of 
Buzzards Bay of the same date; 41.9 mm. in Narragansett Bay on August 3 and 4; 79.5 
in Huzzards'Bay on August 2. If the rate of growth is uniform, the Narragansett 
specimens are eighteen days younger than the Buzzards Bay specimens. 
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CIXAKQES WITH AGE. 

The young of the fish differs so strikingly from the adult that i t  would readily 
be referred to another species or genus. The more striking changes with age occur 
in the relation of depth to length, in  the relative size of the eye, in the color, and in 
the shape e€ the caudal fin. The smallest secured came from the head of Narragansett 
Bay; it is 25 mm. long to the base of the caudal. The greatest depth is below the 

FIG.  1.-Smallest specimen, 32 mm. long, liidiaii Point, July 5, 1900, showing color pattern in deeper layer of skin. 
Fro. 2.Specimen 41.mm. long, Indian Point, July 5, 1900, showing color pattern. Color entirely in deeper layer of skin. 
FIG. 3.-Specimen 70 mm. long, Indian Point, July 6,1900, showing addition of color cells between those grouped into bars. 

V 
FIG. I .--The icft Hide c)f IL spccimen $16 n1111. long, Warchain, August 9, nhowing incktinct b m  i tud obliquc streaks. 
FIG. 2.-The right side of the same specimen with the outer skin rcmovcd and showing the barn made lcus distinct that1 

in younger spccimeng by thc fq)penrunce of  numerow color cells bctweell thenl. N? c.vidcncc of oblique utroaking, 
which is entirely due to coior cells in thc oiitcr layer of the Hkin. The blood vessels are surrounded by pigmellt cells 
and show as black liueH. 

first dorsal spine and measures 8 mm. The average depth in 10 individuals from 
the same place, with an average length of 29.2 mm., is 8.7 mm., or 29.4 per cent of 
the length. 

In 7 specimens from the same place, taken at  the same time, r'anging from 46 to 
60 mm., and with an average length of 50.6 rnm., the depth averages 18.14 nim., 
01- 25.96 per cent; the width 5.71 mm., or 11.08 per cent. In 3 specimens from 

The average width is 4 mm., or 13.7 per cent. 
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Wareham, taken August 22, averaging 97 nim., the depth averages 26 inm., or 
26.8 per cent. The averagc width is 13 iiirii., or 13.41 per cent. 

In 1 specimen, 170 mm. to base of caudal, thc depth is 40 mm. 
In  2 adult specimens, 420 (415 and 425) miu. long to the basc of thc caudal, tho 

depth measures 86.5 mni., or.20.59 per cent. The width at  the axils averagcs 67 nim., 
or 15.95 per cent. 

In 2 specimens, 50.6 mm. long to bgsc of caudal, the depth is 113 mm. 
The fish when adult are much morc cylindrical than thc young, which are com- 

In the adult the head is nearly conical, but little deeper than pressed and elevated. 

V 
FIQS. 1 and 2.-Thc left and right sides respectively of a spccimen 120 mm. long taken a t  Warcham, August 22. " Fig. 1 rep- 

resents the general color which is largely due to the color cells in the outer layer of tho skin. The strarking wllich 
is conspicuous in the adult is here still obscured by the generd distribution of pigment in the deepcr laser shown in 
flg. 2, which represents the colortttion of the rightside after the removal of the outer skin. 

high; in the young it is much deeper than high. The eye changes its relative propor- 
tions to tho size of the head, as in other fishes. This is due to the fact that whilo the eyc 
grows throughout life it,does not grow in the samc proportion as the rcst of thc fish. 

- - -_ I - ' Lcngi11 Length of flsh. 1 of cyc. 

1 mm. 
26 mm. to bwc of caudal ........................ 2.6 
44mm ........................................... 4.6 
108mm .......................................... I 8 
170 mm .......................................... 11. h 
4lfimm .......................................... / 20 
560 mm ~. ................................... ..... i 22 , 

F. c. 13. lW1-4 
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A very niarlsed changc taltcs place in thc shape of the caudal. In the adult the 
margin of the caudal is distinctly concave or lunate. In all stages of the young, on 
the other hand, the caudal rays 1)ctwecn which thc latcrnl line extends arc the longer, 
thc caudal being obtusely pointed, with 0 rays in the upper and 8 in the lowcr lobe. 
The upper lobe of the caudal is slightly lunate, while thp rays of thc lower lobe :ire 
graduated, and this lobe is rounded. 

Tlic changes occur 
largely in the sides of the body. Thc color p t t c r n  of the head changcs little with 
age. There is here chiefly an addition of color cclls to thosc alrcady prosent in the 

Very inarlred changcs take place in the color with age. 

FIQS. 1 and”2.-The left and right FideH, respectively, of n hpecimcn 200 mni. long taken Supte~nber 7, 1W0, I I I  the Commis- 
sion’s net in Vine5 iirA Sound. The left hide slinws the chnmctcristie miirkinyq of the adlilt Wllich iirc diic entirely 
to the color in tlrc outer liiyer of the Hkin. The irerirly uniform iliqtributioll of color ill the dee11cr 11iyer of the  skin 
seen lifter reiuovril of the outer skill is rcprescntcd in Fig. 2. This deeper layer of color 110 loIlgur entera Into the gencrul 
coloration owing to the formtition of connec*tivc t iwic hetwceii it ttlld tlic outer layer. 

smallest specimens. I n  the smallest spccinlcn thorc is a series of four pigmented 
bands, extending across the hnck. Tho  first tkt the spinous dorsal, tho second at  the 
beginning of tho soft dorsal, thc third soinc distnncc in front of the end of thc soft 
dorsal, and the last ucro’ss tho caudal pctluncle. All of thesc cxtcnd but little hcyond 
the lateral line. Thcir margins correspond roughly with the niargins of myotonies. 
A t  the dorsal angle of the myotomes the bands are usually bent, but without regu- 
larity. I n  the specimen under discussion, thosc on the left side are shiftcd backward, 
a t  this point, of those on the right sidc; two arc continucd straight down, one is 
shoved forward and the other backward. The region botwcen the band* is not free 
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from pigment, but the cells arc here smallcr :md contracted. A line of cclls extends 
along the base of the anal and to the tail. The spinous dorsal is largcly black; the 
soft dorsal and caudal have pigmcnt cells along tho nicnil>ranc. All the chromato- 
phores a t  this stage arc in the deeper lagers of the dcrniis 1)clow the scnlcs. 

With an increase of :L fcw millimeters in length :iddition:il bands arc interpolnted 
between those inentioncd, first onc betwccn the two uiidcr the soft dorsal, then 
one below the cnd of the soft dorsal, and lastly onc bctwecn thc two dorsals. All of 
these are fornied by the tinic the fish lias reached B Icngth of 44 nim. to the base 
of the caudal. Eventually the dccpcr laycr bccomes deeply pigriientcd through the 
appearance of chromatophorcs in the spaces 1)ctwecn the hands. Niimcrous sniiill 
chromatophores have also appeared in the superficial layci- of the dcimis, cspccit~lly 
along the edge of the scales, so as to give a distinct hl:~clr maigin. With gi*owth the 
chromatophores at the margin of thc scalcs and those i n  the superficial lagcrs of thc 
dermis, us well as those on thc fins, beconie very n~uiiei’ous. I n  spccimcns 75 inm. 
long to the base of caudal the bars are still faintly visihlc but the whole fish has 
taken on a dusky color on thc sides, back, and fins, with :L distinct 1)lack border to 
the dorsal and caudal. 

I n  a specimen 110 mni. long the black niargins of thc fins :trc less conspicuous, 
the black edge of the scales has become obscure on account of the grcnt inuItipIication 
of superficial pigment cells. The bars of the young stage are entirely obliterated and 
the superficial pigment shows the characteristic oblique streaking of the adult, but 
much less conspicuously than in the adult. 

At  this stage the color is due to the now uniform pigmentation of the deeper 
layers of the dermis blending with the streaked pigmentation of the superficial part 
of the dermis. With age the connective tissue betwccn thcse two layers of pigment 
becomes so thick as to entirely climinatc thc dccpcr pigment as >L factor in the 
formation of the color pattern. The surface pigmcnt, which is froni the first Inid 
down in streaks, alone gives valuc to tho pattern in thc adult. 

The obvious diffcrcnces of tlie scxes uppetir so late th:tt 1 ctin 0 1 1 1 3 7  i*epoi*t on the 
sex relations that no sex dift‘erences are apparent at ti length of about 100 mm. 
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Contributions from the Biological Laboratory of the U. S. Fish Commission, 
Woods Hole, Massachusetts. 

A NEW ISOPOD PARASITIC ON T H E  HERMIT CRAB. 

BY MILLET" T. THOMPSON. 

While at Woods Hole, in  the summer of 189'7, studying the small hermit crab 
(Pugurus ZO??,&W~~LV Say), I found parasitic upon this cwstaccan a hitherto undc- 
scribed Bopyritl, allied to Phryxus resupiizutus Muller, and apparently representing 
a new genus. About 1.5 per cent of the crabs at Great Harbor were thus infested 
(1898), and from 3 to 4 per cent of those at Hadley Harbor. A single specimen was 
taken at  Edgartown in 1898, and another at Warwick, lthode Island, in 1900. ' In  the 
channels where there is a swift current the percentage of infested cralw is low, due 
probably to the more effectual dispersal of the free-swimming larvte. 

The female parasite occurs on the abdomen of the hermit, to which it is attached, 
back downward, by its mandibles and legs. The male is found on the posterior part of 
the marsupium of thc female, usually lying to the right (apparent left) of the median 
line, the head directed anteriorly. Thp presence of thc parasite does not effect any 
alteration i n  the case of the secondary sexual characters of its host. On the average 
tho infested crabs seem quite as resistant to adverse conditions as the uninfeated ones. 

Stegop];ryxus hyptius, genus et species nov. 
ADULT, FEMALE (PLATES 9 AND 10). 

Broad in proportion to length, marsupium very large, abdomen about half the length of thorax, 
distinct from it, G-joinl.ed, with five pair of trirainous pleopoda and a pair of oval uropoda. Length, 
about 9.1 mm. 

Head (111. 9, figs. 5 and 6) , from the domal side appears as an oblong elevation ending anteriorly 
in a blunt lobe, which represents the inedian portion of the much-reduced front (FT). As the lateral 
portions of the front are almost wliolly obsolete, appearing only as two inconspicuous lobes, the 
greater part of the antennules, antennae, and tip of rostrum, is visible dorsally. The antennules are 
3-jointed and consist of a largo globose basal joint, surmounted by a small cylindrical second and a 
minute third joint; outer joints bristle-tipped. Each antenna ( A 2 )  arises along the side of rostrum aa 
a columnar ridge, whose distal end is visible dorsally (fig. 7, A s ) .  From this ridge a 4-jointed 
flagellum arises, ita proximal joint stout, the three distal joints slender; all the joints bristle-tipped. 
Ventral' surface of head broader,than dorsal surface and sharply elevated at  posterior border, giving a 
strong antero-dorsal slope so that the erect hypopharynx points almost anteriorly. A t  sides of pos- 
terior border three curved processes arise (fig. 7, Fro) ,  and in the niidlino are two t l i i r i  foliaceous platcs 
(fig. 7, e). Mandibles ( d h d )  slender, with expanded tips, the edges of which are 
incurved so that, pressed together, they form a sucking-tube. Near the bases of inandibles appear the 
oval maxillulz (Mx,) .  Hypopharynx (fig. 7) erect, highly keeled, and plays no part in formation of 
rostrum. Maxillipeds (fig. 5) large; each consists of a foliaceous anterior and a soinewhat thicker 
posterior blade; during life these organa keep up a rapid fanning motion. There is no trace of a palpus. 

The thorax (pl. 9) is concealed ventrally by an enormous marsupium, built up of five pairs of 

Color, yellowish-white, opaque. Ovaries, when full of ripe eggs, oi.ange-yellow. 

Rostrum conical. 

68 
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thin brood-plate,u, each strengthened by a median rliitinow rod. The posterior or fifth pair (fig. 4, 
I+,) lie externally to the others and form the major part of marsupium; they are attached along the 
border of  fifth and sixth thoracic segments. The posterior angle of each forms a shallow pouch (fig. 
4, P o ) .  Nearly concealetl by these platep, ant1 almost, rlosing the marsupium anteriorly, are the third 
and fourth pairs of plates, similar to each other in shape (fig. 2, 1+j3) and having an oval ventral and 
a rountlcd dorsal portion (fig. 3, / ) lq)s  and Dbp,). This dorsal part conceals the legs of the parasite. 
The Recond pair (Jf  plates arc oblong antl are hiddcn untlcr the others (fig. 2, Bp2).  The first pair 
consists of a rather oval anterior antl a triangular posterior blade. The lattrr (fig. 2, Pbpl) is strength- 
ened along its outer (longest) 1)ortler arid across its base by a chitinous rod. The anterior blades 
(fig. 2, Ahpl) ,  in company with the dorsal portions of the third pair of plates, form the funnel-like 
anterior entl of thr inarsupium. 

The first five are crowded together, 
their fleshy lateral portions strongly bent toward the head. The lateral parts of first four segments 
cntl in a small ronghenetl boss nr cnshion, on which the roughened third joint of the pereiopod 
impinges. Internally to this cushion is a flat 
shield-shaped area which (*rimes in contact with the .alitlomcn of the host (fig. 6, Sli ) .  The lateral 
portions of fifth hegment entl in a sharp crest, antl. there is no ‘‘shield.” The sixth segment is very 
long; it narrows po+tcriorly, has a fleshy median keel and only slightly developed lateral portions. 
The seventh segment is short, fleshy, a h u t  as wide as sixth antl sitnilar to it exrept that it is not 
keeled. Ventral surface of thoracic segment fleshy, posterior borders of sixth and seventh modified 
into complex elevated keels (fig:8). ( In  the plate it will he noted that the first serrated keel belongs 
to segment 6, the second to segment 7, the third (X)  to the first abdominal segment.) Pereiopoda of 
the sixth and seventh segments are alike antl quite simple in construction (pl. 10, fig. 7 ) ;  those of 
the other fire segments are modified, the last three joints being twisted to one side (pl. 10, fig. 6) .  
Extensor muscles enormonsly developed. 

Each 
pleopod lias three oval bladcs arising from a short coinnion base. Two of these are subequal and 
extent1 in a lateral direction; the third is stnallcr arid points vrntrally. This ventral ramus is broadly 
expanded in the pleopoda of the first abdominal segment, csperially on the right side (fig. 4, T$Z,). 
The first scgnient has ventral keels, siriiiliir to those on the last thoracic segment% &tween the oval 
uropoda of the sixth segment ( 7h) is a minute c-onical prominenre. 

The tletails of the thorarica wgmcnts are shown in fig. 3. 

This cnshion ( C‘IL) ntay represent a niodifietl epimeron. 

Tliea1)donten (pl. 9) consists of # i s  fleshy segments, five of which bear a pair of pleopoda. 

DEscrirrrIox OF ADULT MAI.E. (Plate 10.) 
Three ant1 two-thirds longer than IJrontl. Abdomen nnsegmented, about a third of entire length. 

Color dull yellowish. Around the heart in the al~cloincn is an orange-colored area and a narrow streak 
of same color runs forwartl along the mid-tlorml line. Sometinic~ splashes of black occur on the sides 
of the head antl thorax. 

Eyes 
minute (fig. 1, E) .  On the untlcr side is a shallow central depression, in front of which arise the 
short 3-jointed antennula: ( A l ) .  Froin the tlcpressioti thc 8-jointed antenna? ( A 2 )  and the conical 
rostrum Jakc their origin. First joint of antenn:r elbowed, the others rylindrical, the distal ones 
bristle-tipped. Sixth, rcventh, antl eighth joints very emall, together srarcely equaling the fifth in 
length. Rostrum prominent, 1)uilt up dorsally by the labrum (.TAL) and ventrally by the hypopharynx. 
Apex of latter conc*eals tips C J ~  iiiant1il)lcs arid median part of labrum. Malit1it)les (MntE) slender 
with thick bases antl sharp cSiitinonti t i p .  I liave not found maxillulz. netween the mtlxill:le, and 
extending forwartl from R transvcbrw ridge, are the 3-jointrd ( 1 )  inaxillipeds (Mrp) .  The thorax 
consists of seven fleshy segments. Sides 
sulq)arallel, soniewliat defkxetl, epitncw not distinct. First segment notched for rereption of head. 
Seven pairs of perriopotla, whose structnre and musc-ulature (-an be untlerstootl by reference to the 
plate (pi. IO2 lig. 8). Abtloinen ovoid or sometimes pear-shaped, shows no sigiis of segmentation, and 
has no tracw o f  a1)pcntlages. 

Length a h u t  3 min. 
Heat1 (1’1. 10, figs. 1 antl 2) oval, elevated in center, the margin entire and not inflexed. 

I t  narrows slightly posteriorly t ~ n d  is moderately convex. 

DEhCRIrrIoN oP IYWATITTLR I’oRMs. 

I. The development of the youngest female ~peeinien taken (pl. 10, figs. 9 and 10) was a little 
I t  may be termed the 

Lateral 
Marsupium present but 

more advanced than thc st:ige which Gard lias called the “pliryxoid” stage. 
metaphryxoid stage. 
portions of tlie tharax distinct from and scarcely wider than median part. 

More slender than adult; nearly three times longer than broad. 
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rridiriicntary. Abtloincri its long as thorax. Length, 5 riirii.  Head short. Front ( I+)  prominent, 
transverse, with a straight, entire, miitiflexetl margin, whirh (-onteals tlic mouth parts, anteiinules, 
and the basal joints of antelinn Month parts tiiurli like those of atlult, brit tho Iiypopharynx is flatter 
ant1 less erect m ( I  tlic nrandiblcs arc stout ant1 liave sharp tips (dfitc7). Inflcxeil borcler of htbrum 
narrow, iiinxillipctls sinal1 and not inflatrd at Ime. They consist o f  an oblong-oval Ilosterior and a 
siiialler rounded anterior 1)lade. The rostrniii points anteriorly, rather than, as in the 
adult, dorm-anteriorly. Srgtncnts subequal, 
fleshy, with the median and lateral parts of nearly saiiic width (fig. 9).  Sixth a i d  seventh segtiieiits 
narrower than the rest, distinct froin theill, and have only rudiments of veiitral keels. Epimera (?) 
of thorax tlistinrt (ET)), 110 “ cwhions” or ‘ I  diields.” Pereiopotla like those of adnlt. Brootl-plates 
sinal1 and flat; thow of third :itit1 fourth pairs are without ( l o r d  portion, those of  fifth pair lark 
puc~licu at posterior :inglcs. The :tl)doiiicw is like that of adult in forin, except that the ventral rami of 
first pair of pleopoila are riot cxpaiitled ( 17pll). 

11. Three c.ryptoiiisc.itl-~t~ge larv:c, 1)rolmhly iiialcs, wcrc taken from the fenialc jnst described. 
One was in the iiiarmpiiiiii; the ot1ier.r were dinging to the qqwitlagclr (1’1. 10, figs. 3, 4, and 5). 
Abdomen 1~ro1)0rtio11ally longw t2i:in iii atliilt and c~)iisisting of (i sc.gnicnts. l’leopodn ant1 iiropoda 
present. 14:piinera t1istirrc.t. Color white with black Idotc-lies. Imgtli  about 0.7 mtn. Margin of 
head iiarrow, inflexed at sides and in front. A n t e ~ ~ r i ~ ~ l e ~  c-omplex iii structure 
awl provided with long bristles (fig. 4, x l v l ) .  Thorax 
of 7 siiioot~i st~giiient~, with distinc-t stroiigly tIrfiiLxetI cpimcrn (1311) ; 7 pairs of lwciopoda similar in 
form to those of adult, but more clelicatc aiid dwder. The al)cloiiicw cmsiatsl of G segments, is highly 
convex, the fimt 5 Feginents having tleflescvl elhiera. Five paiw of flat biranious pleopoda (fig. 5), 
the 1)latles staiiding with their facw at right angles to the long :isis of lmdy. Uropoda (fig. 3, Vr) 
birainous, coiisisti~ig of :I c~ylirit1ric.d protopoditc, :t rylinclric.al taxopodite, aiicl a shorter cyliiiclrical 
endopodite. 1Sac.h endopodite ant1 cxopotlite 1)eara one long bristle and a tuft of short hairs. 

111 (not figured). Several fciiiaks, of EL stapc coiisideral~ly iiiorc ndvaiiced than the one described 
above, were taken. Iu all ( w e s  they had it i i ia lc  of about 2 i i i i i i .  in length, of adult form, rlinging 
to theni. Appeantiire i i i n v h  like f i g .  9 of plate 10, but the 
whole thCJntx is wider. The head is adult in 
length, but the front i H  Htill rather side, very fleshy, ant1 trilol)ctl, tho 1iitera.H.I lobus bciiig larger than 
the inetlian. Tip of rostruiii aiid distal Imrtioiis of anteiiiiul:e‘aiitl autennrc visible dorsaljy; otherwise 
the head ant1 ii ioi i t11 parts are iitluit in strnrture. Ilorsal 
uegnierits fleshy, though ICHH so than i n  prweding stage, and the first five segiiieiitii have begun to 
cerowtl anteriorly. Ventrally 
the transvcvxe keels on sixth ant1 srveiitli aegtnents are rodimeiitary, ))ut inore developed thsn in 
inet@iryxoitl stage; iiitirsiipiiitii lttrgcr, tliougli tliv brood-platcs are still quite rntliiiieiitary. 13rood- 
plates of third and fonrtli pair have clevt~lopetl the tlorsal portion; first pair ncarly iidiilt in sliape, and 
the funnt~l untlcr‘tlie l icat l  tias t~epriri to form. Tips of first brood-plates imtl iriaxillipecls are visilh 
froili ( l o r d  Hide, ~nuc~l i  11s i l l  atlult. ‘I’lic 1)creiopodrt art. ntlnlt iii form, a11t.H.I ‘ I  (d i io i i s”  aiitl “shields” 
itre presetit. 

I V  (not figurctl). Oiic s1)witiicii of ii feiirale iic:irly inaturc WBH takort. In this the :ibtloiiien W’RS 

ne:trly 11s long tis tllc thorax, sixth thoracic- segineiit not, yet of tidult proportioiis. 
As meiitioiietl ahovc, tlic ne:ircst relative of this Hpecairs is Bopyru8 ( I % t y / . t u s )  rewpirtnlus Muller, 

dcscribetl in 1870 froiii :t stiiall lierniit-c*rab tit Ilesterro, South Aliieric*a. This parasit(? was attarlied, 
iii it8 early 1:irv:il stage at least, nt the roots of , Y w m / ; w t  p r p ~ r m ,  or less frequeiitly I’ck~rcster- socialis, 
both of whic*li Cirrilwtls were cxtrcinrl y wiiiinoii oii tlic heriiiit-c*r:tb ~iiciitioiiccl, the iiaine of which is 
not gi\wii. This is strikingly uiiliko tlw wntlitioii in rcAgartl to S(FIIOIIILT!/.I‘U~ Iiyptitts, for I have never 
taken the latter id assochtioii with any other parasite. I have c~xauniiicd several thousand spc?chens 
of I+/guru,q /ongir.ctrpu;u froiii the vicinity of  wood^ IIole, h i t  I i a v c ~  never found any external parasite 
other than the Bopyritl. Thc proportions aid structure of body of tho Dcastcwo Hpeciw are also different 
froin those of I[typ/ius, RH far ns rail I)(> judged from the very iuipurfcrt Iriiowledge of the anatomy of 
rcwupinnlus :it oiir dispo.wl. I-leiice I coiisider the two foriiis to be distinct, though tlic likcnoss of the 
Woods IIole foriii to Miiller’s spec.iiw suggested the iiaiiic Iypt ius  (ii~?zos=r(’sLi?)iii(itus). 

As will be noted, the rnalc is similar to the inalr of At1tzlyr.s (IIesse), Pleurocr?/pttr (IIesse), and 
P1iryxu.q (Riithke) , arid on this basis ttp1):irently sotric :iuthors liavc groupcd the species of these throe 
genera unclcr Plwyxus. PlLryxus thus tlclined will of course adinit /t?/pttus and resuptiiatus, but when we 

No palps.  
Thorns m r r o w  mid not quite as Iotig as abcloinrn. 

ltostruiii proinineiit. 
Anteiintr 8-jointed ant1 very long and slender. 

Length varying froiii G 111111. to 7 iti111. 

Lateral 1)tirts xlightly broader than inedian portion. 

Th(~rax ~iarrow i i ~ i d  as long as abtloiiien. 

Sixth segiiieiit fleshy, not keeled, srarcely longer than fifth or seventh. 

Alxlon1en like that of t l ~ e  ittetaphryxoicl stage. 

Length, 10 ~ i i i i i .  
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consider how little is really known ahout thew genera, and how dissimilar the females are, it seems 
better to retain them as distinct genera until detailed knowledge of the anatomy of the various species 
furnishes the basis for more accurate classification. Gars in his LLhccount of the Crustacea of Norway” 
hm thus regarded them. 

II!/ptius is more closely allied to the members of Allielges than to those of either of the other genera, 
but its female presents characters, especially in the uropoda and pleopoda, which seem to prohibit its 
reference to that genus as defined at present. As writers on this family prefer to institute tentative or 
even undefined genera for new species where there is doubt as to their exact position, I suggest that 
resupinutus and I~yptim be placed in the following tentative genus, having the characters given below 
&9 it9 probable limits. 

STEOOPRRYXUS, nov. gen. 

Male, abtlomen ovoid, without appendages or traces of segmentation. Antennuke 3-jointed, 
Female, abdomen distinct from thorax, &jointed, with five pairs of triramous 

First five segments 
anteiinw 8-jointed. 
pleopoda and a pair of oval uropoda. 
of thorax crowded anteriorly. 

Legs modified for clasping dorsalward. 
Nearly symmetrical. 

cirsyeiv=to roof or cover (in allusioii to marsupium covering the parasite when on host). 
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DESCRIPTION O F  PLATES. 

Fig. 

I 

1. 2. 

3. 

4. 

5.  

D. 

I’J.,%’rh 9. 
IIerniit crcib tuith parasite ntlaclietl. 
Aiitrr ifir 1)ortion of atlzilt feniale vrnti al eonieu4~fit dzarp aninratir. On the riqht side nll the brood-plntes except the 

filvt nnd on the left the f6urth (&+) wid fifth hive been cut nwnv. rhe‘ thikd (lipy) ta reflexed to show the 
d n d  ( ] I D ? ) . )  Ab,>,, l%pl = the nnterior nnd posterior blades of iirst brood plntes. I?,, Pr, = pereiopoda of 
fint and heeond pairs, respectively 

Adult eniale with ma~aiipiuni clintc?rded with eggs. Dorsal. x8. llpl = funnel formed by flrst brood- latex Db 1 
I&, = domal pcrtions of third niid fourth plates, respectively I l p  = the distended‘fifth brood-pfate &th t?; 
pouch ( la )  nt it? posteriai nngle. lJ!*6, PI,, ,  nnd I+, = Pcreiopbdn ot fifth, stxth, nnd revcnth segments, rcspcct- 
ively. Pl1, Knmi of first pleopod. Ur = Uro oda. 

( T ~ I C  dotted outline flhows the position occupie~by the lnnle ) Adult ffninle.with enrpty marwpiuiii. Vwrtrd. x7. 
late7 of first third and fifth pnim, respectively. P o  = pourh nt nngle of fifth pair. ?& = ehlnricd ventrayrnmuq of thd first ieopod. 

TJft 911iaeilli )ed uf adult fcvuale. VCllt).U1 (oulerf eurfuce. x 15. Ab = nnterior blnde. I’ b = posterior blndc. .&-= 
point 02 nttnchment. (Two of the procesw nt the side of the head are shown. 

IIrad qft l ie  adult m a l e  Dorsal. x17. I.’,. = median pnrt of front. Nud = mandibles. La = dorsnl part of lubrum. 
Mzp = mnxidipeds: Dbpd = dorsnl pnrt of third brood plntc. A,  -nntennn. Cu = “cushion.” Sh = “shield.” 

Nnturnl h i m  

DbpJ = dorsnl portion of the third brood plate. 

Ilpa I l p  - brood 
= ventral ramus of second pleopod. 

T.7 - 11.1,. 
1, - C )  c 

i. I h d  of adult cniulc Antero-veiilrul. Free-hnnd (The osterior brood plates nre removed, and the first pdr with 
the maxihipedsnre reflexed to show thevci;tral sur&ee of the head, etc. The base of the right mnxil!,iped is 
(*I$ nwnv toHhow the processes nt border of head (Pro).) 8 1  = antennula. A. = ridge which forms the hnsal 
joint of ihc antenna. La = inflcxedmnrginsof labrum. Mq = mnxilluln. N& = maxilla. Ma) = mnxilliped. 
Jy = lenf-like plnten nt medinn posterior border of head. 

h. Ahf7o11i~~~i (tiid posterior part of flmruz (1J t b  11a11ie. Vent~uZ. x 8. (All the brood plntcs except the pouch-like posterlor 
 ingle (Pu)  of the fifth plate b a y  been removed.) X= keel of the f i r h t  nbdonilnal segment (hec pngc M). 
I’ll, 1’1, - pleopods of first and third segmcnts, respectively. 

PLATE 10. 
1. 
?. 

?,. 

4. 
5.  
ii. 

8. 
!I. 

10 
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Bull. U. S. F C. 1901 (To face page 57.) PLATE 11 .  

1. V I E W  I N  EAST HARBOR SWAMP. 2. SAND BEACH VEGETATION 

3 L I C H E N  G R C W N  R C C M 5  NEAR GlBFlALTAR I S L U h D  4 ROCKY SHORE O F  SOUTH BASS ISLAND. 

5. SHORE O F  SQUAW HARBOR, S H O W I N G  N U P H A R  I N  T H E  
FOREGROUND.  

4 

6. SANDY BEACH AT CEDAR POINT, OHIO. 



CONTRIBUTIONS TO T H E  BIOLOGY OF T H E  GREAT LAKES. 

T H E  YI,AN‘fS OF \YESTERN LAKE bRIII, WlTH OBSERVATIONS ON THEIR 
DISTRIBUTION. 

BY A. J. PIETERS, 
Assis tad Bolanist, Ilepartirreizt of Agricirlticre. 

INTRODUCTORY. 

In the spring of 1893 the writer-acconipanied a party sent out by the Michigan 
Fish Commission, .under the direction of Prof. Jacob Reighard, to study the biology 
o i  the Great Lakes. This 
small lake preeents in many respects ideal conditions for the study of lacustrine 
plant life. The extonsive swamps and the gradually slopiiig mud bottom bf its 
northwest side, which is also protected from the most violent winds, and therefore 
seldom experiences n heavy surf, provide an environment admirably suited to the 
growth of a variety of plants. The results of that year’s work were published as 
the “Plants of Lake St. Clair,”’ and is believed to be the tirst study of the kind 
undertaken in Americun lakes. It was therefore a pleasure to continue this line of 
work in Lake Erie. Tho United. States Fish Commission, having entered upon a 
systeniatic investigation of the biology of the Great Lakes, placed the work under 
the direction of Professor Reighard, and the place chosen was Put-in Bay, Ohio. A 
United States fish-hatchery is located there, and the buildings and boats were placed 
at  the disposal of the party. 

The present paper covers the work on the Phanerogams, Characee, and Desmidee. 
The work on the algve, except Desmids, was in charge of Dr. Julia Snow, of Michigan 
University. 

The lake chosen for the study that year was St. Clair. 

The field work was done during the summer of lS9S. 

APPARATUS USED. 

Much of the work was done from a row boat in Put-in Bay and in the swamps on 
the niainlnnd, but the deeper parts of the lake were examined by means of an ocean 
dredge let out from the steamer Sheamate?*, while.going at  a low rate of speed. 

The plankton and tow nets used in collecting the microscopic orgmisnis have 
beew described by Eeighard.’ For collecting the larger plants growing in water 
more than a foot or two deep a grapple was used (fig. I3, page 58). This was riiade 
by passing four or five bent steel wires through a piece of 1.5-inch pipe and bending 
back the free ends to inake hooks. The pipe was filled with lead to inake it heavier 

-__ - 
1 Bulletin of the Mlchigali Fish Commission No. 2,1891. 
2 Reighard, J. E. A biological examination Of Lake St. Clair. Bull. Michigan Fish Commission, No. 4, 1894. 
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and a rope fastcned through the loops of the wires. For taking soil samples :in 
instrument was made after dr:Lwings in Dcll)ccquc, “ Lcs Lacs Frxnyais” (fig. A). 
This gave sntisfnction in soft bottom, 1)i;t wl!cn thc? clay was stiff, or mixed with 
conrsc sand or grnvrl, the point w:~s unnl)lc to pcnctmtc. Tlicsc samples were sent 
to the Division of Soils, Unitrtl St:itcs Dcp:irtlncnt of Agrionltiu*e, for an:Llysis. 

IlICl’I~NI~ENCl~~ 0 1 7  1~’ISIIICS UPON I’LAST LIIW. 

It is needless to go into the statistics of tho value of the fish indast1.y. The 
fresh-water fisherirx done amount to more th:m !$4,OOO,(JOO :Lnnually, not to inention 
the capital invested in trout, IXLSS, and other gnnic fish. The irnpoi-t:Liice of the 
subject from an economic, point of view fully warrants an exhaustive study of thc 
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in our lakes and streams. The vigorous growth and reproduction of plants furnishes 
a large food supply for the smaller animals, which in their turn can reproduce more 
abundantly and provide t i  greater amount of food for the fish. 

13arring enemies rind artificial hindriinces to increase, such as overfishing, fish 
will multiply up to the limit of the food supply, but can never overstep that limit. 
If the food supply can be increased, an increase in  the number of fish will naturally 
follow. 

PR013LEMS O F  AQUATIC PLANT LIFE. 

To understand the factors controlling the primary source of food in the Great 
Lakes, we must study the plant life from every standpoint; we must learn the life 
history of each species, its physiology, distribution, and methods of reproduction. 
The important problems are, of course, physiological: The relations between the 
plant and the medium in which it lives: what it takes from tho water atid what it 
returns to it; the character of the bottom most frivorable to certain species; the 
methods of passing the winter and of reproduction; the relations between the larger 
plants and the microscopic plant and animal forms that live on and among them, and 
the physical conditions of the lake--all these must be studied and, in  great part, 
understood before we can determine what plants should bo placc7l in a given lake 
and how we can best introduce them. 

These are some of the problems that most plainly present themselves and to 
which a study of the species found, together with their distribution, may be regarded 
as preliminary. This “taking an .inventory,” as Zacharias aptly expresses it, is 
useful, but not find. b’e desire to know with what forms we have to derd, but the 
addition of a few more names to our list must not be thought of equal importance 
with a study of the life histories of these species. 

MACROSCOPIC AND MICROSCOPIC PLANT LIFE. 

The plant life of the Great Lakes may bo roughly grouped into inacroscopic and 
microscopic. These 
unicellular plants me the primary sourue of the food supply, their great reproductive 
power supplying :I consta’nt s o u p  of food for the plnnkton animals, which, in turn, 
feed the larger forms. 

Although the higher plants arc not known to enter to any large extent into the 
diet of mature food-fishes, yet their importnnce in tho econoitiy of aquatic life must 
be great because of the myriads of minute animal and phnt  forms that find shelter 
and subsistence among them. These forms-the insect IWV~E, mollusca, crustacea, 
rotifer&, and others-ala important as fish foods, and their nhsence must adversely 
affect the distrihution of fish. The importance of shore and bottom vegetation was 
recognized by Ward (loc. cit.), who, in his report on the biology of the Traverse Bay 
region, makes constant rcfcrence to the scarcity of certain animal forms as due to the 
lack of plant life. The relative searcity of hydra, worms, certain forms of rotifera, 
insect larvtc, and molluscti he nttributes to the 1:ick of bottom wid shore vegetation, 
and says: “The barrenness of the littoral zone eliminates from the question of the 
food supply of this region one element which in L:ikc St. Clair was of extreme 
importance, )’ This is recognized by Iteighard (loc. cit.), who mukes frequent refer- 
ence to thc abundance of certrtin niiiin:il forms in Lake St. Clair and connects it 
with the richness of the bottom flora. 

It is exclusively the ’ latter that enters into the plankton. 
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TOPOGRAPHY. 

The conditions in that portion of Lake Erie around Put-in Bay and Sandusky 
differ from those at  St. Clair and at  Traverse Bay. While the bottom and shore 
formations are not as abundant as in Lake St. Clair they are very much more 
abundant than a t  Charlevoix. The region about Put-in Bay and Sandusky is of 
limestone formation, Put-in Bay, or South Bass Island, East and West Harbor, 
belonging to the waterlime group, while about the mouth of the Portage River there 
is an outcrop of Salina shale. The channels between the islands have been scooped 
out of the limestone rock by glacial action, and the bottom is either of this rock or 
is covered with drift clay.' Much of the coast on the mainland is rocky and pre- 
cipitous, but a great part of it is sandy beach (pl. 11, fig. 6), especially a t  East and 
West Harbors and at Port  Clinton, while at Catawba Island and at Marblehead light 
the limestone rock juts out into the lake, breaking the continuity of the sand beach. 
The islands, of which there are on the American side six larger and as many smaller, 
usually present rocky shore lines to the waves (pl. 11, fig. 4), but there is one sand 
beach on South Bass Island and portions of the bay are less rocky than the west 
shore. The watef is generally of considerable depth close to  the rocks, and the 
bottom is covered with stone and gravel overlying a blue clay that comes to the 
surface in the deeper pltrtu. In  Put-in Ray the bottom is generally muddy close up 
to the shore, and in the western end, a t  Squaw Harbor, and also near the United 
States fish-hatchery, the bottom slopes gently, thus furnishing the conditions favor- 
able to ,the growth of water plants. These parts of the harbor are, too, the most 
protected from the violence of the waves. 

At  four points on the mainland between .Sandusky and Port Clinton there are 
extensive swamps, about upper Sandusky Bay, a t  East and at West Harbors, and 
along the Portage River at Port Clinton. These swamps are characterized by agreat 
extent of low-lying muddy bottom, covered with varying depths of water and sloping 
back to low wet ground (pl. 11, fig. I). They are intersected by many channels, 
some opening out to the lake or river, while others lose themselves in the body of th'e 
marsh. At  Port  Clinton and a t  
Sandusky the swamps border the rivers and extend for miles up the stream, while at 
East and West Harbors they open directly into the lake by narrow channels, which 
are protected from wave action by sandbars. 

Pools of greater or  less extent frequently cccur. 

DISTRIBUTION OF AQUATICS. 

Phanerogamic water plants form a class distinguished from land plants by many 
differences of structure and form due to theicpecullar habitat. The variety of form 
and the high development of land plants is wanting in aquatics,'because tt few types 
and relatively simple structure suffice to meet the nearly uniform conditions of their 
existence. Their distribution is almost world-wide, many of the species being found 
throughout the temperate zone and some even frotn the Arctic Ocean to the Equator. 
They grow in streams, pools, and lakes, in flowing and in still water; some species 
even flourish in shgnant water; and, together with marsh plants, they form the bulk 
of the vegetable matter ~n lakes and streams. 

.____--- - 
1 Ohio Qeological Survey, vol. 11. 
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PLANT GROUPS. 

The plants of this region may bc roughly divided into swamp plants and water 
plants, the latter being such as are wholly submersed or have only their reproductive 
and small portions of their vegetative parts above water, or which float wholly or in 
part on the surface. The regions occupied by these forms can not be sharply 
delimited, because true water plants grow between the swamp plants throughout thc 
greater part of the marsh. To these two groups must be added a f e y  shore plants 
that affect, though perhaps to an insignificant degree, the vegetable matter in the 
lake. The shore line in this region is either sand or limestone, and the characteristic 
plants are such as are commonly found in similar locations. Ewpohor6ia poZyqoni- 
foGa, Triodia purpurea, EZymw camadensis, C’enclzmLs t&bzlloides, Xalix longifolia 
and S. corduta, CaMe escuZenta, and PoZanisia grweolem grow on the sandy beach 
(pl. 11, fig. 2). This vegetation has, however, no influence on the biology of the lake 
other than an occasional accidental one, such as the washing into the lake, by a storm, 
of parts of these plants. The same is true of tho rock plants, although being almost 
constantly subject to wave action they are more frequently washed into the lake. 
Along a great deal of the shore of South Bass Island, as well as on the other islands of 
the group, the broken limestone rock is washed by the waves, and in the crevices of 
this rock a multitude of plants find a footing. The principal species in bloom during 
July and August were Campanula rotundifolia, S t e i r m m a  Ciliata, Aster ericoid@ 
and A. polyphyllus, Carex e6umtea, and Lo6eZa kalmii. The rocks were nearly 
covered with lichens and a reddish alga; The unicellular alga, which flourish in the 
many small pools among the rocks, are constantly washed out by the waves (pl. 12, 
fig. 1). 

DESCRIPTION OF PRINOIPAL PLANT REQIONS. 

Plants in &t-h Bay.-The plants in this bay were studied more thoroughly 
than elsewhere, owing to accessibility. Careful dredgings were made throughout 
the western part of the bay, including Squaw Harbor and the vicinity of the hatchery. 
Squaw Harbor is a shallow body of water averaging about 4 feet in depth and not 
exceeding 7 feet in the deepest part, with a rocky border which prevents a swamp for- 
mation of any extent (pl. 11, fig. 5). The mud bottom slopes gradually and is covered 
with a dense mass of vegetation. From the entrance of Squaw Harbor to the end of 
Gibraltar Island the water becomes gradually deeper, but does not exceed a depth of 
15 feet, and reaches that depth only near the end of Gibraltar Island. The bottom 
changes as gradually froni mud to clay, with some sand and gravel dong the shore. 

A bar separates Squaw Harbor from Hatcheri Bay,’ which is also shallow, 
nowhere over 11 feet deep and averaging perhaps 5 feet. The bottom of this bay 
varies much, being stony in  some places and muddy in others. The water is turbid, 
and i t  is usually impossible to me plants more than 2 or 3 feet below the surface. 

PZants in Squaw Harbr.-Squaw Harbor is bordered by n narrow strip of 
rush-like plants. These plants are limited abruptly on the land side by the rocks 
and on the other side by a depth of from 2 to 2.5 feet of water. Toward the east 
Sagittaria riqida forms a promincnt group, extending about 30 feet from the shore 
and finding its limit of depth in  about 2.5 feet of water. Looking over the plants 

-I___ __--____ 
1 For convenieiice I have applied this name to that part uf Put-in Bny lying bctweon Gibraltar Bar and the United 

States fish-hatchery. It opena by a ship channel directly into the lake. 
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from the water side, a gradual but striking change i n  the charaatcr of the leaves is 
evident. I n  the deeper water the petioles are rigid, sharply triangular, and tipped 
with a narrow blade sometimes rcarcely Bistinguishablo from the petiole. Nearer the 
land the blades are broader and the petioles shorter, and in the mud along the shore 
plants grow with broadly lance-shaped blades on petioles 8 to 10 inches long (pl. 15, 
fig. 1). Not infrequently blades are found with one or both sides lobed. This species 
also occurs on the other shore with h’cirprrs Icccustrris, hut is not as abundant as on thr 
east side. Wherever Sagitturiu riyida and Scirpus Zacustris occur together the former 
always occupies the deeper water. Near the shore Typhu lat$oZiu, Curezpsmdo- 
qperus var. cornosa, and species of Scirpus form a background for the Sagitturiu. 

Scirpus Zcccwtrris is scattered along the east shore, but is not as abundant as on 
the other side, a few hundred feet away, where Scirpus p m q e l z s  is the prevailing 
species. There are relatively few macroscopic forms in  the water among the plants 
of Sagittarin and 8c i r yus ,  although various species of a lgs  are attached to the 
Sugitturiu petioles. CeratopI~yZhm occmrs, but not  as abundantly as in the water 
between the two shore regions. Along the south shore there is a thick growth of 
Diuntheru uinericunu, and the shallow water of the harbor is filled with submersed 
forms, of which VaZZiswriu syiruli~s, M y ? G o j d ~ y l l ~ t ~  spicuturn, Nuim $e:iilis, Cerato- 
phyllurn demcrsum, and the various species of Potunzogeton are the principal ones. 
These all grow together freely, the Nuius in company with C’!mru, mostly Chwa 
frugilis, covering the bottom as clover covers a field, while the other species nearly 
all rise to the surface. I n  the early part of the season few or no plants can be seen, 
but after the middle of August the surface of the water is covered with their floating 
branches. A patch of Nuphccr udvena and one of NeZumbiuin luteum, the latter but 
recently established, occupy part of the head of the harbor. Cl~urucem are scarce in  
this harbor, excepting some Chura f m y i l i s  in the deeper parts and a few smaller 
species on the edges of a little clay bank near the south end. Here were found, in 
water from 2 to 10 inches deep, a number of species, some i n  vigorous condition, 
others barely holding their own. 

The growth of Sugitturiu rigidu along the east side of Squaw Harbor is doubtless 
due to the protection from wave action afforded by Gibraltar Island and Bar in the 
niouth of the main harbor. The west side is more exposed to waves than the east 
side, and while Xugitturia is not a plant that endures heavy wave action, Sc&pus 
punyens grows equally well on a muddy flat or on a surf-beaten bar. In this place 
i t  runs out along the point toward Gibraltar Island as fir as it can find footing 
among the rocks where the water is not too deep. The thick growth of filarrientous 
a l p  on the petioles of Suyitturiu riyidu and over the stones along the east shore 
must also be attributed, at least partly, to protection from wave action. mdogoniunz 
and Spiroyyru grow luxuriantly attached to Xugittariu petioles just beneath the 
surface of the water, and these masses swarm with minute forms of animal and plant 
life. I’itlmplmru sp. covers the stems and petioles in shallow water as well as the 
mud and damp stones along the shore. The coarse filainents of this alga form a 
network whose meshes are filled with crustacea, insect l a r v ~ ,  and unicellular a l g a  

Bunts  ndur Gihrultm Islund-The same species that flourish in Squaw Harbor 
extend out into the main bay to a depth of 10 fcct or a little more. Everywherc 
from Gibraltar Island to the shore of South Bass Island the bottom of the bay is 
covered, generally thickly, with plants of which Nuias $exiZ.is and var. r*obwtu, 

Here I also found Zunnicii,cZliupalustris. 
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Valiisnmia spiralis and IIetcrunthera gmininea are most abundant, but Ccratop7iyllum 
demmsum, Myriophylluin spicatum,, Potconogeton zostcrqfolius, I ?  pqfoliatus, P. 
pmfoliatus richardsonii, I? 2mAnatus, and fllodea canudensis are also plentiful. In  
some spots an abundance of C5ma coiit./aa?-iu was found with a trace of C. coronata 
and Tolypcllu intcrtezta, but therc t~re  few Churacem in Put-in Bay. In the deeper 
parts of Lakc St. Clair Tolypella iiitmtexta covers the bottom with a luxuriant growth, 
but in Put-in Bay this species is scarce and the plants are small. 

The sandbar running from Gibr*iltar Island to South Bass Island separates to 
some extent this part of the bay from the part about the fish-hatchery. The bar is 
usually covered with water from 1 to 4 fcct in depth, but at times a great part of it 
is &ore water. On thc east side of the bar the slope is steep, while on the other 
side the bar slopes gradually into Hatchery Bay. In the deeper water just east of 
the bar the vegetation is most luxuriant, great quantities of Nnias and of ValliS.n&u, 
with other‘species, being brought up at every cast of the grapple. The bar is covered 
with a layer of cobblestones and pebbles, overlying the blue clay which covers the 
bottom throughout this p+rt of Lake Erie. Of all the plants found O J ~  the east side 
of the bar, but onc grows on it; this is Vullisiw~ia, which i n  many places forms dense 
patches. Besides the Vallisneriu the principnl plant on the bar is I’otamogeton 
?t,eteropl&zLs, and this I did not find elsewhere in the bay except in one wave-washed 
place on the south shore. This species flourishes all along the bar, but especially 
toward the Gibraltar end, where it is accompanied by a few plants of Potumogetan 
$14form& and a dwarf form of NaimyRexilis with close, compact habit and strong root 
sj7stern (pl 18, fig. 2). These plants root in the clay between the stones and flourish 
wherever the stones and pebbles are not too thick. 

PLants in IIutclw?y Bay and in the O ~ M Z  lake.--In Hatchery Bay the narrow- 
leaved Potuinogetov~, such as P. p t ~ i l l u s ,  I? zos tcrq fo lk ,  and I? pectinattcs, with 
Ifitcranther~graninea and Nuks,jZexilis, are especially abundant, and in quiet places 
on muddy bottom Cmatophylluin de?ncrsurn, Jfii;/iopl~ylhin spicatuiw, and Elodea 
cana&&s are common. A few species of Cliaracem also occur in this part of the 
bay, but nowhere in yrcnt dmndance. Hcyond a depth of 10.5 feet no plants were 
found, except one small .plant of Vrillisncria in the channel a t  a depth of 13.5 feet. 
A depth of 10.5 feet corresponds roughly with a line drawn frow the northern 
extrciiiity of South Bass lsland to Gibraltar Island. Beyond this is thc lake, and 
although the bottom is free from stones and of a soft clny, not a plant was found 
growing i n  it. Dredging 
trips were made to various points and the bottom carefully dragged, but without 
finding as much as a Cham, esccpt that on one occasion a sniall amount of Lyiaghya 
(wollei was brought up. This alga grows mucli more abundantly later in the season, 
often choking up thc fishcrnicn’s nets with its coarse filamcnts. Close along the 
shore the stones arc covcrcd with Ckchphora glmmrata, to which many diatoms are 
attachcd, and uiriong which ninny ininute forms find a home. 

Eust Ih*boY.--Rt East HwI)or there is a wide stretch of swamp intersected by 
channels which opcn into the l:ke by one deep and narrow channel protected froin 
severe wave action by i~ randbar. The bed of the channel is entirely free from plants, 
but along each side is a bordcr ol Fallisne.rtb and I’otaiuoqctoiz, the side toward the 
water being sharply dcfincd by the current. On the west side therc is II small bank 
of Vallis-ncria with some I’otumoyetow in the shallower water, while beyond these are 

?* 

This was the casc whercver the lake itself wns examined. 



64 BULLETIN O F  THE UNITED STATES FISH OOMMIS8ION. 

8drpu.s pungens and S. lacustris, growing in wide stretches over the low sandbar 
and in the shallow lagoon behind the bar. The old rootstocks of these species of 
Scirpus can be seen everywhere in 6 to 9 inches of water, fbrming a network over 
the sand. In  the lagoon, with 8cirpu.s punqens, gi.ows Nuim$edk robusta, long 
and slender, while in the shallow water on the exposed bar the dwarf form of A? 
jkx i l i s ,  previously found in similar places in Put-in Ray, is not uncomnion. 

On the east side of the channel the number and kinds of plants is greater, in spite 
of the fact that the prevailing minds drive the waves against the shore. The probable 
reason is that these waves have washed a great deal of mud to that side, making more 
favorable soil for the growth of the plants. Vull/isneriu occupies the deeper parts on 
the east side of the channel as well as on -the west, growing in 6 to 7 feet of water, 
but is present also among the other species in shallower places. Toward the land from 
the V a Z k i a  are the Potumogetom, 2'. zostercefolius, P. pectinatus, P. lonchites, 
and P. perfoliutus iichrdsoizii,  with Ileterunthera gramineu occupying .the ground 
in 3 to 5 feet of water and occasionally in the shallower places. I n  1 to 2.5 feet 
of water, among the Scirpus Zucustris and S. p u n g m ,  Xy&ophyllum, Naius, and 
EZodea are the principal species, but, as already remarked, the forms common in 
deeper water also frequently occupy this ground. In some places along this shore 
the Xcirpus is mixed with Zizamia upuutica, and on the sandy bank 8m.rp.u~ pungens 
shares the ground with Equisetum robusturn. 

The sandbar which protects the channel entrance is large and is covered with 
water varying in depth from 6 inches to 2 or 3 feet. S d r p  pungem grows in 
many places on the most exposed situations in water up to a foot deep. Beyond the 
Scirpw, in places exposed to the heaviest surf during storms and where the water is 
6 to 12 inches deep, I found scattered tufts of Potmogeton hterophyth. The form 
is the same as that growing abundantly on the bar a t  Gibraltar Island, where it was 
found in fruit, but no fruiting specimens were found at  East Harbor. In neither 
case did it have floating leaves, the plants growing in tufts with many branches 
coming out from near the base of the stem. This is the form which Dr. Morong 
named var. long+ehcuZatus. 

Character o f  the vegetation up the c h m 1 . - A  short distance from the entrance 
the channel divides, one branch going east, the other west; the latter again divides, 
one branch turning southwest, .the other continuing in a westerly direction. With 
slight exceptions a description of the vegetation along the eastern branch will apply 
to this entire swamp region. 

Just  where the channel turns toward the east is a sandy beach covered with 2 
feet or less of water, and here grow two forks  of Nuias, N. .$ex& robusta and tho 
dwarf form of N. jZexiZis, besides severnl species of Churaceca, which are more 
abundant here than elsewhere in the swamp. I n  an area not over 200 feet long by 10 
wide I found four species of Nitella and four of Cham, all of low, compact habit, 
though in other locations plants of some of the sanie species grow long and of open 
habit. Nitellu subglornerata and NiteZZa poZygZochin grow in clusters a few inches 
across and as many high, while A? tenuhsi~na and A? butrachsperm~a grow in about 1 
foot of water with their branches spread out flat on the sand. CV,ur~~.fragilis grows 
with close, compact habit; C%wa contrqriu and its variety subinernah are here low, 
delicate plants, growing in the shallower places; CI~cwa coroizata has a habit different 
from that of the same species in the deep, quiet pools, being stocky, with shori 

. 
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internodes and very compact. G%am s+~ncta is the *largest spccics here, and is 
notahle for its long runners. 

IIere Vaucheria tdmosa, a plant usually found in deeper water, grows on the 
sand in thick, compact tufts, and looks almost black at  the bottoin of 2 fect of water. 
No Phanerogams, savc a few plants of Naias, grow in this bed of Clbarucm, but 
nearer the channel, in deeper water, is a bank of Vullisnmia and I’otunwgeton. Thc 
current is slower here, and in rnany places thc channel is entirely filled with vegetation 
consisting mostly of Vcdlisneria, I€atwqatl~ra .~ramn,inea, f’otmaogaton pectinatus, 1’. 
lon,chites, P. hz~ccm, close along shore where the water is quiet, and P. pcrfoliutw 
with sonic Nuphur and NaZurrihhin in about 3 fcct of water. Nearer shore the entire 
channel is lined with Sagittariu riqidcc, which nearly everywhere occupies the deepest 
water within the zone of submersed forms. In  quiet places there are beds of Elodea 
with Myriophyllum, Cmutopliyllurn, and Utricularia vulgar&, while Naias JEc.xilis 
and ATitella polyyloclht,  which here grow long and slender, with open spreading 
habit, are scattered everywhere between the stenis of the larger plants in 1 to 2 fcet 
of water. From the Sagittaria rigida zone, toward the land side,we come in succession 
to Scirpm jhviatilis, with a little 8. pungens and S. lacustris, Spargartiurn eury- 
cuqnxmNz, Typha larhyolia, and Sagittaria lntiyolia. Diantlma urncrica?~u begins in 
about 18 inches of water and continues to the muddy shore, mixing, in 6 to 10 inches, 
with Schpi1s at.rovirns, A 4 c w ~ s  calamus, I’olygo’~~uw~ nzulbkmbmgii, and Asclepias 
incarnata, while on the muddy shore it accompanies Phakaris arundinucou, Calarna- 
grostis cunade~asis, and C7onTvolvukus sepiuiia. Everywhere on the water, between the 
larger plants, are Lewza itvinm and Letmuz. polyrl&u. 

A species of Sagittariu not in frui t ,  but probably S. latifolk, is mixed with the 
more landward specimens of Sagittarin rigida and continues toward the shore, its 
leaves becoming constantly broader as i t  approaches shallower water. On the wet 
bank groups of 1I~~ism.s sit,osclwutos make the swamp gay with their flowers. 

T’ie , ~wa ln l~ ,  o n  tho south Sade i)f the cl~a~~nel.--On the south side of the channel 
the swamp covers many acres ancl is overgrown with rush-like plants. The species 
are always somewhat mixed, but in each association some one tall species is clearly 
predominant. Somctimes the boundttrics are sharply limited and this in spite of thc 
fact that no differences in soil or in depth of water can be detected. Sagitta& 
rigida, which is nearest the open channel, gradually gikes place to S. lat?Yolk, which 
is mixed with a little Zizunin ayuccrhkz and S’mrga?aiwn. Following this is IL broad 
zone of s c l r p t u  l a c i ~ t r ~ s  of newly pure growth, then h%pus: ,fluvintil& niitcd with 
a little S. Zcicwtris, which soon increases to a second broad belt mixed this tiinc with 
som c Spargawiuit L . 

Throughout all thcsc associations both Suqittmia r i g i ( h  arid S. latr~olia occur, 
the latter being common. The water is nbout the same depth throughout this region, 
varying from 1 to 1.5 feet, and the bottom is a soft mud. The second zone of S&r- 
p u s  lucustris encircles ancl sharply limits a large bed of Spargaizlhin ei~rycarpum. 
The watcr here is a little deeper, being nowhere less than 1.5 feet, and the bottom 
seems softer, no other differences being noted. The Sparganh~w is sparingly mixed 
with I4mte&?*ia cordatu, Sagittaricb rigidu, S. latifol&, and a few plants of Scivus 
lacustris and sonie Nelurnbiurn. Beyond the border of S&rpus Zacustris, which 
encircles this bcd of Spurganiunz, is a bed of T y p h  lutifolia in the same depth 
of water as the Soirpw. Nuias JEezdis grows among the taller plants, and other 

\ 
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low-growing aquatics are not uncommon. In  shallower water Dianthcrw grows 
abundantly, and Sitmn cicut~fol&c!~n occurs in 6 inches of water with Asclepius 
incumuta. Beyond the Typlm is a vast stretch of P1wayrnitL.s communis occupying 
shallow water or exposed muddy places. 

A few 
may be called dominant species. These grow in groups from which the other dorni. 
nant species are nearly or quite excluded, but the spaces between the larger plants 
are occupied by many small forms which occur throughout the swttmp. 

Plants grrowiny uhout t h  h a d  qf the channel.-At the head of this branch of the 
chmnel is a quiet pool some 3 to 5 feet deep, where such forms as Utriculuria v~clgru- 
rk ,  Hyrtkp/~yllutn, R~~ZUYLCU~.US divaricatm, Bidem beckii, and Ccrutghylhrn find a 
congenial home and fill the watur. Ihtcrunthmu gruininea and Potamaogetons also find 
favorable conditions here ; 1’. natcm, 1’. pectinutw, I? pusilli;~., I? zostmufolius, 
I? ro66insii, 1’. luucens, and I? mnyiZ<foliw grow together in the clear, quiet water. 
Nu&xr advcnu and f lyrnplux tubwosu grow in places not occupied by Ut.ricrcZuriu 
and Czratophylhcm, while the bottom is overgrown with Bodeu ,  Cl~uru ctrroizuta, and 
C. gytnnophilu var. rraicltuuzii. The average depth of water is 3 feet, with a soft mud 
bottom. On all sides this pond is surrounded by Zzun ia  uquatica, which grows on a 
similar bottom and in the same depth of water :ts the Sc.iriius and Fyphu found down 
the channel. 

Grouu% qf Nelunahium hteum.--The conditions along other channels are very 
similar to those just described, except that along the west channel f le lutr~hiui~a Z u t m m  
flourishes. The immense yellow flowers rising just above the great dark-green 
standing leaves and the water covered with huge floating pads make this the most 
striking formation of the swamp (pl. 12, fig. 2). The NeZu.m6ium grows in from 2 to 4 
feet of water, or stray plants may be found in less than 2 feet. Many of the floating 
leaves were 20 to 24 inches across and the standhg ones not much smaller. A t  
Upper Sandusky Bay I found a floating leaf 26 inches in diameter and another with 
a petiole more than 5 feet in length. Both at Sandusky Bay and along the Portage 
ltiver the acreage of Nelumbiurn was greater than at East Harbor, but nowhere did 
the plants present :t more vigorous growth or so magnificent an appearance. 

Ibrtu{qc Rive.ro ,s~warnp.---The Portage Biver swmips differ somewhat Prom those 
just described, but not sufficiently to require a clutailed description. A much greater 
area is covered, and the swamp extends for niiles up the river; ljut in gcneral the 
distribution of plants is: the saiiie-~~etM‘a?Lt~~r~, Vallisimia, and I’ota’llLoyetons along 
the stream, followed by Sugittwia rigr:Ida and the other marsh plants. The vast 
swamp is dotted here and there with pools in which utiaicul&u and similar plants 
flourish. Here also I found Nmius qvu ,c i l l i i~~  and 5’$phu Ctzi tgrust i jWiu,  the latter 
growing in a brownish clay differing from that common along this stream. In many 
places the bed of the river was entirely devoid of plants, although there was no per- 
ceptible current. On the muddy shore in a quiet place the bottom was covered with 
a thick growth of CILWC~ sejuncta, accompanied by Nitella subglo in~~&,  and in some 
pools Nitella tenuissiinu and A? pohjglochin grew in 3 feet of water. 

fiumnps about Swndushj Buy.-At the head of Sandusky Bay the swamps are 
also very extensive, the general features being about the same as of those along 
the Portage ltiver. Much of the water is from 3 to 6 feet deep and supports only 

Such is the nature of the swamp and the arrangement pf the species. 
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a moderate growth of ValZbt,eria and I’otamoptoir , mostly I? pcyfooliatus and P. 
yectl:?zntus. The water is very muddy, and this may account for the scarcity of 
vegetation; for near the shore, w h ~ r e  the water is clear, plants are liiore abundant, 
such bottom forms as C’JLam, N;itclla, and Nairxs, as well us l’otamogetm, being 
present.’ I n  the clam water also were flouting great inasses of ti species of MGsocmtpus 
swarming with crustacea and other iniriutc forms of animal life, while i n  soriie quict 
places IIjp?ro&ctyoIrL was found. Lower Sandusky 13ay averages 10 to 12 feet deep, 
and no plants were found except scattered clumps of I’otattcogeton yect.inatus and 
1’. pmfoliatw. The puitn of the bay above and cast of the city were but hastily 
examined. For the most part there is a scanty growth of I’otairwgetorz, Zon,e?&es, 
1’. p y f & ~ t t i s ,  I? lm$ixcctus, I?  p ~ ~ l o i ~ , g i w ,  and I? zlzi i .  In sotllc places the water 
is clear, and one sees on the bottom, a t  a depth of 5 to 8 feet, I’otmiaogotoiz airy&- 
f o l k s  and 1’. ol~ucem and the straight, slender shoots of 1’. rohbilwii, us well as most 
of the other species native to these waters. Here Xi;Zoc/Lc~rt% y a h t r i s  vipms grows 
just beyond Scirpuspungws, its stein below the water line covered with colonies of 
Biloular in. 

ICSTAIII~ISHINO ZONES. 

I t  is clew that such :L grouping of plants into zones ~ L S  was established hy 
Magnin’ for the lakes of thc Jura and by myself for Lake St. Clair is impossible 
for any rcgion examined in  1898. Only two groups arc possible-one including all 
submersed forms and those with floating leaves, the other all the remtiining specics 
with einersed leaves and growing with roots and parts of the stein in water. All 
the spccics of the three submersed and floating zones are cithcr mixed together in a 
narrow border along the channels or covcr the entire bottom of shallow hirbora. 
Among the swamp plants it is somctiincs possible to draw a more or less definite line 
between the landward f o r m  and thosc growing in deeper water, but even this is so 
often vague and unsrLtisfactory that I do not consider i t  of aiiy real value. The 
spccics intormingle so much on coninion ground that ttii attempt to separate them 
would only rcsult i n  confusion. 

INFLUICNCIC OF VARIATION OF DEPTH O F  WATER ON PLANTS. 

The influence of changes i n  the dcpth of water on thc distribution of quat ics  is 
important, but unfortunatcly we h ~ v e  little data on this subject. Through the kind- 
ness of Col. James Smith, of the engineer’s office in Clevelsnd, Ohio, I sccurcd a 
table showing the depths of water a t  Cleveland from 1859 to June, 1898. From the 
table it appears that since the records began the greatest difference in watcr level has 
been 2.86 feet between high water in 1859 and low water in 1895. In  1859 thc water 
was nearly 1.5 feet higher than it was during the sumuier of 1898. This must have 
made a great increase in the extent of the swamp, especially of those portions in 
which the submersed forms could flourish. I n  1895, however, the water suddenly 
fell from 0.4 foot below mean in  1894 to 1.39 feet below in 1895, causing ti decrease 
in the submerged area and the destruction of a grctlt deal of submersed vegetation. 
I n  the following year the water rose 0.64 foot and has continued to rise slowly 

*ThlH may nlrco be corinectcd wilh the chcircicter of tlic bottonl. Iri the Arvt lmnlity the bottom contain8 11 much 

ZMagnin, M. Ant. Rechcrchea Sur I s  Vdgdtution des Lwri du Juru. Rcviie C;dii.de Bot., t. v (1893),p.S03. 
larger percentiqp of clay tliun in the becolld. 
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since that time. Absence of d a h  concerning the aquatic plants growing during those 
years maltes it impossible to say what effect this change of level has had, but i t  is 
certain that data collected in any one year can-not be depended upon to give the 
normal depth at  which certain plants flourish. Most species of aquatics being 
perennial, they may start during periods of low water in places that will l x  too deep 
for them during high water, but where they can struggle along for a season or two 
before perishing. 

ECOLOGICAL GROUPS. 

Many attempts have been made in recent years to arrange all plants into groups 
according to the conditions under which they flourish and the manner in which they 
adapt themselves to their environment. Warming, Drude, and others have adopted 
certain groupings, but as yet, save on the main divisions, there is no agreement among 
plant geographers. All classifications, however, include the hydrophites, or water 
plants, as one of the main divisions, and split this up into a number of smaller groups, 
each group including all thove plants having more or less similar life habits, although 
perhaps belonging to widely separated families. Ecological groups, indeed, are not 
in the least based on taxonomic characters. Among the free-swimming, submersed 
forms are such widely different species as Utricularia vulgaris, Leilaiza t.risuZca, and 
species of Xesocarpus, Spirogy/aa, and Lyng6ya, besides many others, both macro- 
scopic and microscopic. The attached, low-growing, submersed forms include the 
Naiadacem and Charace&, while species of I’otamogeton and Nyriqhma belong to the 
group with floating leaves. It would be possible to make a large number of groups, 
attempting to express in this manner all the ways in which water plants are influenced 
by currents, depth, light, and the other factors bearing upon an aquatic habitat, and 
in so far as such groups represent biological facts they have a value. I t  is doubtful, 
however, whether any but the broader divisions are sufficiently stable to be of use, 
the great adaptability, within certain limits, of the aquatic organism rendering the 
bounduies of the smaller groups too indistinct to be readily recognized. This is 
illustrated in Vallism!rla ~spirulk,  the long ribbon-like leaves of which are thought 
by some to be especially well fitted for floating downstream in a rapid current, but 
i t  grows equally well in almost stagnant water. I’otmiwyeton h~etmoplqllzis, when 
growing in  quiet pools, produces floating leaves, but when on a surf-beaten bar it 
branches freely from the base arid the floating leaves are absent. I shall therefore 
divide the water plants of our region into only five groups, as follows: 

1. Free-swimming, microscopic forms in the open lake: The Plankton. 
2. All other unattached species, macroscopic and microscopic: ~ t & x h r ~ u  cnhlprkq, 1~,nn;1.,  Cerato- 

phyllum demorsum, and many a l p  growing in quiet places. 
3. Attached tlubmersetl plants: Nnius, Cliuru, Claclophoru, VaIlbneria, f’cltccrrroyetonrr. 
4. Attached plan& with floating leaves: NyrnphcEacex, I’otumogetons. 
5. Swamp plan@. 

The Plankton includes, of course, both animal and vegetable forms, arriong the 
latter being species of Merimnopdia, I’edimtmm, Spr’Lwozyya, CZathmcyst;;s, and 
many diatoms. Species of Bmnidea? sometimes occur, but probably by accident. 
The species of the plant Plankton being mostly without voluntary motion, are subject 
to all the currents and movements of 6he water. 

In the second group are many widely distant forms, all growing in  quiet pools 
and sheltered places. Among the higher plants TfiricuZwia vulyaris, C‘c.ratop/~yZZun,o 
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denamsum, Lmanu trisulcn, L. mhwr, L. y o l y r h i ~ ~ ,  and Wo@n c o l u ~ ~ ~ b k n n  are free- 
swimming forms, either suhmerscd or floating. With them are associated masses 
of Nisocmrynis, &iroqyra, Ifydrodictyoi, , and frcquently qunntities of Oscillnriu, 
Lyngbyu, and other related forms. 

Microscopic alga, especially Dcwnidm and Diutoiimceuj, occur in grent numbers 
upon the larger plants in  quiet water. They are especially numerous in  the silt aiid 
dirt that collect upon narrow-leaved plants, as ITtricularia vulqaris. aiid Bi&,m beckii, 
but they are infrequent on C'c.ntopJyllurrL, even when this grows new plnnts of 
UtricuZuri:a well supplied with microsccpic life. 

The plants of the third group occupy by far the largest plr~cc in aquatic 
vegetation. Though not always as conspicuous 
as the plants with floating leaves, they cover a 
much greater area and make up the mass of 
the vegetation. The C?~c~ruceca combine with< 
N u i a  and "'odca to cover the bottom in water 
up to 10 or 12 feet in depth. lir,teruntlLera 
grumineu, Vnlliuneriu spirulis, B i d m  beckii, 
species of ~Myr~hphyllurn, RGVILWZC~UR, and Poturnopton grow to near the surface 
of the water, and in favorable locations makc a dense growth. Bidmis  beckii also 
has aerial leaves. In this group inust he included thc attwhcd subinersecl a l g ~ ,  

Fro. C.-potamogeton loncliites, section through n 
portion of submersed Icnf. 

as CImtop7wru, Cludopho~*n, species of 
CE'dogonium and the like. 

The I'otu?nogetom and Nymphu- 
c m  of the fourth group are nearly nl l  
vigorous plants and form the most con- 
spicuous feature of aquatic Vegetation. 
In our waters the plants of this group 
are Nytnp,hmz tubmosa, Nuphu~ u~%mu, 
Nchinbiuin, 1 uteum, Pol?ygonuin muhl~ri - 
b g i i ,  and several species of Potmn,o- 
geton. NeZurnbi;u?n luteuin has both 
floating and emersed leaves. The root- 
stocks of the Nyinphuucem are thick 
and stout, while those of the Potamo- 
getons nre slendcr. The floating leaves 
are always thick and leathery. 

To the swamp-plant group belong 
all of the spccics rooting in the mud 
and not truly :tquatic, including such 
forms as Sugittnrin, Typlrm, Spmywt- 
ium, Alisma, ACOWIS, Diantlt era, many 
Cqpcruccm, and some grasses. Thesc 
all root in  the mud in  shallow water 

n /  

Flo. D.-I'otnmogeton lmichites, section through n bnndle. 

and have nearly their entire vegctative sygtem exposcd to the air. They are 
generally characterized by slender stems and long, narrow leaves. In Sugitturia, 
Spurgnn%u!tit, and Fyphu tho loyyar portion of the stein is usudly thick and spongy; 
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the stems are in all cases well supplied with air spaces. 
and the plants generally spread locally by this means. 

Rootstocks are common 

ADAPTATION OF WATER rLANTS TO TIJICIIL ENVIRONMENT. 

It  is not the purpose of the writer to enter into the details of the structure of 
water plants, but a .few general remarks indicating the relation between the structure 
of leaf and stem and the medium in which these plants grow will not be out of place. 

Aquatic plants show in form and structure special adaptations to their environ- 
ment. Their development is affected by dim light, the motion of the water, absence 
of transpiration, di%culty in obtaining oxygen, and the necessity of taking the min- 
eral substances needed through the entire plant system instead of by means of roots. 

FIG. E.-POlamO@.m kndiites, seetioil through floating leaf. 

Even in clear water there is some loss of light by filtration and by rcflexion, and 
in the muddy water coniinon in the Put-in Bay region this loss must be considerable, 
Other things being equal, plants would be limited in their growth by the depth of the 
water. That the plants within our region do not occupy all the places where depth of 
water would allow will be shown later on to be perhaps clue to the character of the 
bottom. To make the most of the dim light that reaches them at  the bottoiii of 
several feet of water, such plants as Naius and the ChJc~!rucm have numerous narrow 
leaves, always ascending and of the same structure on both sides (fig. H). The stem 
also is green and assists in the work o l  assimilation. A narrow or finely divided leaf 
is common among water plants. I n  Utricularia, Ceratghylhum, Bidens bcckii, and 
h?aitunc?dw the leaf k split into many narrow divisions; in  ILh?m, Nuim, and in  
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the finc-leafed PotrmqetorLs the leaves tire linear OJ.’ narrowly lanceolate, sometimes 
almost capillary, while VnZliwmrici lfiw long rihbon-like leaves that f rcquently attain 
a length of 6 feet. The broad subincrsed leaves - 
of such species as Potamoyt-ton perfblirrtzia, 1’. 
mnplifol?:.us, I ?  h C h i t C S ,  and 1’. ~ u c e i ~ s  arc very 
thin and consist in great part of but threc cell 
laybrs, nn upper and lower cpidernii.r and a 
rnedian laycr, all of the cells having .eesscritially 
the same character. 

This broad, thin lo:if is an ideal one for 
making the niost of the dirn light, but it is not 
so well ad:pted to withstanding the motion of 
the water. To offset this, these broad leaves 
havo ribs that arc wantiiig in other submersed 
loaves, nnd in these ribs bast fihcrs are found 
which, :wording to Schenck,’ arc absent in i~ll  other submersed leaves. I n  Ncias 
percil%s the leaf is hut two cell lagers in thiokncss cxcept u t  the midrib, :ind in 
Ik,’Zodc./*. an uppcr and :L lower epidermis nloiie ni:~kc up the thickness of tho 1caP. 

Fro. F.-l3idens becL$i, section through porlion of 
aerial loaf. 

A palisado paronchyma, SO universal 
in the leaves of lmd plants, is entirely 
wanting in subincrsed le:ives, the ohlo- 
rophyll bcing :Lrr:inged in the cpidcrni:~l 
cells arid on tho tangential as well :LS the 
radial walls (see figs. k’ and G ,  poytions 
of aerial and submersed leaves of B21dm.s 
beckii). The ahsence of stoinrits from 
most submersed leaves and the thinness 
of the opidorinal cell walls :ire to be 
expected in  a mcdiurn where adaptations 
for con trolling transpirtition :ire unn(’c- 
essary . 

The stcin of tlic submersed aquatic 
with its centr:d cylinder and reduced 
niechariical eleinonts is well adapted to 
the inovcments of the niediuin, while 
the nunicrous and often large cavities 
supply an nhundance of air to all p:~rts 
of the pliint. The reduction of tho vas- 
cular bundles is onc of the most striking 
features. In  some aquatip, as Nm‘ns, 
no vnscular bundles reiniiin, their place 
heing taken by n contra1 canal (fig. K). 
This citnal i u  also present in the I’otaw?o- 
getoiis and in some dicotyledons, as CetwtophyZZxrn (pl. 13, fig. 5 ) ,  and represents the 
wood portion of the lmndlc, an occdonnl ring or spiral indicating the former 

. - _. - _. - ._ . - - __ _-_ - - -_ __  - _ _  
1 Srbliciivk, 11. Vcrglcicshcndc Aniiloiiiic c1c.r Siibiiicrwii ( ~ C W U C ~ I H C .  Uiblrotliccil botiriiic~ir, llclt l , i i 7  pp., lxhii. 
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presence of vessels. In  Bidmzs heclcii the dicotyledonous type of hundle is found, but 
the bundles are small and far apart. Between the bundles and the epidermis there 
are nunierous cavities separated from each other by layers of tissue one cell in  thick- 
ness (pl. 13, fig. 1). In CcratophyZZurrL the dicotyledonous type of stem has been 
obliterated and the entire stem is composed of parenchymatous cells, those of the 

~ 

FIG. H.-Nu%iasfiezilis, section of pnrt of a lcnf. 

central cylinde7 being only slightly differentiated. The stem is strengthened by 
collenchymatous thickening of the angles of the cell walls (pl. 13, fig. 6). 

The Potarnoyetom having the monocotyledonous type of bundle differ from 
Bidens hechi; in the central cylinder, but outside of this central cylinder the two 
forms h w e  a similar structure. A sheath of thick-walled cells surrounds' the central 
cylinder, and such cells are also frequently clustered about the inner side of each 
bundle. In some flat-stemmed I'otamoye~ 
t m s ,  as I? zosteremfolizcs, groups of thick- 
walled cells are placed at  irregular inter 
vals just beneath the epidermis (pl. 13, 

The structure of the floating leaf shows 
many striking diffvrences from the sub- 
mersed leaf, due to the difference in envi- 
ronment. The cells of the upper epidermis 
of the floating leaf are smaller than in the 
submersed leaf, with thicker outer walls, 
and frequently of more irregular outline. 
Stomata are confined to the upper epider 
mis. Below the epidermis are one or two 
layers of palisade tissue with the chlorophyll 
arranged on the radial walls. Between the 
palisade tissue kind the lower epidermis there 
are large cavitics sepnrakd by partitions 

The lower epidermis is composed of 

fig. 4). 

one cell-layer thick (figs. C, E). Fru. K.-A'cciclh.Ptzil;~, c r m ~  ~iectlon of ccntnrl c~ylinder. 

larger, thinner-walled cells than the ripper epidermis, and is devoid of stomata. 
FlmiCing leaves are of firmer texture than submersed ones :md have soinc, protection 
against injury by water. This protection in most aquatics is :L waxy covering 
(Schenck), but in Nelrcnahi~urri luteunz it consists of countless papillor?, each arising from 
an epidermd cell. A layer of air is always held by these projcctions, so that water 
falling on the leaf stands in great drops, as if on an oiled surface, until it ctin run off. 

There is no essenlial Nelunibiurn, ~ L 6 t ~ 2 1 7 ~ 2 ~  hz1.C: both foating :ml eiiiersd leaves. 



W l .  U. S. F. C. 1901. (To face page 72 . )  PLATE 13. 

1. B I D E N S  B E C K I I ,  CROSS SECTION O F  A PORTION 
OF A STEM 

2. POTAMOGETON LONCHITES,  
CROSS SECTION O F  A POR- 
T I O N  O F  T H E  STEM 

4. POTAMOGETON Z O S T E R E F O L I U S ,  CROSS SECTION OF 
A STEM. 

3. POTAMOGETON Z O S T E R E F O L I U S ,  CROSS S E C T I O N  O F  
C E N T R A L  CYLINOER.  

5 .  C E H A T O P H Y L L U M  DEMERSUM, CROSS SECTION 
O F  T H E  C E N T R A L  C Y L I N D E R  

6. C E R A T O P H Y L L l J M  OEMERSIJM, CROSS SECTION OF A STEM 
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difference in the structure of these two, except that the eniersed leaf is much hotter 
provided with ribs, which, besides being more numerous, are stronger than those in 
the fioatiing leaf. 

ROOTS AND RHIZOMES. 

Some aquatic phanerogams have so complctely adapted theinselves to (I wiltcry 
medium that they have dispensed with roots except in the germinating seedling, and 
in C;‘crntoy,h~yZlum even these are almqst wholly suppressed. With the exception of 
Utrz‘czcluriu, CmutophyLlurn,, and Wolfla, all phanerogams in our waters produce some 
roots. In  L m ~ ~ a c e m  these are slender organs serving to keep the plant in position 
on the surface. The rooting aquatics, as the Poturnoptom and MyriophyZZum, are 
provided with roots that, according to Schenck,‘ have no purpose save to anchor the 
plant. Hochreutiner’ has endeavored to show that the roots of Potamogeton have 
another function. I n  experiments tried by him a t  Geneva, it appeared that eosine 
solution was absorbed by the roots and passed up the stem much more readily than 
it passed through the loaves. If this function of the roots of aquatics can be proven, 
it will help to explain some observations referred to under tho discussion of the soil 
samples.’ 

ROOTSTOCKS. 

Most aquatics and swamp plants have rhizomes or running rootstocks by which 
the species often spreads over considerable areas. On Gibraltar Bar the runners of 
Potamogeton hetcropI&h ramify in all directions, and specimens of Ibtuinoqeton 
Zonc,’Lites were collected a t  Sandusky showing extensive runners bearing buds at  their 
ends. The thick rootstocks of the 
Nymnplmaccco buried in the mud give rise year after yew to Iettves and flowers and 
produce an abundance of strong fibrous roots. SparqanLiurrt (mywpm, Sugittariu 
Iut$oZiu, Typhu Zat$oZia, Junc.us torreyi, Scirpu.~ pungem, and 8. laoust!&, ttmoug 
swamp plants, were specially exarnined for root systems. All are well supplied with 
ru~ining rootstoclrs, those of the species of Typ7La and S c h p ~  being particularly 
strong arid widely spreading. Probably many square feet in an association of Sc.i.ll;uzu 
and T y p h  are wmpied by the plants of one system, each plant connected with all 
others of its species by the thick rhizomes. (See pl. 14, figs. 1 4 ;  pl. 16, fig. 1; pl. 
17, figs. 4, 5. 

Ihteranthera granzhwu has long black rootstocks. 

Typhu, Nupliar, I’otam,ogeton, Juncus, Scirpus, Sparganiunz.) , 

REPRODUCTION, PROPAGATION, AND WINTERING. 

In  most aquatics the repiwductivo organs show the influcnco of the inediuin less 
Such typical aquatics as Uiimclclu7~icc produce 

Most aquatics, howcvcr, ripen their 
than any other pnrt of the plant. 
showy flowers and the seeds ripen above watw. 

1 Sclicnck, 13. Dlc Biologic der Wnssergcwdchcrc, Bonn, X96. 
2 Horhrcutincr, Qcorgcs. h i d e s  8nr lcs phancrogamcs nquatiqiics dn IlhOnc et (hi pnrt Gcnbvc. (l<cvue gSn. de Bot., 

t. VIII,  p. 168.) 
%Since wrttinp the iibovc, hlr. I<. 11. I’ond, while a Rpccinl aqsinhnt to tlrc [Jnitcd Stiitcs Fixli  Coi~ri~rission, liw 

invcstigatcd thc relntiori of writer plmitH to the @id ~ubstratam. A snniniary 01 rcsiilts l iw been pnblishcd in Sciencc, 
vol. XIII ,  No. 320, 1W)rniiry 16, 1901, and is in pnrt ab follows: 

“1. I’lantq rootcd in soil excced in wgetation and dry wciaht planty rootcd in ~wnd or nicrcly stmpcnded. 
“2. Plant8 rooted in uiind or mcrcly hnspended contain stnrch, mlcinm, rind mngncsiuni in exceus, while they lire 

“3. L~thlnm nitrntc is nbaorbed by thc rootr and condiic:tod to thc upper portionn of the plant, where it may bc 

Tlicsc results conlirin the work of IIochreiitincr and jiislify the viowa exprcwed on page 7ti IIH to the iinportsnc‘c of 

lacking iu nitrogen, ~)otash, and pliosplioric wid .  

detcctcd with thc spertrowopc.” 

the soil for thc growth of aqnutirfi. 
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seeds below the surface, although the flowers are borne on emersed peduncles and 
have no adaptation for water fertilization. In the well-known case of VuZlisn&u 
.sy~irul.ik the water assists in fertilization. The male flowers are borne on scapes at 
the base of the plant. When the inclosing spathe ruptures, the flowers rise to the 
surfacc and float about until they conie in contact with the stigma of the fcmale 
flower, to which some of the pollen adheres. After fertilization, the female flowcr 
is drawn below the surface, where the seeds ripen. 

Our knowledge of the germination of the seeds of aquatic plants is still vcry 
fragmentary. The seedlings of rootless aquatics show tho greatest departure from 
land forms. In CYercctoplqllum a short radicle is developed, but it never grows out 
into a primary root, nor are other roots formed. In the Potainogetons and other 
rooting species the special adaptations for an aquatic existence in the seedling are 
not so marked. A primary root is developed, which later perishes and gives place 
to adventive roots. 

Kolpin ltavn has studied the power of seeds of aquatic and marsh plants to float 
and he finds that most secds are heavier than water and thus can not float unless 
adhering in masscs; or they may not be easily wet, when they will float in spitc of 
their weight. Some float but a few days arid their distribution is local. Many seeds, 
howcvcr, are doubtless carricd by currents and water fowl, although the sceds of 
truc aquatics w e  not wcll aduptod to spread by animal agency, and it is probable that 
waves, Iloods, and water currents are more important in this respect than animals. 

The active vegetative propagation and the perennial character of matcr plants 
have tended to reduce the importance of seed production. Many aquatics produce 
seed much less freely than land plants and in some seed production occurs but seldom 
or has never becn rccorded. Cerutopl~ylluin, Rlodeu, and Lc7n7mcccc3 may grow for 
years in  one locality and never produce seed. Potumoqeton ro66imii is not known to  
seed. I n  the Put-in I3ay region I was unable to find Z’otunzoyeton urnpl~folius i n  fruit, 
and fruits were scarce on P. zosterqfolizcs, I? pusilhs, and P..freisG. The ltist three 
propagate by winter buds, and are perhaps losing the powcr to produce seed. 

BUDS AND OFFSETS. 

Besides rhizomes’ water plants propagate vegetatively by simple offsets and pass 
the *inter by various means. Almost any fragment of a plant of XJocZca when in 
water may continue to grow and produce a new plant. The same is true of Cwato- 
phyllunz, Utricularia, many I’otunaoptoiw, My&ophylZums, etc. 

Of these 
arc 7m~n ic l~eZZ ic~  puhstr is ,  C%mtophyJhm, Vdtisneriu, and some species of I’otn7rw- 
geton. Among Potnmogetoizs, I! pectinatus is remarkable for wintering by means 
of tubers produced at  the ends of special roots. TTzll~ss./t@~u also produces a pseudo 
tuber, which is really a bud at the end of a rootstock. This tuber is eagerly sought 
after by water fowl. A third method of wintering is by means of hibernacula. 
Utriculuria is the best example of this. Toward the fall the tips of the branches, 
instead of elongating, cease growth, and the leaves arc crowded into largc, compact 
buds. When the plant dics on the advent of cold weather, these buds sink to nc 
bottom, where they remain until spring. The winter buds of certain Potumogeto?Ls 

Some species pass tho winter unchanged at the bottom of the water. 

-___-- _______ ____ I_ - __ ____ _ _  -. -- - 
1 Kolpiri Rnvri, Y Oin Flydccvncn 1iosFroenenf vnrc VlnNl og Silpplniitcr I3ot. lidsskrllt vol. lY, pp 143-177 i6lig 
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are of this nature, and fMy&opJ$lum also passes the winter in this way. Winter 
buds were common on thrce species of narrow-leaved I’~>taitaoyc?ton~, 1’. zostmq%Gus,  
1’. p ~ ~ ~ ~ ‘ j l l u s ,  and I? . f re is t2  (pl. 15, fig. 2). Potamo!qeton lonchites somctimes propa- 
gates by means of short branches, which produce buds at their ends. ltoots and 
leaves grow out from these buds, and the result is a small plant, ready to root tind 
grow whenever it is detached from tho parent plant. 

ANALYSIS OF SOIL 8AMPLES. 

The samples of soil collected at Put-in Ihy,  East I-Iarhor, and Sandusky Bay 
were :Lnalyzcd by the Division of Soils, U. S. Dop:irtment of Agriculture. The 
results of the analyses are given in Table I. The number of samples is not sufficient 
to make general deductions possible, and therefore 1 shall merely indiattc the 
direction in which the results seem to point, leaving it to future work to establish 
the relation, if any exists, between the texture of the soil and the plants growing 
upon it. 

13y reference to Table I, it will be seen t<hat, as a rule, the soils on which plants 
occurred in :ibunclance were coniposed largely of fine sand and very fine sand, and 
containcd rc1:ttivcly little silt, fine silt, and clay, while the soils on vhich few or no 
plants occurred, although the depth of water and other physical c-onditions ~ e r e  
favorable, were composed 1:~rgcIy of silt, fine silt, and clay. and werc poor i n  fine 
sand and very fine sand. The other items tire of no prtictical importance, the amounts 
of gravcl, coarse sand, :tnd incdiuin sand being very small, while the amount of 
org:inic. matter is not a t  all rogular, being relatively large in d l  samplcs fi.orn places 
where no plants grew and irregular in the other samples. Of all the saniples taken, 
six must be excluded froin the comparisons on account of other factors coining 
prominently into play. Sample 1, from Gibraltar Bar, is not compar1tblc with the 
others, both on account of its mixed character and the exposed position of the bar, 
and the three samples froiii the o&n lake, Nos. 3, 4, and 7, were taken at LL dcpth of 
33 to 36 feet, and hence can not be coinpnrcd with samples taken fit depths not 
exceeding 7 feet. The two s:tmples, 11 and 12, collected on the lake shore, were tdten 
to determine the cause of the presence or absence of Sc/.~pus. All the other samples, 
ten in number, were takon from places where the depth of water rangcd fro111 6 inches 
to 7 feet, and where d l  the other physical conditions were noarly similar. I have, 
thorefore, divided these ten samples into two sets, six in one and four in the other, 
and have added together for each sample the perceiitages of fine sand and very tine 
sand to make the first column of Table 11, and the percentages of silt, fine silt, nnd 
clay to irialre the second column. The six samples of the first set represent localities 
well Htoclred with plants, while the four samples of the second set wwc titBen from 
bottoms either bare or on which hut a few plants were growing. 

The :Lgricultural value of soils is liirgcly determined by their power to retain 
water-sandy, dry soils being good for early truck crops, but almost riseless for the 
heavier late crops, as wheat or corn; whilc soils containing much clay retain water 
better and arc consequently later and colder but inore vnluahlc for wheat iind grass 
crops. As shom7n in pl. 2, Bulletin No. 5 ,  Division of Agriculturnl Soils, :L typical 
truck land contains 79.69 per cent of inedium, fine, arid very fine sand and 14.36 per 
cent of silt, fine silt, and cltiy. It is soinowhat similar, thcreforc, to the s:iinplc of 
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the first group on which the heaviest growth was found (No. 2), the greatest difference 
being in the fact that in truck lands the percentage of medium sand is large while in 
our sample it is insignificant. The samples on which practically no plants were found 
are more uniform in texture than those of the first group and very much resemble 
the typical wheat lands, as given in plate 3, Bulletin 5, in which the percentage of 
fine sand and very finc sand is 36.90 and that of silt, fine silt, and clay 55.91. 

The water in sandy soils is undoubtedly better aerated than that in  clay soils, 
though both are under water, because in the former case the water passes through 
the soil more rapidly than it does in thc latter, and i t  would seem that even the roots 
of aquatics are unable to thrive in a soil so poor in oxygen as the saturated heavy clays. 

It will bc necessary in future work to take many samples of tho  bottom under 
all conditions of vegetation and to takc the temperatures not alone of the water but 
of the soil in  which the plants are growing. A large series of such samples would 
rnake possible general conclusions that might be of practical value. 

TABLE 1.-Mechanical analyws of soil aamples taken from hottom of Put-in Bay  and vicinity 

Near West Harbor .......... 
.... do ...................... 
Mouth of East Harbor ...... 
Edgeof wuternenrswamp.. 
Upper Sandusky Hav ....... 
Soilthenst of Gibralthr Bar.. 
Portage River.. ............. 
East Harbor ................ 
On Gibrnl tar Bar ........... 
1’0rhge River broad pnrt ... 
Upper sundusky ~ u y  ....... 
1,OOO fcet from swami, ...... 
Nenr Winonii Point Club- 

house, Satiduuky Bay. 
Ncrir fish hatchery in opcn 

Iako. 
In open lakc ................ 
Enst point of Middle 13oyy 

Idmd, opcn lake. 

- 
A 

1 3 
3 20 
- 
P. rt 
0.07 

0.12 
0.31 
0.67 
1.52 
2.35 
2.92 
4. 68 
6. 09 
7.63 
ti. FH 
7.96 
7.99 

7. (12 

9.20 
9.35 

11 

1:! 
5 

17 
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Very ood ....... 84.34 
EXCd?Cllt : ....... 80.71 
Good ............. 67.38 .... .do ............ GO. 71 .............................. 79.G9 

Nothing .......... ... ..do ............ 
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P. et. 
0.20 
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0.07 
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0.36 
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0. 00 

0.19 

0.05 
0.21 

P. et. 
0.22 

1.59 
0.00 
0.02 
0.05 
1.64 
0.00 

Pracc. 
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0.00 
0.29 
0.00 

0.48 

0.17 
0.41 

P. et. 
0.78 

3.82 
0.38 
0.09 
0.12 
6.36 
0.68 
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0.12 
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20.66 
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10. 61 
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1.72 
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26. OB 

Scirpocl pun- 

..... do. .  ...... 
Good ......... 
Fair .......... 
Very ood 
Excelfent : 
Good ......... ..... do ........ 
Scant ......... 
Nothing ...... ... .do ........ 
Vcry scant ... ... .do ........ 

gens. 

Nothing ...... 
.... do.  ....... .... do ........ 

TAIWE IT.-C‘onipurisor~ of swrnplerr collected id Put-in Bay and vicinity, with typical truck and tuheat X O i k .  
- - __ 

Collcc- 
tion No. 

Per cent 
of mcdiuxr 
sand flne 
=and: and 
vcry finc 

sand. 

Pcr cent of Hilt, 
fino silt rind 

clay’. 
DepLh 

in feet. 
Condition of 
vcgetntion. 

3.21 
4.94 

12.99 
13.81 
26.08 
29.34 
14.37 

69.39 
GI.  64 
67.93 
MI. 21 
55.91 

set I. 

sct  11. 
3850 ................................................... 6 

%56 ................................................... 15 6 
Wheat soil. l’lutc 3, Bull. 6, Division of Agricultural Soils.. ............ 

................................................... 
3856. 3854 .................................................. 1 :i/ : 
__.______.. ......... - . . .  ~- . . . . . . . . . . . . . .  ____ 
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Acorus culamus L. East Harbor. 
* Alisrna plantago L. Portage River. 
Apocynum canriabinum L. With iScirj)it,nJ pungens 

Asclepiasincarnata L. Everywhere in very shallow 

Bidend beeltii Torr. Pond in East Harbor and in 

Boltonia asleroides L’lier. With ~ S k i r p u ~  p ( n g ( w  

* Rrclsenia sclirehci-i J. F. Gniel. Cedar Point. 
* Carex npatilis Wahl. 
Carex pscikdo-cyperux var. comosw Boott. Squaw 

Harbor. Seen on1 in one place. 
Carex stricto. Lam P o d  on South Bass Island 

near hatchery. 
* Cwrex lor& Boott. 
Ceratophyllum deinersuni L. Everywhere. 
Cypenrs mjthrorhizos Muhi. Muddy shores, Upper 

Sandusky . 
Cperus  strigosus L. 
Deyem’a canadensis Munro. Muddy banks, East 

Harbor. 
Dianthera americanw L. Squaw Harbor, Put-in 

Bay, and East Harbor. * Eleocliaris acicularis R. Br. 
Rhcharis  intermedia Schultes. Cedar Point. 
Elodea canadensis Michx. Common. 
‘Eupatorium perfoliatum L. With Scirpus pungms 

in shallow water, Squaw Harbor. 
* Rmbris tyh autumnalis R. 8. 
.lIeteranthera graminea Vahl. Everywhere. One 

of the most coniinon submersed aquatics’. 
Found on mud flat at Portage River. 

IIiliscus rnosclwu,tos L. E‘ast Harbor on‘ muddy 
banks. 

Ilysanilius ripuriu ltafin. Upper Sandusky Bay. 
* Ji~nmv bulticus Willd. Cedar Point, Sandusky. 
* Juncua braclqcephalus (Engelm. ) Buch. West 

Harbor. 
Juncus torreyi Coville. Squaw Harbor in shallow 

water and on mud banks. 
Leerzia oryoides Sw. With Scirpus pungens, West 

Harbor. 
Lemna minor L. In ponds on South Bass Island 

and at Xast Harbor. 
Lemna polyryrhiza L. Common. 
Lenma trisulca L. 
hippiti lanceolata Michx. 
Mentlia cunadcnsb L. 

dusky Bay. 
Myriophyllum spicatum L. 

water, 2 to 4 feet deep. 
Naias$exilis Rost. & Schmidt. Common. 
Nuias flexilis robusln Rlorong. 

in  shallow water, West Harbor. 

water or on exposed muddy banks. 

Squaw IIarbor. 

in shallow water near West Harbor. 

Cedar Point, Sandusky. 

Cedar Point, Randusky. 

Upper Sandusky Bay. 

Cedar Point. 

Cedar Point. 

Pond on South Bass Island. 
Upper Sandusky Bay. 

Muddy banks, TJpper San- 

Everywhere in quiet 

More common than 
“ h e  species. 

swamp near Port Clinton. 

Sandusky Bay. 

- 

lVuias gracillima Morong. 

Nmturtium palustre 3). C. 

Pond in Portage River 

Muddy banks, Upper 

N~~lumbizm b ~ / ; i l ? r i  Willd. Abundant at, East Iiar- 
bor, Portagc River, and head of Randusky 
Bay. Iiitroduced into Squaw llarbor and 
near fish-hatchery. 

Nuplmr adtena Ait. Common. 
,%ymplt:ra tubcrosa Paine. East Harbor i n  3 or 4 . .  

feet of water. 
I’lialrrris arun.dinaceu L. Ea& Harbor, on mud 

banks. 

extcnsive associations. 

Upper Sandusky Bay: 

and Sandusky ha . 
Sandusky Bay. 

hatchery and in Sandusky Bay. 
with floating leaves. 

abundant. 

Kast Harbor, an8 Sandusky Bay. 
leaves on specimens froni Sandusky Bay. 

I’hrugrnilcs coniinuniv Trin. East Harbor. Forms 

Pliysostegia virginiana Genth. Muddy bank, in 

I’olygonuiit niuhlmzlerq@ S. Wats. East I Iarbor 

Polygonum acre 13. B. & &. Muddy shores, TJpper 

l’opulus monilifera Ait. 
I’otamogeton umpl~folius Tubkerman. Near fisli- 

Not found 

I’otamogeton folioszu Ihf. 
Potamogeton freisii Ruprecht. Put-in Bay. Not 

Potarnogckm heferopliyllua Sclireh. Gibraltar Bar, 
Floating 

* l’otamogeton liillii Moron& 
* Potamogeloninterruptus Kitaibel. Sandusky Bay. 
Potatnoge’on loncliita Tuckerman. Put-in Bay, 

One of the 

I’otnmogeton lucens L. East Harbor and Sandusky 

l’utamogeloii $lffoor?iiiu Pers. Gibraltar Bar. 
I’otamogPton ntrtaits L. Put-in Bay, East Harbor. 
Potumogeton pectinrrtihv L. Everywhere. Extremely 

variable in size and habit. 
I’otatiiogeton pcrfoliatus L. Everywliere. 
Potumogeton perfoliatus richardsonii A. Bennett, 

I’otamogeioia pr:donps Wurf. Portage liiver. 
Potamogclou pusillus I,. Put-in Bay, Ea& Harbor. 
Potamoqeton ro6bins.ii Oakes. East Harbor, San- 

Beach at Emt I-iarbor. 

Put-in Bay. . 

East Harbor. 

East Harbor, Sandusky Bay. 
conimonest species. 

Bay. 

Put-in Bay. 

dusky Bay. 
I’otamoaeton z i z i i  Itoth. Panduskv Bav. . / *  
Potumo&ton zosteri#o/ius ~ciiuni. Everyw1iere. 
Ranunculux divaricutus Schrank. Sanduuky Bay. 
Rumex uerticillatzc.~ L. 1’001 on South Bass Island. 
Sayitlaria arvqlia Nutt. Muddy shore, Upper San- 

dusky Bay. 
Sugittaria grwinineu Michx. Muddy shore, IJpper 

Sandusky Bay. 
Sagitlaria latifolia Wild. Squaw liarbor, 1q-t 

Harbor. 
,Sugittaria rigida Pursh. Everywhere. 
~rC11ix loiigifolia Muhl. East Harbor. Frequently 

in several inches of water on the beach. 
8aZix nigra Marsh. East Harbor, on sand bar in 

4 to 10 inches of water. 
~ 

1 Species markcd with ~ i l l  asterisk wcrc found ill the hcrbarinm of E. L. Moscly, of Sandusky, Ohio, t t n d  wcrc not 

2 Nomenclature gcncrtdlx uccurdilig lo Index Kewciiuis. 
observcd by me. 
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h r .  
,Scirl,us p u n g c r ~ ~  Vahl. Everywhere. 
Stirpus eriopliorum Miclix. 
I Sandusky Bay. 
* Airpus  crrctus Poir. East Harbor. 
r~clrl,iLs%uui/itiliS A.  Gray. ICverywhere. 
S’UT~JCLS LiicLWitris L. 1Sveryw liere. 
A’cirpus s!/lvuticas I,. 

Island. 

Shallow water, IJpper 

Shore of pool on South Bas+ 
*. bcirpus < . tomeyi Ohiey. East liarbor. 
Scittelluriu gulrrirulutu L. 
Sium cicutzfoliuin Ginel. 

Eist Harbor s w a ~ n j ~ s .  
E 4  Harbor swamps. 

B&s Island. 

and Unner Sanduskv Bav. 
Typhe~ un~qLcslifolia L. Rare, along Portage River 

~!i/p/iu lcLt(fol&I,. ICveryilieri. 
* Ulriculnriu gibbtc 1,. 
lilrirulicritr. oi~lgtrsis T,. 
I/iillisnerici spirtelis L. Everywhere. 
Wo!fia columbitcnrc Karst. 

South Btisn Island. 
Z~mni~:liclliu pl ic . s / r i~  I,. Squaw Harbor. 
%izuniu aquutbtr I,. 

Cedar Point, Sandrisky Bay. 
Ea4 Iiarbor, Portage Itiver. 

Aburidant it1 p001 on 

East Ilarbor, Portage ICiver, 
Upper Saridusky Bay. 

C“lirii~iL coiitrariii A. Br., fornia pymnot 
Abu+ant in EIatchery Bay, tlie common 
spec’les. 

Cl i i i r i t  coniruriu A. Rr., fonnag,cirog!/rrznt~l)/iyll~l (No. 
17). This was identified with a doubt by 
Dr. Norstedt. The form in rare in Put-in 
Bay, growing in only m e  spot near Gi- 
braltar Inland, in 7.5 feet of water. l t  is so 
peculiar that a brief drwription will he 
given. Fruiting plants 5 to 10 c m .  high; 
mostly \\ it 11 incomplete cortication, one 
plant bf tho collection being fully corticatcd, 
some not corticated at all, others with one 
or two joints of the leaves corticated; in 
thwe cases the second and third leaf joints 
are corticated with eight cells. Stipular 
whorl inconspicuous but double. Stipules 
short, JCHS than one-half to one-third length 
of cw-pogonc.. End sdginent of leaf either 
obtuse and I-celled or acute and 2-celled. 

Cltnrrc coitlrctrirr A .  Br., !orma (28). On sandy 
Ixaah at ISa& IIarbor, Ohio. (1’1.17, fig. 2. ) 

C’/turw contrctn’a A .  Br. (29). A low-growing deli- 
cate iorn1 found with 28, hiit having longer 
stipules and dwarfer habit. 

Cliarrr. contrari~c A. Fir. forma subinrrmis (30). 
Fouiitl with 28 and 2)). Very dwarf habit; 
leaves innch longer than the internodes and 
cortication imperfect; identified by Dr. Nor- 
stedt. No. 66, identified b y  Dr. Allen as 
belonging to this species and form, was COI- 
lectcd on a clay bank in Squaw Harbor; 
water (i to 12 inchesdeep. 

C1m-a rontrariic A. Br. (62). Very small speci- 
mens with extreinely long leaves; collected 
in Lake Erie a mile outside of Sandusky 
Ray and in (i to 8 feet of water. 

(%tzra contruria A. Br. (68, 69, 70). In Put-in Bay. 
(Yitcrir conlruriic A. Br. fornia cdongata, mucroptila, 

muowtiles, gymnotiles ( 72). 
Cliarn coronatia Ziz. fornia microptila, incrustatu 

(23). Dr. Allen says this is a very unusual 
form with vel short bracts. . (Pl. 20, fig. 5. ) 

(Jiaru coronuta Ziz. &,42). East Swamp and East 
Harbor. (PI. 20, figs. 1,2.) 

(1’1.17, fig. 1. )  

Put-in Bay. 

(!huru coroncittr Ziz., fornia iiic’tocurpit, ii~i~ioplila 
(32). 0 1 1  sandy bmch, Etwt Harbor. (PI. 
20, fig. 4. ) 

C h r u  corontctw Ziz., forma i?ic~u,3ti/tu (74). Clay 
bank in shallow watcr, Squaw Ilarbor. 
(1’1. 20, fig. 3. ) 

C/iiw(c srjunctu A. Br. (31) .  On Sandy bcwli, East 
Harbor. 

C l w w  gyimopus var. mnicJctnccci A .  Br. (53). On 
mud bottom in shallow water, Portage 
River. (1’1.19 tip. 1 . )  

C’/mrci~f&~lb Dksv., id&% bl6vibrc~c~lrutw (33 ) .  East 

Chtrru fraclile Desv., forma subinerniis (36). Put-it 
Harbor, Ohio. (PI. 16, fig. 2.) 

Baj;. 
Chcm h?/dropitys Reichenbach, fornia compaclu 

(65). On clay bank in very shallow mater, 
Squaw Harbor. 

Cliuru asperci (Dethard) Willd. (67). On clay bank 
in very shallow water, Squaw Harbor. This 
species was not found in fruit. 

Cluzrtc inlrririediu A. Br. (71 probably) (73). Both 
in Put-in Bay. 

Nitellw subglomratu A. Br. On sandy beach at 
East Harhor (75). (PI. 18, fig. 3. ) In inud 
with fJhtrrcc g!/mnopu.s rnicliuuxii, Portage 
River. ($5). (1’1. 18, fig. 1.) 

Fitellu pol,t/g/ocltin A. Br. (26). . With other Char- 
ace= on sandy beach at East Ilarbor. (55). 

Nitdla hi/trccc.litr4prmlrr~~rrn~~ (ICeichent~ach ) A. Br. (27). 
On vandy beach East Harbor and on mud 
bottom in I’ortage River. 

Vititrlh t~nuissi7rm Desv. (274). Two specimens of 
27 were sent to Dr. Allen, and they were 
thought to belong to the same species. It 
appears, however, that one was A? DatrucJucs- 
perrnn and the other, which Dr. Allen num- 
bered 274, was A? tenuissima. The one sent 
to Dr. Nordstedt as 27 was AT. tenuisssinia. 

Vi/ella grrtcilis Rg. ye1 sp. @his (62). Upper San- 
dusky Bay, in quiet water. 

Tolpclla intrrtezfn Allen (No. 1).  Occurs in 
Hatchery Bay, but the plants are nowhere 
thrifty. July. 

(1’1. 17, fig. 3.) 

(1’1.1‘3, fig. 2.) 

Inmature. 

- _ _  -- ____ -- 
1Thc Churaccm wore kindly dotermined by Dr. T. I”. Allcii iiud Dr. Otto Nordstedt. 



Closleriunc elircnbergii Meneglr. In tow, Put-in Bay. 
Closteriurn leiiileinii Kuetz. In washings from 

Bidem bcckii and Utriculnriu vulgaris. 
Closteriuna purvulvm Naeg. In  washings froin 

Bidens beckii and Utrirulnricc v u l g ~ r i s .  
Closlerium vcrtus ICuetz. In tow, Put-in Bay; in 

Ulriculariu washings and in pool on Starve 
Island. 

Cloatcriuin dtuiix Ehrenb. In washings iroin Sic- 
gittcaitc ri!$a, Squaw Harbor. 

Cosnicyium tcn!juktre Jolinson. In lilricdtcritc wadi- 
~iigs. Mr. Johrison described this species 
from material collected by myself at Lake 
St. Clair in 1893. It will probably be found 
at other points along the lalres. 

Cosntrcriuin bo/r!//is Mencgh. hi tow, Put-in Bay, 
and nearly all plant wauliings. 

C'osrntcr.riurn brdissoiiii Menegh. Starve lsla~itl. 
Cosmurium depreaswii Lund. Put-in Bay. 
Ctismqiurn grlranulutn Brcb. In UC,.iczdaritr wasli- 

1ngs. 
Costtanrium lzve Rahnh. In washings from &!/- 

conema and Scigittnria. 
Cosrntwiurn niurgur.ilifcritm Menegh. 1 1 1  Utrictilurifr 

ings. 

washings. 

Ihyconema and Sugitlaritr. 

ings. 

washings, 

ings from various plants. 

ings from various plants. 

Cosmariuni ~norciliJorine Ilalfs. 111 BitleJrs beckti 

G'osmuriunz nitidulum De Not. I11 washings from 

Cosmnrium ornatum Ral fs. In Bideris beckii wash- 

Cosnzccrium portinnurn Archer. Jn C2rir*ulnritc 

Cosnzariunap2cizcl~t~lum Breb. 111 tow and iii wash- 

Cosnztrriiinz reniyorrne Archer. In tow ant1 i n  wasli- 

Cosnitcriuni rcniJorntc viir. c~onr~ir~~sxu~rc  Nortlst. 
iii  Bay. 

Dtwnidiuni siuttrlzii Breb. Put-in Bay. 
Disrpliiiictiurtc co~ir t (~ /ui t i  (Breb. ) De Bary. Put-in 

Bay. 
ICrrc&-yn cleguns Kuetz. 111 Bideics IierX.ii wituh- 

1ngs. 
Ei:,ttrslrutn Ciitnle Rrtlfs. 111 washings f?oin Bidms 

beckii ant1 Ulriculario nulgari~. 
Eunsli-uin elogcciis var? I11 lilriculariu washing,,. 
Gonutozypi / & ( i l t ~ i u i  (Archer) ltabeiih. III Btdeiis 

beckti w~~l i ings .  
(iorLul(!z?/go?L ru(ssii I)e Bary. In Bidens b e d i i  wth-h- 

Illgs. 
Ih/cilotlircti dksilienx 13rcb. In  lilritulttrict wt~shings. 
Ifyulot+xc mucow Elirenb. In   ide ens bcciii WLLBII- 

ings. 
I-'(eiirolttlzio~~sk rdfissii (Brtd). ) l m i t l .  In lAric*ti- 

luriu washings. 
I'lcurutmzium trtrbeculn (Elirenb.) Naeg. I n  Iitri- 

culuritc washings. 
Afnurtcst5-uni aviculu Breb. I11 Ufricdariu washings. 
Btrurt~trurn brebissoni Archer. In Utricularia wash- 

11:gs. 
Anurttsfrurn crrnulalum (Naeg. ) Uelponte. In litri- 

cultrritr washings. a 

Staur'orlnstrzun deiecbiri Breb. 
Stccurte$rutri dilatutum 1Shrenb. In Ulriculwiu wash- 

1ngs. , 
Brrvi-r+rum furc@erun, Brei). I n  lilrir*ulttrirr wash- 

1ngs. 
Slnurnslrum puwctultctuiri Brel). In tow, l'ut-in 

Bay. 
Saurn,?lrum striolrrlum Archer. 111 Aigillariu wadi- 

ings. 
Sttrurtrstrum tetruccrum (Ihetz. ) ltalfs. I II Ridnu 

beckii washinp. 
Xunthidiunt untilopcutn Kutx. In Ulriculnrirr wash- 

1ngs. 

Put- 

111 tow, Put-in Bay. 



Bull. U. S. F. C. 1901 (To face page 80.) PLATE 14. 

1. SPARGANIUM EURYCARPUM, ROOTSTOCK. 

I 
2. SCIRPUS LACUSTRIS, ROOTSTOCK. 

4. J U N C U S  TORREYI.  ROOTSTOCK 

3. POTAMOGETON H E T E R O P H Y L L U S .  



Bull. U. S. F. C. 1901. (To face page 80.) PLATE 15. 

1. SAGlTJARlA RIGIDA. 

TIic letif in tlic ccnter i n  from deep wtitcr: that tit the riglit from shnllom wntcr ncnr thc shore. 

I 
2. W I N T E R  B U D S :  “OTAMOGETON Z O S T E R A F O L I U S  AT T H E  L E F T :  P, P U S I L L U S ,  U P P E R  R I G H T ;  

P. F R E I S I I .  LOWER RIGHT.  



Bull. U. S. F. C. 1901. (To face paze 80.) PLATE 16. 
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Bull. u. S. F. C. 1901. (TO face page 80.1 

1. CHARA CONTRARIA FORMA S U B I N E R M I S .  

PLATE 17. 

3. CHARA HYDROPITYS.  

i 
! 

4. T Y P H A  LATIFOLIA,  ROOTSTOCKS. 

2. CHARA CONTRARIA, 5. N U P H A R  ADVENA, ROOTSTOCK. 



Bull. U. S .  F. C .  1901. (To face page 80.) PLATE 18 

I .  N I T E L L A  SUBGLOMERATA. M U D  BOTTOM 

3. N I T E L L A  SUBGLOMERATA. SANDY BEACH. 



Bull. U. S. F. C. 1901. (To face page 80.)  PLATE 19. 
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Bull. U. S. F. C. 1901. (To face page 80.) PLATE 20. 

2 .  CHARA CORONATA, TYPICAL FORM 

4. CHARA CORONATA 

111 slitil!ow iriiter on stiiidy bcnch. 

5. CHARA CORONATA. 
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THE LEPTOCEPHALUS OF T H E  AMERICAN EEL AND OTHER AhfERICAN 
LEPTOCEPHALI. 

BY CARL H. EIGENMANN AND CLARENCE HAMILTON KENNEDY. 

It is an anachronism to describe “species” of L(ptocqAuli, since Gill, Delage, 
Gilbert, and Grassi have definitely traced various “species ” to their adult forms. 
Nevertheless this is what we havo done. Our cxcuse is that with but two exceptions 
we have not been able to connect any of the forms examined with their adult stage. 
It niay take many years to complete the series demonstrating the life history to which 
each of the species described belongs, and in the meanwhile it will be advantageous 
to have definite forms placed on record for thc benefit of all who may secure Lepto- 
cep/iali and may not be within roach of the speciiiiens examined. 

In  preparing this account we have found Strijiniimi’s “ Lcptocephalids in the 
University Museum at Upsala ” of great value. It is unfortunate that Strijmnian 
neglected to count the segments, since Grassi has demolistrated that this is one of 
tho characters in which a, LeptocephaZzw. agrees with its adult form. 

One of these 
is the LqJtocephalus of the American eel, h a g  uillu cI~wjsypn. We have taken plcasurc 
in assohiating the name of Grassi with this species in recognitioii of his identification 
of Lqtoccphalws 6revicqis with tlic European ecl. Incidental to the identification 01 
the Loptocop,huZus of the Ainerican eel, we have found that the Anierican eel has but 
105 to 110 segiiients, several less than the European eel possesses. Another interest- 
ing species is LeptoceplLaliw. diptychiu, i n  which the color of C : L C ~  side is asymniet- 
rically arranged as to the distance between successive spots, but the blending of the 
color of the two sides of the transpurcnt crcaturc givcs the effect of syiiiiiictrically 
arranged niarliings. 

Most of the species dcscribcd here arc new and belong unquestionably to different 
adult fornis. Concerning others we are not at all certain whether the species bolong 
to different adult eels or arc different stages of the same eel. Thus we are not certain 
whether L. m q A i u x ~ ~  and L rex are different stagcs of the staiiic forin or not. The 
same is true of 1;. $/iZZG and L. Zatus. 

The name Lqtocephulus was originally proposed in 1777 for L. morr&ii, the larva 
of the conger eel. Since this name is older than any other that has been applied to 
the adult conger, it has recently been nppropriatcd by Jordan & Evcrinann (E’ishcs 
of North arid Middle America, p. 353) for the conger eel. This leaves us without a 
distinct appellation for larval eels of the Lqitocephalus typc. It iiiight be advantageous 
to use the second nanie proposed for a 1:Lrval eel, if the possibility of losing it as soon 

Sevcral of tho spccics to be described here are of grcat intcrest. 

F. C. B. 19014 81 
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as the adult form was dcterinined did not stare us in the face. 
retained the name Lq~towphaZus for the larvs. 

Museum. 
extlinining them. 
Albatross at the following stations: 

We have, thereforc, 

Thc specimens forming the basis for this paper belong to the U. S. National 
We wish to express our thanks to the authorities for the privilege of 

Most of thein wore collected by the Fish Coinmission steamer 

Clludal. 

40 
40 
38 

I-- 0 , I I  0 , ) l  
~ 1883. 

‘ ~ O t l l l .  

___- 

105 
108 
114 

_ _  __ - - __ ._ 

Approxiniste location. 

................................. Lcptocephulus morrisii.. 

Lcptocephalua mucroritltu, ............................... 
................................... Leptocephaluv discus.. 

Leptoceplialus humilis.. 

Leptocephalus gilbcrti ................................... 
.................................. 

100 miles SIC. Atlaiitie City, N. .I. 

250 inilcs SE. Ni~iitiirkct. 

74 
, 86* 

75 
80 

, 82 
69 
71 I 75 
76 
78 

. 86 
73 

55 miles SSE. Cape Lookout. 

Other localities will be given with difiercnt specinlens. 
Cimssi has dernonstratcd that the Le;r,tocep.yl~nli possess as ninny scginents as the 

adult and we have found that the number of segments in tho different specimens of 
a given Leptocepi”halus varies but little. The following table of the LqitocqAali, 
:trrangcd according to the number of ~egiiients, inay therefore assist in referring 
these spccics to their other larval phases and adult forms. 
key to the species described and perinit ,other species that may be discovered to be 
readily interpolated: 

It will also serve as 

Species. Lengtl1 

mm. 
~eptocep~inlus grtrssii .................................... 47 I) Q 49 
~cptocep~mlux diptychuu. ................................ 
Leptoccphnlus rcx ....................................... 
Leptocephalus amphioxus ............................... 

Leptocephalus c a ~ d o m a c ~ l ~ ~ t t ~ ~ .  ......................... 57 
59 

Leptocepliaius gillii.. ................................... .I‘ c 
Leptocephalus atrommani.. .............................. 1 61 

Lcptoccphalus latus.. .................................... 

Abdulll 
inal. - 

65 
68 
76 
73 
55 

102 
71 
70 
71 
72 
98 
96 
70 
64 
69 
65 
66 
67 
72 
75 
68 
69 
71 
68 
100 

........ 

35 
41 
71 ax 
75 
79 
80 
80 
83 
84 

’ 91 
93 
90 
89 
80 

*The larger specimen i8 the younger. 
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Several characters used in the following key have proved of but transient value. 
The approximation or separation of the nares we have found in  one case to depend 
on  the age of the specimen. The presence or absence of the pectorals we have also 
found to depend at  times on the age of the specimen. Whether these two characters 
are ever of permanent value we are unable to say. 

Kei to the species of Leptocepliali de,ucribetI iii the presetit pupw. 

a. A series of three or four large conspicuous blitck spot8 un each side. Segments 114 to 116. Other cliurac- 
tcrs differing greatly with age.. ............................ .diplljchiis 

na. Sides without large conspicoous black spots. 
b. Pectorals none; nostrils remote. 

e. Head depressed bctwcen the eyes; 96 abdominal, 40 caudal segment8 ........................................ gillii 
cc. Head swollen between the eyes; a series of  black dots along back and belly. 

d. A U U ~  nenr middle of length; eye large, 1.G in siiout; gritdually tnpcring from snout to aiiiis, 
thence decreasing gradually to the @il; 110 pigment,iibout 
head, except in gulitr region; scg.ments 70 + 71.. ......... ..slr.osinia?ii 

&. AIIUX much nearer tip of C’JlUdd than xnoiit; eye smnll, 2.5 in snout; rapidlya,idcningfroui nape 
to libout the twenty-fifth segment, then of nearly uni- 
form width to aiius tit nincty-eight11 segment, thence 
tiiperiiig to tip of tail; pigment dots on top of head; seg- 
meut8 9b + 35.. .................................................. .Zntiu 

- 

bb. Peetonil fins present. 
E. Caudal suddenly contracted; head conical; eye bmiill, 2.66 in snout; nostrils remote; seg- 

ments 6G + 80 ............................................. .mt~cro?~altu 
ee. Caudal not coiitractcd, tlic vertical fins continuous with it. 

f. Nostrils remote. 
g. Snout obtuse, lower jaw tlie shorter. 

h. No color along the iniddlo of the sides. Segmentv about GO + GO .......................... .TCX 

segments G4 + 88 (see also n )  ................................. .?norrisii 
hh. A series of spots along llio middle of the side; another along the ventral rnnrgin; 

gg. Suo111 poiulcd, jiiws equal. 
i. Body short, clliptlcul; no pigment; tougue free in front; segments 68 + 40 ........ .@rassii 
ti. Body elongate, b ~ ~ ~ d - ~ h a p e d .  

j. Eye 1.6 in snout; nostrils above the level of tho middle of tlte eyc; ii series 
of roundcd spots along the middle of tlic sides, one to 

3. Eye 1.6 in  snout; nostrils on level with middle of eye; tongue not free in 
front; a series of elongate spots along the middle of the 
sides, one to each segment; segments about 160 .............. hzmilis r. Nostrils approximated; body elongate, nerirly band-shaped; a series of spots below the mid- 
dle of the sides. 

12. Vent near the posterior end of the body; color along sides consisting 
of a series of round chromatophores on the somites.. .... ..umphioztis 

each’:! to 9 segments; segments 72 f as... ...................... .diScw 

kk. Vent ncim the middle of the body. 
1. A series of spot8 in the tail just beneath tho notochord; segments 

11. No spots in the tail. 
127 to 150 ............................................. caudmnactilaltis 

9n. A series of chromatophores alonfi the base of the dorsal rays; 
segments about 159 to 162 ..................................... humilia 

?tivi. No chromatophores along the base of the dorsal rays. 
n. segments 142.. ................................................ .morrisit 

1~11. segments 180.. ................................................. .gllberli 

All drawings illustrating this paper were prepared by Mr. Clarence Hamilton 
Kennedy. 
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DESCRIPTIOHS OF SPECIES. 

Leptocephalus grassii, sp. nov. = Anguilla chrysypa. Figs. 1, In, lb .  

One specimen 47 mm. long, Albatross station 2103. One 49 mm. long, Albatross, lat. 38' 25' 
B., 72' 40' W. 

This species is distinguished by its broad, well-developed vertical fins, deep and robust body, and 
absence of all pigment. Body lanceolate, sharp at both ends, deepest at the middle; its depth 5.66 
in the length; dorsal beginning about 8 segments in front of anus, its rays becoming gradually longer 
to the caudal, whose rays are about 1 m. long; anal similar to the doreal; pectoral well developed;, 
head sharply conical, upper and lower profile equally slanting; eye large, 1.33 in snout, 4 in head; no 
pigment cells; segments 65 -+ 40 and 68 +- 40. 

This species very closely resembles Leptocephalus breviceps, which Grassi has shown to be the 
young of the European eel. The vertobrre of 
seven young eels taken at Woods Hole during the summer of 1900 range from 106 to 110, as follows: 
35 + 71, 35 + 72, 36 + 71, 36 + 71, 36f 73, 36 + 74, 42 + 65. This number agrees with the nuinber of 
segments in L. grassii. 

The segments of the European eel are given as 116. 

1. 

Lqlocqhalzis grassii. 

The close similarity of this species to Leptocephalus bretnkeps, the absence of color, the structure of 
the caudal, and the difference of this species from breuiccp8 in just that cliaracter, vie, number of 
vertebrz, in which the American eel differs from the European eel, make it quite certain that the 
present species is the larva of the American eel. 

We take pleasure in associating the name of Professor Grassi with the larva of the American eel. 

Leptocephalus diptychua E. & K. 

Leplocqhalus diplychus. Eigenmann & Kennedy, Science, XII,  p. 401. 1900. 

Figs. 2,2n, 2(r, 2c, 2d,  2c. 

Type, one specimen 38 mm. long, AZbatross station 2566; surface, evening. Cotype, one specimun 
51 mm. long, Albatross, New Providence; surface, electric light. 

This species differs from all other species of Leptocepluzlua in the presence of eight large chro~nato- 
phores, one in the alimentary canal a short distance in front 01 the anus, and seven along the iniddlc 
line of the body, three of which are on the left side and four are on the right. Those of opposite sides 
alternate with each other, 80 that they appear in the translucent fish as a. series of Heven spots placcd 
at more or less regular intervals along the side. Each one of the spots of tlie side consists of a large 
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chromatophore extending over three to four somites. At the margin of these larger chromatophores 
there are rarely minute chromatophores. 

The two specimens differ from each other very greatly in the shape of the head, the nostrils, the 
development of the pectoral, and the shape of the body. The fact that the large one bas lost its teeth 
and its head has assumed a distinct eel shape, together with the similarity of the structure of the 
caudal, the unique coloration, and the similarity in the number of myotomes, make it very probable 
that the two specimens are different stages of the =me species. 

Lq)locephalwr diptychus, m a l l  spccimen. 

2c 

The two specimens differ as follows: 

a. 13ody morc clongatc; pectorals a mere ridge; nostrils remotc from cnch other for a distance nearly eqnnl to 
thr diiimcter of thc eye; ~eptocephnlons teeth wanting; lower jaw projecting, its tip roundcd nlid enter- 
ingthc profllc; no pigment spots about tho hcad; depth 8.0; hcad distinctly more than half the depth.of 
tho body, nearly 11 ill thc length; eyr 7 in head,l.bin snout; segments 75 +43.. . . _. . . . .. . ... ..._ .._........._... type 

(LIZ. Body elliptical; pectorals wcll developed; nostrils not yet scparatcd; leptocephalous teeth; jawanearly equal; 
a pigmcnt Rpot ncar thc cnd of the lower jaw, another within the nnterior nares, two succeeding cnch 
other bctwccn thc lowcr margin of tho pupil and lhc lower margin of the auditory cnpsulc; depth 6; 
hrrLd le- than hi111 greatest depth; cy0 5 in hcad; segnrcnts 76 + 58. ... . . . . . . . . . . . . . . . . . . . . . . . . . -. . . . . . . . . . . . .coEype 

6 8  8 
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- __ _- 
Younger specimen. I Older qpec-hen. 

- - 

____ __ 
............. .............. 12. 15,16,17 R 

27,28,29 R .............. 
13.. ............ - 

40,41,42 L .............. 
11. ............. 

51,52,53 @ .............. 
11.. ............ 
14 .............. G2,63,64,65 L ........... I 

76,77,78 R .............. 
15.. ............ 91,92,93L ........ ..... 

I--------- 
12.. ........... 13, l4 R. 

YG, 37,3n R. 
48,49,50 L. 

24,25,28 L. 
............. 12 

12 ............. 
10 ............. 
13 ............. 
17.. 

58,59, GO R. 
71,72,73 L. 
87,&3,89,90 R. ........... 

Leptocephalus rex, sp. nov. Figs. 3,3a, 31). 

One specimen, 87 mm. long, Albatross, San Salvador, 1886. One 105 mm. long, Albatross, New - 
Providence. 

upper, and the larval teeth have dropped out. 

The first specimen may represent a later phase of the species called amphwm. 
The head has taken on ita adult form, the snout is rounded, the lower jaw is shorter than the 

The body is not as compressed as in true larval fornis. 

3 

The tail is long and pointed. 
length. The dorsal begins a few segments in front of anus. 
with the high dorsal and anal. 
cells in deeper parts of tip of tail; 110 color elsewhere about body or head; segments 594- 60. 

base of the dorsal as well as the anal, and in having 123 segincnts. 
due to difference in age. 

The greatest depth is 11.5 in the length. The head is nearly 13 in the 
The caudal is rounded, continuous 

A series of color cells along base of anal and caudal rays; a few 

The second specimen differs from the one above described in having a series of spots along thk 
The difference in color may be 

This specimen is much shriveled by alcohol. . 
Li3ptocephalus amphioxus, sp. nov. 

Type, one specimen, 65 mm. long, Albatross, lat. 38' 25' N., long. 72O 40' W. 
Thie species is evidently very closely related to LeptorephaZwr immnculatus Stromman, from which 

it differs in the more pointed snout and tail and the presence of a series of chromatophores along the 
middle of the side. Body tapering nearly equally from both ends to the middle; depth about 9.5 in 
the length; head depressed in front of the eyes, snout pointed, jaws equal; eye 1.66 in snout, 4.4 in 
head; nostrils near together; head 14.5 in the length; pectorals well developed; alimentary canal 
extending to near the tip of the tail; caudal well developed, not separated from the dorsal and anal; 

Figs. 4,4a, 46. 



THE LEPTOCEPHALUS OF THE AMERIOAN EEL. 87 

head without pigment, an irregular series of small round clironiatopliores on the somites near tlie 
Ihiddle of the body; a series of chromatophores at the base of the vertical fins, :t series of chroniato- 
phores above the alimentary canal. Segments 102 + 20. 

Leptocephalus nmphiozus. 

Leptocephalus caudomaculatus, sp. nov. Figs. 5, 5n, 5b. 

Four specimens 42, 54, 57, and 59 mm. long. Albatross st+tion 2597. 
This species resembles L. IwnilQ in most characters. It is most readily distinguished from that 

spccies by the absence of chromatophorcs along all but two or three of the dorsal rays. The rayed 
dorsal begins allout the fourth segment in front of the ams. Thc 
body is nearly of uniform height from the head to beyond tlie alimentary canal. Ileac1 about 1.25 in 
the greatest Iwight; eye 2 in snout, 5.5 in head; snout pointed; profile straight or slightly depressed over 
eyes; pectorals well tIeveloped; nostrils clost, together, anterior about half way between eye and tip 
of snout; one or two clirointttopliores at the margin of the upper jaw; no otlier chroniatopliores about 

Greatest height 13 iu the lengtli. 

5 

Leptorrphalun mudomart~lfllus. 

the head; a series of 9 pigment spots above tlie alimentttry canal; no pigment spots at  base of anal or 
iiorHal; a few cliroinatophores at base of tail; a spot +t the upper surface of the spinal cord at its end; a 
series of about four spots in the tail just beneath the notochord; the myocotnmr~ with 1 to 3 insignifirttnt 
chromatophores below the median line; myotomes 70-72+5658. 

Leptocephalus latus, sp. nov. Figs. 6, Ga, 611. 

Type, one specimen 70 mm. long. 
This species is evidently very closely related to I;. fulginoms Striimman. 

Alhntross station 2Gl1; surface. 
I t  differs froiq the latter 

principttlly in the size of the eye and in pigmentation. Since his speciinen \vat! Ialugcr (78 mm.), the 
difference in the size of the eye is not attributable to age. Body very tliin and elevated, rather sud- 
tlenly widened at, the nape and reaching its maxiinum height near the middle of the body, where it 
reniaintl the same to near the RIIIIH, the h i I  broadly rounded; greatest height 7.4; head s~iiull, about l i  
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in  the length; lower jaw tlistinctly shorter, leptocephalons dentition pcrsisting; eye sinall, 2.5 in snout, 
7 iri liead; iiostril~ remote; pectorals not developed; a few scattered pignient cells in the opercular 
region, a few cclls on top of the head, a series of pigment  cell^ along the base of the dorsal, anal, and 
ventral line, those along the h a m  af the fins forming a nearly con~plete line, those along the lower 
surface of the abdomen inore widely rjeparated; segments 98+35. 

7n 

I,q>locq>hnfffJI gillit. 

Leptocephalus gillii, rjp. nov. Figs. 7, 7a, 7b. 

Type, one specimen 50 min. long. 
This species differ from L. k i t ~ 1 9  in the shape of the head and body. The specimen is, however, 

somewhat shriveled, and the differences may be due to age and to preservation. 
The body tapers gradually to the middle of the body; the tail is rather pointed; greatest height 

i .5 in the length; eye 13.5 in the length; profile depressed between nostrils; jaw8 equal; disbnce 

AZbulroan, ]at. 38’ 25’ north, long. 7 2 O  40’ west. 
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between nostrils about equal to pupil; @ye 5.33 in head; pectorals none; a group of pigment cells on 
top of head aud a similar group bclow gill opening, a11 irregular row of spots along ventral side of 
abdomen, a inorc rcgulnr row of sinaller spots along base of dorsal and anal fins. 

We take pleasure iu avsoriatiiig with this species the name of Dr. Theo. Gill, the first to express 
the conviction (Proceedings Philadelphia Academy of Natural Rciences, 1S04) that a Leptocephalus is 
the larva of an eel. 

Segments 96 + 41. 

Leptocephalus strSmmani, sp. nov. 

Albatross stition 2596. 

Figs. 8, 80, 8b. 

Type, one specimen G I  inin. long. 
This species is evitlently dosely related to 1,. Zutus. It differ8 from that species chiefly in the posi- 

tion of the anus and the folding of the posterior section of the aliinentary canal. The body is not 
so deep nor so suddeiily expanded behind the nape, tapering instead rather evenly in front and behind. 
Its greatest depth is near the anus aud is 7.5 in the length, and the tail is rounded, without a distinct 
caudal, Init with the middle rays longer than in L. lalzu. The lower 
jaw is distinctly shorter than the upper, the profile rounded; eye mediuml about 5.5 in head, 1.6 in 
snout; nostrils remote by a distance about equal to the diameter of the eye; pectorals not developed; 

The head is about 15.5 in length. 

jkptoeqhahls striimmani. 

a group of pigment cells in the gular region; no other pigment cells about the head; a series of pigment 
cells around the edge of the body, those in the abdominal region above the alimentary canal, except 
along its anterior third, where they are aloug the ventral surface; no color on body. Segments 70 + 71. 

We take pleasure in dedicating this species to the author of “Leptocephalids in the University 
Zoological Museum at Upsala,” Dr. Stromman. 

Leptocephalus morrisii Scopoli = Leptocephalus conger. Figs. 9, 8a, 91); 10, 100, 10h. 

One specimen 86 mm. long. 
Body gradually tapering from the head to behind the anus, where the depth is 10.33 in the 

length; fins very low; rayed dorsnl beginning four segments in front of the anus; tail pointed; head 
pointed; jaws equal; profile nearly straight; eye 1.6 in snout, about 5 in head; nostrils approximated; 
pectoral well developed; three or four pigment cells over the eye; two chromatophores below the 
pectoral; a series .of eight pigment spots above the alimentary canal; a pigment spot beneath the 
aliinentary canal opposite the second oue above; a ro\?r of pigment cells along the base of the anal, 
beginning about two segments bbhind anus and extending to caudal; several chromatophores at  base 
of caudal aud two at base of dorsal near tail; none at  base of any other dorsal rays or along the hack; 
sidcs with a series of linear spots on tho myoconma beneath niedian line; segincnts 69 + 73. 

Albatross station 2588. 
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A specimen 74 mm. long from New Providence (Albnlrosa, surface), which has undergone a 
partial metamorphosis, seems to be referable to this species. The leptocephalous teeth have been lost, 
the snout has become rounded, and the alimentary canal shorter. Body long and band-shaped, taper- 
ing gradually from head to midway between caudal and anus; depth about 11 in length; head small, 
about 16 in length of body; snout rounded; lower jaw shorter than upper; mouth extending beyond 
eye; pectorals well developed; eye 1.5 in snout, about 5 in head; dorsal beginning in posterior fourth 

. of alimentary canal, increasing in height to caudal; anal similar to dorsal; one or two chroinatophores 
below pectoral; a series of six spots along alimentary canal, a few cells scattered between them; a series 
of spots along base of anal and caudal; a few spots on caudal and a few along the bases of last dorsal 

9 

1 

10 

~ t o r r p l m l u u  mmrl.?it. 

rays; sides with an irregular series of spots on the Inyocolnma, each spot composed of from one to thrcv 
chromatophores, which arc expanded on surface over the myocomma rather than in them, as in 
the younger specimens; two minute chromatophores on one side of head. 

Leptocephalus mucronatus, 6p. nov. 

Specimen No. 1,  75 mm. long; No. 2, 80 mm. long; No. 3, 82 mm. long. rllbnrross station 2575, 
lat. 38' 25' north, long. 72' 40' west. 

This species differs from all others in our collections, or in descriptions accessible to us, in its 
suddenly contracted or mucronate tail, the fin folds being imperfectly continued around it, and by the 
greater pigmentation. The specimens appear to have reached the point of metamorphosis, the head 
being well round and conical, but the leptocephalous dentition persists. Elongate band-shaped, the 
body tapering gradually to about midway between anus mid tip of caudal; depth, 11.5; head, 14.33; 
eye small, 2.66 in snout, 9 to base of pectoral; nostril8 renlotc from each other by a distance equal to 
diameter of eye; pectorals well developed; gill slit nearly vertical; somites 66+80; tongue not free 
in front. 

Figs. 11, l l n ,  11h. 
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Coloration all formed by minute chromatophores, a spot near ends of jaws, a spot behind eye, 
another above it at  nape, a series of lines of irregular length and irregularly placed at  bend of the 
inyocoinma along middle of sides, a few spots near upper bend of the myocommas; a similar series of 
spots along lower bend of myocommm of the Bil, a series of spots along dorsal, a series of spots along 
anal, a series of double spots above and below the aliinentary canal. 

Leptocephalus discus, sp. nov. Figs. 12, 12a, 12b. 

Two specimens, 71 and 69 mm. long. Albatross, San Salvador. 
This specimen differs from all others in the collection except L. ampliioms in possessing along 

the middle of the side a series of circular chromatophores placed on every second to fourth somite. 
Body of nearly uniform width, tapering for a short distance in front and behind; depth about 

10 in the length; head 15.5 in the length; head short and conical, the upper and lower profiles with 
similar slopes; pectorals well developed; dorsal beginning about the twentieth segment; caudal 

11 

11b 
l l a  

~ h C c ' p h d U R  d'&cllR. 

pointed, rays little developed; tail lanceolate; no pigment about head, except a series of three or four 
chromatophores on each side of throat; a few chromatophores above aliinentary canal near ita posterior 
end, another series on sides near base of anal; pigment between anal rays in ita posterior half; a few 
pigment cells about base of caudal and two or three at  base of some of posterior dorsal rays; middle 
of sides with a series of round chromatophores more numerous toward taudal; two or three chromato, 
phores above or below this series on tip of tail. 
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Leptocephalus humilis Striiminan. Figs. 13, 13n, 13h. 

Two specimens 75 and 76 mm. long. New Providence. One 85 mm. long. Alhnlross station 
2600. One 78 mm. long. Alhnlross station 2596. 

This species agrees closely in most respects with Striimman’s description. It differs in having 
a series of spots above the alimehtary canal. There is a series of three or four chroni:ttophores along 
the edge of the upper jaw half way between iix tip and the eye; n chromatophore iieilr the base of the 
pectorals; mid-dorsal line in front of the dorsal fin with a series of widely separated c~hroinatophores; 
dorsal, caudal and anal with a series of chromatophores; a few chromatophores on the caudal rays; a 
series of spots above the spinal rord at its posterior part, these sometimes aggrepated into two spots; 
myocommas below the median line, each with a series.of from one to four chromatophores except 
near the liead. The body is long and slender, tapering from the very slender head to behind the 
alinientary canal; tail pointed; segments 71 + 90; 68 + 89; 68 + 91; 69 + 93. 

13 

14 

hphTp?ldW3 gilhCTii. 14b 

Leptocephalus gilberti, sp. nov. Fig. 14, 14a, 34b. 
Type, one specimen 73 mm. long. 
This species resembles Lcpiploccphalus humilis, morrisii, and caurEonaaculat&y in shape of the head, 

the nostrils, the shape of tail. I t  differs in number of segments, distribution of spots along alimentary 
canal, and length of rayed dorsal. Body tapering equally to both ends from middle; depth about 12 
times in length; head about half the greatest depth; snout pointod; upper and lower profiles nearly 
equally slanting; dor.snl beginning on seventh segment behind pectoral; a chromatophore on margin 
01 upper jaw; no other pigment about head; a chromatophore below pectoral, a series of chromato- 
phores along upper margin of alimentary canal, congregated in places to form more or less distinct 
spots; a few chromatophores along ventral margin of alimentary canal; base of anal with a series of 
chromatophores to near caudal; a few chromatophores at  base of caudal; none at  base of the dorsal; a 
few chromatophores on tip of tail; the usual series of linear spots on myocomma beneath lateral line; 
segments 100 + 80. 

We take plemure in dedicating this species to Dr. Charles H. Gilbert, in recognition of his 
demonstration of the meta~norpliosis of the I;eptowpl/(ilus of Albi~lri intlpeu i$o its adult form. 

Albatross station 2597. 



DESCRIIyllON OF A NEW SPECIES OF BLENNY FROM JAPAN. 

By HUGH M. SMITH. 

Among the miscellaneous zoological collections made by the Fish Commission 
steamer A l b a h s s  on the coast of Japan in 1900 is a small blennioid fish bclonging to 
6 species not heretofore met with by ichthyologists and representing a new genus. 
The specimen was dredged at a deljth of 67 fathoms, at the head of the Suruga Gulf, 
island of Nipon. 

EULOPHIAS, new genua of Blenniidm. 

Genwic dziuy~~osis: Body very elongatc; dorsal fin low, extending entire length 
of body and consisting of numerous rigid spines succeeded by a few siniplc rays; 
anal fin long and low, composed of one spine and numerous siiiiple soft rays; caudal 
fin sinall but distinct, blended with the dorsal and anal; pectoral fins short and 
pointed; ventral fins absent; scales absent; no lateral line; gill iriembraiies broadly 
united, free from the isthmus; nostrils tubuhr; ventral opening in advance of middle 
of body. 

Euloyhias, from €6, well; ho&ds, o k  having a bristly back; in allusion to the 
very long spinous dorsal fin. 

Eulophias taiineri H. M. Smith, iiew gc~ius and species. (Enlarged uboiit 26 times.) 

This genus falls within the limits of the hetcrogencous f:imiily BZmwiidm, but 
must there be placed in a septlmte subfamily (Etdophiusi?m) buscd on the very 
elongtute form, the sh:ipe and size of the pectoral fins, and the few soft rays in the 
dorsal fin, combined with trhe presence of a pre-anal spine and the absence of a 
1:itcral line. 

From Gkbedichthys 
(represcnted by :t single species froin the Pacific coast of the VTnited States), which 
it q q ~ a r s  most closely to rcseiiible, i t  differs in  being much inore elongated, with 
lower fins, iiiorc Iiumerous dorsal soft rays, more anterior origiii of the dorsal and 
anal fins, absence of Iaten~l line, absence of a prominent longitudinal cephalic crest, 
etc. From Neu.zoames, tho type of which is from Okhotsk Sea, this genus niay be 
distinguished by its more slcnder forin, the prcscnce of a uuudal fin, the absence of u 
tentacle above the iiostril, etc. 

This genus seeins to be nearly related to nu other genus. 
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Eulophias tanneri, new species. 

Body elongate, eel-like, cylindrical anteriorly, compressed posteriorly; tapering gently hack- 
ward and terminating in. a blunt point; greatest depth about 0.05 total body length. - Head rather 
long, conical, not larger than body, its length 0.12 body length, terminating posteriorly in'a rounded 
flap. Eye large, directed slightly upward, rather less than 0.33 length of head; interorbital space con- 
tracted, not wider than pupil. Snout short, rounded, 0.5 length of eye. Mouth rather large, terminal 
slightly oblique, jaws equal. maxillary extending to vertical of anterior edge of pupil; nostrils tubular, 
midway iron1 eye to end 01 snout; gill membranes broadly united, not attached to isthmus. Anal 
orifice 0.4 distance from snout to end of body. Dorsal fin low, continuous, beginning slightly in 
advance of posterior edge of opercle and extending to caudal fin, gradually increasing in height from 
before backward; composed of 121 stiff spines and 13 simple soft rays; anal fin long and low, begin- 
ning under thirty-sixth dorsal spine and extending to caudal; consists of 1 spine and about 75 simple 
rays, the length of the spine being about twice that of the adjoining rays; caudal fin blended with 
dorsal and anal, composed of 7 simple rays; pectoral fins short, pointed, and narrow, less than half 
length of head. 

Colors: Underparts whitish; a series of brownish elongated blotches, about 20 in number, extends 
along side from head to tail; above these a series of smaller blotches of same color, about twice as 
numerous; a dark-brown stripe, less than width of eye, extending behind eye; a blackish blotch on 
cheek beneath eye, extending anteriorly and posteriorly on the branchiostegal membrane; gill mem- 
brane with dark-brown area; fins unmarked. 

Type (No. 49798, U. S. National Museum) collected by Albatross, in about 67 fathoms, at  station 
3715, in Suruga Gulf, Japan, May 11, 1900. 

This interesting species is named for Comrtitlnder Z. 1,. Tanner, U. S. N., com- 
mander of the Fish Commission steamers A Z h t r m  and Flsh IIawk from 1879 to 
1894, thc foremost exponent of the methods of modern deep-sea exploration, whose 
intelligent and zealous investigations have led to most valuable contributions to 
oceanic biology and physics. 

. 

Length of specimen, 45 mm. 

U. S. FISH COMMISSION, lVmhi?@m, D. 6'. 



LIS'I' OF SPECIES OF FISHES KNOWN TO OCCUR IN THE GREA'T IAKES OR 
TH 131 K CON N ECTI N G WALE KS. 

In the following list are given the fishes known to occur in the Great Lakes or 
thcii connecting waters. This includes not o d y  the streanis and smaller 1:tBcs 
direcatly tributary to the Great Lakes but also the upper St. Laivreiice Biver ltnd the 
waters tributary to it. The species not ltnoivn to occur elsewhere than in the hydro- 
graphic basin of the Great Lakes arc indicated by a star. 

The fish fauna of thc Great Lakes is not particwlurly rich as to species, the 
iiuitihcr being scttrcely greater than that ltnown fro111 the Wabtlsh Basin. Of this 
list of 15% spccics and subspecies, only 27 arc peculiar to the Great Lakes Basin. 
1. Petroinyeori inurinris unicolor (De Kay). 

2. * Ichthyokiyzou concolor (Kirtland). Silver 
Larnprev eel. 

lamprey. 

Onlv one sneciinen recorded from Great 

3. 1,anipctra wildcri (Gap).  
4. Pol yodon tipathula ( U albaum). Paddle-fish. 

Brook lamprey. 

Lak& Basil;; that from Lake Erie. 
5. Acipentier rubicundus Le S. 
6. Lepisosteus osseus (L.) . 
7. Lepisosteus platostomus Rafinesque. Short- 

8. hmia calva Linnocus. 
9. Ictalurus punctatus (Rafinesque). Channel 

10. Ameiurus lacustris (Walbaum). Great Lakes 

11. Ameiurus natalis (Le Sueur). yellow at-fish. 
12. Ameiurus vulgaris (Thom son). Bullhead. 
13. Ameiurus nebulosus (Le &eur ). Common 

14. Ameiurus melas (Rafinesque) . Small black 

15. Noturus flavus Rafinesque. 
16. Schilbeodes gyrinus (Mitchill). 
17. Schilbeodes exilis (Nelson). 
18. Schilbeodes miurus (Jordan). 
19. * Carpiodes thompsoni Agassix. Lake carp 

20. Catostomus atostomus (Forster). Long-nosed 

21. Catostomus commersonii (LacBpMe). Coin- 

Lake sturgeori. 
Long-nosed gar. 

Dog-fish or bowfin. 
nosed gar. 

at-fish. 

cat-fish. 

bullhead. 

bullhead. 
Stone cat. 

sucker. 

sucker. 

mon sucker. 
22. Catostomus nigricans Le S. 
23. Erimyzon sucetta oblongus (Mitchill). Chub 

Black sucker. 

sucker. 

nosed sucker. 

red horse. 

24. Minytrema melanops (Raf. ) . Striped sucker. 
25. Moxostoma anisurum (Rafinesque). White- 

26. Moxostoma aureolum (Le Sueur). Common 

27. Moxostoma breviceps (Cope). Short-lieaded 

28. Cainpostoina anomaluni (1Zaf. ). Stone-roller. 
29. Chrosoinus erythrogaster Raiinesque. Hed- 

30. Pimephales proinelas Raf. Fat-head 1 riini low. 
31. Piinepliales notatus (ltafinesque). l3lrunt- 

32. Semotilus corporalis (Mitchill. ) 
33. Semotilus atromaculatus (Mitchill) . Crwk 

34. Leuciscus elongatus (Kirtland). lied-sidcd 

35. Leuciscus neogsus (Cope). 
36. Leuciscua margarita Cope). 
37. Opsopccodus emilis Lay. 
38. Opsopceodus megalops (Forbes). 
39. Abramis crysoleucas (Mitchill). Roach. 
40. Hybognathus nuchale Agassiz. 
41. Cliola vigilax (Baird & Girard) 
42. Notropis anogenus Forbes. 
43. Notropis Cayuga Meek. 
44. Notropis heterodon (Cope). 
45. "Notropis fretensis (Cope). 
46. Notropis blennius (Girard). Straw-cdored 

47. * Notropis volucellus (Cope). 
48. Notropis hudsonius (DeWitt Clinton). Shiner. 
49. * Notropis hudsonius selene (Jordan). Lake 

50. Notropis whipplii (Girard). Satiii-fin niin- 

51. Notropis coriiutus (Mitchill). lted-fin. 
52. "Notropis cornutus frontalis ( Agmsiz). 
53. *Notropis cornutus cyaneus (Cope). 
54. Notropis atheriuoides Rafinesque. 
55. Notropis ar e Cope). 
56. Notropis rutriirons Cope). 
57. Notropis umbratilis [Girard). 
58. Notro is umbratilis cyanoceplialus (cope- 

redhorse. 

bellied dace. 

nosed minnow. 

chub. 

minnow. 

Fall-fish. 

Cayuga minnow. 

minnow. 

Superior shiner. 

now. 
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59. Ericymba buccata (Cope). 
GO. Rhinichthys cataracb (Cuvier & Valen- 

ciennes); Long-nosed dace. 
61. Rhinichthys atronasus (Mitchill). Black- 

nosed dace. 
62. Rhinichth 8 atronasus lunatus (Cope). 
63. Yybopsis $issirnilis (Kirtland). 
64. Hybopsis storerianus (Kirtland). 
65. Hybopsis kentuckiensis (Raf. ). River chub. 
66. Couesius plumbeus (Agassiz) . 
67. Couesius dissimilis (Girard). 
68. Exoglossum rnaxillingua (Le Sueur). Cub 

69. Anguilla chrysypa Rafinesque. Common eel. 
70. Hiodon alosoides (Rafinesque) . Mooneye. 
71. Hiodon tergisus Le Sueur. Toothed herring. 
72. Dorosoma cepedianum (Le Sueur). Hickory 

shad. Probably introduced through canals 
from Mississi pi basin, and possibly also 
through the 8rie Canal. 

73. Pomolobus chrysochloris Rafinesque. Prob- 
ably not native, but introduced from the 
Mississippi basin by means of canals. 

74. Pomolobus pseudoharengus (Wilson). 
75. Coregonus uadrilateralis Richardson. Round 

w hite-fisl 
76. Coregonus clupeiformis ( Mitchill) . Com- 

lip minnow. 

mon white-fish. 
77. Coregonus labradoricus Richardson. Labra- 

do; white-fish. 
78. *Argyrosomus osmeriformis (H. M. Smith). 

Smelt of New York lakes. 
79. Argyrosomus artedi [Le Sueur). Lake her- 

ring. 
BO. Argyrosomus artedi sisco Jordan. Cisco of 

Lake Tippecanoe. Only in certain small 
lakes in Wisconsin connected with Lake 
Nichigan and certain small lakes in north- 
ern Indiana in the Wabash basin. 

81. "Argyrosomus hoyi Gill. 
82. *Argyrosomus prognathus (H. M. Smith). 

83. *A yrosomus nigripinnis Gill. Blackfin 

84. "Argyrosomus tullibee (Richardson). Tulli- 

Hoy's white-fish. 

Long-jaw white-fish. 

Zite- fish. 

bee white-fish. 
85. "Argyrosomus tullibee bisselli Bollman. 
86. Cristivomer namavcusli Walbaum ). bake 

trout. 

Siscowet. 

niche. 

87. "Cristivomer namaycush siscowet (Agmsiz). 

88. Salnio salar Linnzeus. Atlantic salmon. 
89. Salmo salar ouananiclie McCarth y. Ouana- 

90. Salvelinusfontinalis (Mitchill). Brook'trout. 
91. ThymallustrioolorCope. Michigangrayling. 
92. Umbra limi (Kirtlantl j .  
93. Lucius vermiculatus (Le Sueur). Grass pikc. 
94. Lucius reticulatus (Le Sueur) . 
95. Lucius lucius (Linnrms). 
96. Lucius masquinongy (Mitchill). Muskal- 

97. Fundulus diaphanus (Le Sueur). Grayback 

98. Fundulus diaphanus menona (Jordan & Cope- 

99. Fundulus dispar (Agassiz). 

Mud minnow. 

Pickerel. 
Great pike. 

lunge. 

minnow. 

* land). 

100. Fundulus notatus (Raf. ). 
101. Eucalia inconstans (Kirtlaiid) . Top minnow. 

Brook stick- 
leback. 

102. "Eucalia inconstans Cayuga Jordan. 
103. "Eucalia inconstans p gmaea ( Agassiz) . 
104. Pygosteus pungitius (Linnaeus). Nine-spine 

stickleback. 
105. Gasterosteus bispinosus (Walbaum). Com- 

mon stickleback. 
106. Percopsis guttatus Agassiz. 
107. Aphredoderus sayanus (Gilliams) . Pirate 

perch. 
108. Labidesthes sicculus (Cope). Skipjack. 
109. Pomoxis annularis Raflnesque. Crappie. 
110. Pomoxis sparoides (Lac6p8de). Calico bass. 
111. Amblo lites rupestris (Raf.). Rock bass. 
112. ChznoPbryttus gulosus (Cuv. & Val.). War- 

113. Apomotis cyanellus (Rafinesque) . Blue- 

114. Lepomismegalotis (Rafinesque). Long-eared 

115. Lepoinis pallidus (Mitchill). Bluegill. 
116. Eupomotis euryorus (McKay). Red-eared 

117. Eupomotis gibbosus (L. ). 
118. Micropterus salmoides (LadpBde). Large- - 

119. Micropterus dolomieu LacBpAde. Small- 

120. Stizostedion vitreum (Mitchill). Wall-eyed 

Trout perch. 

mouth. 

spotted sun-fish. 

sun-fish. 

sun-fish. 

mouthed black bass. 

mouthed black bass. 

Pumpkin-seed. 

121. 
122. 
123. 
124. 
125. 
126. 

pike. 
Stixostedion canadense (Smith). Sauger. 
Stizoetedion canadense griseum (De Kay). 
Perca flavescens (Mitchill). Yellow perch. 
Percina caprodes (Rafinesque). Log perch. 
Percina caprbdes zebra (Agassiz) . 
Hadro terus aspro (Cope &Jordan). Black-. 

sidecf darter. 

darter. 
127. Cottogaster copelandi (Jordan). Copeland's 

128. "Cottogaster cheneyi Evermann & Kendall. 
Cheney's darter. 

129. Cottogaster shumardi (Girard) . 
130. DiDlesion blennioides [Rafinesoue) . Darter. 

Green- . ,  
sided darter. 

darter. 
131. Boleosoma nigrum (Rafinesque). Johnny 

132. Uoleosoma nigrum olmstedi (Storer). Darter. 
133. Ammocrypta pellucida (Baird). Sand darter. 
134. "Etheostoma boreale (Jordan). Northern 

1%. Etheostoina cceruleuin Storer. Haiiibow 

36. Etlieostomi flabellare hf. Fan-taileddarter. 
37. Ethcostomnflabellare lineolatum ( Agassiz). 
38. Boleichthys fusiformis (Girard). 
39. Microperca princtulata Putnam. Least darter. 
40. Roccus Chrysops (Raf.). White lake bass. 
41. Aplodinotus grunniens Rafinescrue. Fresh- 

darter. 

darter. 

42. 
-43. 
.44. 
45. 
-46. 
-47. 
48. 
49. 
50. 
51. 

52. 

water drum. 
Cottus ictalops (Rafinesque). Blob. 
"Cottus ricei Nelson. Rice's blob. 
"Cottus pollicaris (Jordan 8 Gilbert). 
"Cottus spilotus (Cope). 
"TJranidea frmklini (Agassiz). 
"Uranidca kunilienii Iloy. 
Uranidca gracilis (Heckel). 
"Uranidea formosa (Girard). 
"Uranidea hoyi l'ntna~n. 
"Triglopsis thompsoni Girard. Fresh, 

Lota maculosa (Le Sueur). Ling. 
sculpin. 

- w w  .ter 



Contributions from the Biological Laboratory of the U. S. Fish Commission, 
Woods Hole; Massachusetts. 

THE ORGANIC CONSTITUENTS OF THE SCALES OF ,FISH. 

By E. H. GRESN AND R. W. TOWER. 

, Morner has shown that the scales of many species of fish contain, in addition 
to mineral matter and collogen, a peculiar albuminoid. To this albuminoid hc gave 
the name ichthylgidin. Previous olpervers had overlooked this substance and had 
considered that the organic matter in fish scales consisted wholly of collogen. Tho 
present study was undertaken to determine how widely ichthylepidin is distributed 
in the scales of the common American fishes. 

M8rner prepared his ichthylepidin in the following way: The clean scales were 
digested at  room teriiperature with a large excess of 0.5 per cent hydrochloric acid, 
0.05 per cent caustic potash, and 0.01 per cent acetic acid. Each digestion extended 
over several days. This treatment removed soluble proteids, most of the guanin, 
the chrondroitin-sulphuric acid, and the inorganic matter. The residual scales wore 
then digested with 0.1 per cent hydrochloric acid at  40° C. The residue thus freed 
from collogen was washed with alcohol and ether, and dried. The substance so 
obtained (pure iqhthylepidin) was insoluble in boiling water, in cold dilute acids, and 
in alkalies; but it was soluble in hot solutions both of dilute acids and alkalies, and 
in the cold concentrated solutions of the same. It gave a strong Millon’s reactioii 
and contained much loosely combined sulphur (as shown by the blackening of tbc 
substance when boiled with an alkaline solution of lead acetate). By the two latter 
reactions the presence of ichthylepidin may, according to Mgrner, be deteruiincd in 
fish scales.* 

Morner examined the scales of 12 species of fish, all of which showed the presence 
of ichthylepidin; in the ganoid scales of the American gar-pike (Lepkostms osset’11s), 
however, he found no trace of it. 

In  the course of our work we have studied 40 species of American fish repre- 
senting 25 families. In  every case the scales were taken from fresh, healthy fish, and, - 

1 Zeit. f. phya. Chemic, 1898, vol. 24, p. 125. 
SMorner, op. cit., p. 138: “ Wenn man untcrsuehen will, ob dic Schuppcn eincr Irischart ichtliSlepidinhaltig sind 

oder nicht, geniigt es, si0 nach vorgsngigcr Entkalkung durch Kochen, theils mit Millonschcn Reagcns, thetls mit 
ulkalischcr Bleilasung en prtifcn; wenn dabei tief dunkelrothe FlirbUng, map. Schwarzfiirbung ausblcibt, iat die 
Qegenwart des ichthylepidina uusgeschlosseu.” 

F. C. B. 1901-7 97 
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after being carefully freed from adhering tissue, were thoroughly scrubbed with 
water and washed by decantation until the water renittined perfectly clear. The clean 
scales were then twice extracted with a large excess of 0.5 per cent hydrochloric 
acid (real HCI), each extraction lasting 12 hours. The scales were then washed with 
water until free from chlorides and finally tested for ichthylepidin as mentioned above. 
In  some cases, where the scales could not be removed mechanically, the integument was 
dissolved by dilute (5 per cent) sodium hydroxide, and the scales so separated were 
then treated as above described. Morner found ichthylepidin to be unchanged after 
several days’ exposure to 5 per cent sodium hydroxide. We confirmed this fact by 
treating some menhaden scales with the alkali for three days, after which the presence 
of ichthylepidin was detected as readily as before. It was found necessary to treat the 
integument of all the elasmobranchs, the sun-fish (Nola mola), the pufTer (Sphoides  
~nmlatus), and the remora (Echeneis nawates) with 5 per cent alkali. 

The scales of the following fish gave positive reactions for ichthylepidin. when 
treated as described above: 

1. Winter flounder (Paeudoplmroneclea arner- 

2. Alewife (Pmolobus paeudoharengus). 
3. Blue-ilah (Pornatomus aallalrix). 
4. Hickory shad (Pmolobua mediocris) . 
5. Chogset (Tautogolabrus adaperrnis). 
6. Butter-fish (Rhombus triacanthus) . 
7. Tarpon ( Tarpon allanticus). 
8. Mackerel scad (Decapicrua mncarellus). 
9. Sea robin (Prionotus carolinw) . 
LO. Salmon (SqEnzo sdar). 
11. Cod Gadus callarias). 
12. Had d ock (Melanogrammua E&j%us). 
13. Crevalle (&ram cryaoa). 
14. Summer flounder ( hTdiChthl/s dentatus). 
15. Menhaden (Brevoortia tyrannua). 
16. Tile-fish (Lopholatilus chamreleonlicep8). 

icanwr). 
17. Squctea ue ( Oynoscion regalia). 
18. Bonito f8ardct sarda). 
19. Scup (Slenototnus chrysops). 
20. Hake (Phyck chuaa). 
21. Sea bass (Centropristes strialus). 
22. Silverside (Menidia notda) .  
23. Striped minnow (Fundulus majalia), 
24. Tautog (Tautoga onitis). 
25. Mummichog (Fundulus heteroclilua) . 
26. Remora Echmeis naucrates). 

28. Common shad ’(Sloaa sapidb&rna). 
29. Stur eon (dcipenser sluno). 
30. Perel (Aforone americanwr) 
31. Jumpin mullet (Jfugil cephalus) . 
32. King-fis% ( Afenlicirrhus saxatilia) 
33. Broad minnow (Cyprinodon variigatua). 

27. Rudder- 6 sh (Palinurichthys percifomia). 

In all the above cases the reactions given by Millon’s reagent were very marked, 
the red coloration being brilliant. The darkening caused by warming with the lead- 
alkali solution was very variable in intensity. This reaction wks strong in Nos. 3, 
11, 20, 21, 22, and 29 of the above list, very faint in Nos. 1, 14, 15, 27, and 28, and 
in the other cases ranged between the two extremes. 

I t  is interesting to note that the ganoid scales of the sturgeon (Acipenscr sturw) 
gave strong reactions with both Millon’; reagent and with the lead-alkali solution, 
although Mtirner, rts above noted, found the ganoid scal9s of the gar-pike (Xqisosteus 
os8e216) to give negative results with these reagents. I n  our experiments .the scales 
were taken Prom themedian portion of the “lateral line.” They were extracted with 
5 per cent HC! for 5 days, washed free from acid, and extracted with 0.05 per cent 
caustic potash in excess and again washed. After reextraction with 0.5 per cent 
HCl for 2 days, the scales were given a final washing and submitted to the tests for 
ichthylepidin. 

The 
scales were obtained by digesting the integument with 5 per cent caustic doda for 36 
hours (in the cold). The scales so removed were variable in size and shape; they 
were cycloidal, usually long and narrow, and were mostly pointed a t  one end and 

I n  the remora (No. 26) both the scales and “sucking disk” were examined. 



ORGIANIU UONSTITUENTS OF THE SCALES OF FISH. 99 

rounded a t  the other. Intermixed were other more circular scales somewhat smaller 
and not.pointed. They gave, after decalcification, positive reactions for ichthylepidin. 
The “sucking disk” of the remora, when removed and treated in the same way as the 

e reactions for ichthylepidin. This fact indicates 
not only in scales, but also in  highly specialized 

All the elasmobranch fishes examined gave negative results for ichthylepidin, as 
The species investigated, with detailed 

odifications of the fins. 

d puffer. 

37. Bonnet skate (Raia erinacea). 
38. Sun-fish (Mola mala). 
39. Puffer (Spheroides maculaius). 

ve-named spevies were isolated by means of caustic 
e was there any indiuation of loosely combined 
gave a slight reaction in most experiments, did 
-red coloi* given Ijy the scales cited in the first 

list. The test indicates that these shtlles have an organic basis quite different from 
analyses will show: 

of the integument of several specimens 
rom extraneous matter, so far as possible, then washed 

After three days the connective 
es were washed carefully bjr decantation. 

ith 0.5 per cent HC1 for several days, the acid being 
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Millon’s reagent. When boiled with water for 30 hours the scales were dmost com- 
pletely dissolved, and after 36 hours the undissolved residue was so small as t o  bo 
negligible. It gave also a strong biuret 
test, but not Adamkiewcz’s test. Nitric acid gave no yellow color or precipitate, but 
subsequent addition of ammonia caused a yellow coloration. The soJution responded 
to the alkaloidal reagents, and gave Allen and Tankard’sl.test for gelatin. No 
ichthylepidin is present. The organic matter of skate spines thus appears to be 
identical with that of the scales’ of the other elasmobranch fishes. 

Xu@& (Mola, moZa).-The integument was freed as far as possible from the 
subdermal collogenous tissue and treated with caustic soda, as before. The scales so 
isolated were washed thoroughly and extracted with HCl as usual. They gave a 
strong Millon’s test, but no lead-alkali reaction. The decalcified and extracted scales 
were soluble in 5 per cent NnOH i n  24 hours (differing from ichthylepidin, which 
remains unchanged for 5 days).’ The decalcified scales were slowly but almost coin- 
pletely soluble in boiling water, and after 3 days only a trace remained undissolved. 
The solution was concentmted but did not gelatinize, although it gave all the reactions 
of gelatin. The scales of XoZa are thus analogous in composition to those of the 
elasmobranchs above noted, and are quitc different from thosc of the higher fish vith 
which it is classified. It is interesting to note in this connection the studies of Milne 
EdwardsS and of Parker4 on the vascular system of this species. Milne Edwards 
observed that in this fish “tho coronary arteries are supplied not only from the 
fourth gill-arch as in other teleosts, but also from the third, fifth, and sixth arches, ?q 
i n  elasmobranchs.” Parker has confirrncd this, and has shown also that the sun-fish 
has two coronary arteries, as is general in elasmobranchs. 

This confirmation of Milne Edwards’s description shows that a really remarkable condition 
dxists in the coronary arteries of the sun-fish. The presence of dorsal as well m of ventral coronaries, 
and the origin of the latter from more than one pair of vigceral arches, are features so universally 
characteristic of elasmobranchs and so generally absent from teleosts that,. while the sun-fish hw mos;t 
of the characteristic structural features of the latter, the Frteries of its heart ally i t  unquestional)ly 
with the eltwmobranchs. 

This is interesting, as the composition of thg scales (exoskeleton) is also analogous 
to that of elasmobranch scales, and the morphological structure of the scale is also 
very similar. 

Pufk~ (SphmidM macuZat.us).LThe skin of a puffer was removed, frced from 
adhering tissue, and treated with 5 per cent caustic soda. After 2 days the residue 
of star-shaped spines was washed thoroughly and decalcified with 5 per cent HC1 as 
above. The extracted scales gave no blackening with lead-alkali; Millon’s tcst was 
distinct. The decalcified scales were treated with boiling water to  determine if the 
basis was all collogen or if ichthylcpidin was present. After boiling 30 hours there 
was a small residue; whether this was ichthylepidin or  not we were unable to decide. 
The solution gave all the reactions for gelatin. 

The solution gave all the tests for gelatin. 

TO quote Parker: 

IAllen, Commercial Organic Analysis (1898). vol. 4, p. 41% 
SMorner, op. cit., p. 131. 
8Milne Edwards (18M1), Locons sur la physiologic et I ’anatode compardc de l’homme et des animaux. Totlle 3, p. 341. 
4Parker. Note on the blood vessels of the heart in the sun-fish. Anatomischer Anzeiger, vol. 17, No. 16-17. 
Sparker, op. cit., p. 315. 
6Cf. Turner, Natural History Review (186“), p. l&. 
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SUMMARY. 

The above experiments show that in the scales of the teleosts ichthylepidin is 
widely distributed; in the scales of elasmobranchs and of iNola n,ola and 8pheroides 
mcnculatuq i t  is absent. The species cited by Mdrner in  his paper as having ichthy- 
lopidin in  their scul& are here given: 

1. Abrami8 brama. 
2. Aspius rapax. 
3. Carassius vulgaris. 
4. Ulupea harengus. 

5. Coregonus lavaretub. 
6. Esox lucius. . 
7. Leuciscus iclus. 
8. Leuciscus rutilus. 

9. Lucioperca eandra. 
IO. Perca fluviatilis. 
11. Salmo salar. 
12. Sebastes marinus. 

In the ganoid scales of the gnr-pike (Lcpisostew osseus) he found no ichthylepidin. 
Our experiments, however, show that it is detected by Mbrner’s reactions in the 
scales of the sturgeon (Acipensw s 

The scales of the sun-fish have the same general chemical composition as those 
of the elasmobranchs, and quite different from the scales of other higher fishes. 

PROPORTION O F  COLLbGEN AND ICHTHYLEPIDIN. 

Mtirner found the relative amounts of collogen and ichthylepidin in the organic 
matter of the scales of four species of fish to be, approximately, 4 parts of the former 
to 1 part of tlie latter. The deterniinations were xilade indirectly by estimation of 
the total sulphur. In two cases we have found the relative amounts directly by 
separation of the ichthylepidin and weighing it, the collogen being calculated from 
the difference. The process ivas carried out as follows: The scales were removed, 
cleaned, and decalcified until no niore mjneral matter was removed by the 0.5 per cent 
HC1 used. The residual scales were washed free from c4iloiides with water, then 
with alcohol and ether, and dried to c*oiishnt weight a t  1 0 5 O  C. The ,dry organic 
matter so obtained WILS weighed, and digested-with a large excess of 0.1 per cent HCl 
at  40 to 4 5 O  C. for 12 days. Thymol was used to prevent putrefaction. The residual 
ichthylepidin was filtered off, washed thoroughly with water, alcohol, and ether, and 
dried at 105O C. The loss in  weight which the organic matter had Yuffered was taken 
as collogen. 

17.7950 grams of dry organic niatter from menhaden scales left a residue of 
4.2255 grains (ichthylepidin) when treated as described above. 

8.1550 grains of dry organic matter from shad scales left aresidue of 1.9570 grams. 

The two species thus hare nearly the same relative organic composition, and the 
numbers found are in close agreement with Albrner’s estimations. It 8eems that the 
ratio between the amounts of the two albuminoids is nearly constant in  various fish 
whose scales contain ichthylepidin. 

It may be remarked that a great difference exists (apparently) in the collogen of 
scales containing no ichthylepidin and those containing the latter substance. In the 
latter case the collogen is very loosely combined (also noticed by MBrner), a large 
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Contributions from the Biological Laboratory of the U. S. f i s h  Commission, 
Woods Hole, Massachusetts. 

T H E  REACTIONS OF COPEPODS TO VARIOUS S’1‘IMULI AND T H E  BEARING 
OF ’1” IS 0 N DAILY 1) E R H -  M 1 G RATION S. 

BY G. H. PARKER 
Assistant Professor of Zoology, Harvard University. 

INTRODUCTION. 

Although the marine copepods are almost microscopic crustaceans, they are so 
numerous and so widely distributed that they form one of the most important cpn- 
stituents in  the surface life of the ocean. As a food for fishes, especially the newly 
hatched fry, they have bee11 justly regarded by fish-culturists as almost indispensable, 
and their remarkable daily migrations have been a matter of growing interest and 
speciilution for tho naturalist. 

From the standpoint of oceanic food supply, the copepods form an important 
link between the microscopic plants aud the larger animals. In the ocean, as on the 
la,nd, animals feed either directly on plants or on other animals that in turn feed on 
plants, and, though this regression may sonietiines go back several steps, all animals 
are ultimately dependent on vegetable life for their food. Since plants are the only 
forms that have the capacity of elaborating food fro111 strictly inorganic materials, they 
are in reality tne only independent orgauisms. The vegetation of the ocean, except 
on the very shore, diflers from that of the land chiefly in being composed almost 
entirely of plants of microscopic size. A vegetation of this kind can not give sup- 
port to large herbivorous animals such as* find easy nourishment in the luxuriant 
plant growth of the land; hut it aflords an ahundant supply of food for sinall anitnals 
like the copepods. Many copepods fced n.lmost esclusively on the minute plants of 
the sea, and then fall a prey to sniall fishes,which in turn are eaten by larger ones. Thus 
the copepods foim a link in the chain of food supply that reaches from the independ- 
ent microscopic plants to the largest marine anirnals. Their place in this chain is 
admirably illustrated by Peck (1896, p.‘353) in  his account of the food of the squeteague. 
In  the stomach of a large squeteague Peck fouiid tin adult herring in which were two 
young scup besides many small crustaceans. The stomach of the scup contained 
copepods, and the alimentary canals of these showed reniains of microscopic plants 
(diatoms). Thus plant substance served as food for copepods, copepods for scup, 
scup for herring, and herring for squeteague. This sequence makes evident the 
importance of copepods as collectors of vegetable food which after assimilation serves 
as nourishment for the larger fishes. 

103 
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Although many copepods have been obtained from great depths in the ocean, 
they are, for the most part, surface or pelagic animals. This even applies to shallow 
waters. Thus, i n  Buzzards Bay, which is probably nowhere over 20 fathoms deep, 
the copepods, accordiog to Peck (1896, pp. 356-368), are about twice as abundant 
in the more superficial waters as in the middle depths or near the bottom. Those near 
the top show a remarkable daily rhythm in their movements. During the night they 
swarm in great numbers on the immediate surface, but from sunrise to sunset they 
desert the surface almost completely. This change makes itself felt in their availa- 
bility as a food supply, for Peck (1894, p. 117) has observed that menhaden taken in 
the daytime contain fewer copepods than those caught a t  night. Thus the question of 
what determines the daily migrations of copepods is a problem not only of general 
interest to the naturalist, but also of practical importance to the fish-culturist. 

According to Giesbrecht (1892), Weismann (1877) was the first to suggest a solu- 
tion for this problem. He helieved that light determined the upward and downward 
migration of pelagic animals and that most r~nimals, being adapted to light of medium 
intensity, retreated from the surface when the light increased and moved upward 
when it diminished. An explanation essentially like this was accepted by Fucbs (1882). 
Chun (1887) opposed this view and maintained that temperature changes were probably 
the.means of inducing daily as well as yearly migrations. The first to approach the 
question from an experimental standpoint were Groom and Loeb (1891), who studied 
the reactions to light of the free-swiniming young of barnacles (Balanm pqfimztw). 
Their experiments showed that the animals were not constant in their reactions. 
When placed in a glass vessel in bright daylight they eventually deserted the side of 
the vessel next the window and swam away from the light, i. e., became negatively 
phototropic; when, however, they were placed in dim light they sooner or later 
reversed and swam toward the light, i. e., became positively phototropic. Since the 
barnacle larva in the aquarium, where the only changes were in the intensity of 
illumination, went down by day and came up by night as they did in the open sea, 
Groom and Loeb believed that this reaction in nature was controlled by light in essen- 
tially the same way as it could be controlled in the laboratory. Thus, while they did 
not deny that temperature changes might have some influence on the movemenh of 
the animals, they concluded that light, not heat, was the chief factor in controlling 
the daily migrations. In  copepods studied by Groom and Loeb (1891, p. 176) no 
change in reactions to light such as that observed in the barnacle larva, could bo 
discovered. Subsequently, however, Loeb (1893, p. 96) studied at Woods Hole certain 
copepods, most of which were probably of the species Tomora Zmgiconzis; these 
could be made negatively phototropic by increasing the temperature of the water or 
by decreasing its density, and positively phototropic by decreasing the temperature 
or increasing the density. Although Loeb does not state that these factors play any 
important part in daily migrations, he does call attention (Loeb, 1893, p. 105) to gravity 
as an effective element in this respect. Animals that respond negatively to the force 
of gravity, i. e., are negatively geotropic, would, so far as this factor alone is oon- 
cerned, continually move toward the surface. Thus one of the migratory movements 
might be accounted for. 

From the preceding survey it is evident that the daily migration of pelagic 
animals is not the result of as simple a combination of circumstances as was at  first 
supposed, and, further, that what may be effective in bringing about migration in 
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one species may not in another. So far as the very few copepods that have been 
studied are concerned, the chief factor Seems to be light, though renotion to gravity 
has not been shown to be without influence, and heat and density of the sea watcr 
may play subordinate parts. 

In attempting to ascertain tho factors that determine the migration of copcpods, 
I have carried out a series of experiments on onc of the commonest suniiner species 
from the region about Woods Hole, Mass., namely, Labidn,cc.ra mst?’wa Wheeler (1900, 
p. 178, fig. 16). This is an inconspicuous copepod of usual proportions and about 2 
millimeters in length, i .  e., a dozen of them placed end to end would measure very 
nearly an inch. The malcs differ from the females in three conspicuous features: 
First, the dorsal eye lenses in thc midc me Irn.gar than those in the female; secondly, 
the Tight anterior antenna of the nide is partly iiioditied to forpi a grasping organ, 
while the antennw of the female are unmodified and symmetrical; and, thirdly, the first 
abdominal segment in the mnlc is simple, snd not swollen and covered with hairs, as in 
the female. This species was found to-predominate in the tow taken during the yhole 
of August, 1901. md served in every way tis satisfactory material for experimentation. 

My worlr w:is carried on in the laboratory of the United States Fish Conimission 
at Woods Hole, and 1 h k e  pleasure in cxpressing my indebtedness to Dr. 13. M. Smith, 
director of the laboratory, as well as to the station corps, for many courtesies shown inc. 

At  the outset I put several hundred LtLbitlocerm in n large, cylindrical, glass ayua- 
rium nearly filled with sea water and placed on 2% ttiblc new n window. In i~ short 
time the Labidocem had distrilmted ’themselves in a very chnrrbcteristic way. One 
set formed 15 densely packed row at thc top of the water on the side of the aqn:u.ium 
next the window; the other was formed of individuals I-:ithor uniformly sotLttered 
through the whole aquarium. The following enumerntions will suficc to show the 
composition of these two sets: Of 25 individuals taken froin the row nest the light, 1.1 
were females and 11 males; of 25 caught swimming at large, 23 were males m d  2 
were females. The almost complete absence of females from the latter set makes it 
obvious that in experimenting on this species the inaterial should not bc considered 
as homogeneous, but males and females should be dealt with separately. 

The movements of the Labidocarw are in part due to the knimal’s activities and 
in part to its weight. If a number of females are isolated in a sillall aquarium and 
watched, they will be seen sporting about close to the upper surface of the water. 
From time to time one or other will sink through the water for a distancc of an inch 
or more, and theq with a few suddon leaps will regain its former place. The sinking 
is npparcntly due entirely to the animal’s weight, for it is unaccompanied, so far as 
can be seen, by the movement of any locomotor organs. The upward leaps are due 
to vigorous muscular action. 

The sinking of the animal through the sea water implies that its specific gravity 
is greater than that of the water, and such, in fact, is the case. The specific gravity 
of the sea water in which this species was ordinarily talcen proved on determination 
to be 1.025, and that of a solution of coiniiion sult,.which just kept slightly etherized 
individuals from sinking, was found to be 1.109; the specific grsLvity of LnbidocerE, 

1 109 in reference to sea water, is, therefore In consequence of this the ’ 1.025 

MOVEMENTS. 

or 1.082--. 
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animals sink in sea water, and sink at a considerable rate. The time taken by each 
of 10 etherized individuals to fall through 20 centimeters of sea water varied from 
35.2 seconds to 47.2 seconds, and averaged 40.7 seconds. The rate of fall over 
different parts of the course seems to have been rather uniform, for in a second series 
of observations the first 10 centimeters were passed over in an :werage of 21.68 
seconds, and the second 10 in 18.58 seconds, giving a general average for the whole 
20 centimeters of 40.26 seconds. From this and the preceding observations i t  is fair 
to assume that the animals fall through the water a t  the average rate of about half a 
centimeter a second. 

The positions that the animals assume in falling through the water are'different 
in different cases. When they are killed suddenly by adding a small amount of alco- 
hol, formaldehyde, or corrosive sublimate to the water, and are then transferred to 
ordinary sea water, they descend head downward. When, however, they are placed in 
water containing a small amount of ether and are thus made motionless without.being 
killed, they fall through ordinary sea water with the head uppermost. This, too, is 
the position assumed by the living animals when descending. The difference in the 
mode of descent of the dead and of the etherized animals is due to the disposition of 
the appendages. Strong killing reagents, such as ilcohol, formaldehyde, etc., act so 
vigorously on the animals that they die with all their muscles contracted. Since the 
flexors are stronger than the. extensors, the appendages, and particularly the anterior 
antennse, ate folded alongside the body in death and the animal moves head first 
through the water, probably because of the grenter specific gravity of the head. In  
the etherized and the normal animals, on the other hand. the anterior antennaj are 
kept spread and the resistance that they meet in their passage through the water 
retards the falling of the head EO that the animal descends with the head uppermost. 
This is of no small importance to a living Labidocera, for, being thus oriented in its 
fall, its first efforts at locomotion must be effective in carrying it toward the surface. 
Thus, irrespective of other functions that have been ascribed to the anterior antennaj, 
they undoubtedly serve as organs for tho orientation of the body. It is not without 
interest to recall that the function of orientation in the higher crustaceans is also 
dependent, in part a t  least, on the anterior antennaj, although in these forms this 
function is connected with a special sense organ, the statocy&, whereas in the Labi- 
docerre the antennE as a whole prohahly act i n  R purely mechanical way. 

What has been said about the movements of female' Lahidocere applies also 
to the males, except that in their locomotion this sex often does what the other rarely 
attempts, namely, swims downward. Thus the males gain a much more general 
distribution than the females. 

In both males and females the kinds of locomotion, except for direction, are much 
the same. Both sexes at  times exhibit a uniform continuous movement, as though 
the animals were creeping rapidly through the water; at other times, and this is the 
more usual, they pass through the water by relatively enormous leaps, carried out a t  
such high velocities that i t  is sometimes impossible to follow the animal with the eye. 
Although intermediate forms of locomotion occur, such as a succession of short leaps, 
the majority of movements belong to one or other of the two kinds just described. 

The leaping movements of the copepods have been usually ascribed to the vigor- 
ous action of the anterior antennaj. Recently MacBride (1899, p. 505) has called this 
opinion in question and has maintained, on the grounds of observations on the slower 
leaping movements, that the leap is effectcd entirely by the simultaneous action of 

They would thus drop a fathom in about six minutes. 
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the thoracic feet, and that during this operation the antennte are held as rigid as 
possible a t  right angles to the chief axis of the body. As MacBride remarks, the 
extended leaps arc carried out with such quickness that the parts taken by different 
appendages can not be directly observed, and his conclusion, therefore, is based on 
inference, not on direct observation. But. direct observation is not the only means of 
ascertaining how the leap is accomplished. It is an easy matter to render copepods 
quiescent by putting :hem for a few moments in sea water containing a very little 
ether. Such animals recover on ‘being placed in ordinary sea water and act in all 
respects normally. With a sharp-pointed knife it is possible to cut off the anterior 
antenna? and expanded tail ends of etherized Labidocera3, though the other parts are 
too closely attached to the body to admit of easy removal. Animals from which both 
anterior antenna? and the tail have been removed have been kept a day or more after 
recovery from ether and their movements observed. They switn with great agility 
and seem quite as vigorous as normal specimens, but they seldom live beyond 48 hours 
after the operation. In  their locomotion they show only one type of movement, the 
uniform rapid creeping. This is modified now and then by becoming somewhat 
unevcn, but in no instance have I observed n Labidocera without anterior antenna: 
and tail trbke even a short lcap. 

Since in these specimens the thoracic legs are all intact and yet no leaps are made, 
I feel certain that these appendages are not used in the way that MacBride supposed. 
A Lt~bidoceru~from which the anterior antennn? h%ve been removed makes leaps that 
differ from the normal ones only in being somewhat shorter. If, now, the tail of 
such an animal is removed, the animai ceases to leap. Thus the tail is unquestionably 
connected with this niethotl of locomotion. A Labidocera from which the tail has 
been removed can likewise leap, though in this case, also, the leaps are shorter 
than the normal ones. When, however, the anterior antennn? are also removed the 
leaping ceases. Thus the anterior antennm, contrary to MacBride’s opinion, are, in 
Ldidocea  &stha. at  least, connected with leaping. In this species, then, the leap is 
performed dmost exclusively by the combined action of the anterior antennaj and 
the tail; and the thoracic and other appendages, though they may aid it, are not 
capable in theniselves of carrying it out. Since the anterior antenna: and the tail 
are not in action when the animal is creeping rapidly through the water, this motion 
must be ascribed to the action of other parts, probably the thoracic appendages. 

From the preceding account it might be inferred that the female Labidoceroo 
retain their positions at  the surface of the water and the males keep from accumu- 
lhting on the bottom by incessant muscular activity, whereby they lift themselves 
tigainst gravity; but, though this: is in large part true, it is not entirely so, for it is a 
most usual occurrence to find both males and females attaching themselves to fixed 
objects, such as the sides of a glass aquarium. This they can do even when the glass 
is so tilted that they are well on the under sidc of it. If such a suspended animal be 
approached by a sccking tube the current of water that can thus be produced may 
he made to swing the animal back and forth on its support, and it can then be seen 
that the only ptwts in contact with the glass a r ~  the anterior antenna. Not only is 
tliis so, but a careful adjustment of the strength of the current will often partitilly 
loosen the animal, so that for a while i t  hangs in the water with an attachment to the 
glass Ey only the tip of one anterior antenna. It is really remarkable with what 
Buccesu an animal thus almost completely loosened from the glass will still retain it;s 
hold. That the other appendages :ire not concerned in thus anchoring the animal is 
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made clear i n  two ways: First, when the animal hangs from the under side of a piece 
of glass the rnain axis of the body is nearly vertical, and thus the other appendages 
are not in a position to touch the glass; and secondly, when animals anchor themselves 
to vertical surftwes of glass they do so quite as frequently by the dorsal surface of 
thc body ns bay the ventral, and, since their appendages other than the anterior 
antenna are on the ventral side, it follows that when they rest with the dorsal surface 
to the glass the only appendages that can touch the glass are the anteriof antenna?. 
How the antem= adhere to the glass is not certainly known, but it is quite probable 
that the attachment is accomplished by means of the numerous hairs that cover these 
organs arid that are especially abundant a t  the tip. (Wheeler, 1900, p. 179, fig. 16c.) 

Not only*can Labidocera? anchor themselves by their antenna? to fixed objects in 
the water, but they can likewise hold to the surface of the water. A jar of water 
containing many Labidocerte can be so placed that the animals may be seen hanging 
from the surface of the water exactly as they would hang from the under surface of 
a piece of glass. To the surface of the water as to the glass the animals are attached 
by their anterior antennre. Slight waves are sufficient to dislodge then], but in quiet 
water great numbers hang in this way for considerable periods. 

The mechanism of attachment in  this as in the former case has not been definitely 
ascertained, though it iu  very likely, as Scourfield (1900, p. 307) has suggested, that 
the hairs of the anterior antenna? pierce thr surface film of the water and produce 
capillary depressions by which the weight of the body may be supported. 

Thus, Labidocerre, whose weight ordinarily causes them to sink in sea water, 
overcome this tendency by gliding moyements involving the action of their more 
centrally placed appendages, by leaps accomplished through the combined action of 
hi]  and anterior antenna+ and by Rttaching theniselves through the anterior antennz 
to fixed objects in  the water or to the surface film. In these operations the anterior 
ant,enna: perform at least three functions: They orient the animal mechanically as it 
falls through the water, they are organs of positive locomotion in connection with 
the leaping habit, and, finally, they are organs of attachment while the animal rests. 

REACTIONS TO GRAVITY (GEOTROPISM). 

As already pointed out, most female and many male Labidoceree frequent the top 
of the mater in  any large aquarium much as they do the top of the sea, and, as we 
have seen, they are continually falling from this situation heciiuse of the influence of 
gravity and as continually exerting themselves to regain it. no the Labidocem 
move toward the surface because it is nearer the source of light, i. e., are they posi- 
tively phototropic, or do thhy move in that direction because i t  is away from the 
earth's center of gravity, i. e., are they negatively geotropic? 

To test this question a large glass tybe about 8 centiiiieters in diameter and 
some 60 long, with one end open and the other closed, was set up vertically and 
nearly filled with sea water. On the side of the tube, and beginning at  the bottom, 
five intervals of 10 centimeters each were laid off and marked, and the water in the 
tube was made to stand a t  the 50-centimeter mark. The apparatus was so arranged 
that the tube could be inclosed in a light-proof jacket without disturbing the con- 
tents by jarring, etc. 

The first experiment consisted in putting five female Labidocera? in the tube and 
recording their distribution under thc influence of diffuse daylight. The Bections in 
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the tube were numbered from the bottom up, I to V, and the records were taken at 
the ends of five-minute intervals till ten records were obtrtined. The results are 
indicated in Table 1, where it appears that in eight records out of ten all tive animals 
were in the uppermost section, and that in two records one animal in each case had 
descended to the fourth section: 

TABLE 1. 

10 

5 
0 
0 
0 

0 .  

I Five-minato 1 1 1 I 4. I 1 (; 
intervals. Totals. 

_- 
.is 
2 
0 
0 
0 

6 5 6  

0 0 0  

0 0 0  

o n 0  

o n 0  

1 

0 

0 

To ascertain how much influence light had in bringing about this condition, the 
tube with its contents was now placed in perfect darkness and exposed for a moment 
to light every five minutes to record the distribution of the Labidocerw. Table 2 
shows the results of this experiment. 

TABLE 2. 

2 3 4 5 G 7 8 9 10 Totals. 
-____-- 

5 5 5 4 6 3 6 4 6 5  46 
0 0 1 0 . 2  0 1 0 0 4 

0 0 0 0 0 0 0 0 0 0  0 
0 0 0 0 0 0 0 0  0 0 6 0  

0 o o 0 1 0  0 n 0 o 0 

Five-mini&! 
intervaln. 

Here i n  sevcn records out of ten all tive animals were in the uppermost section; 
in the remaining three rwoyds four animals were in the fourth section. Thus the 
record in Ttible 2, though not quite SO nearly unifortn :is in Table 1, diff'crs so little 
from the latter that the conclusion that female LabidocmE stay at the top of the 
water becausc of sonic other stimulus than light is entirely justifiable. 

Although, next to light, gravit-y is the most probnblc factor in determining the 
distribution of feinale Lt~hidoccrta, it might bc assuined f roin :mything that has thus 
far been ijhown that these animals seek the surface because of the greater abundance 
of oxygen there. To test this assumption a ltirgc glass tube, such AS that described 
on pige 108, was filled wjth sea water and inverted in an nyu:irium in such a wtiy that 
no  air entered it. Firc feinale Labidooerx: were introduced at the lower open end; 
they swam papidly to the upper elid, where they were, of course, a t  the top of the 
water, b u t  without bcing in contact with the air. Here they remained till their 
deaths stopped thc expcrimcnt. The first one diod 68 houi-s after introduction; the 
last one 85 hours. As the ariiinds roniained pcrsistently at the upper closed end of 
the tube, it is evident that the atmosphere is not a factor i n  dctermining this feature 
of their distribution. If, then, neither light nor atmosphere is essentiiil in keeping 
female Lahidocera at  thc ,uiii*fitce of the water, the only othcr probable factor is 
gravity, and, as these animals persistently work against gravity in keeping near the 
surface, their geotropism is negative. 
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With the male Labidocem the case is quite different. First of all, they can be 
divided into two classes-those that are found at the surface with the females and 
those that are scattered through the water. Individuals from both these classes were 
subjected to experiments such as have been already described for the females. Table 
3 shows the distribution at  five-minute intervals of five males taken from the class of 
scattered individuals and open to the action of both light and gravity, as in the first 
experiment with the females (Table 1). 

TABLE 3. 

IO 

0 
1 
1 
1 
2 

__ - - - ~ 

F i v e - m i n u t e r r J -  in tervah. ,I 7L 

_ _ - _ _ -  ~- -_ 
2 1 1 0 1 1 1 1 0  

0 1 0 2 2 1 2 0 1 
2 2 1 0 1 0 0 2 2  

Total~. 
__- 

8 
10 
10 
11 
11 

_ _ _  .. - 
G 7 1 8  

1 1 1 2  

2 1 0 1  
2 0 0 1  
0 2 3 0  

__ -- - - 

0 1 1 ' 1  

-~ 

The distribution as shown in this table indicates almost complete indifference, as 
might have been expected from the previous distribution of these animals in the water. 

Table 4 shows the results from the same five niales when the tube was placed in the 
dark, as in the second experiment with the females (Table 2). 

TABLE 4. 

9 
- 

_- 
I 

Five-minute 8 4 5 G 7 8 9 / 1 0  
l , 2  intorvrtls. ___--____ 

O 

- ____ 
1 2 

1 1 

1 2 

- 

l'otnlu. 

11 
11 
8 
9 
10 - 

____ __.. 

3 1 4  5 

0 1 1  0 

..-I-_- 

2 1 1 1 1  
0 0 2 1 2  

1 1 1 0 0  
1 1 2  2 

The results shown in this table are so nearly like those in Table 3 that it i s  safe 
to assume that light plays no important part in the distribution of this class of malas. 

The second class of males, those found at  the surface with the females, might 
naturally be expected to show the same reactions to light, gravity, etc., that the females 
do. This, however, is far from the case. Table 5 gives the distribution of five males 
taken from among the females a t  the top of the water, and placed by thcmselires in a 
glass exposed to diffuse dayiight, as in the first experinient with the females. 

TABLE 5. 

intervals. 

0 
0 
2 

9 
11 

, l o  
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Five-minute 
intervals. 

I 

It is evident from this table that the separation of the males from the females 
totally changes the plan of distribution of the males. They become scattered more 
or less uniformly, as in the case of the first class of males. They likewise are undis- 
turbed in their new distribution by the absence of light, as is shown in Table 6 ,  i n  
which the distribution of the same five males used for Table 5 is recorded, but with 
the difference that the tube was kept in total darkness except for the brief periods of 
observation. 

TABLE 6. 
_____- _ _ _ _ ~ _ _ _ _ _  

I 2 3 4 ~ 6 (i I 7 8 9 10 Totals. 
I -_ I--I- __ 

0 1 1  2 1 1 1  7 1 1  9 

2 0 1 1 1 0 ' 1  2 0 1 9 

1 0 1 1 1 1 1 ;  1 1 2 11 
1 2' 1 0 I 2 1 1  0 2 0 19 

1 2 1 1 1 1 1 . 1  1 1 1 11 
__ -. _.___I 

The essential agreement of Table 5 with Table 3 and of Table 6 with Table 4 
shows that all males react or fail to react to light, gravity, etc., i n  much the same way, 
and that it isthe responses to the females rather than to other factors that divide the 
males into two classes. So far as their reactions to light, gravity, etc., are concerned, 
all males form in reality only IL single class. 

i t  must be evident from the preceding experiments that light is a very subor- 
dinate factor in determining the distribution of the' males, if, in truth, it is to be 
reckoned with at  all, and it might further be supposed, since the males when left to 
themselves do not collect either at the top or  a t  the bottom of the aquarium, that 
they therefore are also uninfluenced by gravity, i. e., that they are not geotropic. 
This conclusion, however, would be erroneous, in my opinion, for the bodies of the 
males are quite as heavy as those of the females, and are continually falling toward 
the bottom. If the males did not react against this, i. e., were slightly negatively 
geotropic, they would eventually all reach the bottom, a form of distribution which 
we know does not occur. I therefore believe that the males also are negatively 
geotropic, but only sufficiently so to keep them from collecting a t  the bottom and 
not enough to cause them to collect at the top, as the females do. 

Two conclusions may now be regarded as well established: first, that the female 
Lahidocera! I are strongly negatively geotropic, and, secondly, that the iiiales are 
slightly so. The first of these makes clear why under natural conditions the females 
come to the surface of the sea and stay there; noither helps us to understand why 
the males congregate with the females or why the latter at stated intervals desert 
the surface of the sea. 

Loeb (1893) long ago pointed out that by appropriate stiniulation the sense of 
an animal's response might be inverted; thus an organism positively phototropic 
under ordinrury conditions might by a slight change in its environment become 
negdtively phototropic. It is therefore necessary, in attempting a further insight 
into the daily migratioh of the copepods, to ascertain whether them are not means 
a t  hand for converting the negative geotropism of the females into a positive geo- 
tropism, thus establishing a sequence of events that might offer an explanation of 
daily migration. Heretofore some of the most successful means in accomplishing 
such inversions have been mechanical stiniulation, as agitation of the water in which 
the animals are, and changes in the density and in the temperature of the sea water. 

I 



112 BULLETIN O F  THE UNITED STATES FISH CIOMHISSION. 

Both the male and the female LabidocertJ+ after the rough handling incident on 
being squirted several times from a pipette into a vessel of sea water, still showed 
unchanged their characteristic geotropic responses; and even after they had been 
violently shaken in a test tube partly filled with sea water no alteration in their 
geotropism was observed. Mechanical stimulation, therefore, seemed insufficient to 
change their reactions to gravity. This accords with what was observed on the 
surface of the sea, for a t  night Labidocerae were often as abundantly obtained when 
the sea yas  rough as when it was smooth. 

Changes in density were next tried. Sea water of a specific gravity 1.025 was 
filtered, concentrated by boiling, cooled, and aerated, and then diluted with distilled 
water till the requisite densities were obtained. Females introduced into waters of 
specific gravities 1.050 and 1.035 retained their negative geotropism and showed no 
differences from normal animals except that they moved more frequently by leaps. 
Males when placed in similar concentrations frequented the upper portion of the 
vessel more generally, i. e., had their negative geotropism somewhat increased, and 
leaped mbre frequently. Concentrated sea water then induced leaping movements in 
both sexes, increased slightly the negative geotropism of the males, without, however, 
making any noticeable change in the geotropism of the females. 

I n  sea water of less density than the normal, the reactions of the males and the 
females, unless otherwise stated, were similar, and the following rccords apply to 
both sexes. In  sea water diluted from 1.025 to 1.020 the animals darted about when 
first introduced and then gradually became distributed as was usual, the females near 
the top and the males scattered. In  water of the specific gravity 1.015 the aninials 
introduced darted about vigorously, after which some went to the bottom, 50 centi- 
meters distant, and some remained above. In  water of a specific gravity 1.010 all 
animals exhibited darting movements and went to the bottom in irregular spirals. 
They were left in the mixture, and all died in the interval between a half hour and 
an hour after introduction. In  water of a specific gravity 1.005 all fell rapidly, 
each making one or  two leaps and reaching the bottom appai’ently dead. In pure 
water the animals made one or  two leaps, and were dead before they reached the 
bottom. The effect of diluting the sea water did not seem in any case. to change 
geotropic responses. Slight dilution stimulated the Labidocerle to lcaping, and 
greater dilutions, after stimulating them to a few leaps, rendered their movements 
incoordinate, so that they fell to the bottom without showing responses which at any 
time could have been interpreted as a change in the sense of their geotropism. 

When ordinary sea water was covered by an inch or so of Bea water diluted to a 
specific gravity 1.015 and LabidocerzP. were liberated at the surface, they almost 
always sank with a few violent leaps till they entered the ordinary sea water, 
whereupon they became normally distributed, in that most of the males dispersed 
and the females congregated near the upper burface, not of the water as a whole, but 
of the normal sea water. 

This experiment indicates that under natural conditions even excessive rain is 
not likely to change essentially the distribution of Labidocerq for they would at  
most be driven only a few inches from the surface. Dropping fresh water into a 
tube of sea water containing female Labidoceroc, so that in the course of about an 
hour the level of the tube rose a centimeter, could not be said to have driven the 
animals from the surface, though they occupied a somewhat deeper position at  the 



DAILY MIGRATIONS OF COPEPODS. 113 

end of the experiment than at the beginning. The exposure of a similar tubc to ai1 
actual shower of rain on a very dull day was followed hy no observable change in the 
distribution of the animals. Rain, therefore, with the slight accompanying change 
in the density of the surface waters, plays no part worthy of consideration in the 
distribution of Labidocera:. 

In testing the effects of these changes, 
animals were used that had been kept several days in a large glass aquarium, whose 
temperature was uniformly 2 3 O  C. Five male Labidocem were transferred from 
the general aquarium to the large glass tube described on page 108, now filled with 
sea water at 2 3 O  C. to the 50-centimeter mark. The animals were soon scattered 
through the water, as characteristic of males. They were  ION carefully taken out, 
and the water changed for some at  15O C. On reintroducing the males, they again 
gradually scattered through the water. The same was true for watei at I O o  C., as 
well as for that at 30” and 3 5 O .  These temperature changes, therefore, did not 
alter the distribution of male L a b’d I ocerm. 

Five females were then subjected to a series of corresponding experiments. At 
233 C. the females remained near the top, and the same was true at  15” and lo3 C. 
At  30° C. and at  35O C. all the animals swam rapidly downward to the bottom. To 
ascertain whether this reaction was in any way connected with a possible change of 
the animals in  reference to light, the experiments were repeated in the dark. Five 
females were introduced into the tube containing water at 30° C. and the tube 
placed in a light-proof chamlw. After 10 minutes the tube was inspected, and 
all five animals were found at its bottom. There thus seems to be no question but 
that an increase of temperature over the normal converts the geotropism of female 
Lahidocera: from negative to positivc. 

Sotnething of the nature of this changp may be inferred from the following 
experiments. Five negatively geotropic females were introduced into a large vessel 
filled with sea water at 3 0 O  C. They immediately became positively geotropic and 
swam to the bottom. After having remained there some minutes they were trans- 
ferred by a pipette to the bottom of a second vessel filled with sea water at 2 4 O  C. 
They immediately became negatively geotropic and swam to the top. The change 
from one condition to the other, as these cxperiments showed, takes place almost 
instantly, and the condition lasts only as long as the appropriate stimulus is present. 
This may be illustrated by another experimcnt. The lower half of a large glass tube 
was filled with sea water a t  24O C., the upper half with sea water a t  303 C .  The warmer 
water was poured into the tube 80 as to mingle as little as possible with the cooler 
water. A female Lahidocera was now introduced at the top to ascertain whether she 
would swim to a point deeper than the separation between the waters of different 
temperatures. She swam rapidly downward, but stopped almost exactly at the plane 
of separation for the two temperatures. A second tube was prepared containing 
sea water at 2 1 O  C. in the lowest third, a t  2 3 O  C. in the middle third, and a t  35O C .  in 
the uppermost third. In this tube a thermometer was hung by it thread and a female 
Labidocera introduced at  the top. She swam down almost at once to a point near the 
middle, which, the thermometer having been adjusted, was found to have a temper- 
ature of 2 3 O  C.; she then rose somewhat, and five minutes after introduction was in  
water of 2 6 O  C. Ten minutes later she had risen somewhat farther, but was still 
in water registering 2 6 O  C .  After half an hour, when the water in the top of the 

Temperature changes were next tried. 

F. C. B. 19014 
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tube was at  26.5” C., she was still some inches from that level and in water a t  26O C. 
It would therefore seem that 2 6 O  C. is the temperature limit above which this fernaie 
Labidocera became positively geotropic. 

, That them should be no question about the difference between the males and the 
females in their capacity to be transformed, geotropically, the following experiment 
was tried. Ten animals taken at  random from the top of the general aquarium were 
suddenly introduced with as little water as possible into a tube filled with sea water 
at 30° C. They quickly separated into two sets, one going to the bottom, the other 
remaining near the top. The six that remained near the top were picked out and 
all proved males; the four that swam to the bottom were then recovered and found 
to be females. These observations show that the teniperature of the water has no 
obvious effect on the slight geotropism of the males. The geotropism of the female 
is negative in cold water and positive in warm, and for normal animals the critical 
temperature seems to be about 2 6 O  C. 

I t  thus appears that of the three means suggested whereby the sense of the 
geotropism of Lahidocera: might be changed, only one, namely, temperature, has 
proved really effective. The critical point i n  the temperature change is, however, 
so high, compared with any temperature range the animal is likely to meet with 
naturally, that the assumption that the daily migrations of the females depend on 
geotropism changed from negative to positive and back again by temperature dif- 
ferences is wholly unwarranted. So far as one can see, the only part played by 
geotropism in the daily migrations affects the females; they rise to the surface and’ 
stay there because of their strong negative geotropism. 

REACTIONS TO LIGIIT (PHOTOTROPISM). 

Light, like gravity, influences bodies of water, as a rule, from one side only, and, 
since it increasesand decreases during thcday, it has naturally been regarded as a potent 
factor in determining the daily niigrations of pelagic animals. That it plays a part 
in the distribution of copepods can be seen from the fact that i n  :m aquarium standing 
near a window many Labidocera: congregate near the surface of the water on the 
side next the window; i. e., they are positively phototropic. 

If a considerable number of male 1,al~idoccra: are placed in a large glass jar filled 
with sea water and illuminated from one side, they will soon befound scattered through 
the water. A close inspection, however, will show that rather more are in the half 
of the jar away from the light than in  the half toward it. To determine with greater’ 
accuracy what this difference amounted to, a nearly cubical glass jar filled with sea 
water was so arranged that a temporary glass partition could be slipped into it 
vertically, thus dividing its contents into a front and a back half. One riieter h i  front 
of the jar was placed an incandescent electric lamp of about 14-candle power. The 
light from this fell perpendicularly on the front face of the jar and the partition was 
so placed that of the two chambers foriricd by it one was toward the lamp, the other 
away from the lamp. The partition having been withdrawn, ten male Labidoccrz 
were liberated in the middle of the jar and after ten minutes exposure to the light the 
partition was inserted and -the numbers in the chamber toward the light and i n  tLet 
away from it were counted. The experiment was then repeated, the Labidocera being 
each time liberated at  the center of the jar and allowed ten minutes in which to 
become distributed. Table 7 gives the result of ten such trials. 



DAlLY MIGRATIONS O F  COPEPODS. 115 

Number of nnimnls in chamber to- 

Number of animtils iii clinmbcr away 
wardlight ........................... 6 4 

fromlight ........................... 6 6 
______._ -__ 

-~ 

5 46 

6 54 

These results support in the main the opinion foimcd from the more cursory 
inspection of the jar. As a whole the asseiiiblage of males shows slightly negative 
phototropism. These experiments do not, however, preclude the possibility that 
soinc individuals are slightly positive and some indifferent; they merely show that 
more individuals are slightly negative than otherwise. When a single inale is put in 
a large open glass jar, the mima1 can usually be driven about from one side to the 
other by holding an electric light (14-candle power) close to the jar. The reaction is 
never vel-y quickly performcd and sometimes fails entirely, but usually a,fter a few 
minutes the animal swims from the illuminated side to the opposite one and stays 
there persistently. Although it is generally not difficult to drive a male Labidocera 
by light back and forth horizo1~taily through a jar, I found it ulrnost impossible to 
drive them up or down through a thickness of water equal to that through which 
they would move horieontuily. Sometimes this seemed to succeed, but generally not, 
and I. was finally forced to conclude that, slight as the geotropism of the males was, it 
was more effective than their phototropism. 

Since 
they are also negatively geotropic thcy keep olosc to the top of the wtitcr. When ten 
females were exposed to light in the square ghss jar with the psrtition as described 
for thc mdes (p. 11.4), all were found in all ten trials in thc chamber nest the light. 
Their positive phototropism is thus clearly indicated. 

The large 
upright glass tulw niiwlced off a t  10-centimeter intervals (p. 10s) was filled with sea 
water to the 50-centimeter level and five females were placed in it. Tho whole was 
exposed to cliffuse daylight in a room, and the Labidocera soon congregated at  the 
top of the water on the side of thc glass nearest the window. An opaque cover was 
now slippcd over the top of tlie tube and down to the 40-centimeter mark. In a few 
moments all five animals had dropped to this level, :ind remained here as long as the 
cover was kept in this: position. This result was essentially the same as that observed 
by Loch (1893, p. 160) for Teniora lonyicorn,is, except that in  Loeb’s experiments the 
copepods were checked in their upward movcuionts by the opaque cover instead of 
being driveu downward by it. In  either case it shows that the aninid’s positive 
response to light is stronger than its negative response to gravity. By lowering 
such an opaque hood over the tube the Labidoceru: w e p  driven to the bottom of the 
tube, wherc thcy remained as though imprisoned. They retuined this position as 
long as a sniall amount of light was allowed to enter at the bottom, but the moment 
this was cut 08 they presumably began to rise, for on removing the hood ten minutes 
later they were all found at tlie top of the watcr. Thus their negative geotropism 
is at once made effective by cornpletc darkncss. 

. 

Fernnle Labidocerilc collect on the light side of a jar  with great precision. 

Furthci. evidence of this peculiarity was observed in several ways. 
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The rates a t  which some of these reactions were carried out are not without 
interest. In  one set of experiments the females were made to descend 15 centi- 
meters from the surface by means of the opaque hood. From the time the hood was 
put on, which presumably marked the beginning of the descent, till the arrival of 
the animals below, was exactly 30 seconds. This indicated a descent a t  the rate 
of half a centimeter per second, which has already been shown to be the rate of 
passive falling. So far as one could judge from the first sight of the animals as they 
emerged below the level of the hood, they did descend by falling and not by any 
form of positive locomotion. It would, therefore, seem that diffuse daylight from 
below acts on female Labidocertij rather as an inhibiter of their negative geotropic 
reactions than as a positive phototropic influence. On the removal of the hood the 
females returned to their original position, but required 19 minutes to perform this 
migration. They thus descended three times as rapidly as they ascended-i. e., if 
they can descend a fathom in about 6 minutes they could probably not make that 
ascent in less than 18 minutes. 

In another experiment five female Labidocem were put in a glass tube, of large 
caliber and about 50 centimeters long, and hung vertically in a dark chamber. When 
an incandescent electric lamp (14-candle power) was brought near the side of the 
tube, the five animals crowded close to it. When the lamp was held at  the top they 
all ascended to the top, and they could easily be induced to dcscend through 50 centi- 
meters of water by holding the lamp under the bottom of the tube. Their descent 
was accomplished chiefly by passive falling, with the anterior end uppermost, though 
now and then they swam downward, an unusual action for a female. In  this experi- 
ment, as in former ones, the responses of the females to gravity mere always subor- 
dinate to those to light-i. e., geotropism was less pronounced than phototropism. 

A curious relation between these two sets of reactions was seen in the following 
experiment. The large tube, graduated to IO-centimeter intervals, was filled with 
sea water to the 50-centimeter mark; into i t  were put five females and the apparatus 
was covered with an opaque hood from the top to within 5 centimeters of the bottom. 
In this lowest section of 5 centimeters all the feiiiales congregated. The hood was 
now taken off in sections, beginning a t  t h e  top. First, the top with 5 centimeters of 
the side covering was removed. leaving the tube covcred for a distance of 40 centi- 
meters, beginning at  5 centimeters from the bottom. On thus illuminating the 
interior of the tube from above, it might have been cxpected that the five females 
would have risen through the dark section to the now light top; they, however, 
remained at  the bottom. The uppermost 10 centimeters of the side covering were 
next removed, leaving 30 centimeters still covered, but without effcct on the animals. 
The next lower 10 centimeters were noq taken OB, leaving 20 centimeters covered, 
whereupon four of the Labidocera: immediately swam upward through the dark 
section to the light a t  the top. On removing the next 10 centimeters of the side 
covering the fifth animal ascended. Thus it appears that a dark region between a 
light top and light bottom may prevent female Labidocertij from ascending, an opera- 
tion, however, that they may perform before all the dark section has disappeared. 

The experiments on Iight thus far described make it clear that the phototropism 
of the male Labidocera: is a t  most slightly negative, that of the females strongly 
positive. So far as these facts are concerned they seem to have little bearing on daily 
migrations, for the slight negative phototropisin of the males is not sufficient to over- 
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come their negative geotropism and the positive phototropism of the females might 
be expected to bring them to the surface of the sea in the day instead of in the night, 
as is their habit. 

The positive phototropism of the females is, however, so strong that the question 
arises here, as it did in  connection with geotropism, Are there not perhaps natural 
means of inverting this? Certainly the conditions in  the laboratory did not reproduce 
those in the outer sea water, for in a large jar kept on the laboratory table the female 
Labidocera kept persistently near the top of the water day and night, although in 
another large jar floated in the outer basin of the Fish Commission dock, and thus 
freely exposed to the elements, the females made regular migrations, being close to 
the surface in the night and at the bottom in the day. 

Experiments were now undertaken to ascertain whether the sense of the photo- 
tropism of the females or possibly even of the inales could be changed. Loeb (1893, 
p. 96) found that for the copepod Teinorcc Zongicor&$ an increase of temperature 
changed positively phototropic .individuals into negatively phototropic ones and inten- 
sified the negativity of negative specimens, and that a decrease of temperature changed 
negative into positive individuals and increased the positivity of positive ones. 
Holmes (1901) found that in certain amphipods an increase of temperature certainly 
hastened and perhaps induced the positive condition. Yerkes (1900, p. 417) was unable 
to change the sense of the light reactions of Baplmiu and of Cyp& by temperature 
differences. All efforts to change the phototropism of Labidocera by changing the 
temperature of the sea water were without avail. Both males and females taken from 
water a t  23O C. and placed in waters a t  loo, 15O, 30°, and 35O C. remained, so far as 
their phototropism was concerned, unchanged. 

Density differences were next tried. Loeb (1893,.p. 9’7) had shown that in Teiizoru 
dilution of the sea water made positive individuals negative, concehration the reverse, 
but in Labidocera, animals taken from sea water of a specific gravity 1.025 and placed 
in waters of 1.050,1.035,1.020,1.015,1.010,1.005, and 1.000 specific gravity showed 
no phototropic changes. 

Loeb (1893, p. 96) noticed that when Teinoru was first caught, i t  was often posi- 
tively phototropic, though under ordinary circumstances it was negatively so. Shaking 
made the animals temporarily positive, and probably explains the peculiarity just 
mentioned. Towle (1900), by a most painstaking series of experiments, showed that 
Cbpridopsis was usually negatively phototropic, but that contact with a pipette and 
other slight mechanical stimulations were sufficient to make it temporarily positive. 
Conditions parallel with those in Tmoru and in C’pridopsis were often found in 
Labidocera. Females are ordinarily positively phototropic, but after having been 
several times vigorously ejected from a pipette into sea water, the majority of them 
become temporarily negative. 

The following laboratory record will show clearly the nature of this change, 

Aug. 20 (1901), 7.35 p. m. 
froin a pipette into sea water. 
side of the glass vessel away from the light. 

to the two positive individuals on the light side of the vessel. 

Five positively phototropic females were ejected, each one three times, 
Two remained positive and three became negative, swiniining to the 

7.45 p. in. One of the three negative individuals became positive and swam with some irregularity 

7.58 p. m. The second negative individual became positive. 
9.20 p. m. The third and last negative one became positive. 
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Since females can be rendered negatively phototropic for a period of almost 
two hours by handling them with a pipette, it might be inferred that this is due to 
simple mechanical stimulation. That such is not exactly the truth is seen in the 
fact that female Labidocers agitated in the water do not become negative even when 
this process is several times vigoroiisly repeated, although these same animals easily 
change on being handled with a pipette. Apparently, then, it is a very dpeciil form 
of mechanical stiniulus that is necessary to call forth this reversal. 

Pipette experinients with five males, which in the heginning were almost indif- 
ferent or only slightly negative to light, resulted in niaking all distinctly negative, a 
condition which lasted at  most an hour and a quarter. 

Although certain forms of tactual stimulation are a means of making both males 
and females move away from a source of light, even, as I found by experiments, down- 
ward through the water, they can n i t  for a moment be regarded as the efficient cause 
in the downward movements of the Labidocern: each morning, for the animals are quik  
as much open to agitation at  other times of day as in  the early morning. 

Notwithstanding that this change has probably no connection with the daily 
migrations, it may hare a very important connection with the pairing habits of the 
animals. As is well known, the right antenna of the male is modified to form a 
grasping organ, and by means of this the male seizes the female in pairing and holds 
her till he has deposited a spei*matophore on the posterior part of her body. I have 
observed pairing among Labidocerm a number of times, and it has always taken 
place between individuals at the top of the water. After the male has seized the 
female, the pair plunge about in a most violent manner, and i t  has occurred to me 
that the mechanical stimulation thus produced might be sufficient to rende;. both 
negatively phototropic, so that after release they would m o ~ e  downward to the water 
where fewer individuals were. This operation, if it redly takes place, would have 
the effect a t  least of removing from the pairing individuals aiiy two that had recently 
been in union. After this idea occurred to me, I observed only one pair in copula- 
Iation. These were removed from the general aquarium to determine whether after 
separation their light reactions had changed. Af tor separation, however, both inale 
and female exhibited their usual phototropic responses, no change having taken place, 
but on exatnining the female no spermatophore was found on her, and possibly the 
operation was incomplete in respect to light a s  i t  was in  sexual matters. 

Attempts were next made to ascertain whether the continuance of light action 
or a difference in its intensity could induce changcs in the Labidocerao. Groom and 
Locb (1891) observed that the free-swimming larva: of a 1)arnacle were positively 
phototropic in  the morning, but that before noon and without other changes than 
continued light action they became negative. These in the course of the night all 
became again positive. Thus the continued action of bright light gradually made 
the IwvE negative, of dim light positive. 

To ascertain the effect of this form of continuous light action on Labidocerao, I 
put five males in one large jar of se& water and an equal number of females in another. 
These were exposed to diffuse daylight in the laboratory, as in Groom and Loeb’s 
experiment, the jars having been set up August 12. On August 20 one male died, 
the other four suckurnbed between August 24 and 26. One female died August 24, 
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and the experiment was discontinued August 26. During all this period the inales 
and. females retained their characteristic distribution, tmd nothing whatever suggestive 
of daily migrations was observed. Thus the changes noticed by Groom and Loeb in 
barnacle larvu: failed entirely to appear in Labidocerm. 

Lights of diflerent inteusities were next tried. When an electric inctmdescent 
larnp of about 14-candle power was held at 10 centimeters from a glass vessel coii- 
tainiiig female Lahidocerte, the animals came to the side next the light; they like- 
wise went to the top or to the bottoin.of the vessel, depending upon whether the 
light was held above or below it. These same reackioiis obtained when a concentrated 
solution of alum was used as a means of excluding heat rays. The reactions are 
therefore due to light. 

When, in placs of a 14-candle lamp, one of about 100-candle power was used, 
the results were very different. The Labidocerq on first being approached by the 
intense light, made one 01' two leaps and then swain directly away from the light. If 
the lamp was placed above them they moved to the hottoin of the aquarium (about 30 
centimeters); if, now, the light was quicklp brought under the vessel, the animals 
rose. This latter response was doubtless coupled with their negative geotropism. 
Thus it is obvious that female Labidooera are positively phototropic to light of low 
intensity, and negatively so to light of high intensity." 

The phototropism of the mnles was not noticeahly different in the intense light 
from what it was in  the dim light. Under both conditions they were, as :L rule, 
slight 1 y negative. 

These observations make clear why the female Labidocerm are not at the surface 
of the sea in the daytime. They ai-e negt~tively phototropic to its bright light, and 
therefore pass downwiird to the deeper water, where, f roni absorption by the upper 
layers, the light has decreased in intensity. 

To demonstrate the validity of this con'clusion, a jar of feninle 1,:ibidocers was 
covered with a. glass dish contttin~ing 4 i n c h  of a saturated itluui solution to absorb 
heat rays and then exposed to direct sunlight about noon. Iininediatcly on being 
put i n  the sunlight the aniinals retreated from the source of light and went to the 
bottom of the jar. In  this respect they were like S~mocophalzis s1:mc~ as observed by 
Rjdl (1901, p. S3). On excluding sunlight froin the jar the Labidocern: again rose, 
and they could be thus driven up  and down at will. 

The migrations thus produced undoubtedly imitated in  miniature the natural 
daily migrations of female Lahidocere in the sea. These aninials migrate into deeper 
whters on the coming of daylight I)ecause of their negative phototropism to strong 
light. They return to the surface on the approach of night because of their positive 
phototropism for weak light arid their negative geotropism, a conibiriatiori which 
Loeb (18'30, p. 48) has already shown'in the larva of the brown-titi1 nioth. In  this 
way the migrations of the females are accomplished, and the only reason why these 
animals do not carry out similar daily niovenients in the laboratory is because of the 
absence of one factor, intense light. 

*Conditions of this kind, so far as rcactions to light intensities are eonccrned, were tipparcntly first noticed by 
Famintein (1867) in the protozoans C/~fl~l~ltlonlolitts and Etrglota, and liavc since been observed in the following animalu: 
h?ydra (Wilson, 1891), WZUgovdiun larua: (Loeb, 189Y), Dupkibda (Lubbock, lW), aiid Litnm (Frandson, 1901). 
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Although this explanation malres clear the movements of the females, it in 
no wisc applies to the males, for, as we have seen, they are almost indifferent to the 
effects of light and gravity. The occasion of their migrations must be sought for in 
other factors. 

REACTTONS TO SUBSTANCES IN THE WATEIC (CHEMOTROPISM). 

The Labidocerz that collect a t  the surface of the water on the light side of an 
aquarium have already been shown to be some males and some females. A hundred 
or  more of these were placed in an aquarium filled with sea water and in a short 
time the majority of the newcomers were found at  the top of the water near the 
light; others, however, were scattered throughout the whole body of water. These 
scattered individuals were then picked out, and, as might have been expected, were 
found to be almost exclusively males. An hour or so after this the aquarium was 
again examined and was apparently as full of scattered males as before. These, like 
their predecessors, were removed. After a time, however, they seemed to reappear, 
although in  diminishing numbers. The process of picking out was continued until 
few or no scattered individuals could be found. An examination of the assemblage 
at  the top now showed it to be made up almost exclusively of females, the males 
having escaped for the most pnrt to the lower water, where they were picked out. 
Under ordinary conditions, then, males are continually escaping from the assemblage 
of males and females a t  the surface and swimming off to become scattered individuals 
in deeper water. 

The males not only are continually leaving such an assemblage; they are also 
continually entering it. A t  the bottom of a glass aquarium containing only female 
Labidocere ten males were liberated. They swam about as scattered individuals for 
some time, but after half an hour only six could be seen; four, as a close inspection 
showed, had joined the assemblage of females a t  the top. The females must, there- 
fore, be admitted to have some power of attracting the males. 

It occurred to me that the possible phosphorescence of the female might, a t  least 
a t  night, be a metins of attracting the males. Aniong the abundant phosphorescent 
organisms in  the summer waters a t  VToods Hole small luminous points had often 
been shown me as phosphorescent copepods. By taking at random test tubefuls of sea 
water a t  night a single such phosphorescent point could be isolated. Such samples 
of sea water cont,ained sometimes onc, sometimes more copepods, but they were so 
frequently without copepods a t  all that I was forced to decide that the luminous 
points were something other than these animals. Moreover, when B single male or 
female Labidocera was put in a test tube containing sea water which on previous 
agitation showed no phosphorescence, and the whole vigorously shaken, not the least 
phosphorescence was ever observed. Lubidocercx; zestha iH, in my opinion, not phos- 
phorescent, and therefore this factor can have no part in causing the males to be 
attracted by the females. 

Since phosphorescence seems to play no part, and since the higher sense organs 
of the Labidocers, the eyes, etc., are so very rudimentary, some form of scent would 
seem the most natural way by which the males might be led to the females. This 
would probably depend upon some substance given out by the females to which the 
males would react. That there probably is such a substance is seen from the following 
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experiments. A piece of glass tube about 2 centimeters long was filled with sea 
water, its ends were plugged with wet cotton, and it was wrapped in a little inore 
than one fold of white filter paper. A thread was tied around the tube, thus holding 
the filter paper in place, and the apparatus prepared in this way was lowered into the 
surface water of a small aquarium containing five male Labidocera. These swam 
freely to and fro, and now and then collided with the tube. They were watched 
accurately for thirty minutes, and the number and character of the collisions noted. 
In all, ten collisions occurred, after each of which the animal usually deserted the tube 
at once. Those animals that just missed the tube in passing went on by i t  without 
special reaction. The tube was now withdrawn from the aquarium and five females 
were introduced into it. Because of the filter paper and the plugs of cotton these 
were not visible from the outside. The tube was again placed in the aquariuiii, and 
after five minutes the actions of the males were again observed for thirty minutes. 
Under these conditions the males collided sixteen tiines with the tube instead of ten. 
Moreover they seldom passed near the tube without some characteristic reaction. 
Usually they made one or two quick circles as they swam by, or even a somersault- 
like motion; these were observed fifteen times when the females were in the tube, 
never when they were not. 

The experiment was now varied by dropping the small piece of tube to the 
bottom of the aquarium and recording the reactions of the males r ~ s  before. During 
the half hour in which no females were in the tube, inales collided with it thirteen 
times, but showed no inclination to play about it. After the introduction of the 
females eighteen collisions were observed and eight playing mo\~ements as males 
swam by. I am, therefore, thoroughly coiivinced that males respond to females even 
when tliey can not see them or coitie in contact with thein. As tho females are not 
known to have any power of producing sound., they probably give rise to sonic ~ u b -  
stance that serves t is  a scent for the inalcs; in other words, the mules are prob’ably 
positively chemotropic toward the females. 

Admitting this last conclusion, we have now all the facts needed for a shtisfactory 
explanation of the daily inigrations of Lnbidocera. The feinales coine to the surface 
as daylight vanishes because they are positively phototropic to weak light and because 
they are riegntively geotropic. They descend from the surface into deeper water at 
the appearance of daylight because they are so strongly negatively phototropic to 
bright light that they overcome their iiegative geotropism. The inales follow the 
females because they are probably positively chemotropic toward them. 

THEORIES OF DAILY MIGRATIONS OF I’ELAOIO ANIMALS. 

It is now comparatively simple to discuss the more important theories advanced 
to explain the daily migratioiis of pelagic animals. Chun’s (1887) hypothesis that the 
migration depended primhrily on temperature changes is absolutely without support 
from what has been learned about the daily movements of Znbidocma mtiva. Weis- 
mann’s (1877) opinion that light governs the migration is very close to the truth, 
though it requires modification in the direction pointed out by Loeb (1891, p. 67), 
who, after having rhown the general importance of light in the daily migrations of 
pelagic animals, expresses his belief “that light is not the only physical influence 
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that determines the depth-migrations of sea animals.” This has been abundantly 
demonstrated in  Labidocera, where geotropism and chemotropism play parts as well 
as phototropism, and probably much the same complesity obtains in many other 
organisms whose depth-migrations, though made simultaneously, may be really the 
results of quite different causcs. 

CONCLUSIONS. 

1. Lab.lclocera cfitstha has :I specific gravity i n  reference to pure water of 1.109, 
to sea water 1.082-. 

2. It falls through sea water a t  the average rate of about half a centimeter a 
second (a fathom in six minutes). 

3. I n  its falLit is oriented by the spread antennm, which keep the head upper- 
most. 

4. Its locomotor movements arc, either rapid uniform runs, or leaps, or rarely 
some intermediate form of inovement. 

5. The runs are acc.omplished by the appendages between the anterior an tennie 
and the tail. 

6 .  The leaps can be carried out by the anterior antennm, by the tail, or by these 
combined, but not by the other appenclnges except in conjunction with either anterior 
antennm, or  tail, or with both. 

7. Labidoc~v~c ct.st;ua may attach itself to fixed objects in the water by the ante- 
rior antennm. 

8. The anterior anteniw perform at  lewt three functions-mechanical orientation 
of the animal in falling, positive locomotion in  leaping, and attach~nerit to fixed 
objects or to the water film. 

9. Males and females react in  characteristically different wsys to light, 
gravity, ctc,. 

10. Females have a strong neg:Itive geotropism. Mtilos have a weak negative 
geotropism. 

11. The geotropism of Labidocera is not changed by shaking it in  water or by 
other forms of mechanical stimulation. Increasing the density of the sea water from 
1.025 to 1.035 and 1.050 increases slightly the negative geotropism of the males, but 
does not influence the females. Decreafiing the density of the sen water from 1.025 
to 1.020, 1.015, 1.010, 1.005, and 1.000 does not influenre geotropism. Temperature 
changes between I O o  and 350 C. have no influence on the geotropism (if the males. 
The geotropism of the females is negative in cold water and positive in warm, the 
critical temperature being about 2G3 C. 

12. Females have a strong positive phototropism for light of a low. intensity. 
Males have a weak negative phototropism. The positive phototropism of the females 
is stronger than their negative geotropism. The phototropism of both sexes is 
unaltered by temperature changes between loo and It is also unaltered when 
the density of the sea water is varied from 1.050 to 1.060. Certnin forms of ~nechanicul 
stimulation (handling with a pipette, but not agitation in water) inake feinales tempo- 
rarily negatively phototropic and increase the natural negativity of inalefi. Females 
are negative to light of high intensity (100-candle power incandescent light a t  10 
centimeters distance, and direct sunlight). Males are apparently indifferent to 
changes in light intensity. 

It swims upward at about one-third this rate. 

It rimy also hang from the surface of the water by these organs. 

C. 
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13. Males are positive toward feiiiales and prolmbljr cheinotropically positive. 
14. Lnbidocera mstivn frequents the surface of the sen from sunset to sunrise. 

Prom sunrise to sunset i t  is presumably in deeper waters. Its iiiigrations are 
explained as Sollows: Females rise to the surface with the setting of the sun, because 
they are positively phototropic to faint light and negatively geotropic; they descend 
into deep water with the rising of the sun, bccausc they are negativelyphototropic 
to strong light (their negative geotropism heing oveicoine by their negative photo- 
tropism); tho males follow the fetnales. in migration, because they are probably 
positively chemotropic toward tho females. 

CAMH~IDQE, MASS., Dccembw 31, 1901. 
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Contributions from the Biological Laboratory of the U. S. Fish Commission, 
Woods Hole, Massachusetts. 

THE GAS IN THE SWIM-BLADDER OF FISHES. 

BY R. W. TOWER, 
Associate Pvofessor of ChettzicaC Physiology, Bi-ow~r Utrivct-sity. 

The function of the swim-bladder of fishes has attracted the attcntion of scien- 
tists for many centuries. The rale that this structure plays in the life of the animal 
has been interpreted in ulinbst as ii;any ways as there have been investigators, and 
even now thcre is apparently much doubt as to the true funrtions of the swiiii- 
bladder. Consequently any additional data concerning this orgau is of iinniediate 
scientific value. 

Aristotle, writing about the noises made by fishes, states that “ some produce it 
by rubbing the gill arches -x- * .x. ; others by ineans of the air-bltLdder. Each of 
these fishes contains air, by rubbing and inoviiig of which the sound is produced.” 
The bladder was thus considered a sound-producing organ, and it is probable that he 
arrived at this result by his own invcstig a t’ ions. 

Borelli” (1680) attributed to the air-bladder an hydrostatic f undion which 
enabled the fish to rise and fall in the water by simply distending or compressing the 
air-bladder. This hypothesis, which gives to the fish a volitional control over thc 
air-bladder-it being able to coinpress or distend the bladder at plctsurc-has pre- 
vailed, to a greater or less degree, froin the tinlo of Borelli to the present. To my 
knowledge, however, there are no investigat,ions which warrimt such a theory, while, 
on the other hand, there are muny facts, as shown by Morcau’s exlxwiinent, which 
directly contradict this belief. Delarochb t (1807-1809) decidedly opposed the ideas 
of Borelli, and yet advanccd an Iiypothcsis similar to it in inany respects. Like 
Borclli, he said that tho fish could coinpress or dilate the bladder by nieans of certain 
lnuscles, but this was to enablo the fish to liccp the same specific gravity as the sur- 
rounding inedium and thus be able to rcinain at  any desircd depth (and not to rise 
and sink). Deluroche proved that there 
existed a constant cxchangc between thc air in tlic air-bladder and the air in the 
blood, although he did not consider thc swim-bladder an organ of rcspiration. 

This was also disproved later by Morcau. 

*Uorclli, I)c Motii Aiiimnlium, 1680. - 
tDelurocho, I?., Anndes du Alus. d’Hiut. Nnt., tome SIV. 
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Biot * (180’7), Provencal and Humboldt t (1809), and others made chemical 
analyses of the gas in the swim-bladder and found 1 to 5 per cent of CO,, 1 to 87 
per cent of O,, and the remainder nitrogen. The most remarkable fact discovered 
about this mixture was that it frequently consisted almost entirely of oxygen, the 
per cent of oxygen increasing with the depth of water inhabited by the fish. The 
reasons for this phenomenon have never been satisfactorily explained. 

In  1820 Weber1 described a series of paired ossicles which he erroneously 
called stapes, nialleus and incus, and which connected the air-bladder in  certain fishes 
with a part of the ear-the atrium sinus iniparis. Weber considered the swim- 
bladder to be an organ by which sounds striking the body from the outside are 
intensified, and these sounds are then transmitted to the ear by means of the ossicles. 
The entire apparatus would thus function :LS an organ of hearing. Weber’s views 
remaincd practically uncontested for half a century, but recently much has been 
written both for and agAinst this. theory. Whtitevcr the viitues of the case may be, 
there is certainly an inviting field for f urther physiological investigations regarding 
this subject, and more especially on the phcnonicna of hearing in fishes. 

Twenty years later Joh. Muller dcscribed, in certain Siluroid tishcs, a mechanism, 
the so-called “elastic spring” apparatus, attached to the anterior portion of the air- 
bladder, which sei-vcd to aid the fish in  rising and sinking in  the water according as 
the muscles of this apparatus were rclaxcd or contracted to a greater or smaller 
degree. This interprcttttion of the function of the “elastic spring” mechanism was 
shown by SCirensen 11 to be untenable. Muller also shtcd that in some fish, a t  least, 
there was an exchange of gas betwccn blood arid air-bladder-the latter having a 
respiratory function-and regarded the gas in the air-bladder as the result of active 
sccretion. In M~daptmu~w he stated that it is a sound-producing organ. 

I-Iasse,y in 1873, published the results of his invcstigt~tions on the function of the 
ossicles of Webcr, stating that their action was that of a mationieter, wquainting the 
animal with the degree of prcssure that is exerted by the gases in the air-l)ladder 
against its walls. This pressure nccessai*ily varics with the diflcrent dcpths of water 
which the fish occupies. I-Insse did not agree with Weber $hat the ear is affected by 
the-movements of these ossicles. 

One gear later Dufoss6 ** described in some fishes an air-bladder provided with 
extrinsic muscles hy whose vibrations sound wax produced, the sound being intensified 
by the air-bladder, which acted as B resonator. He also believed that certain qpecies 
produced a noise by forcing the gas from the air-bladder through a pneumatic duct. 

At  about thc same time Moreau t t  published his classical work on the functions 
of the air-bladder. I& proved I)y ingenious experiments that inany of the prevailing 
ideas about the action of the air-bladder were erroneous, and that this organ serves 
to equilibrate the body of the fish with the water a t  any level. This is not accom- 
plished qui,ckly, but only after sufficient time for the air in the bladder to become 
- __________ - - * 

*Biot, Mdmoircs do PhpH. et dc Chimie de IIL Soe. d’Arcuei1, tome I. 
t I’rovcncul et  Humboldt, M6rnoires de Phyb. et de Chimic de lu Soe. d‘Areuei1, tome 11. 
f E. H. Weber, De Aure et Auditi Axiimrilium Aquatilium. 
8 Joli. Midler, Archiv f.  Anal. u. Physiologic, 1842, pp. 307 et wq.  
11 Wm. Soren8en, Journ. of Anatomy und Physiology. vol. 29, 1894-95. 
fi Diseusxiori of Hasse’s theory by Sdrenwn, op. cit., p. 634. 

** Dofous6, hnnulcs d. Sci. Nut., 5c dr., tomes 19 and 20,1874. 
It Moreau, Memoires de I’hysiologie, vol. 15, p. 494 et beq. 
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adjusted to the increase or decrease in external pressure that has taken place. The 
fish, therefore, makes no use of any muscles in regulating the volume of its air- 
bladder. The animal can accommodate itself only gradudly to considerable changes 
in  depth of water, but can live equally comfortably at  varying depths, provided that 
the change has been gradual enough. Moreau’s experiments also convinced him that 
the gas is actually secreted into the air-bladder, and that there is a constant exchange 
of gas between it and the blood. In  these investigations he has also noticed that 
section of the sympathetic nerve fibers supplying the walls of the air-bladder hastens 
the secreting of the gas into the empty bladder. Since then Bohr“ has shown that 
section of the vagus nerve causes the secretion to cease. Moreau noticed in  otie fish 
(Trigla) having an air-bladder supplied with muscles that the latter served to make 
the air-bladder produce sound. 

Again, in 1885, the Woberiari mechanism was brought to our attention with a 
new function attributed to it by Sagenieh1,t who stated that this mcchanism exists 
not for any auditory purposes nor to tell the aninial at what level of the water it is 
swimniing, but to indicate to the fish the variations in the atmospheric pressure. 
Sorensen tersely contrasts the views of Hasse and Sagemehl by saying that “ Hasse 
considers the air-bladder with the Weberim mechnnisni as a manomctcr; Sageniehl 
regards it as a baronieter.” The theory of Sagcmehl has, naturally enough, niet 
with littlc favor. Sdrensen $ (LS95) hold that there is but little evidence for attribut- 
ing to the air-bladder the function of a lung. It is to be reinembored, howcvcr, 
that, according to Sdrensen’s criterion, no matter what exchange of gases tnlres place 
between blood and air-bladder, i t  can not bo considored an organ of respiration 
6 6  unless its air is rencwed by mcchanical respiration.” 

Siircnscn also ref utcs, from anatoniical and cxperinicntal grounds, the many 
objections to Wcbor’s theory of the function of the ossicles. He would thus attrihutc 
to the air-bladdcr tho function of hearing; indied, in certain spccirs, the only reason 
for the survival of thc air-bladder is that “the organ is still of acoustic iuiportancc; 
that i t  ants as a resonator.” This idcn, Sdrenscn states, is borne out by thc anatomical 
structure found i n  Misgzcmms and Clm+ias, which rceenibles the celebrated ‘‘ Colladon 
resonator.” This author attributes to the air-bladdcr, with its “ clastic spring” and 
various muscular 1ncciianisins, the production of sound :LS its chief function. 

From tho  foregoing brief historical summary of thc function ot hho swiiii-blad- 
der it is readily seen that thesc invostigators have not thrown any direct light on the 
function of the gnu itself which is containcd in the bladder. It wou!d, indeed, seem 
strange and contrary to general biological laws for ccrtain gases to exist i n  the 
bladder and not be of any use. Why, indeed, should we find a high per cent of 
oxygen in the bladders of fish taken froin ‘55 to 70 fat.horns of water, especially as 
the gas is actively sccrctedSj by the fish? Such ~1 specialized expenditure of energy 
would certainly not be accounted for on the lmsis of acoustic and phonation functions, 
as the normal gas composition of the surrounding medium would answcr all these 
requirements. In the voyagc of 11. M. S. CV‘~a2lo~aqer 11 it was found that “in the 

* Jmrnal of Physiology, vo1. 15, p. 494 et my. 
tJonrniil of Anat. and Physiology, vol. 29, pp. 644 c t  acq.: “Thcory of Sngcmelil,” by Siirenscn. 
1 Joiirnal of Anat .  and Physiology, vol. 29, pp. 109, 205, 390, and 618. 

I/ Clitillcngcr Reports, vol. I, pt. 1, p. 226. 
3 .  S. IIaldano, Scicnco Progress, vol. 7, 1898. 
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deep-sea waters the volumes of oxygen were, in general, less than those calculated 
from the nitrogen-volumes on the hypothesis of surface absorption of air a t  the 
tenaperature corresponding to the nitrogen found. I n  waters from great depths the 
actual volume of oxygen was often very small.’’ “It is worth noting, however, that 
very small quantities of oxygen present themselves occasionally at moderate depths.” 
Two examples are here given: 

Cubic centime- Depth Per cent 
ters per liter. 0 calcu- of 0 in 

dissofvved 1 N.. I 02. 1 1 Oms)’ gas. 1 , 

15.08 0.6 8.21 2,876 4.33 1 13.74 1 1.65 1 7.15 I 300 
I 10.72 I 

The Qh,uZZenpr expedition did not find any deep-sea waters that were entirely 
free from absorbed oxygen. In the surface waters the amount of oxygen absorbed 
from air at a given temperature is the product of its  coefficient of absorption into its 
uartial urcssure in the undissolved residue. Hence, in  surface water, a t  given tem- 
ieratur i  and 760 mm. premure, there would be the following 

Dissolved N, and O2 in 
c. c. 

N:. 1 02. 
dissolved 

1 1 
Oo I 16.60 
35O 8.36 33.31 

result: 

In the first table we find the per cent of oxygen in the dissolved gases to be 4.33 
per cent and 10.72 per cent respectively, which, compared with the 0, per cent in 
surface waters in the second table, shows an enormous deficit. As to the free CO, in 
the sea, I quote again from the C7/LaZZenger report: “From a11 the evidence afforded 
by the 6%aUenpr research we see that free carbonic acid in sea waters is the excep- 
tion.” It would thus seem that there is every condition offered for the elimination 
of CO, from living organism, as by the gills of fishes, and the immediate absorption 
of this waste product by the surrounding water. It is at least a strange coincidence 
that with the gradud diminution of oxygen in the water, according to the depth, we 
find an increase in percentage of oxygen contained in the bladder. Biot cites TryqZa 
lyra from 500 fathoms containing 87 per cent oxygen; Sparus arymteus from 65 
fathoms contained 50 per cent oxygen; Spafm dentex from 20 fathoms contained 40 
per cent oxygen. My own observations on Loplwlatilus taken from 55 fathoms 
showed 66.5 per cent oxygen, and from 70 fathoms showed 69 per cent of oxygen. 
May not this process bc one directly to supply the animal with more oxygen under 
these conditions, where the oxygen dissolved in the water is so deficient? Such an 
explanation is tenable, inasmuch as Hiifner, Bohr, Moreau, and Haldane have shown 
by experiment that the gas is the result of an active secretion in which almost pure 
oxygen may bo given to the bladder. 

It occurred to me, if this process existed for the purpose of supplying oxygen 
to the animal, that changer in the proportion of the constituent gases would be found 
when the animal was partially or compietely asphyxiated, and that these changes 
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would be fairly constant in all fish subjected to the same conditions. The abund:~nce 
of squeteague supplied by the Fish Coniinission Laboratory at  Woods I-lole furnished 
the opportunity for a 1:irge. nunibcr of analyses under different conditions. Few 
analyses had been completed, however, before i t  was evident t1i:it the per cent of 
oxygen in the air.bladder was no indication of the processes taking place there. I n  
the accompanying table the squeteague numbered 1 to 9 were allowed to become 
asphyxiated by dying i n  the open air on the wharf. The anim:tls were very active 
before they were taken froin the live-car: I n  each case the pis wis analyzed at a 
fixed time after asphyxiation. The bladder was rapidly removed from the dead 
aniiiial, and a silk l igu t rx i~  was tied a short distance from tho sinal1 crid. Tho cnd of 
the bladder was then aniputatcd, and the 3-way stopper of the I h n t e  tipparatus was 
iaserted into the lumen and fastened by another ligature. The entire Ijun to app:iratus 
being tilled with water, the first ligature was carefully cut, and thc bottom stoppcr of 
the apparatus being opened, the gas from the bladder replaccd the water in the 
instrument. The stoppers wei’c now closed and thc gas analyzed by the ordinary 
methods. I n  No. 4 there was found 17.51 per cent of oxygen, while in No. 6 there 
was only 6.5 per ccn t ;  yet the aninids wcre under practia~11y tlic saiiic conditions. 
?’he amount of CO,, considered independently of the oxygen, also shows no particular 
characteristic, hut when compared with the oxygen it is seen to vary somewhat pro- 

c0 portionately with the oxygen; so that, in the two above cascs, the quotient of -> 0, 
became respectively 0.245 and 0.26. It is evident, therefore, that in all nine cases 
the propoi*tion of CO, to 0, is nearly constant, and thus asphyxia has produced a like 
d e e t  on the gases in the bladder. 

This fact naturally suggested an:tlyscs of gas taken froin normal live animals. 
The first serics were upon mini:ils tirlton frorri ‘the live-car wid, as far as could bc 
judged, in  normil condition. The aninlals were taltci: froin the water and the gas 
collected as rapidly as possible. The result of the nn:~Iyscv of this gas is givenin the 
table, Nos. 14 to 20. Here again there is a tn:rrlwd diflercnce in  absolute :~woun& of 
0, in bladder, and also in  absolute quantities of CO,. The extreiiie differpces 

are shown 1)y comparing Nos. 14 and 20. cocficiont, however, shows a close 
agreement throughout the sewn spccinieris subjcctcd to the same conditions. Even 
in those cxperiinen ts tho c+hiinces for pttrtid :isphjwi:Ltion were not en tircly eliiniiiated, 
for this would begin during the tinie th:Lt the gas \vas heing collected. Anothor 
set of experiments was inado on quote:Lgue i n  which tht. gas was collected while the 
gills of the animals were iisrigatcd with salt water, thus giving no possible chance 
for asphyxiation; the results arc given in Nos. 21 to 23 of the table. I n  this 
experiment, as in the two previous ones, there RI-C differencw in dwolute miomits of co, 0, and CO, in the different spcciiiiens, but tho quotients :LI*C very neai*ly the s:inie. 0, 

These sqnetrague 
represented different stages of asphyxiation. None wcrc ciaad, but none were very 

CO active. The result of the analysis showed a 0,” quotient, which is especially inter- 

esting, for it varied with the condition of thc animal. In No. 10 tho - 2 uoticnt 

CO, 
0, 

The 

Another series of cxperinients is recorded in Nos. 10 to 13. 

CO 
0, g *  

F. C .  n. 1901-9 
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was 0.122, which corresponds with the series beginning with No. 14, and this animal 
was the most active. In  No. 12 the -' quotient was 0.191, which corresponds to 
the first series, and of the three this animal was the nearest dead. 

The table records the result of the various analyses as they were made in 1900. 
In the summer of 1901, a t  my request, both Mr. E. H. Green and Mr. A. K. Krause, 
independently of each other, made analyses of the gas taken from animals subjected 
to the same conditions as described above. uotients fell in 
their respective places in the series. 

CO If we now compare the -' uotients in Nos. 1 to 9 as representing asphyxiated 0, 
animals, and the quotient in Nos. 21 to 23 as representing animals in their normal 
condition, it will be seen that there is a great difference between them. These results 
indicate that there is an active respiratory process taking place in  the bladder during 

CO 
0' 

co I n  both cases the -' 0, 

No, 

1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 

asphyxiation. 

Per cent Per cent 
0,. cop ___ - 
14.46 3.99 
16.85 4.47 
15.80 4.70 
17.61 4.30 
15.91 4.20 
6 60 1.60 

15.M 4.64 
12.'20 3 
9.70 2.90 

18.80 2.30 
16 90 2.60 
12.00 2.30 
17.80 2.80 

19.00 

i:: !: 
8.34 

10 
8. BO 
5.65 

I I - 

2.30 0.121 

i: i4", 
*93 

.70 .12G , 

yg Gas removed while ani- 
mals were alive im- 

*"' ' mediately after deing ii : $i, taken from car. 

Remarks. 

Gas taken after the 
animals had been as- 

' phyxiated by dying 
on the wharf. 

0.275 
.282 
.297 
.246 

.261 

.247 

.mt3 

.122 

.147 

.191 

.157 

.2r4 

. p90 

Gas removed when 
animals were almost 
dead in a crowded 

14 
1.5 
16 
17 
18 
19 
29 

21 
22 
23 

24 

11.86 Gas taken while  gill^ 
were irrigated with 
salt water. 

.OS7 Spinal cord cut and ~ I L H  
11',40 1 I 1 removed. 

SUMMARY. 

1. The evidence for exchange of gases between blood and air-bladder niust be 
sought not in the absolute amount of 0, or CO, in the bladder, but in the proportion 
of these two Rses. 

2.1 The 3 uotient of the gas in the swim-bladder of normal animals is small, 
ranging from 0.06 to 0.10. 

3. The -quotient incrcases as the animal is asphyxiated, and reaches 0.24 
to 0.29 when killed by this means. 

4. The fact that different per ccn& of 0, are found in different squeteague under 
the same conditions strengthens the view that the gas is a secretion; for how could 
ws have 19 per cent in No. 14 and 5.55 per cent in No. 20 under a process of diffuiion? 

5. Fish (Xopholatihits charnmlaonficq~ts) from 55 fathoms of water pave 66.5 per 
cent of 0, and only a trace of CO,, and from 70 fathoms of water hare 69 per cent 
of 0, and a trace of CO,. The deeper the water the snialler the __ 2 quotient. This 
goes on until pure oxygen alone is present in the air-bladder. 

Lb 
0, 

COZ 
0, 
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Contribntions from the Biological Laboratory of the U. S. Fish Commission, 
Woods Hole, Massachusetts. 

BILIARY CALCULI IN T I E  SQUETEAGUE.  

Pathological changes in marine aninials seldom attract our attention, and i t  is 
indeed surprising that ahnormal conditions arc not more frequently found. Thc 
explanation of this must be either that these animals tire remarkably frec from disease 
or that the discascd individuals are quickly cliininated by the uti toward conditions. 

In  1'301, whilo at the Fish Commission 1abor:itory at Woods Hole, iiiy attention 
was called to the presence of gallstones in the squeteague (C@mwio?b regalis) by Mr. 
A. K. Krause, who had occasion to collect the hilc from some threc hundred specimens 
of this species during the summer. Of this number only four showed any lesions of 
the liver or bile passages. I n  one, the liver was apparently cirrhotic; from the other 
three, gallstones were collccted and preserved for the following invcstig a t' ions. 

The calculi in the first squeteague completely filled the gall Idacldcr and thc gall 
duct, in which no bile was found. These calculi (shown in the first or upper group) 
numbered 16 i n  all, weighed 2.485 grams, and wcrcbf all sizes froin a big bean to a 
BB shot. The largest dried ovcr sulphuric ticid wcighed 0,6795 grams; W ~ M  1.5 
centimeters long, 0.5 centimeter thick, and 0.75 ccntiiiieter wide. All of thesc calculi 
were more or loss nodulated, as can be readily seen froni plate XXI. When bisected 
in  a longitudinal plane they arc found to  consist of concentric 1:tycrs ahmg'ed mound 
one or morc nuclei, which wcre very sniall and consisted chiefly of cholesterin. It 
being impossible to pulverize the nir-dried stones, they wcre ininced as fine as possible 
and boiled w i t h  water. 

The aqueous extract (a) contained only a tracc of eithcr organic or inorganic 
matter (see p. 134). The alcohol 
(c) was decanted and evaporated, giving a mere trace of bile pigments, with a little 
cholesterin. The solid rcsiduo (d) was nest digested with ether until thcrc was no 
further extraction. The ether solution (e) on evaporation yielded fat and oholcsterin. 
The latter cry stallieed in  characteristic plates which wcrc easily identitied under the 
rnicroscopc. Dissolved in chloroform.tbesc crystals gave the characteristic choles- 
t:-rin reaction aftcr thc addition of sulphuric acid. Thc solid residue (f) was now 
extracted with dilute hydrochloric acid (1:3) for 12 hours. Effervescenc:e of CO, 
indicated the presence of carbonates, but in small iimounts. Tile acid solution (q) was 
decanted, evaporated to dryncss, and ignited. The itsh dissolved readily in dilute 
hydrochloric acid and on analysis showed the presence of calcium, magnesium, iron, 

The solid rcsidue (b) was oxtrttctcd with hot alcohol. 

131 
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phosphoric acid and sulphuric acid. The solid residue (h) from the HC1 extract was 
washed with water and extracted several times with hot chloroform, which took out 
small quantities of bilirubin at each extraction (i). This method evidently did not 
remove all the pigment, so the solid residue ( j )  was extracted with hot alcohol 
containing a little HCI. This renioved a pigment in considerable quantities (E)  
which gave the qualitative tests for bilirubin. The solid residue (I) was digested in 
ether for 12 hours, but nothing was extracted (m). The residue (n) gave strong 
reactions with Millon's reagent and with the xanthoproteic test. It was divided into 
two proportions. One portion (0) was oxidized with KNO, and Na,CO, and tested 
for phosphoric and sulphuric acids. A control test with the 
reagents alone gave no reaction. The other portion ( p )  was boiled with dilute hydro- 
chloric acid for two hours. The resulting solution was examined for reducing sugars, 
but with negative results. It would seem, then, from the above that the proteid 
substance was of the nature of a nucleo-albumin and not a mucin. 

The small amount of calculi in the first or upper group (plate XXI) not used in 
the preceding. analysis was estimated quantitakively for the principal constituents, 
with the following results: 

Both were positive. 

(See Table I.) 

Calculi dried to constarit wcigiit over &SO1. 
__________ .- 

Per cent. 
Cholesterin and fat.. ............................................. 2.&5 
Mineral ...................... ............................... 8.65 
Bilirubin. ........................................................ 16.14 
Nucleo-albumin.. ................................................ G.59 
Water ............................................................ 11.62 
Solublo in water ...................... !. ......................... Trace. 

00.75 

4.82 Total mh of calculi.. ............................................. 

The fat was in excess of the cholesterin, although a quantitative separation was 
not made. 

The calculi i n  the second group (plate XXI) were from another squeteague (a 
male). They difTcred from the first lot in being smoother and less nodulated. When 
bisected longitudinally they cxhi bited the same concentric structure as the others. 
These stones were found not only in the gall bladder and gall ducts, but also in the 
intestines, and, strangely enough, were crnliedded in tho tissues between the liver and 
intestines. No lesions or scam appeared either in the bile ducts or in the intestines, 
yet these stones must have broken through the walls of these passages at some earlier 
time. 

The largest dried over 
sulphuric acid weighed 0.645 grams, was 1.7 cm. long, 0.8 cm. wide, and 0.7 cm. thick. 
The qualitative analysis agreed with the preceding and was carried out i n  the following 
way: The dried substance, finely minced, was extracted with ether until nothing more 
was dissolved. The ether extract (1) on evaporation contained cholesterin and a 
small amount of fat  (see p. 135). The I-esidue (2) was digested with dilute (2 per cent) 
hydrochloric acid foy 12 hours, giving a slight effervescence of CO,. The extract 
(3) on evaporation showed but little residue and was united with (5) for further 
analysis. The residue (4) was now extracted four hours with warm dilute HCI, 
which removed most of the mineral matter. The extract (5) was analyzed directly 
for inorganic substances. This gave relatively large quantities of phosphoric acid, 

The gall bladder and duct contained a small quantity of bile. 
There were in all eleven stones, weighing 1.865'grams. 
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calcium, and magnesium, snialler quantities of sulphuric acid, and a slight amount of 
iron. The residue (6) was extracted with hot chloroforni, and the extract (7) upon 
evaporation gave but little bilirubin. The 
alcohol extract (9) when evaporated gave a small amount of bilirubin. Thinking that 
there might be pet a bilirubinate which had not becn decomposed by the dilute HCI, 
the residue (IO) was extracted with hot dilute HC1 alcohol for three hours. The 
acid-alcohol extract (11) upon evaporation yielded a considerable quantity of pigment 
which had the properties of bilirubin. A portion of the residue (18) gave strong 
reactions with Millon’s reagent and by the xanthoproteic test. The remainder was 
divided into two portions. The smaller (la) was fused with IZNO, and HNaCO, in 
order to determine the presence of 1’ and S in tho organic molecule. The product 
dissolved in hot dilute .nitric acid gave good reactions for phosphoric and sulphuric 
acids. The larger portion (13) was washed, dried to constant weight a t  105OC., and 
the per cent of N estimated by the Dumas method. An accident a t  the close of the 
determination prevented an accurate estimation. There was at this time 13.+ per 
cent N. The estimation, being of necessity low, can not be taken as an absolute 
indication of the nature of the substance, yet it would seem to suggest a nucleo- 
albumin rather than a mucin. 

The quantitative analysis of these calculi dried to constant weight at 100° C. 

The residue (8) was boiled with alcohol. 

(See Table 11.) 

yielded: 
Per corit. 

Cholestorin (and fat) ..................... ................... 0.47 
I$ilimbin.. ............................... 
PJucleo-albumin ............................................................ 70.69 
Mineriil .................................................................. 5.10 

58.65 
-- 

The difference in per cent of fat and cholesterin in the two analyses is certainly 
striking. The amount of cholesterin in the two cases mried but little as fur as could 
be determined by qualitative reactions, but the fat in  the latter case was evidently 
very much less. 

The gallstones in the third or lower group, taken from the third squeteague 
(a female), were much smaller than the precedinb. The largest, dried ovw sulphuric 
wid, weighed 0.11 gram and the entire 24 weighed only 0.935 gram. The appearance, 
except size, did not differ from No. 2. The calculi were also found in thc gall bladder, 
gall duct, intestines, and embedded in the tissues surrounding the intcstines and 
liver. The qualitative ,znr~lysis did 
not differ from the two preceding, and a quantihtive deterniination was not made. 

The three fish from which the above calculi weie talrcn were appnrently in  
normal condition as far as could be determined when talren froin the witer. The 
livers were perfectly norinul in appear:Lncc. It is a difficult matter to collect the 
urine-from these aniinulx, as it is generdly elimintitod as soon 11s thcp arc tnkcn from 
the water; but the small quantity of urine that was collcxhd showcd the prcsetice of 
no bile pigments. Observations of this character woulcl certibinly be of intcwst i n  
the light of comparatiye physiology. 

Perhaps the most interesting feature i n  the anal~7ses described above is tho high 
per cent of nucleo-albumin, differing in this rcspect from the gallstollcs reported 
from other animals. Further o1iserv:Ltions on thc formation of these calculi might 
Prove to be of value in explaining the c:Luses of such deposits. 

The gall bladder contained ti quantity of bile. 



134 

I’iirt (0) boiled 2 hours with dilute 
HC1. N(J rcdiic~ing substnure. No 
mucin. 
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Residue (TL) divided into two 
pnrta. 

Pnrt (p)  oxidized with KNO:, nnd 
Nn COa DiWOlYed. Test8 for HaI’O4 
n n & S 0 4 .  Nucleo-ulbumin. 

The finely minced cnlculi boiled 
with water and filtered. 

Water extrnct (a) .  Trnces of or- 
gnuic matter. i 

I I I Iicsidue (~r) extrncted with hot 
nlcohol. 

1 
Alcohol extract ( c ) .  Trnces of 

cholesterin and pigment. 

1 Residue ( d )  extrncted with ether. I 
- _ _  __ . - 

extract (c ) .  Chole.ilerin 

Residue (f) extrncted with dilute 
IICl (13). Effervescence of COP. 

I 

Acid solution (q Evnpornted 
ignited. Ash con&kied Cii, Mg, Fe: 
H.P04, H,SO,, K, nnd Na. 

I I 

Residue (h) cxtrnctcd with hot 
chloroform. 

______ -- 

Chloroform extract (i). Smnll 
nmount of bilirubin. 

_______________ 

Residuc (j) (:xtmctcd with hot 
nlcohol containing dllute IICI. 

Acid-alcohol extriict (a). Bili- 
rubin. 

Residue ( 1 )  extracted with ether, 
12 hours. 

Ether extrnct (m) evaporated. No 
residue. 

I I 



BILIARY CALCULI IN THE SQUETEAGUE. 

TABLE 11. 

I Dried substance, finely minced, 
extracted with ether. 

1 Etherextract(1). Cholesterinnnd I 
fat. 

_.____ 

Residue (2) cxtracted with dilute 
€IC1 (2  per cent) for 12 hours. EBcr- 
vesccnce of Cot. 

I HCI cstriict (3) united with ( 6 ) .  I I 
- _ _ ~ _ _ . _  

Residue (4) extracted 4 houm with 
warm dilute HCI. 

I HCI extract (6) contained Mg, Ca, 
Fe, K, Nn, HIPOI, and HgSO,. 

I I 

Rcsiduc (6) extracted with hot 
chloroform. 

I 

~ iimount of bili-rubin. 7 I 
Chloroform estract (7). Small 

~ ~ 

Alcohol estract (9). Sma!lamount 
of bili-rubin. 

I .  I 1 HC1 alcohol. 
Residue (10) extracted with dilutc 

Acid iilcohol extract (11). Bili- I rubin. 

Rcsidue (12) divided into two 
parts. 

Smaller ar t  (14) oxidized with 
KN08 + H8aCOs gave H # 0 4  inid 
HyS04. 

Larger pnrt (U) washed, dried to 
constant weight e t  100° C., gave 13+ 
per cent N. 
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A REPORT ON FISHES COI,I,EC‘I‘ED I N  MEXICO AND CENTRAL AMERICA, 
WITH NO’I‘ES AND 1)ESLRIPTIONS OF FIVE NEW Sl’ECIES. 

BY BARTON WARREN EVBRMANN ‘AND EDMUND LEE GOLDSBOROUGI-I. 

During the past ten years Messrs. E. W. Nelson and E. A. Goldinan, of the 
Division of Biological Survey, Departinelit of Agriculture, have spent much time 
in Mexico slid Central Ainwicri 1n:Lking collections of mun~nials and birds. Inci- 
dental to their regu1:u. work these gcntlcnien have been able, from time to time, to 
nlake seveid sniall collections of tishes, which hi& been referred to the Commission 
of Fish and Fisheries for identification. Crrtitin of these collectionn * have dready 
been reported upon. 

In April and May, 1900, MY. Nelson and Mr. Goldmnn made a considerable 
collection i n  the State of Tab:~sco at  Montecristo nnd Teapn. The spcci~iicns from 
Montecristo came from the Rio Usumncintu, and those from Tenpa froni the Rio 
Teapn. A few speciinens were obtr~ined a t  Frontera, 011 the Gulf of C:~nipcche, at 
the mouth of the ltio Grijalva. 

Montecristo is situated on the Itio Usuniacinta some 125 iniles fro111 the sea. 
This is the largest river in Mexico, it being about 300 yards from bnnli to bank a t  
Montecristo. The fishes obtained at  this place were secured by means of a seine 
hauled in  :i shallom cove bchind a sand bar. ’The seine was hauled at night, arid 
several species obtained. The fishei.inen say thnt in the daytime the fish remain in 
the deeper water of the river, coining out into shallow water only during tho night. 
Tho collection from this place contains 21 speciniens, representing 10 species, the 
most interesting of which are 2 specimens of :L new species of bagrc or cat-fish 
I)elonging to :I genus ( C’o?,f,i,I,,~ircI,oa) not pi*eviously Iinown to be represented in 
waters north of .13rmil, and a spccimen of the fresh-water di*uni (ApZo&mt~~s  p i i i -  

9 t i c m s ) .  
Teapa is at  the h e  of the niountains on the Itio Teapa, a tributary of the Itio 

Tapijulapa, about 195 miles inlniid. Eight speciniens of fishes wcrc obtiiiiied here, 
represcnting 6 species, nniong thein a new species of (/yicI, Zasotim. 

I n  February and Mwch, 1901, another interesting colleotion was tilndc by Messrs. 
Nelson snd Goldinan i n  Yucatan, chiefly u t  Chichen .I tza, l’rogreso, l’uerto Murclos, 
Muleres Iel:ind, i~nd Cozuniel Island. 

Chichen Ttm is an interesting hacienda in the interior of Yucatan, about 140 
niiles from tlie sea. I n  this region, as well :is elscwhere over the greater part of 
Yuc:itan and northern Campecho, there are 110 streams or surface water of tiny kind, 

*Notes on Fishes eollot’ted by IC. W. Nelsoii on the Tres Muritis Islands, tilid iii Siunlon uiid Jaliseo, Mexico, by I h r t m  

Notes on i i  eolloc2tluii of Fishes from Mexiro, with ctcserlptioll of 11 new speelcs of IJlntypuwilliu, by Ihkrtoii A. I3etiii. 
Warren Evernitinn. <I’roc. Wasli. Uiol. Sot-., XII, gp. 1-3, 1898 (Jnuii i~ry 27). 

<hoc. U. S. N. M., X X I ,  1898, 689-512. 
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except occasional natural surface tanks in which some water is found. The entire 
country is, however, underlaid by water approximately at  sea level. At various 
places over the country are natural wells, called “cenotes.” These are natural 
excavations in  the liinestone rock, usually with more or less water at the bottom. 
The distance from the surface of the country down to that of the water i n  the cenotcs 
seems to vary with the elevation of the country nbovo sea level. Near the  seashore. 
where the elevation of the country is but a few feet nbove the sea, the water in th(1 
cenotes will be only :L fcw feet beneath the land surface. The elevation of the coun- 
try increases toward the interior and the depth at  which the water stands in the 
cenotes becomes correspondingly greater. These wells are usually appi~oximately 
circular and vary froin a few feet to 50 to 75 yards in diameter. The walls are more 
or less perpendicular, and it is difficult to reach the water; however, i t  is usually 
possible to find irregularities or steps in the wall, on at  least one side, by means of 
which the water mtiy be reached. Frequently the wells are wholly inaccessible. 
Sometimes the well is in a sink or cave. 

I n  some wells the water is quite shallow, while in others it is of unknown depth. 
I h e  water usually :ippears green, as in  all limestone regions, but in some shallow 
wells it seems to be soinowhat muddy. There is uwally a thin coating of fine dust on 
the surface of the water which becomes readily noticeable on throwing any object into 
it. There 
is a belief prevalent among the natives that these wells are connected. However 
this may he, the presence of fish in them is a most interesting fact for which it is 
not easy to account. How old the cenotes are can, of course, be known only approxi- 
mately, but they have certainly been in existence a long time. 

The well at Chichen Itza from which fishes mere obtained is nearly circular, 
probably 60 yards a(:ross, and very deep, the water surface being about 90 feet below 
the land surface. Mr. Goldman slates that he has seen fishes in  severnl different 
wells on the east coast near Yuerto Morelos, and that the natives say there are fish 
in all the larger ones. The only species thus far obtained from these wells is IA3ro.s 
urophthalmus, 7 specimens of which were obtained by Mr. Nelson from the Chichen 
Itza cenote. Mr. Goldman thinks the fish he saw were of this specks. Mr. Nelson 
heard that cat-fish occur in a well a t  Chichen Itza, but did not see any specimens. 

According to the natives the fish in these cenotes disappear a t  intervals and return 
again. At certain times they cnn neither be seen nor caught; a t  other times they may 
not only be caught, but are seen swimming about at the surface. 

At  the time of Mr. Nelson’s visit, which was during the second week in Eebruary, 
none could be caught, and the natives said they were away. The seven specimens 
obtained had)een secured previously, perhaps a year 01’ two before, and kept in a 
large masonry water-tank vhich was supplied with water by t i  wind pump. They 
had been caught by means of hook and line baited with pieces of meat. They had 
apparently bred in the tank, w many very young ones were seen swimming about. 

Another lot of fishes, chiefly salt-water species, was obtained a t  l’rogreso, vhich 
is on the north coast of Yucatan, only a few miles from Merida, the principal town. 
Some were obtained from fishermen, while others, chiefly Cyprinodonts, xere  seined 
in a small lagoon; others were gotten at  Puerto Morelos, situated on the east coast of 
Yucatan. Soinc five or six species were obtained here from the sea, and a lot of the 
smaller species from a small lagoon. 

r 1  

Tlie water is said to be pure and sweet, but strongly charged with lime. 
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Mujeres Island, about 3 miles off the east coast of Yucatan and about 40 miles 
north of Cozuiriel Island, is about 6 miles long and one-fourth to 1Q miles wide. It 
is separated from the mainland by shallow water, and is headquarters for the fisher- 
men of this coast. The fishes obtained here came from a sniall mlk-water lagoon. 

At  Cozumel Island, some 8 to 10 miles off the east coast of Yucatan and about 
40 miles south of Mujeres Island, only a few salt-water fishes were obtzined. 

Various oth”er small collections from Mexico have come into our hands from time 
to time, which we have studied in connection with the preparation of this paper. 
There is, first, a collection of 50 specimens representing 5 species obtained by AMI-. 
Nelson in July and August, 1599, from the Rio Piedras Verdes and Lake Santa Maria, 
in Chihuahua, and 5 specimeiix representing 4 species collected at the same time in the 
Rio Piedras Verdes by Prof. C. H. Tyler Townsend and Mr. C. M. Barber, of Mesilla 
Park, N. Mex. We have also 2 species of Chirostoma obtained in the market a t  
Guadalajara in 1899, 3 species gotten in  Lake Lerina at  Lerma, State of Mexico, in 
1901, and one species bought in the iiiarket at Ynutepec, State of Morelos, in 1901, 
all from Dr. J. N. Rose. Then there arc a few specimens representing 4 species 
which we have received through thc kindness oi! Mr. Charles C. Deam, of Bluffton, 
Ind., who collected thein in Dcceiiibe~-, 1898, at Salina Cruz, Gulf of Tehuantepec; 
and lastly, 2 ‘specimens of the very interesting species A.rznhZeps dov?X, obtained by 
MI-. Nelson in April, 1896, from the Tehuantepec ltiver at Tehuantepec City. 

All of these collections are reported upon in  the present paper. 
The nomenclature and sequence of species in the following annotated list is that 

of Jordan & Everniann’s Fishes of North and Middle America:” 
1. Rhinobatus lentiginosus Garninn. Guitarro. 

southern record for the species. 

2. Lepisosteus tropicus (Gill). 
Head 3.5; depth 9; eye 10.8; snout 1.75; lower 

jaw 2; iuterorbital 4; I). 5; A. 7; V. 6; P. 12; scales 53, 17 rows from base of ventral upward a i d  
forward to and including median dorsal row. Body rather short and stout; snout short and broad, ita 
length less than half that of head; upper jaw the longer; teeth sharp, those of upper jaw in 2 lateral 
rows; enlarged teeth of lower jaw in one row; eye small; fins moderate, origin of dorsal slightly behind 
that of anal; first dorsal ray about 1.5 in snout, with numerous small, sharp, supporting spines in 2 
rows on each side; similar supporting spines on all the fins; anal high, its longest ray 1.3 in snout. 
Color in alcohol, leaden silvery or plumbeous above, white on belly; no rpots on body excsept a large 
one at  base of caudal fin aiid 2 or 3 smaller indistinct ones in front of it; rays of dorsal, caudal, and 
anal dusky, the membranes pale; pectorals and ventrals pale. 

3. Felichthya marinus (Mitchill). 

snout 4 25; interorbital 1.5; D. I, 7; A. 11, 20 or 21. 
than those heretofore recorded. 

One specimen, 18.5 inches long, from Progreso, Yucatan, February 28, 1901. This is the most 

fiopical Gar PLkc. 
One specimen, 20 inches long, from Montecristo. 

Dafl-topsail; Sca Cat-fisli. 
Two specimens, 10 and 12.75 inches long, from Progreso. Head 3.5 and 3.86; depth 4; eye 5; 

The head ip larger and the anal has 2 or 3 fewei rays 

4. Oaleichthye felis (Linnreus). 

interorbital 2.25; D. I, 7; A. 13 or 14; maxillary barbels reaching base of pectoral. 

*The Fishes of North nnd Middle Amerlcn: A Deacriptive Cntdoguc 01 the Species of Fish-like Vcrtcbrntes found in 
the Waters of Nortli Amerlfn, north of llio Istlimiis of Paiinmn, by Dnvltl Stnrr Jordnn rind Bnrton Warren Evermnnn; 
issued as Biilletin No. 47, U.S.N.M., 4 vola., pp. I-xxl~+1-1240, 1898; 1-xxx+1241-2183, 1898; I-xxIv+21~a-313G 18Y8; and 
I-CIt-3137-3313, plates I-CCCXCII, 1800. 

Lj”j’a Cat-&h. 
Two specimens, 9.5 and 10 inches long, from Progreso. Head 3.5; depth 5.5; eye 6; snout 3; 

-_ 
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5 .  Conorhynchos nelsoni, new species. 
Type, No. 50001, U.R.N.RI;, a inale, I G  inches long, collected May 8, 1900, by E. W. Nelson and 

E. A. Goldinan, in the IZio Usumac-inta, Montecristo, Yucatan. Cotype, No. 2382, U. S. F. C. reserve 
series, a male 13.5 inches long, collected at same time and place. 

Head 3.2; depth 5; eye 8; snout 2.1; interorbital 3; I). I, 6; A. 17; gillrakers 10+4, short and 
weak, longest scarceiy greater than diameter of pupil; gill-arches very convex. Body nearly terete, 
gradually tapering and becoming somewhat compressed posteriorly; width above pectorals not quite 
eqnal to depth; heatl conic, about as wide as deep at any point, a granular saddle over occoipital region 
extending anteriorly to posterior portion of eye; a small granular saddle at base of dorsal in front, 
posterior edge i-oiwave; fontanclle long and narrow, beginning an eye’s diameter in front of eye and 
extending an equal distanc%e behind eye, a narrow transverse bridge equal to diameter of pupil 
just back of posterior border of eye; snout very long, pointed; inout11 small, nearly circular, upper jaw 
the longer; barbels all very short; maxillary 1,art)el not nearly reaching eye, its length about 2 in 
snout; other barbels shorter; no teeth on vomer and palatines; teeth on upper jaw confluent in one 
broad patch, concave posteriorly; teeth of lower jaw very weak; buccal cavity very large; roof of 
mouth dome-shaped; eye high, its lower edge on a line with upper part of gill-opening, its distance 
froni end of snout equal to distance froni c8entrr of pupil to gill-opening; origin of dorsal midway 

Iltrgre. 

FIQ. I.-Conorhi/~acl~os nelsont, new species. The maller figure is nenrly nntural size, the other one-third nLtural size. 

between tip of snout and posterior base of anal; dorsal spine of moderate strength, 2.16 in head, 
slightly granulated along its lower front for half its length, upper posterior third roughly serrated; the 
first soft dorsal ray about as high as body; distance between dorsal and adipose fins 1.4 in head; adipose 
fin large, its height 2.25 in that of dorsal fin, its base q u a l  to that of soft portion of dorsal; caudal 
deeply forked, the upper lobo the longer, equal to snout and eye; ventral rays shorter than pectoral 
rays; pectoral fin moderate, its longest ray more than half head, its spine stouter than dorsal, 2.5 in 
head, its posterior edge very strongly serrate; anal large, its longest ray 2.75 in head. 

General color in alcohol, light brown above lateral line, with bluish reflections; silvery below, 
becoming pale on belly; dorsal pale dusky, spine darker in front; adipose fin color of its dorsal region; 
c-autlal pale with some inclirations of yellow a t  its base and d e s ,  inner edge of lobes tipped with 
black; anal pale; ventrals pale, slightly dusky inside; pectoral pale, dusky on inner side. 

When the type specimen was obtained by Mr. Nelson there were fonnd in its mouth 39 well- 
cieveloped eggs. 

This habit of certain oat-fishes of carrying their eggs in the mouth is a curious and very interesting 
one, a habit about which inore or less has been known for many years. 

The first and most complete account of this habit of cat-fishes carrying their eggs in their mouths 
is that by Dr. Jeffries Wyinan, which he conimunicated to the Boston Society of Natural History at ita 

The cotype, also a niale, rontained one egg in its mouth. 
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meeting of September 15, 1857. I n  lE59, in a paper entitled “On some unusual modes of gestation,”” 
Dr. Wyman published a full account of his observations as follows: 

“Among the Siluroid fishes of Guiana there are several species wliich, a t  certain eeasons of the 
year, have their mouths and branchial cavities filled either with eggs or young, and, as is believed, for the 
purpose of incubation. My attention was first called to this singular habit by the late Dr. Francis W. 
Cragin, formerly United States consul at Paramaribo, Surinam. In  a letter dated August, 1854, he says: 

‘ I  ‘The eggs you will receive are from another fish. The different fishermen have repeatedly 
assured me that these eggs in their nearly mature state are carried in the niouths of the parent till 
the young are relieved by the burstin of the sac. Do you either know or beliwe tI$s to be so, and, if 
possible, where are the eggs conceive8 and how do they get into the nio!ith?’ 

“In the inonth of April, 1857, on visiting the market of Paramaribo, I found that this statement, 
which at first seemed to be very improbable, was correct as to the existence of eggs in the mouths of 
several species of fish. In  a tray of fish which a negro woman offered for sate, I found the niouths of 
several filled with either eggs or young, and subsequently an abundance of opportunities occurred for 
repeating the observation. The kinds most coininonly known to the caolonists, especially to the 
negroes, are jura-bakka, njinge-rtjinge, koepra, mnkrede, and one or two others, all belonging either to 
the gems B n ~ ~ s  or one nearly allied to it. The first two are quite (*oinnion iii the market and I have 
seen many specimens of them; for the last two I have the authority of negro fishermen but have never 
seen thein myself. The eggs in my collection are of three different sizes, indicating so inany species, 
one of the three having beell brought to me without the fish from which they were taken. 

I‘The eggs become quite large before they leave the ovaries, aud are arranged in tliree zones corre- 
sponding to three successive broods, and probably to be discharged in  three successive years; the 
mature eggs of a jara-bakka 18 inches long nieasare three-fourths of an inch in diameter; those of the 
second zone, one-fourth; and those of the third are very minute, about one-~ixteenth of a11 inch. 

‘‘A careful examination of eight specimens of njinge-njinge about 9 iuches long gave the following 
results. 

“ The eggs in all instances were carried in tlie inouths of the males. This protection, or gestation 
of the eggs by the males, corresponds with what has been long noticed with regard to other fishes, as, 
for example, 6”j‘nglngnatl~us, where the marsupial pouch for the eggs or young is found in the males only, 
and Gasterosteus, where the male constructs the nest and protccts the eggs during incubation from the 
voracity of tho females. 

“ I n  some individuals the eggs had been recently laid, in others they were liatclied aiid the fwtas 
had grown at the expense of sonie other foot1 than that derived from tlic yolk, as this last was not 
proportionally diininishecl in size, and the fmtus weighed inore than the undeveloped egg. The n u i i i -  

ber of eggs contained in the mouth ww between twenty and thirty. The mouth and branchial cavity 
were very much distended, rounding out and distorting the whole hyoid and 1~rancl:iostegal region. 
Some of the eggs even partially protruded from the mouth. Tho’ ova were not bruised or torn as if 
they Imd becii bitten or forcibly held by the teeth, In ninny instances the fmtuscs were still alive, 
though the parent hat1 been dead for many hours. 

“ No young or eggs were found in the stoniarli, although tho mouth was crammed to its fullest 
capacity. 

“The above observations apply to njinge-njinge. With regard to jarra-bakka, 1 had but few 
opportunities for dissection, but in several instances the saine conditions of the eggs were noticed as 
stated above; and in one instaiicc, besides some nearly mature fcctuses contained in the mouth, two or 
three were squeezed apparently from the stomarl:, but riot bearing any marks of violence or of the 
action of the gastric fluid. I t  is probable that these found their way into that last cavity after death, 
in consequence of the relasation of the sphincter which separates the cavities of the n-routh and the 
stomach. These facts lead to the conclusioi: that this is a mouth gestation, as the eggs are found there 
in all stages of devclopment, and even for some time after they are hatched. 

“The question will be very naturally adced, how under such circumstnnccs tlicse Aslies are able 
to secure and swallow their food. I have made no observations bearing upon such a question. Unless 
the food coiidists of very minute particlcs it would seem necessary that during the time of feeding the 
eggs should be disgorsd. If this suppositiou be correct, it would give a very probable esplanatiqn of 
the ouly fact which might be considered a t  variance with the conclusion stated above, viz, that we 

*Am. Jour. Sciciicc arid Arts, sceolld series, S X V I I ,  May, 1859, 5-13. TIIIY paper IVIIY c o ~ ~ ~ m u ~ i i m t e d  to the Boston 
Society of Natural History September 15, 1857. 
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have in these fishes a mouth gestation. In  the mass of eggs with which the mouth is filled 1 have 
occasionally found the eggs, rarely more than one or two, of another species. The only way in which 
their presence may be accounted for, it seems to me, is by the supposition that while feeding the eggs 
are disgorged, and as these fishes are gregarious in their habits, when the ova are recovered the stray 
egg of another species may be introduced into thv mouth among those which naturally belong there.” 

One of the earliest accounts of this curious habit which we have seen is that by Dr. Gunther* in 
which he says, referring to specimens of AriuR j i usus  from Cayenne received from Prof. R. Owen: 

“These specimens having had the cavity of the mouth and of the gills extended in an extraordi- 
nary manner, I was induced to examine the cause of it, when, to my great surprise, I found them filled 
with about twenty eggs, rather larger than an ordinary pea, perfectly uninjured, and with the embryos 
in a forward state of development. The specimens are males, from 6 to 7 inches long, and in each the 
stomach was almost empty. 

“Although the eggs might have been put into the mouth of the fish by their captor, this does not 
appear probable. On the other hand, it is a well-known fact that the American Silaroids take care of 
their progeny in various ways; and I have no doubt that in this species and in its allies the males carry 
the eggs in their mouths, depositing them in places of safety, and removing thein when they fear the 
approach of danger or disturbance.” 

The following extract is from an interesting article “On the air-breathing fish of Ceylon” by 
Rev. Principal Boake, published in the Journal of the Ceylon Branch of the Royal Asiatic Society 
for 1865-66 (1866) pages 128-142, the extract occupying pages 138-142: 

“ Having occasion to visit Caltura periodically, I was told on one of my visits of a fish which is 
caught a t  certain seasons in very large quantities, and which has the singular habit, when held up by 
the tail, of emitting from the mouth a quantity of eggs. So great is the number thus emitted that 
when many fish are captured the eggs are eagerly collected from the bottoms of the boats and carried 
away to be fried, and are greatly relished by the villagers when so prepared, while the fish themselves, 
being too numerous to be consumed in their fresh state, are salted and dried, and often form an 
ingredient in the curries which appear at our tables. 

“The description which I received of the manner in which the eggs are procured seemed to point 
to the rondusion, universally believed by the natives, that the regular mode of bringing forth their 
young is, in the case of these fish, through the mouth; a fact which seemed to me to be so singular 
that I determined to stay a day or two longer at Caltura when I next visited it, for the purpose of 
investigatiilg the circumstances which seemed to indicate so singular a conclusion. 

“The result of my investigation was, as might have been expected, that I ascertained that the 
circumstances had not been fully or accurately observed, and consequently that the conclusion to which 
they pointed wa.9 erroneous; but I, at the same time, satisfied niyself of a fact in the natural history of 
those fish, which will perhaps be regarded as but little less extraordinary than their novel mode of 
parturition would have been, if it had been established as true, and which, as Ceylon has acquired 
some notoriety for marvelous stories respecting iB zoology, I should fcel some hesitiLtion in stating, 
were it. not that, in addition to the abundance of unexceptionable testimony, I was able to procure 
specimens illustrating the whole extraordinary process. 

“These fish produce their eggs in the first instance very much in the same manner as other 
inhabitants of the waters do, with this exception, that the eggs seem to come to maturity in batches 
of ten or twelve. I t  contains the roe of one out of a large number of 
fish that I examined. You will perceive that, besides eight or ten large eggs, there is a whitish mass, 
which, on being closely examined, will be found to consist of other eggs of very niinute size; the differ- 
ence in size between those which arc ready for emission aud tlic others which are immature being 
very remarkable. The strange fact, however, is that the large eggs on being emitted are irnniediatoly 
taken up, either by the fish that has laid them or by another of the same species, and, not swallowed, 
but kept in the mouth until they are hatched and the fry are able to take care of themselves, a period 
of some weeks, during which it ie impossible that the fish, which is swimming about with so extraor- 
dinary a mouthful, can SWd1bW any food except such small nutritious particles as may be floating 
about in the water. When these fish first make their appearance at Caltura, in the beginning of the 

Bottle No. 1 will illustrate this. 

- - ~ - - -  ______ - - ______ 
*Catalogue of the Fishes in the British Museum, by Albert Gunther, v, 1864, p. 173. 
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season, they are said to be so fat that the curry made with them resembles that made with pork; but 
after swimming about for a few days, with their mouths full of eggs, they become dry and insipid. I n  
bottle No. 2 you will see thirteen eggs, which I shook out with my owq hands from the mouth of a fish 
8 or 9 inches long, each egg being about the size of a sinall grape. Preserved in that manner, viz, 
in glycerin, the eggs retai$ their natural color and transparency, w.hereas in spirit they soon become 
opaque. In  the same bottle are some other eggs which were obtained by pressure, and which present 
the same remarkable difference in size as those in No. 1. You will perceive that these latter are per- 
fectly transparent, the smaller ones being scarcely visible, whereas those which were shaken out of the 
mouth of the fish contain a perfectly formed embryo and have a system of blood vessels spreading 
over their surface on one eide. In  bottle No. 3 you .will see one of the eggs in a more advanced stage 
of development. Both the head and tail of the embryo have escaped from the egg, which, very little 
diminished in size, remains appended to the iniddle.of the fish, giving it 11 very distorted appearance. 

”This adherence a€ the egg to tlie young fish after i t  has been hatched is not peculiar to this. 
species. The same thing occurs in the caw of the salmon fry, which are being produced, under the 
auspices of Mr. Baclrland and other eminent pisciculturists, in such quantities as to give us some grounds 
for hoping that that delicious fish may become again so conimon in the rivers of Ihgland that it shall 
no longer be a luxury accessible only to the wealthy, and that farm laborers iriity again, as is said 
to have been formerly the case in the neighborhood of Newiwtle, find it necessary to stipulate in 
their engagements with their employers that they shall not be fed on salnion on more than two days 
in the week. 

“This is the only Rpecimen I was able to procure in that stage of development, the time not 
having then arrived for the general hatching of the eggs; but an intelligent friend, who is at CaItura at 
present, has promised to procure me other specimens, which will, I trust, enable m e  to ascertain a 
fact which I am inclined to believe, although I am not m yet prepared to aqsurt it positively, xiainely, 
that the egg so appended is, in fact, the stomach of the aiiinial in the state of enormous distention, 
and that? as its contents are absorbed while the other parts of the fish grow in size, it  gradually 
assumes a,more natural proportion to the rest of the body. To this conclusion 1 am led by observing 
the system of blood vessels, which is perceptible on the side of the egg opposite the enibryo, and which 
certainly looks as if it was intended to form part of the organization of the future fish. 1 have since 
ascertained, by the aid of William Ondaatje, esq., assistant colonial surgeon, that the f ivh  which carry 
the eggs, and subsequently the young fry, for so long u tiine.in their mouths, are all males. 

They are regarded by 
them as all belonging to the same species, nor would an unscientific observer be likely to discover any 
specific difference between any of tlie specimens that I have seen; but having sent several speciinens 
to F. Layard, esq., I received a letter from him in August last, in which he iiiformed me that he had 
submitted the specimens which I sent him to Dr. Giinthsr, of the British Mnseuin, who had ascertained 
that they belong to two distinct species, both new, of the genus ilrius. Mr. Layard further tells nie 
that the carrying of the ova in the mouth is not so novel a phenomenon as 1 supposed it to be, Dr. 
Giinther having described that peculiarity in the propagation of the genus A k a  severd years ago, 
from South American species.” 

“ The name by which them fish are known to the natives is dnguhwa. 

It appears that the Res. Bancroft Boake sent some of his specimens to the botanist, Dr. Greville, 
who in turn transmitted them to William Turner, who published the following account“ concerning 
them: 

“The various plans resorted to by fish of depositing their ova, and protecting them during the 
period of incubation, have not infrequently attracted the attention ,of naturalists. One of the most 
curious arid interesting observations made on this subject was brought before the Boston Society of 
Natural History about nine years ago, by Dr. Jeffries Wyinan. Ne stateat that when walking through 
the market of I’araniwibo, in Dutch Guyana, he found the mouths of several species of Siluroid fish 
belonging to the genus Bap-ruu, or to one closely allied, distended with ova, sometimev between twenty 
and thirty in number. The eggs were in various stages of development, some recently deposited, 

*On a rcmarknblc modc of gcstatioii in nii undcscribcd spccies of Arius ( A .  bonkcLeii), by William Turiicr, If. B. 
<Jourii. Aliat. and Phps., vol. I, 1867, (land.), F. It. S. E., scuior dcmoiistrator of anatomy, Uiiivcrsity of Ediiiburgh. 

Dr. ?8-82. Ecab befGre tbc British Amocirition for the Advancement of Sciciicc, August 29, 1SOG. 
t Proceeding-3 of Boston Society of Natural History, Sept. 15, 1857, and American Journal of Science, vol. LXXVI, 1859. 
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others with the embryo very considerably advanced. The eggs were always in the mouths of males, 
and were not bruised, and none was found in the stomach. In  the fifth volume of his Catalogue of 
Fishes in the British i\luseurri *;Dr. Gunther relates that, whilst examining some specimens of Arizis 
f iw~s  from Cayenne, presented to tlie Museum by Professor Owen, he was surprised to find their 
mouths and gill chambers distended with about twenty eggs rather larger t h n  an ordinary pea. The 
eggs were perfectly uninjured, and the embryos in a forward state of development. These specimens 
were also males. 

“Again, Professor Agassix, writing from the river Amazon, Septembor 22, 1865,t states that he had 
observed a species of Geophugus, G.  pedroinus, a fish belonging to the family Chrornida, in which the 
mouth and a pocket-like pouch, formed by the superior pharyngians, contained a number of ova. How 
the eggs get into the mouth he is quite ignorant, but there they remain until the young are in a fit state 
to take care of themselves. In all the above cases the fish are denizenp of the South American Continent, 
and, except the species described by Agassix, belong to the Siluroid family. 

“The observations to which I shall now direct attention prove that this rernarkal)le egg-carrying 
habit is not confined to certain species of fish dwelling in the New World, lint is s h a r d  by some of the 
fish of the Old World also. In  the month of April of the present year I received for examination, from 
the eminent botanist, the late Dr. Greville, sope specimens of Siluroid fish, which had been sent him 
by the Rev. Bancroft Boake, of Ceylon. The specimens were accompanied by a copy of the literary 
snpplenient to the Ceylon Examiner, to which Mr. Boake hat1 communic~ated ‘An account (dated April 
20, 1865) of some peculiarities in the habits of certain species of fish that are found in the waters of 
Ceylon.’ The most interesting portion of this narrative consists of an account of $lie habit of a fish 
caught at Caltura, in that island. When held up by the tail it emits from the mouth a quantity of 
eggs, which, when many fish are captured, are fried and used for food by the natives. The fishermen 
suppose that the regular mode of bringing forth the young is through the mouth, but Mr. Boake 
satisfied himself that the fish produce their eggs in the ordinary way, and that after being dep6sited 
they are immediately taken into the mouth, either by the fish that has laid them or by another of tlie 
same species, where they are kept until they are hatched. 

Tlie female had no ova in her 
mouth; but from the appearance of the abdomen it was evident that the ovaries were distended; ami 
on opening into the cavity I found a large sac-like ovary on each side of the middle line. Each ovary 
measured 24 inches in length and extended forward almost as far as the pectoral fin, where it formed a 
rounded free end, whilst posteriorly it was somewhat cwnstricted, and opened by an orifice common to 
it and its fellow immediately behind the anus. The ovisac contained a very large nuinber of eggs in 
various stages of growth. Some were like minute granules, others, and these were very niitnerous, 
like mediuni-sized shot, whilst a third bet equaled in size grapes or small cherries and very materially 
exceeded therefore the size usually attained by the eggs of osseous fish. These last, only six in number 
in each ovary, had evitlently almost reached the full period of intraovarian growth. Each ovum 
was attached to tlie inner wall of the ovisnc by an independent pedicle, the atro,)hy of which would 
necessarily precede the discharge of the egg. 

“The niouth and branchial chamber of one of the male fish were distended with 10 ova as large 
as those found in the ovarium, which were so closely packed together that water, or minute particles 
of food, could only pass backward to the gills or the ccsophagns by filtering through the narrow 
interspaces between the eggs. In  each ovum tlie development of tlie embryo had advanced SO far 
that the eyes, chorda dorsalis, and cerebro-spinal nervous axis could without difficulty be tlistingaished, 
and from the ventral surface of the embryo numerous vessels were seen ramifying over the surface of 
the yelk. Only 1 of the 10 
eggs had sustained any injury, ita investing membrane being ruptured, so that a portion of its contents 
had escaped. It is interesting to note that the palatine teeth of the fish are granular, so that their 
form is well sdapted for permitting the retention of the ova in the mouth with a ininimuiii of injury. 

“ Mr. Boake’s observations show that the eggs are riot placed in tlie mouths of the fish by the 
natives for purposcs of deception, but that the instinct of the animal prompts it to take them into that 
cavity; and it is, as these specime~is show, by the male, and riot by the female, that this act is performed. 
In this respect this Cingalese fish agrees with those already described by Drs. Wyman aitd Gunther. 

“The specimens given to me were two males and one female. 

. 

The embryos measured from one-half to seven-tenths of an inch in length. 

*London, 1864. tQuarterly Journal of Science, 1). 302, April, 1866. , 
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“Opinions may differ as to the reason of this remarkable habit. It may be supposed that the 
male uses the eggs for food, or that he takes them into his mouth for temporary protection, discharging 
them again when the danger no longer exists, or that their presence in that cavity is connected with the 
process of incubation. The last of these suppositions seems to me most probable, for the habit of 
distending the mouth with eggs appears to be so common in this species of fish that it is a matter of 
ordinary observation amongst the natives. The eggs are not torn or bruised, as they would have been if 
subjected to the process of mastication, the stomach does not contain any fragments, and in each ovum 
is situated an embryo in a more or less advanced stage of development. Again, naturalists are 
acquainted with other fish which play a part in :lie incubation of their ova; the male pipe-fish, the 
inale Ifippocampus, and the Aspredo la‘uis, described by Wyman, possess specid arrangements for 
receiving and carrying about the eggs until they are hatched. A close relation apparently exists 
between the number of eggs which come to maturity at  a given time and the number which the male 
can carry in his mouth. In  the female I examined, 12 eggs are evidently reaching their full growth, 
whilst the male has 10 in his mouth; and from another specimen examined by Mr. Boake as many as 
13 were shaken out. This is a smaller number than was observed by Drs. Wyman and Giinther in 
their Siluroids, but the eggs are in this species of much larger size. As the distended condition of the 
mouth would necessarily materially interfere with the reception of food by the male fish, it may be a 
question if he does not eject then] during feeding, or perhaps during the time lie plays the part of a dry 
nurse the quantity of food he takes may be almost nil.” 

I t  also appears that the Rev. Mr. Boake wilt some of his specimens to F. Layard, esq., by whom 
they were submitted to Dr. Ciunther, who wrote concerning them: * 

“A sinall collcction of fresh-water fishes, made by the Rev. 13ancroft Boake in Ceylon, and kindly 
subinitted to my examination by F. Layard, esq., contained two Siluroid fishes of the genus h-ius, 
which are of great interest, inasmuch as they prove that the peculiar habit which I have descrilml in 
an American species, A .  ~ J S U S  (Fish, v, p. 173), vie, the mode in which the parent fish takes a r c  of 
its progeny, is not confined to South Ainerican species, but exists also in tlie East Indian ones. The 
niature ova are of the same large size in all these fish, and in all it is tlie male which (wries thein in 
the spacious cavity of its mouth. According to Mr. Boake, who has published an account of the habits 
of these fish, they are called Angulnvm.” 

I n  Dr. Day’s volume on the fishes of British India,? we find the following paragraph concerning 
this curious habit: 

‘ I  The breeding of these fishes is peculiar and deserves attention. The eggs of Brius are large, 
averaging about 0.5 to 0.6 of an inch in diameter, and I have found many males of the genus, and also 
of O,uleogeniosus, with from 15 to 20 eggs in their mouths. Somo of these egby were in an early stage of 
tlevelopment, others nearly ready to be hatched; while in the mouth of one specimen was a hatched 
fry having the yolk bag still adherent. The eggs filled the cavity of the mouth and extended farback 
to the branchip. 

I ‘  I n  the female organs of generation the eggs seemed to come to maturity in batches of perhaps 50 
at a time. On examining the conforination of the ventral fins, those of the females appearecl to lie 
larger than those of the males; the rays were thickened by a deposit of fat, whilst the innermost one 
had a large pad attached to its posterior edge. These fins can be expanded into a cup-like surface, the 
use of which may be to receive the eggs as extruded, which may be vivified there by the male. 

I ‘  Whether the male carries about these eggs in his mouth until hatched or only removes them wlie~l 
danger is imminent from some spot where he is guarding them is questionable, but in none of the 
speciinens which I examined did I find a trace of food in the intestines of the males which had been 
engaged i n  this interesting occupation. 

“This has been observed likewise elsewhere by Mr. Boake in Ceylon, and Dr. Hensel has recorded 
the same of a UraA species, 11. coniiiier~oiiii; Dr. Giinther, of Arius j k sus  from Cayenne; and the sanic 
facta have been remarked in other Siluroid fishes.” 

As already stated, when Mr. Nelson examined the specimen which we have taken as the type of 
the species, he found 39 eggs in its mouth, inany of which readily rolled out when he held the fish up 
by the tail. Unfortunately some of these eggs were lost and only four of them came into our possession. 

, 

- __ - ______ __. . - ____ -- --- - -- - _____ 
*Description of a 11cw Siluroict flu11 from Ceylon. <Anu. Mag. Nat.€Iist., XVIII, third wries, 1866, pp.473 mid 474. 
t Fauna of British Indk ,  Fishes, vol. I, 1889, pp, 169-170. 

F. C. B. 1901-10 
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The other specimen, which we have taken as the cotype, contained but one egg in its mouth 
when it came into our possession, and Mr. Kelson does not recall that any were lost from this fish. 
He saw 8 or 10 other examples of this cat-fish, but did not observe eggs in the mouth of any but the 
type specimen. According to his recollcction, the eggs were quite uniform in size. The four which 
came into our possession measure, respectively, f$  by +$, )g by +Q, +g by )Q, and +Q by f t  of an inch. 

It lies wrapped 
around one side of the yolk sac, the head in every case being free. The maxillary barbel is well 
developed and very long, its length nearly equaling that of the head. 

We have not been able to examine critically the single egg in the mouth of our second specimen, 
as it  can not be removed without mutilating it or the fish owing, to the small size of the oral opening. 
Evidently this particular fish has not, yet acquired what the Rev. Mr. Boake calls “the singular habit, 
when held up by the tail, of omitting from its rnoutli a quantity of eggs.” 

It will be noticed that the number of eggs (39) found by Mr. Nelson in the mouth of our type 
specimen is mu(-h greater than hitherto reported I)y any observer. 

The flugpeiition by Dr. Wyman that, the eggs are removed from the month when the cat-fish 
desires to feed is quite plausible, nay, imperative, if the fish ever feeds during the progress of the oral 
gestation. But it seems to us much more probable that the fish does not feed at  all during the period 
of oral gestation, and begins to take food only when the young have developed sufficiently to leave the 
mouth. This is evidenced by the greatly constricted condition of the cesophagus, and comports more 
nearly with the habit of many other species of fishes during the spawning season. 

Mr. Nelson informs us that these cat-fish are eaten by the natives, and that he himself regards 
them as the best fresh-water food-fish in Mexico. 

It is proper in this connection to call attentionsto the method of reproduction in the sea cabfish 
(Gal&:lLth,ys felis) . From information obtained in 18‘36 by Everrriann and Bean, while studying the 
fishes of Indian ltiver, Florida, they were convinced that this species is ovoviviparous. According to 
the testimony of competent observers among the Indian River fishermen and dealers, tlie adult females 
of this &-fish are found filled with well-developed young in March, “each rolled up in it ball and the 
balls connected in a long string.” While the technical description is a trifle faulty, the evidence points 
very strongly toward the ovoviviparity of the sea cat-fish. 

0.  Rhamdia wagneri (Gunther). 
The collection contains one specimen 11.5 inches long, frorn Teapa, and two others, 11.5 and 14.25 

inches long, respectively, from Frontera. IIead 4 fi 4.5; depth 5 to 5.5; D. I. 6, A. 10; eye 7.5 to 8 
in head, 3 in snout, high in head; snout 2.5; interorbital 2.5; barbels 6; mouth moderate, jaws 
equal; teeth in broad, cardiform bands on each jaw; maxillary barbel reaching adipose fin, but probably 
variable; mandibulary barbel to beyond base of pectoral, nearly twice a,s long as inner; head broad and 
flat, slightly longer than wide, covered with soft smooth skin; fontanelle in adult not continued behind 
eye; occipital process narrow, reaching about half way to dorsal spine; gillrakers 3 + 7 or 8; adipose fin 
2.66 to 3 in body, reaching slightly farthor than anal; caudal deeply divided, its lower lobe broad and 
rounded, upper smaller and pointed; body tapering backward from head, much compressed behind. 
General color, brown, lighter below, rnaiiy &ark dots over body; a dark lateral band; base of dorsal pale. 

7. Pantosteus plebeius (Baird & Girard). 
One specimen of this sucker, 5.75 inches long, was obtained by Mr. Nelson from the Rio Piedras 

Verdes, near Colonia Garcia, Chihuahua, and another 4.5 inches long by Messrs. Townsend and Barber 
from the Rio Gasas Grandes near Old Cas= Grandes, Chihuahua. 

8. Campostoma ornatum Girard. 

near Colonia Garcia. 

9. Leuciscus nigrescens (Girard). 
One specimen 5 inches long from Rio Casas Grandes, one 5.25 inches long from near the summit 

of the Sierra Madre Mountains in Chihuahua, near Colonia Garcia, and one 5.75 inches long from Lake 
Santa Maria. 

The eggs are well developed, the embryo in each showing very distinctly. 

One specimen, 5.25 inches long, from near summit of the Sierra Madre Mountains in Chihuahua, 
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10. Notropis santamariee, new species. 

Type, No. 50002, U. S. N. M., a specimen 1.56 inches long, collected in September, 1899, by Mr. 
E. W. Nelson, from a small pool near Lake Santa Maria, Chihuahua, Mexico. Cotype, No. 964, U. S. 
F. C. reserve series, from same place. 

Head 4; depth 2.65; eye 3.6; snout 4; maxillary 6; interorbital 6; scales 9-38-2, 13 pores; D. 8; A. 9. 
Body short, deep, and cbmpressed; head short; snout short, obtuse; mouth rather small, oblique; jaws 
subequal, the lower slightly included; maxi!lary scarcely reaching eye; caudal peduncle moderate, 
its least depth 2.7 in head; scales large, loose, and closely imbricated, exposed portion of anterior ones 
deeper than long, 15 scales before origin of dorsal; lateral line greatly decurved,and incomplete, only 
11 to 13 pores; fins all small; origin of dorsal over base of ventrals, the longest dorsal ray about 1.4 in 
head; anal rather lafger than dorsal; pectoral short, pointed, 1.25 in head, not reaching base of ventrals; 
ventrals barely reaching origin of anal; teeth apparently 4-4, slightly hooked. 

Color in alcohol, olivaceous, paler below; back and upper part of side with numerous small dark 
specks, the edges of the scale8 dark; an obscure dark lateral band plainest on caudal peduncle; median 
line of back dark; top of head dark; snout somewhat dusky; dorsal and caudal dusky, other fins pale. 

This species seems related to N. frigidus, from which it differs in the larger scales and the incom- 
plete lateral line. 

FIQ. ‘L.-Not?opiu santamariz, now spccica 

FIG.  Y.-~OtYOpiS h?W, llGW SpCCiCS. 

11. Notropis lermw, new species. 
Type, No. 50003, U. S. N. M., a specimen, 2.5 inches long, collected August 9, 1901, by Dr. J. N. 

Rose, in Lake Lerma, near the town of Lerma, State of Nexico, Mexico; cotypes, 32 specimens, NO. 
60004, U. 8. N. M.; 10 specimens, No. 977, U. S. F. C. reserve, and 10 specimens, NO. 6762, Stanford 
University Museum-all from the type locality and collected under the same circumstances. 

Head 3.7; depth 3.7; eye5; snout 3.9; maxillary 3.3; mandible 3; interorbital 3; preorbital G; D. 9; 
A- 8; scales 7-47-5, 23 ecales before the dorsal; teeth 4-4. Body stout, deep, not greatly compressed, 
the back gently elevated, the anteridr profile regularly curved from snout to origin of dorsal; head rather 
heavy; snout short and rather blunt; mouth small, oblique, the lower jaw included, the maxillary 
scarcely reaching eye; teeth small, hooked, somewhat crenate, the grinding surface not well developed; 

’ 
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caudal peduncle rather slender, not especially deep, the least depth being 2.5 in head; eye small; 
scales moderate, not closely imbricated, those before dorsal somewhat reduced in size; lateral line little 
decurved, not wholly complete, an ocrasional scale without any pore; fins all small; origin of dorsal 
much nearer base of caudal than eye, and behind insertion of ventrals, its rays about half length of 
head; anal short; pectoral very short, not nearly reaching ventrals, its length equal to height of dorsal 
fin; ventralsveryshort, not nearly reaching vent; caudal not deeply forked, the lobes about 1.5 in head. 

Color in alcohol, grayisli-oli\~areous on back and upper part of side, the scales profusely covered 
with small dark punc~tulationa; under parts paler; a broad dark median line from occiput to origin of 
dorsal, just in front qf which it ends in a black blotch; a broad dark pluinbeous bend from humeral 
region along side to base of caudal fin, this band anteriorly somewhat above the axis of the body but 
following the axis posteriorly; dorsal, mudal, and pectoral fins dusky, the ventrals and anal pale. 

This species seeins most closely related to Notropi?u az1ecu.s Woolman, from which it differs chiefly 
in the more slender caudal peduncle, the larger eye, less rounded snout, and the coloration. 

The numerous cotypes show 110 appreriable differences. 
The presence of fully developed eggs in one of the cotypes indicates that the spawning time of 

this species in Lake Lerma is in the late summer. 
12. Notropis frigidus (Girard). 

A sin,& specimen, 2 inches long, from a pool near Lake Santa Maria, Chihuahua, seems to be this 
species, though too badly inntilated to enable ns to identify it with certainty. The character of the 
teeth can not be macle out and the scales are rubbed off so that they can not be accurately counted. 

Body 
slender, compressed; head small; mouth small, oblique, the lower jaw slightly included; scales thin, 
deciduous; fins small; origin of dorsal slightly behind base of ventrals. Color, pale yellowish or 
straw-color, a few dark punctulations along median line of back. 

13. Agosia chrysogaster Girard. 

Messrs. Townsend and Earber near the summit of the Sierra Madre, Uhihuahua. 

Head 4; depth 4.25; eye 3.5; snout 4; D. 7 ;  A. 9; scales 5-35-6, 15 before the dorsal. 

One specimen, 3.25 inches long, of this interesting little minnow is in the collection made by 

14. Symbranchus marmoratus Bloch. 
One specimen, 12 inc-lies long, from Cozumel Island, and two smaller ones, each 10.5 inches long, 

from Mujeres Island. Those froin Mujeres Island were obtained by Mr. Goldman from the soft, slimy 
mud of a swampy, fresh-water pond about 2 iniles from thc southrrn end ot the island. “This pond,” 
Mr. (ioldinan Bays, “is 4 or 5 acrcs in extent antl occripies a depression about a quarter of a mile 
from the open sea and only about 250 yards from the head of a salt-water lagoon, from which it is 
completely cut off, however, by a ridge 30 or 40 feet in height. The water in the pond is so shallow 
that it is everywhere filled with tall, growing, aquatic vegetation. There is a ranch close by, and to 
obtain water the people have dug holes at one end of the pond and walled them up with rocks to 
prevent their immediately refilling with soft mud. As it is, they gradually fill and have to be 
periodically cleaned. The only times the pwple cvcr see these eels are when these holes are cleaned. 
1 happened to be there one day hunting birds antl getting fish from the salt-water lagoon, and the 
people told me about the eels. After some difficulty I managed to persuade two men to undertake the 
job of cleaning the holes at  once. They were hard to persuade, for they claimed they were apt to get 
fever from working in and overturning the innd. Many bushels of it  were taken out and the eels 
found in cavities between the rocks. They 
assured me that no othcr fresh-water pond existed on the island.” 

Body very slender and cwl-sliapud, compressed posteriorly, the deepest part through base of head; 
head conic; tail very short, leps than one-fourth total length; eye small, close to the end of snout; 
mouth horizontal, large; distance from tip of snout to angle of mouth contained three times in distance 
from tip of snout to poptcrior gill-opening; lips thin but loiig and overhanging; snout rounded, very 
short, equal to interorbital spave; teeth m d l ,  thosr oil jaws in a #ingle row, except in the front of upper 
jaw where the rows from the sides join, foriningasinall patch; teeth on the palatines larger, conic, and 
in a patch anteriorly where the two rows join, a single row being on each side; gill-opening narrow, 
the width of the opening equalingdistance between eyes; distance from vent to tip of tail 4.1 times in 
entire length; no fins except dorsal and anal, the latter extending from vent, the former beginning 
slightly in advance of this, both meeting a t  end of the narrowly pointed tail. Color in alcohol, dark 
olivaceous or brown, mottled with darker brown; under part of head and neck lighter. 

The people believc that the eels serve to purify the water. 
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16. Dorosoma cepedianum exile (Jordan & Gilbert). 
One specimen 12.5 incheslong, front Montecristo. Head 4.66, 1.5 in last ray of dorsal; depth 2.75; 

eye 4.33; snout 5; ntaxillary 4; mandible 3; interorbital 3.5; I). 1 3 ;  A. 31; scAt>s about 78,430; scutes 
20 + 9. Body deep, compressed, the back elevated; dorsal inetliati, sliglitly behind ventrals; caudal 
widely forked, the lobes equal. This subspecies 
differs chiefly from the t y p i d  cepediunutt~ in the considerably smaller scnles. 

16. Sardinella humeralis (Ciivier & \Talcnciennes). #urdi?atc 13scornutla. 
Our speciinens 

differ from current descriptions of this species in having an adipose eyelid; in the smaller eye, which 
is very slightly 1o:ger than snout; and in their gre:itcr dcpth. We can not, however, regard them 
as being any other species. Our two speriinenr, each 7.12 iiiches long, were taken from the crop of a 
brown pelican, at Puerto more lo^, April 1, 1801. Both are females, autl tlreir spiiwning tiine is in the 
spring, as evidenced by the tnatiirc eggs in each. 

17. Fundulus grandis Third & Girard. 
Fifteen specimens, 5.2 to 6.8 inohes long, froin Progreso. 15ead 3; tielhi 4 to 4.3; eye 5.75 to 6;  

snout 3.3 to 3.7; inandible 2.4 to 2.5; interorbital 3; preorbital 9 to 10; I>. 10 or 11; A. 9 or 10; 
scales 40 to 46,-14 or 15 The scales appear t~o~isid~~rably’~~iial ler  thau in 1;1 heferoclittts, the eye 
smaller, and the dorsal is inore posterior. 

18. Girardinichthys innominatus Bleeker. \ 

Thirty-three specimens v:irying in length from 0.75 to I 75 iiiche,q, all from Lake Lerma. Head, 
3.7; depth 3.5; eye 3.5; snout 1.5; interorbital 2.5; I). 23; A. 26; sralcs 44,-16. 

Body short, oblong, conipressed; head conipres~~‘d, thick, very steep; snout blunt; mandible 
directed vertically upward; preinaxillaries greatly protractile; ~ i i i i ~ l l  c.ardiforni or eubconical teeth in 
each jaw in a single series, followed by a few sinal1 hooked tectli; liiouth very btnall, nearly vertical; 
profile concave from orbit to nape, then wliglitly convex t o  dorsal fin; cwid:tl  lightly rounded; base 
of anal rather steep. 

General color in alcohol, dusky gray, tlarker above, with many pnnctulations; a narrow dortlal 
band of dark froin nape to dorsal fin; a dark, aliriost blark, blotch 011 side abore space between 
ventrals and vent, larger than eye; sonie spec+iinens with inany faint yertic-a1 broken dark bars on side 
of body, these usually obscure in the larger specimens. 

In several exaniples disscctcd, eggs were found in the ovary, each 
egg being surrouiided by membranous tissue, which is attac~hed to the sides of the ovary. Some of 
these young were very well developed; others are in it very iuimature state; while in others the eggs 
are very small. I n  one specimen were found 1 fully developed young showing the scales and fully 
developed fins, and in all respects resembling the parent, which was 1.2 inches long, while the young 
were nine-twentieths of an inch in length. In  another speciiiieu, 1.6 inches long, 24 young, two- 
tenths of an inch long, were found. 

These specimens differ soniewhat froin current descriptions in several iniportant particulars, vis 
the dorsal and anal rays are more iiiinierous, the eye iu lareer, ant1 the color is different, no inention 
beiiig made by previous writers of the black blotch on the side. This spot is present in all our 
exainples 

So far as we have been able to learn attention has not previously been called to the viviparity of 
thib little fish. Indeed, in Jordan and Evernianii’s Fishes of North a i d  Middle America it is expressly 
stated to be oviparous. This opinion was probably siiiiply an inference from the appsrent fact that 
the anal fin of the inale is not modifictl into an intromittent organ. No such inodification is found 
in any of bur 29 speciniens, but we have not deterniiiied iwtiiinly that they are all females. 

These fish, as well as those of all the other species obtained by Dr. Rose in Lake Lerma, are in 
many cases infested with some species of abdominal parasite-a tapeworm of some kind. 

19. Cyprinodon eximius Girard. 
The collection contains 44 specimens, all females, of this interesting little fish, obtaiiied by Mr. 

Nelson fioin a pool near Lake Santu Maria, Chihuahua. They raiige in length from 1 to 1.5 inches. 
Head 3 2; depth 2.5 to 3.2; eye 3.8; snout, 3.8; interorbital 2.5 to 3; 1). 9 or 10, length of longest 

“ 4  about 2 in head, the anterior quite spine-like; A. 8 to 10. longest ray 1.8 in head. Bodyobloag, 
deepest in front of dorsal fin, compressed posteriorly; anterior profile evenly arched from base of 
dorsa’ fin to tip of mout; heat1 large, deep, sliphtly cwnl~resseii; eye high, distance from posterior edge 

S J S O U ~ ~ L L - ~  Ilickory Sliad. 

General color i n  alcohol, silvery, bluish above. 

IIead 3.8; depth 3.25; eye 3; snout 3.5; I). 16; A 18; scales 40; scutes about 27. 

This species is ovoviviparous. 

These wrre immature, no scales being visible. 
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of opercle to eye equaling distance from tip of snout to posterior edge of pupil; upper jaw protractile; 
lower jaw prominent, very oblique, inrluding upper jaw; a row of small villiform teeth on each jaw; 
dorsal outline dropping downward and backward along base of fin, thence backward and but slightly 
downward to base of caudal; caudal truncate; lower profile similar to dorsal, though not so greatly 
arched. Color in alcohol, dusky grayish, flie central portion of each scale in some cases being dark 
oli.;aceous, making bands on each row of scales on side of body; belly and neck silvery white; 8 or 9 
bands of dark about as wide as pupil, but irregular in width, on side of body; fins all dusky pale. 

20. Belonesox belizanus Kner. 
Head 3 (2.75 to 3); depth about 

6; eye 6 (5.5 to 6);  snout 2.25; mandible 1.8 to 2; interorbital 3.8; scales 55 or 60,-16 or 17, about 6 
rows on cheek; D. 8, the longest ray 3 in head; A. 10, the longest ray 2.8; ventrals 3.8; pectoral, 2.8. 
Body very oblong, compressed posteriorly; liead and anterior portion of body flat; head long, very 
flat above, the snout wedge-shaped;.eye high; distance from tip of snout to anterior edge of eye 
equaling distance from center of pupil to posterior edge of opercle; upper,surface of premaxillary plate 
not quite as long as postorbital part of head; upper jaw protractile, the premaxillaries forming together 
an elongate triangular plate, the bofies separated by membrane; lower jaw long, projecting slightly 
beyond upper; mandibles formed similarly to premaxillaries; jaws arched, each with a broad band of 
cardiform teeth; dorsal placed far posteriorly; caudal rounded;, anal in advance of dorsal, modified in 
the male into a long, slender intromittent organ. General color in alcohol, dark olivaceous, darker 
above; side with longitudinal series of dark spots, the spots on the posterior central portion of each 
scale; a dark spot, slightly larger than pupil, just above the central base of caudal; caudal dusky 
pale with numerous dark punctulations; other fins dusky pale. 

2 1. Anableps dovii Gill. 
We have examined 2 specimens of this interesting fish, 7 and 8 inches long, respectively, collected 

by Mr. Nelson in the Tehuantepec River a t  Tehuantepec City. Head 4; depth (3.25; eye 4.5; snout 
3.75; interorbital 4; width of mouth 2.5; dorsal 8; anal 8; scales, 67,-15; pectoral 1.5; ventral 2.3; 
anal 2.4; dorsal 2.4; middle caudal rays 1.4. Body long, much depressed on anterior half, posterior 
half somewhat compressed; head broad, very greatly depressed; mouth emall, the maxillary and 
mandible short, the cleft not nearly reaching anterior border of eye; eye large, set very high, fully 
one-half being above the level of the low interorbital space; fins all small; dorsal posterior, ita origin 
over tip of anal; caudal rather long, rounded; ventrals short, wide apart, not reaching vent; pectorals 
short, reaching only halfway to base of ventrals; scales small, smooth, and moderately firm. 

Color in alcohol, brownish olive on back and upper part of side, pale below; median line of back 
with an obscure blackish band; a distinct black band from eye along middle of side to base of caudal 
peduncle, ita lower boundary very distinct, in contrast with the paler color of lower side; a similar but 
paler dark line from above base of ventral to base of caudal, the pale yellowish line between these two 
scarcely equal to diameter'of eye in width; in some cases this second dark line begins under tip of 
pectoral; dorsal and caudal dusky, other fins pale; tip of upper jaw dark; peritoneum black. 

Mr. M. C. Marsh, 
pathologist of the Commission, has made careful dissections of the eye of this species and kindly 
furnishes us the following notes: 

The eye is crossed by a bar, like the diameter of a circle, and parallel with the length of the body. 
This bar is darker than the other external portions of the eyeball and has ita edges darker still. Divid- 
ing the external aspect of the eye equally, it has its lower edge on the same level as the back of tho 
fish, which is flat and straight from snout to dorsal, or nearly the whole length of the fish; so that when 
the body of the fish i s  just submerged the level of the water reaches to this bar, and the lower half of 
the eye is in water, the upper half in the air. Upon dissecting the eyeball from the orbit, it appears 
nearly round. A membranous sheath covers the external part and invc3ts most of the ball. It may 
be peeled off, when the dark bar on the external portion of the eye is semi to be upon this membrane, 
which may correspond to the conjunctiva. The back portion of eyeball being cut off, one lens is found. 
The lining of the ball consists, in front, of one black layer, evidently choroid. Behind, there is a retinal 
layer. The choroid layer turns up anteriorly, making a free edge comparable to an iri?. The free edge 
is chiefly evident in the lower part of the eye. A large pupil is left, but is divided by two flaps, con- 
tinuations of the choroid coat, projecting from either side and overlapping. There are properly then 
two pupils, an upper and lower, separated by a band consisting of the two flaps, which may probably, 

Three specimens, 4.2 to 5 inches long, from Progreso, Yucatan. 

I'  Quatro Ojos "; Four-eyed F6h. 

The unique structure of the eye of this curious fish merits a fuller description. 
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by moving upward and downward, increave or diminish thc size of either pupil; an upward motion 
of the flaps increasing the lower pupil at the cxpense of the other, and vice versa. 

This division of the pupil into two parts 1)erinits the fish, wli(w swimming at the surface of the 
water, as is its usual custoni, to see in the air with the upper portion a i d  in the water with the lower. 
It is thus able to see no$ only sucsli instvts as are upou tlie surface of the water or flying in the air 
above, but also any that may be suiniining beneath thcx suikv. 

hc.cording to Mr. Nelson the iiidiviiluals of this species swilli always at  the surface and in little 
srhools arrangetl in platoons or abreast. They alw:rys s n  iiii heacled upstream agaillst thc current, 
and feed upon fioatiiip niattrr w1iic.h the current brings them. A ~ J k l b O I l  ]nay be seen in regular 
forination breasting the currciit, either making siight headway upstrealrl or merely rriaiiltailling their 
station, and on tlie qui vive for any suitable food thc currelit may bring. Now and thcn one Iliay be 
seen to dart forward, seize a floating food particle, and then rcsnnic its place in the platoon. And 
thus they may be observed feeding for loug periods. They are almost invariably found in running 
water well out in the stream, or at  least whc~e  the c*m.rcnt is Rtroiigest and where floating matter is most 
abundant, for it is upon floating matter that thcy see111 cllicfiy to drpcnd. They are not knowrl to 
jump out of the water to catch insects flying in the air or rcsting upon vegetation above the water 
surface, nor do they seein to feed to any extent npon small crustaceans or other portions of the 
plankton beneath the surface. 

Whcw alarmed-and they are wary and very easily frightmwd-they esc-ape by skippiiig or jumping 
over the water, 2 or 3 feet at a skip They rise entirely out of the watcr, and at a c*onsi&rable angle, 
the head pointing upward. I n  &wending the tail strikes tlie wttcr l irht  antl, apparently by a scwlling 
motion, new impetus is  acquired for another I(.:tp. This skippinx may cwntiiiue uiitil the school is 
Ividely srattered. Wlirn a sc-hool has brco~~rc scattered, a ~ ~ t l  after thc. caclsc of their fright has 
disappeared, the individuals soon rejoin earh other. First two will join c+~ch other and one by one 
the others will join tliem until the whole school is togcbthc>r :tgaiii. 12arely do they attempt to divo or 
get benratli t l i v  wrfacc; when tlicy do they linve great, tlillicvlty in  keeping nnder and soon come to 
the surfacae tigaiii. 

The air-blailder in an examplr 8 inches long was thrcdo!ntlis of nil inc4i long and nearly one- 
fourth inc*h in tliaiiictcr. I t  was attarlied by n slnidcv thrcml o r  dnct three-fonrtlis inrh long to the 
under side of the atomarh at the mterior end. The air-l)laddw lies itiiinctliately vclntral to the stomach, 
its anterior end lying axtttinst and dorsal of the liver, in thti tissnes of wlric!h the tliwt is iiiiiucrstd. 

No opeuiiig from tho d u d  illto the stoin:ic*h c .o i i l t1  Iw fonntl i n  thc spwitiien dissec.tet1, though 
more careful dissec-tion of  a well-prcscrved or fresh specitlien woultl prol)nl)ly reveatl one. 

The specimens ol)tainetl by Mr. Nelson were secwrcxl b y  incans of  a ctmt net, in the Teliuautepec 
River at Teliuantepec- City, which is situated about 50 tiiiles froin  tlic sea at itii :tltitutlr of 200 feet. 
The fish are so wild that it i H  vcry difficult to catch thein. ‘l’1ic.y juinp over a rceiiie rcwtily and .will 
not ordiiiarily take a hook. 

The female (7 incliw long) cwunined by us was collected 
in April, and contailis nine young, each about 1.5 inclics long. I n  rac.11 of tliesc the p l l i  sac is quite 
large bu t  flabby, as a result of the absorption of a vonsitlerable portion of its contents. 111 these little 
young the septum in the eye is quite cvi(lciit. and the w l o r  pattern of tlic adult is well shown. After 
the young are born Mr. Nelson observed that they remain for a tiiiie in quiet, protected water, not 
venturing into the strong currentv until of considerable size. 

Further down the Tehuanteprr River near the coast the indivitlriuls of this l i x h  are said to be laker  
than a t  Tehuantepec* City. These fish are eaten by the natives, but are nut often seen in market, on 
account! of the difficulty in their capture. 
22. Poecilia butleri  Jordan. 

seashcre at Salina Cruz, Gulf of Tehuantepec. 
23. Mollienisia latipinna Le Sueur. 

Nine males and 7 females from Progreso, all excellent specimens, in fine condition. The niales 
range in length from 3.75 to 4.63 inches, and the females from 2.35 to 4 inches. Two feinaleo from 
Montecristo, 2.25 and 2.75 inches long; and one female from Miijeres Island, 2 inches long. 
24. Tylosurus. notatus (Poey). 

13; scales 85 before dorsal, about 45 from front of dorsal to caudal. 

(Marsh). 

The cast net seems the most effoctive meatis lor their c:y,ture. 
This fish isviviparous, as is well Irnoivn. 

Three specimens, 1.37 to 1.67 inches loiig, obtained by Mr. Ueam from a salt-water pool near the 

Needlc-$.,sh; Loq-jaws. 
One speciinen, 13 inches long, from Progreso. Snout broken; measureinent~ not accurate. D. I, 
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25. Tylosurus timucu (Walbaum). 

head; A. 15; D. 16; about 135 scales before dorsal. 
26. Hemiramphus brasiliensis (Linnreus). 

The following ineasurements are from end 
of  upper jaw: Head 4.2; depth 5.75; eye 8.75; snout 3; interorbital 3.75; D. 14; A. 10; scales 54; pecto- 
ral 1.4 in head; ventrals 3. 
27. Chirostoma humboldtianurn (Cuvier & Valenciennes). 

Five specimens, each about 5 inrhes long, from La Laguna, Jalisco, in the Sierra de Guanacatlan. 
Head 3; depth 4.75; eye 4.6; snout 3; inaxillary 3 ;  mandible 2.5; interobitd 4; scales 53,-15; D. IV-13; 
A. 19; longest dorsal ray 2 in head; longest anal ray 2.2; pectoral 1.6; ventral 2.6; depth of caudal 
peduncle 3.3. Body slender, compressed; eye large, nearer tip of snout than posterior edge of opercle 
by a distance a!niost as great as diameter of orbit; interobital space flat, as is almost entire top of head; 
lower jaw projecting slightly, including the upper when closed; cleft of mouth horizontal, the edge of 
lower lip being on a line with center of pupil; lips thickened posteriorly, lower folding over upper at  
their union; maxillary nearly vertical, its distal end in advance of a vertical from anterior edge of orbit 
a tlistance eqnal to two-thirds diameter of pupil; miiiute teeth in sinal1 bands on jaws, none on vomer 
or palatines; gillrakers about 23, wry slentler, length of longest abont eqnal to tliaineter of pupil; first 
two spines of dorsal about equal, the other two shorter; first few rays of soft dorsal highest, others 
gradually shortening; when the fin is elevated its edge is strziight; c.audal forked; anal similar to soft 
tlorsnl, except that its etlge is slightly concave; ventrals reaching vent. 

Color in alcohol, brownish-olive, darker above; a distinct dark lateral band, i n  wliicli are ~n1al1 
darker spots extentling from upper part of base of pevtoral to iiiiddle of base oE c:~utlal, lxxoming 
darker posteriorly; wales on upper part of body antl sides etlgctl with dark, soinetiines with tlinall dark 
(lots; fins all dusky; dorsal, cnudal, antl pectoral with some dark. 
28. Chirostoma promelas Jordan 8.z Rnydw. 

One specimcn, 8.5 inrhcs long, from the Guadalajara market, canght in Lagiina de Chap&%, Eroiir 
which place thc species WBH tlwcribecl. Head 3.3; depth 5; eye 6; snoiit 2.5; iiiaxillary 3;  mandible 2.25; 
interorbital 4.5; scalt~s 53,-15; D. 1v-11; longest dorsal ray 2.7 in head; Ai. 21; longest ttntrl  ray 2.5; 
pectoral 2; ventral 3.2: depth of cautlal pcdoncle 3.8. 
29. Chirostoma lucius Boulenger. 

Two specimens, 8 inches long, from the Guadalajara market, caught in Laguna de Cliapala, which 
is the type locality. Head 3.3; depth 5; eye 5.75; snout 2.6; inaxillary 3; mandible 2.2; interorbital 
4.2; scales 58,-15; D. 17 or VI-12; longcst domal my 2.4 in head; A. 20; longest anal ray 2.4; pectoral 
1.7; ventral 2.8; depth of caudal pedunrle 3.3. 
30. Chirostoma bartoni Jordan & Everinann. 

Forty-five specimens, ranging in length from 1.75 to 4.2 inehwi, a11 obtained by Dr. J. N. Rose in 
Lake Lerma, near the town of Lernia, State of Mexico. IJntil now, only the type of this species was 
known. A female, Y inches long, gives the following nieasureinents: lleatl 4; depth 5.5; eye 4; snout 
Z.5; inaxillary 3.2; mantlilile 2.3; interorbital spaw, 3.2; D. IV-I, 10; A. I ,  13; wales 41,-11, about 20 
before the dorsal. Body slender, moderately coinpressed, the bitck ronntlcd; niouth sniall; snont 
short; lower jaw but slightly projecting. The anal fin forinula varies froin 
I ,  13 to I, 15; and the scales from 40,-10 to 42,-12. 
31. Eslopsarum jordani (Woolinan). 

fish, which he purchased in thc market at Yautepcc, State of Morclos. 
length from less than one inch to 2.25 inches. 
fidation, but serin to be the present spwics. 
dishes containing a dozen or more arid are eaten on toast or with ineitt. 
Laguna " and is much relished. 
32. Caranx hippos (Linnms).  IIorse CrnvaZlri. 

Head 3; depth 2.66; eye 4.66; snont 4; 
~naxillary 8 ;  inmdible 1.8; interorbital 3.66; preorbital 5.5; I). VI-I,  20; A. rr-r, 17; scutes on lateral 
line about 26. 

Peiie Agulha; Fiinucu. 
One specimen, 20 inches long, from Teapa. Head 2.8; depth 11; ryp 3 in postorbital part of 

RnEno; Wcrihano. 
One specimen, 12 inches long, from Puerto Norelos. 

Pesccido Blrrnco d? Ghalso. 

Otherwise as in the type. 

Among the specimens broaght home from Mexico by Dr. Rose in 1901 is a package of small dried 
These specimens range in 

They are tliorouglily desicrated and difficult of identi- 
Ih. Rose informs us that these little fish are sold in 

It is called " Charal de la 

One apecinien, 73.5 inches lorig, from hfontecristo. 
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38. Caranx crysos (Mitchill). 
Head 3.5; depth 3; eye 3.5; snout 3; niaxil- 

lary 2.5; mandible 2.2; interorbital 3.25; prcorbital very narrow, about 16; D. VIII-I, 24; A. 11-1, 19; 
pectoral one-eighth longer than head, 3 in body; longest dorsal ray 2 in head; about 48 scutes. 

34. Trachinotus glaucus (Bloc11 ). 
Head 3.83; depth 2; eye 3.75; mout 4.5; 

maxillary 2.06; mandible 2.75; interorbital 2.75; preorbital very narrow; D. VI-I, 20; A. 11-1, 17; 
longest dorsal ray 1.5 in body; longest anal ray 2.33; anterior rays of dorsal and anal greatlyproduced, 
reaching somew hat beyond middle of caudal. 

35. Centropomus mexicanus Bocourt. Mexican Robnlo. 
One specimen, 12.5 inches long, from Montecristo. Head 3; depth 3.66; eye 5.75; snout 3.5; rnax- 

illary 2.66; mandible 1.75; interorbital 7; preorbital 13.5; scales 11-80-14; D. VIII-I, 10; A. III, 6; 
longest dorsal spine 2 in head, 1.5 in depth of body; longest analspine 1.66 in head, 1.25 in depth of body; 
pectoral as long as ventral, 1.M in head; ventral outline nearly straight; suborbital with 8 or 10 sliarp 
retrorse teeth; preorbital with teeth at  angle strongly serrated; opercular flap large, nearly reaching 
front of dorsal. General color in alcohol, dusky, silvery below, darker above; lateral line in a narrow 
black band; a dark blotch on middle of opercle, covering nearly half of it; faint indications of dark 
blotches over body above lateral line; dorsal menibranes tlark, other fins pale, cxcept third anal spine, 
which is dark brown. 

This fish is close to C. pnmZleZuu, but differs in that C. rnexicnm~v has more teeth on the suborbitd, 
those at the preoprcle being fewcr at the angle, larger and wider apart; those on the suprasc~apular 
are not so larg:e, lmt there are 6 or 7, while in C. parallelus only 4 or 5 itre found; scalcs larger in 
C. me.ziccmw, 5 or cj fewer in lateral line, and I or 2 fewer between the lateral line and second dorsal. 

36. Petrometopon cruentatus (LacCpCde). 
Head 2.8; depth 3.2; eye 5; snout 4.6; 

niaxillary 2; mandil)le 1.75; interorbital 6.75; preorbital 10.5; D. IX, 14; A. 111,  8; pectoral 1.6; vcntrals 
2, scaleli about 12-85-30. I3otly not so deep as in specimens heretofore des(-ribctl, nor is the supplcinental 
ntaxillary so evident. 

37. Lutianus griseus (I,inn:ms). 
Five specimens, 8.25 to 9.5 inches long, froin Mujeres Island, ant1 one specimen, 3.5 inches long, 

from Cozumel Island. IIearl 2.7; depth 2.75 to 3; eye 4.3 to 5; snout 2.8 to 3; maxillary 2.5 to 2.8; 
itiandible 2 to 2.3; interorbital 6 to 6.5; preorbital 6 to 6.5; D. Y, 13 or 14; A. 111, 8; scales 7-54-13, 7 
rows on cheek; width of interorbital and preorbital usually equal; the fourlh d 0 r d  spine the longest, 
2-75 to 3 in head; second and third anal spinesabout equal, the second the stouter, 3.3 to 3.67 inhead; 
pectoral 1.5 to 2 in head; ventral 2 in head. 
38. Hmmulon parra (Desmarest). 

39. Pomadasis ramosus (Poey). 
Head 3.3; depth 3.5; eye 4.3; 

snout 3 ; niaxillnry 3.5 ; mandible 3.5 ; interorbital 4 ; preorbital 6 ; scales 6-55-12 ; D. SIII ,  12 ; longest 
dorsal spine 1.8 in liead ; A. 111, 7 ; longest spine 1.5 in head ; pectoral and ventral earh 1.5 in head. 

40. Orthopristis chrysopterus (Linnreus). Pig-fixk. 
IIet~d 3 ; depth 2.8 ; eye 5.5 ; snout 2.25 ; 

maxillary 3.3; mandible 3 ;  interorbital 4.67; preorbital 3.G; pectoral 1.5 in head; 11. X I I ,  16 or 17; 
A. III, 11 or 12 ; scales 10-65-17. Longest dorsal spine 3 in hcad; second and  6 in head ; base of soft, 
dorsal 1.5 in spinous doreal ; highest dorsal spine 3 i n  head ; pectoral not reac*lii~ig past tipsof vcntmls. 
41. Xystmma cinereum ( Walbaum). Jfqjnwc~ Rlrcncn. 

Two spximens, each 8.5 inches long, froin Mujeres Island, and one sinall example from Cozumel 
Isiand. Head 3.3 ; depth 2.75 ; eye 3.25 ; snout 3.25 ; maxillary 2.8; mandible 2 ; interorbital 3 ; 
scqles 6-45-10; D. I X ,  11; A. I I I ,  6 ;  serontl dorsal spin6 longest, 1.8 in head; second anal spine 
lcngesl, 2.5 in head ; ventral short, not reac+liing vent, 1.66 in head ; pectoral fiu slightly longer than 
head ; caudal deeply forked, lobes longer than head, scaled ; dorsal and anal fins, when depressed, 
elltirely concealed in a scaly sheath. 

Hurd-tail; Runner. 
One specimen, 9 inches long, from Puerto Morelos. 

Old-iuife. 
One specimen, 10 inches long, from Puerto Morelos. 

, 

. 

Coney; Xcd Ijr;nd. 
One specimen, 6.75 inches long, from Puerto Morelos. 

Qra?y ~S'nnpper. 

One specimen, 5.5 inches long, from Cozumel Island. 

One specimen. 8.75 inches long, probably from Montecristo. 

Two specimens, 9.75 and 10 inches long, from Progreso. 
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42. Gerres mexicanus Steindachner. 
The collection contains four speciniens of this rare species, all from Teapa, which is the type 

locality. Head 3.3; depth 2.5; eye 3 in sinall specimens, 
3.5 to 3.67 in larger ones; snout 3.25 to 3.67; scales 6-46 to 50-10 or 11; D. IX,  10 or 11; A. 111, 8 or 9. 
Body compressed, rhomboidal in form, covered with large smooth sc~ales; back much elevated; lateral 
line continuous, concurrent with the elevated back, beginning on a line with upper margin of eye; 
head flat, a slight depression, above the eye; inouth moderate, upper jaw very protractile; maxillary 
extending to about middle of eye, its length about 2.5 in head, cxposed portion olilong, width 2 in 
length; preorbital and preopercle serrate; preinaxillary groove entirely free from scales; second dorsal 
spine strong and long, head contained in it 1.3 times; swond anal spine ~tronger butshorter than pecnond 
dorsal, 1.67 in second dorsal; outer edge of dorsal fin forming a deep rxntrant angle; anal sanie 
shape as dorsal but smaller; pectoral reaching beyond tips of ventrals in large specimens, not so far in 
small ones, its length equaling head. 

General color, bluish-silvery above, silvery below; very distinct dark longitudinal lines along the 
middle of each row of scales; dorsal, caudal, and anal fins dusky; the margin of dorsal black; a dark 
supraorbital spot; pectoral and ventral pale. 

43. Menticirrhus littoralis (Holbrook) . 
orbital 4.75; D. x-I, 24; A. I, 7; scales 8-60-16. 
Texas. 
member of the same family, Aplodinotus grunniencr, found at  Montecristo. 

Mexican Mqjurrrr. 

They rangein length from 5.75 to 10 inches. 

Surf Whiting. 
One specimen, 11.75 inches long, from Progreso. Head 4.5; depth 4.5; eye 7.3; snout 3.25; inter- 

This fish has not heretofore been recorded south of 
It is worth noting that the more southern specimens have smaller scales, as noted in another 

FIQ. d.--Aplocli?rolz~~ g v w i i i i r i i h  Rafincsqne 

44. Aplodinotus grunniens Raflnesque. 
Head 3.5; depth 3.2; 

eye 4.67; snout 4; maxillary 2.75; mandible 2.5; interorbital 3.5; preorbital 6.5; scales 9-60-12, counted 
from vent to lateral line, and froin first dorsal spine to aqd including lateral line; D. x, 31; A. 11, 7; 
longest dorsal spine 2.16 in head; longest anal spine 1.67 in head; pectoral 1 in head. Body oblong; 
back much elevated and compressed; profile long, steep, and straight; head slightly compressed; mouth 
moderate, subinferior, low; maxillary reaching middle of eye; teeth in villiforin bands, outer scarcely 
enlarged; lower pharyngeal8 cwnpletely iinited; pillrakers short, thickish, 6+14; preopercle serrated; 
snout bluntish; dorsal spines strong and high, a s t d y  sheath at  base of spines, the two dorsals 
connected; caudal doubly truncate; second anal spine unusually large and strong; scales rather thin 
and deep, the series somewhat oblique, crowdetl anteriorly. 

FrealL-tmier Drum; Qmpergou. 
One specimen, 13 inches long, from the Rio Usumacinta at  Monterristo. 
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Color in alcohol, grayish-silvery, dusky ahovc, with indications of two or three darker bands over 
shoulder; a dark blotch on opercle; dorsal and caudal same as body, the upper half of Inernbmne 
darker, other fins pale. This fish differs from more northern specimens in the long, narrow, falcate 
pectoral fin. 

Though a fish of wide 
distribution, occurring throughout the Great Lakes region and southward in the larger streams of the 
Mississippi Valley and Texas, it has not hitherto been noted from any point south of Matamoras near 
the mouth. of the Rio Grande, from which place Girard, in 1859, described it as a new species under 
the name Amblodon neglectus. It was obtained by Ilrs. Jordan and Gilbert in the Red River at  
Fulton, Ark., and the Colorado River at  Austin, and the senior writer of this paper has seen, in 
the Houston market, numerous examples from near the mouth of the Trinity River, Texas. Ile has 
also recorded it from the Neches and Angelina rivers in eastern Texas, and from Lakes Tasse and 
l'eigneur, Louisiana. The Rio Usuinacinta is about GOO miles south and 300 miles east of the mouth of 
t1;e Rio Grande. 
45. Patenia splendida Gunther. ' 

Head 2.87; 
depth 2.6; eye 5.3; snout 2.8; interorbital 4; maxillary 1.81 mandible 1.5; D. xv, 13; A. v, 10; scales 
6-38-12, 8 verticd or 6 horizontal rows on cheek; longest dorsal spine about 3 in head; longest dorsal 
ray about 1.8; last anal spine 2.75; longest anal ray nearly 2; pectoral 1.5; ventrals 1.6. 

The finding of this species so far south is a very interesting discovery. 

The collections contain 3 specimens of this fish from Montecristo and 1 from Frontera. 

FIG. G.--Pcf.%id qdnidifln Gtlnthcr. 

Body stout, greatly compressed; dornd outline strongly arched; snout long and pointed; eye large, 
high up; mouth large, lower jaw projecting; maxillary long, chvate, reaching ~nnch beyonti eye; 
preorbital very narrow; caudal pedunvle niucli compressed, width 2.5 in least depth; forin and general 
appearance very n i i i c ~ h  resembling tlw crappie ( ~'ooniods a?in?f,lnri8) ; dorsal and anal fins large, tips of 
the rays renrhing beyond base of tanclal; ventrals long and pointed, their tips reaching base of anal. 

Color, silvery on side, darker tibow, body everywhere with nunwro11s sinal: black spccks, these 
especially plain on side of hcnd and hurneral region, the dark on rest of body taking the form of dark 
borders on the wales; middle of side, especially in yonnger individuals, with G or 7 dark vertical 
blotches appearing as half bars estcndiug from inc.diari liric of back to bc40w middle of side; the first 
of these rather as a dark blotch on upper part of opc*rcalr; base of c-nuda1 with a large round blark spot, 
more or lew definitely surrounded by it whift> hrder ,  the white in most speciinen~ as it distinct white 
border, but in others breaking up and pcnclrating thc black spot; dorsal, anal, and cantlal with numerous 
sinall round black spots, plainest mid nioRt nunieroua on the soft dorsal, and arranged inore or less 
definitely in rows extending downward and backward; pectoral pale; ventrals somewhat dusky. 

The above description is based chiefly iipon the largest specimen, which is from Montecristo. 
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46. Cichlasoma teapa, new species. 
Type, No. 50005, U.S.N.M., a mature male 9.5 inches long, collected April 1,1900, by E. W. Nelson 

and E. A. Goldman, in the Rio Teapa, at Teapa, Tabasco, Mexico. Cotype, No. 976, U.S.F.C. reserve, 
a well preserved specimen, 8 inches long, collected a t  the same time and place. 

Head 3.75; depth 2.6; eye 5; snout 2; maxillary 4.5; mandible 3.5; interorbital 2.6; preor- 
bital 3.2; D. XVII, 13; longest dorsal spine 2.3 in head, ray 1.2; A. VI, 9, longest anal spine 2.2, ray 
1.25; peotoral 1.5; ventrals 1.2; caudal 1.5; scales 6-33-12, 5 rows on cheek. Body comparatively 
slender, compressed; caudal peduncle much compressed, its least width 3 in its least depth; head 
short, compressed, its anterior profile ascending very abruptly from the short, blunt snout; a high 
nuchal crest or hump, highest above eyes, the anterior profile thus made concave in front of eyes; 
snout short, anterior profile ascending abruptly; mouth small, nearly hrieontal;  jaws subequal, or 
the lower slightly included; teeth strong, canine-like, tips brown; eye rather small, entirely above tip 
of snoot; domal fin beginning over base of pectoral, the spines rather slender and weak; 8oft rays of 
dorsal long, reaching bave of caudal; anal spines stronger than those of dorsal, the rays somewhat 
longer; caudal fin truncate; pectoral rather broad, not reaching tips of ventrals; ventrals long and 

FIQ. G.-Cichlnsonzcb t m p ,  new species. 

pointed, extending slightly beyond vent in type, not quite reaching it in cotype; tips of dorsal and 
anal extending slightly beyond base of caudal. 

Color in alcohol, dusky white, paler on belly, the outer half of exposed portion of each scale 
brownish bla(-k, the distinction htween this and the pale base of the scale being very marked; traces 
of four or five dark vertical blotches on side under tlorml fin and one at  base of tail; trace of black 
blotch under and above tip of pectoral; entire head pale browniuh; (lorsal, anal, and caudal brownish, 
apparently without spots; pectoral and ventrals pale. 

This species is related to C. mekunurtis, but differs from it,iri the more slender body and very 
different coloration. It also resembles Ifi,ros g;/Jbic('ps Steindachner, the type of which also came 
froin Teapa, in the strong development of thc nudial crest. l?roni that species it differs in the presence 
of a frenum on lower jaw, which inakes it a true Cichlasomcr, and in the different coloration. 
47. Cichlasoma parma (Gunther). 

One specimen, 0 inches long, from Frontera, and one 4.13 inches long, from Montecrisd. Head 
3; depth 2; eye 4.75; snout 2.17; preorbital 3.75; interorbital 2.6; maxillary 3.5; mandlble 2.4; D. 
XVII, 11; 8. VI, 8 ;  scales 6-30-12, G row8 on cheek; longest dorsal spine 2, ray 1.1; longest anal spine 3, 
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ray 1.2; pectoral 1.4; ventral 1.1; caudal 1.25. Body oblong-ovate, inuch compressed; dorsal profile 
strongly and regularly arched, slightly concave between anterior part of eyes; snout moderate; mouth 
moderate, jaws subequal, maxillary not nearly reaching eye; teeth in front of jaws strong, canine-like, 
somewhat recurved, tips brown; caudal peduncle much compressed, least width 2.5 in least depth; 
fins large; soft lobes of dorsal and aha1 reaching past middle of caudal; pectoral broad, scarcely reaching 
vent; veiitrals pointed, reaching base of anal. 

Color, pale brownirli, side with several more or less indistinct diffuse black blotches; a inore or 
less ocellate black spot at base of caudal; pectoral pale, other fins dusky, the soft dorsal, anal and 
caudal with numerous obscure small black spots. 

This species resembles C. i/ieZunurus, but seems to differ in the somewhat deeper body, longer snout, 
and more spotted coloration on the caudal and soft dorsal and anal. 
48. Cichlasoma melanurus (Gunther). 

Head 3; depth 
2.2; eye 4.5; snout 2.4; preorbital 3.5; interorbital 2.75; premaxillary 4; niandible 2.76; D. XVII, 11; 
A. VI, 8; scales 6-33-12, 5 rows 011 cheek; longest dorsal spine about 2, ray 1.17; last anal spine 2.17, 
ray 1.2; pectoral 1.4; ventral I ,  cmdal 1. Body rather oblong, compressed, the back considerably 
elevated; snout short; anterior protile inorc or less concave, depending upon the development of the 
fatty nuchal hump; eye entirely above level of upper lip; mouth small, slightly oblique, jaws subequal; 
anterior teeth in jaws moderate-sized canines, brown at tip. 

Color, dirty white, mar1)lrd and blotclietl with darker, the dark tending to gather in irregular 
vertical bars; a more or less distinct, ocellated black spot at base of caudal, this sometimes obscure; 
pectoral pale, other fins inore or less dusky; soft dorsal and anal black at  base, the outer part pale. 

This species resembles C. purmu, but seeins to differ from it in the more slender body, the shorter 
snout, the more abrupt anterior profile and in the coloration. 
49. Herbs affinis Gimther. 

50. Heros cyanoguttatus (13aird & Girard). 
Head 3.2; depth 2; eye 4; snout 2; preorbital 3; 

interorbital 2.3; inaxillary 3.5; mandible 2.75; D. XVI, 11; A. vi, 9; scales 6-30-11, 6 rows on cheek; 
longest dorsal spine 2.2, ray a little longer than head; last dial spine 2.25, ray 1.2; pectoral 1.2; ventral 
1; caudal 1. Body short and deep; head very short, anterior 1,rofile very high, gently curved from 
tip of snout to origin of dorsal; cyr very high; mouth low, small, nearly horizontal; tpetli rather small, 
canine-like in front of jaws, tips slightly hrown; soft dorsal and anal extending to or beyond middle of 
caudal. Color in alcohol, dirty white, I,lotc.hed and spotted with black, the black most evident below 
lateral line; outer half of many of the s c d w  1)lac.k; middle of side with numerous small, irregular 
wavy lines and roundibh pal@spots, thwo prol)ably blue in life; pectoral pale; the other fins dusky or 
even black, the vcntrals and anal blackest. 

This species has not hitherto been reported froin southern Mexico. 
5 1. Heros urophthalmus Gunther. 

Head 2.9; depth 2; eye 4.3 (4  to 4.5); enout 3.6 (2.5 to 3) ; maxillary 2.67; mandible 2.25; inter- 
orbital 3; preorbital 4; D. SVI, 10; A. VI, 7 (17 to V I I ,  6 to 8);  scales 5-29-10, 8 rows on cheek; longest 
dorsal Rpine 2.25, ray 1.25; last anal spine 2.25, ray 1.4; caudal 1.4; pectoral 1.25; rcntral 1.25. Body 
short and robust, (-onipressed, tlic cau!lal I)cduncle deep and narrow; back considerably elevated, 
anterior profile coiici~ve 1)etween the eyes; no nuc~lial crest on any of tlic sl)ccinic~iis examined; liead 
large, snout rather l611g; mouth rather largc, somewhat oblique; maxillary reacliing orbit; jaws equal; 
teeth conic, tlie tips brown; srales large, sinootli, lateral line complete, but dropping three rows under 
middle of soft dorsal; fins all wc~ll tlweloped; pertoral rather long, nearly reaching origin of anal; 
ventral reaching past vent; soft portion of aim1 nnd dorsal reaching middle of caudal. 

Color, dark or browilish, with 7 broad black vertical crossbars, the first extending from in front of 
dorsal fin to upper end of gill-opening, the wcond from under front of domal to base of pectoral, the 
third and fourth from spinous dorsal to bclly between ventrals and anal, the fifth from front of soft 
dorsal to front of soft anal, the sixth across base of caudal peduncle, the seventh across middle of 
caudal peduncle; a large occllated black spot at  base of caudal fin; pectoral pale, all other 611s dark, 
sometimes almost black, probably bluish in life. 

Four specimens, each about 8 indies long, 3 from Monterristo and 1 from Teapa. 

One specimen, 3.4 i n c h s  long, from Progreso. 

One example, 8 inrhes long, from Montecristo. 
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This species is well represented in the collection, there being 7 specimens 7 to 8 inches long from 
Mujeres Island, 7 specimens R to 9.5 inches long from Montecristo, 7 specimens 6.75 to 8.25 inches long 
from Chichen Itxa, and 3 specimens 3.5 to 4 inches long from Progreso. I t  is easy to distinguish the 
specimen8 from any of these localities. Those from the Ralt or brackish waters at  Mujeres Island are 
shorter, plumper, and decidedly darker than those from either of the other loralities; the black bars 
are very distinct, as is also the caudal ocellus. The specimens from Montecaristo are more slender 
and the color very much paler; the black vertical bars are in each case quite indistinct, in some 
instances being almost or quite lost. The black caudal spot is less black arid the white border more 
evident. The 7 specimens from the cenote at Chichen Itza are intermediate in color between those 
from the two other plares, and are considerably more slender. They have an emaciated, starved 
appearance, which is doubtless accounted for by the fact that they had been caught from the cenote 
and kept in a trough or small artificial inclosure, presumably without sufficient food, for some time 
previous to coming into Mr. Nelson’s possession. 

FIQ. ?,-IIcros urophthalmus Giinther. 

Although it is easy to pick out the individual fish from any one of these localities, we do not find 
any structural differences of value. The color differences are due simply to the character of the water 
in which they were found. Had all 
received the same food or in the same amount, these differences probably would not have appeared. 
62. Spheroides marmoratus (Raneani). Swell-jhh. 

63. Spheroides testudineus (Linnzus). Swell-fib; Puxeer. 

1.3 in snout; D. 8; A. 6. No cirri, no prickles, but many pores over most of anterior half of body. 

64. philypnus dormitor (LacBpBde). Guavim. 

-i&wy 2.33; interorbital 4.87; preorbital 7.5; D. VI, 10 or 11; A. I, 8; scales about 60,-22. 

The difference in form is simply a question of food supply. 

One specimen, 10.75 inches long, from Cozumel Island. 

One specimen, 9 inches long, from Mujeres Island. Head 3; eye 8; snout 2; interorbital 2.5 in head, 

Two specimens, 6 and 10.5 inches long, from Teapa. Head 3.6; depth 6.6; eye 7.6; snout S.25; 
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55. Dormitator maculatus (Bloch). Mapiro. 

from a salt-water pool at  Salina Cruz. 

56. Batrachoides goldmani, new speries. 
Type, No. 50006, 7J. 6.  N. M., a specimen 10.5 inches long, collected May 7, 1900, by E. W. Nelson 

and E. A. Cioldman, in the Rio Usumacinta, at  Montecristo, Tabasco, Mexico. 
. Ileati 2.75; depth 5; eye 9; snout 4.25; D. III, 24; A. 18. Body fusiform; head very broad, much 
depressed; caudal peduncle slender, much compressed; mouth large, lower jaw strongly projecting; 
tnaxillary reaching far beyond eye; teeth small,. those on vomer in two irregular rows, about 26 in 
nuinber, the inner the larger; palatine teeth about 15 on each side, irregular in size and position; teeth 
of lower jaw in 2 large patches in front, the outer somewhat enlarged; eye small; dermal fold on side of 
occiput obscure; ciernial filaments on jaws and sides of head rather small; opercle with 2 rather strong 

Four small specimens, 1.7 to 2.3 inches long, collected December 25, 1898, by Mr. C. C. Deam 

FIQ. 8.--Bulrnchoidea goltliiinii i ,  iiew species. 

divergent spines, but covered b y  skin; subopcrole with 2 similar stronger spines; dorsal spines short- 
and blunt; soft dorsal long, about half leiigth of body; anal base 2.5 in length; caudal rounded; 
pectoral moderate, 1.67 in head; ventrals short, 2 in pectoral. 

Color, grayish, with 4 irregular dark c-ross-blotches, the first under base of pectoral and involving 
the 3 free spines; the second under firat one-third of dorsal and extending upon it; the third under kdSt 
one-third of dorsal and likewisc extending upon it; the fourth, a dark bar at  base of caudal; top of head 
and back olivaceous or dusky, blotched irregularly with dark; under parts of head paler, with dusky 
and violet markings; spinous dorsal dark; soft dorsal violet or rusty with 2 large black blotches on base; 
a smaller one between them, the fin crossed by irregular short dark and pale lines; anal similar to soft 
dorsal; caudal dark, irregularly barred a t  the base; pectoral dark at  base, the rest of fin with irregular 
bars of white and brownish; axil pale; ventrals somewhat dusky. 

This species differs froin 5’. su r i r~ame~~s i~  in several important partic.ulars, but chiefly in the smaller 
size of the anal and dorsal fins. I n  3’. suriiiamerrPis the anal has 26 rays and its base is nearly half the 
length of the fish, and the dorsal has S9 rays, the base being more than half length of body. 
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Contributions from the Biological Laboratory of the U. S. Fish Commission, 
Woods Hole, Massachusetts. 

BY PRANCIS 13. HERRICK. 

Whenever it is iinpracticahle to detcriiiinc the reproductive periods in an animal 
by watching its behavior, the structure of the ovary will usu:dly furnish a clew. This 
is true of the crustacea, and probably of all other nnitnals. My present :Liiii is not 
only to illustrate this fact, bu t  to settle certain questions concerning t l a  hrceding 
habits of the Anicrican lobster about which doubt is still csprcsscd. To state the 
question briefiy: How often does the adult ani ihl  lay cggs!--Every year, oncc in 
two years, or a t  longcr intervals, for these divcrsc answcrs have been given 1)y 
various writers. 

Over tcn years ago I found that a study of the uornpurative amtoiny of the 
ovaries taken at  different seasons seeuied to p!-ovc the iiiipossibili ty of :tnnuttI 
sptwniiig,’. and to demonstrate that cggs were riot laid oftener, as a rule, tlii~n every 
other year. While 
confident that these conclusions were reliablc, the iimin evidence in thcir support W:LS 

indirect, ~ L S  I took pains to state :it that tinic. ’rt is iiow pomiblc to supplcnient 
tliese earlier observations by direct experiments upon living animals, and the theory 
of biennial spawning is supported by :L variety of testimony. The true wiswor to 
thc question, How often does the mature lobster l f ~ y  her eggs? is, therefore, Once 
in  two years, as a rule. 

Ap:irt 
from the question of the frequency of sip:twiiiiig, the following fwts rtre knowii: (1) 
The majority of the egg-producers for any given yew 1:ty at n definite se:~~o~~--ii:i~iicl~, 
in summer. The breeding or egglaying season at Woods Hole, M:issacd:iisctts, 
rcauhes its height during the lattcr pwt of July. (3) Following ovulation c*oiii~s :L 
long period of fosterage, inaccurately called incubation, whi+ lasts from ten to clown 
months, during which the eggs are carried undcr the “tail” or :ibdoincn. (3) The 
hatching of this generatioii of external eggs follows in M : L ~  or rJunc. 

Do the bcrricd 
feinalcs whom young hatch in Miiy, 1902, lay again in July of t h t  p a r ,  or not 
until July, 1903, or in sonie subscyuent year? 

In  1896 I recommended that the direct cxpcriincnt should l)c tried of Imcping 
female lobsters alive from the period of the hatc.hing of their last hroods unt3il the 

This was further illustratcd in a f ullcr work published in 18!%. t 

We will now consider tho ovidciice upon whioh this uonolusion is based. 

To revert now to the question of the frequency of spuwning. 

__ __-__I ____ -___ 
* Noks on the EIInbits uird Lurvul Stugou o f  tho htncricuii Lobator, Jollw IIupliiiis lTlrivcrllity R ~ ~ l l c t i ~ l ,  No. sa, 31uy 1891. 
t Tho Amoricau. Lobutor; A Study of i t s  IIubits mid Dcvclopmciit. U. 8. Fish Commission, \Vushiiigton, 1895. 
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laying of the ncxt generation of cggs, which upon thc theory of hiennial spawning 
would hc due in one year." Through thc courtesy of the United States Fish Com- 
mission this cxpcrirncnt was made in 1900-1901. On June 19, 1!)00, Mr. Vinal 
Edwards pl:~ccd in a floating car thirty-six lobsters fro111 which the old cxtci-nd eggs 
had been renioved, fcd them regularly, :ind on the first of each month following 
caught one of the :~niin:ds and prescrred its owtrics. When thc last survivor was 

'taken, M : L ~  1, 1901, just tcn months and tmclve days from the heginning of the 
cxperimcnt, not onc of the animals had laid cggs. Furthelo, an examination of 
the ovaries disclosed no evidence of absorption of the ova or :ihnoimal retardation 
of their growth, such :is we might look for upon the theory of annual spawning- 
nothing in fact hut :L slow, regular growth of the org:ms. 

I.  

The tcstiniony which is p1:iinlp borne by the structui*c of thc ovaries of these 
anim:tls is of n1uc.h inipoi-tnnoc, and will l)c bricfly :tn:ilyzed. 

I n  :t single gcncmtion of owwi:Ln c g g ~  thrco stages tire cntitlcd to spcc.i:d con- 
sidci.ation: (1) The initial stage, whcii the 017:~ of the preceding gcncrtttion ~ L I - O  laid; 
(2) the interniedi:itc stage, when these cggs are htLtched; and (R) the final stage, whcn 
the owri:m eggs h w e  iwched their full  size and :ire i-cady to l)c cxpcllcd from the 
body. The tirric intcrvd hctwcen st:tgcs 1 itrid 2 is lcnown to lw 
appiwxirntttcly onc  ye:^^', bcing rncnsurccl by thc devclopincrlt of the cxternal cggs 

(Figs. 1-3.)t 

- 

*JhiA, 1). 72. 
?All  ttic figures 111 tlii? I ~ I L T J C ~  iirc drrtwzi to the b1LmC: seirle, with I L I I  erilrrrgetncnt of 10 clirrmctcr~. TJnlcqs otllcr. 

wise h t l l t C d ,  the HIIC of cti(-Ii cgg f k ~ ~ r c d  rc*i~rewits it11 nvcrrtgc of t c i i  of the I i trgw ~,eriphcrril ovir from the ovriry of ttre 
srrmc individiii~1, rill hcinfi wi)jcctcd to the mmc treatment. T h e  cggq \wrc rt~llcd under ~ l i p v  I,[ x:lirqq r r n d  t11c11 o1rt1inec1 
wit11 the crtmerr~, the meaqiircmcntq bc iw mrldc from the skctchcs t h q  ohtnincd. Several incururcmeIlts of crrcl1 egg 
were required, owing to thc distortion wl~ ich  rinse9 from mutual pressure in the ovary. 
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which serve :ts a handy and c*onvenient chrononieter. Thr Patio of growth in  stages 
1 and 2 C:LII also be deterniined. The volume of tlie laid egg i n  tlic final stage is also 
known, fo  that it only reiliains to ascertain thc timc interval between stages 2 and 3. 

0 0 0 
CL b c d 

FIG. 4 . 4 e r i e s  t o  illristnitr the grow111 of tlic m iiriun eggs diiriug iirst ycur nftcr spuwnilig. (n) Ovnriun egg 
in  initial st.iigc UH sl~owii in Fig. 1 .  (b )  0v1iriu11 egg fifteen diiyli nUcr egg-hying. Esteruiil eggs burne on 
the swiiiiincrets, i i i  “ilauplius” ritugi-. Itudiilx, 8.6 1ii i i i . ;  uolitent.i, 2 .N  e .  e. ,  hugout  ti. (e) Oviiriiill egg 
forty-twu diiys after egg cxtrusiou, the iigc being dctcruii~~crl by stute of clcvclolimcnt of irltnched ovu.  
It. 12; auntouts, 7 2  u. o., August 21. (d) Ovuriau egg, iiftorayilJrosimiitely otic ycilr from egg-Iiiyilig, uvcriigc 
of tell uvit Isom lobvter tiikeii June 19, 1900, with crterriul egg ready tohutcli. It. 16.2; colitcnts, 17.77 c. e. 

The relative volumes of the ovarian eggs at these successive pcriocls :ire tis fol- 
lows: 0.77 c. c., 11.71 c. c . ,  136.Y7 c. c.  Accordingly, during the first period of 
growth the ova increase i n  voluiiie fifteen tiiiics, or the ratio of growth nluy be 
e q ~ r ~ s s e d  by 1 : 15. Upon tlic theory of I)jcnni:d spawning wc should cspcct the 
ratio of growth for the second period to be approsirnzltoly the same. The vdues 

fl 6 C 

FIG. h.--tcrics illiistrating tiic growtli of tlic ovuriiin eggs during the second ycur uftcr spiiwliing. (a) Ova- 
riirti egg OW ycirr ten moiitlis trrter cgg-Iuyiug. 1‘iw feinnlc lrmn wliiuli this oviiry wus tirkeii wits kept 
iii u floatiiig cur f n m  Juuc i9, 1900 (period OI Iiatcliiug), until Miiy 1, 1901, Iliidins 17.9: uolltellts, 28.97. 
( b )  Avcriigo HIZO of two fresh ovu, trtkcii A~igtl!it  19. Tlicsc eggs were RUOII 1.0 be lriid i ts  sliown by their 
rjize, color, utid geiicrul iipgumince 01 ovurg. (c) IJucxtrudcd ovuriiiii eggs, tnkcn itbout tlircc days ufter 
egg-Iityirig. TI1c cxterriul eggs were iu scgmcutiition. 

c 
Nudius, 27.1; contenb, 83.19 e. c. 

given abovc, for which only ti relative degree of :tccurucy can bo inaintained, give 
this ratio :is I : 12. This result supports thc conclusion that the ovarian ova whiali in 
spring following the last ovulntion attain the size shown i n  fig. 2, experience a second 
period of r;ipid growth and arc laic1 during the following siiiiinier. This is rendered 
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all the more certain f roin the characteristic appearance of the ovaries of certain 
lobsters taken in suiniiier in the very midst of the spawning season. There :~rc  
certain infallible signs which prove thkt the ovarian eggs are due in the current 
season, the most conspicuous of which i s  the color change. Prom a light pea-green 
the ovary becomes a dark olive os rather a greenish-hlack color, which is ofteii 
noticeable at the very beginning of the period of rapid growth, or at least when 
riiany of the ova are scarcely more than 8 111111. in di:Lmeter (see fig. 5 ,  a), and not duc 
for some weeks. Then with the further growth of the ova the transparent elastic 
wall of the ovwy becorries distended and assunies a beaded appearance. As the 
period of ovulatiod approaches, the ovarian eggs become free, and, if the wall is cut, 
flow out in  a’strearn. It is thus evident that during the second yew the ovary undcr- 
goes little change with respect to the size of the ova up to the beginning of summer 
or of the second period of rapid growth. Further direct observations upon lobsters 
kept alive for upwards of ten months after the hatching of a brood demonstrate that 
their ovarian eggs attain that size which the theory of biennial spawning demands. 

Accordingly, a very slight chunge from the condition shown in  stage 2 ushers i n  
a second period of rapid growth, and this period, beginning usually sometime in June 
or early July, is brought to u close in  the coume of a few weeks, when the  new gen- 
eration of eggs is extruded. 

The rapidity of growth of the ovarian eggs for a period of six weeks, as meas- 
ured from the initial stage by inems of thc chronometer provided by the eggs 
attached to the swimmerets, is illustrated by figures 4 and 5. The egg more than 
doubles in volurne during the first fortnight, while in seven weeks the initial volume 
has been increased (3.3 times, 

While we speak of “stages” and “periods of growth” as a matter of conven- 
ience, it is hardly necessary to he reminded that every change is gradual, and that 
no abrupt transitions are known. 

The theory of hiennial spawning is supported: (I) By the fitatistics of the 
fishery; (2) by the tmatoriiy of the ovary of the adult female taken at different 
seasons; (3) by the ratio of growth of a given generation of ovarian ova for stated 
periods; (4) by observation on animals kept alive for long periods; (5) by the evi- 
dence of the rapid growth of ovarian eggs of spawners for any given year during 
the height of the breeding season. 

It is to be expected that the rule to which the majority conforms has many 
exceptions in iiidividual cases, for variation is the rule of life. It seems quite probable 
that occasionally a lobster may lay eggs in two convecutive seasons, and that in othcr 
cases the normal biennial period may he even prolonged, but I have nothing to offer 
under this head, 

I have ,rhown in an earlier workx that n considerable nuinbcr of spawners laid 
their eggs out of season? as in the fa11 and winter months. How can we account for 
these fu l l  and winter eggs! An experiment tried by MY. Cunninghum,t i n  the 
summer of 1897, on the European lobstei:, suggests an answer to the question. At 
Falmouth, England, five fernale lobvtei*s har ing  external eggs about ready to hatch 
-~ 

* Ibid, p. 44. 
t Contributions to tho knowicdgc of tilo rrutioiiul history of tlie lobster u ~ i d  crub. Juurii. ltoyul lnst .  Coniwu11, No. 

XLIV, 1807. 



THE REPRODUCTIVE PERIOD I N  THE LOBSTER. 165 

werc placed in a floating box i n  sunimcr time. When their ova had all hatched out 
these feinalcs were kept confined with two inalcs until after October 14, when one 
was found to have newly spawned. This proves that it is possiblc for the Europeun 
lohster to spawn in  two succcssive years, but it docs not provc that this is the COIkl- 

111on habit of the species. It also strongly suggests that thcsc October cggs corre- 
spond to the “fall” and “ wintcr ” eggs occasionnlly produced in the American 
form. 13y accelerated growth of the ovary, eggs might bc laid in fall or winter 
when not normally due until the sumiiicr. following. Under such circumstanccs the 
ovarian cggs would come to niaturity in fifteen instead of twenty-three months. It 
would be interesting to know whcn these fall cggs hatch. As alrcndy suggested, i t  is 
possible that thcy do not givc rise to the regular summer broods. In the Rincrican 
species hatching of larva: has been c:Lsunlly dotcctcd in Novcmhcr %nd January. 

Professor Prince, who rejects the idca of a hicnnial spawning period, cxprcsses 
surprise that the notion first advanced by persons wholly untraincd and unqualificd 
to form :i reliable judgment has rcceived support ‘reccntly*froni mcn of scientific 
standing. A statement of minc is givcn :I. construction which might seem to support 
the idea that eggs arc laid in consecutivc years. Thus hc says that I found in papcr- 
shell lobsters in JuI+y that just aftcr the brood had hatched nnd thc iiiolting was over 
the cggs in the ovrbrics werc no less than half tho sizc of rrmture ova. I speak of the 
diameter of these ova which, if by size is implied their volunic, is quite a different 
iii:tttei*. * 

Again, it is snid that I do “ not hesitatc to affirm concerning this supposed bien- 
niril spawning th:tt to provc it requires only thc dissection of a fciiiiilc with cggs 
ready to hatch in Junc, .July, or Augiist, and it will bc found th:Lt “the ov:iritui 
eggs have had, in all thesc C : L S ~ ,  from ten iiionths’ to :L year’s growth”-thc vcry 
point, in fact, being assuiiied which requires proof.” It would bo a work of supercro- 
gation to go over in detail this ground again, but 1 can rcaffirni the statement with 
addcd emphasis. That tho iiiajority of fcmtilo lobsters which sp:bwn in  suiiinicr carry 
their eggs attached to the swimmcrets until thcse siiiiic eggs hntch tcn or clevcn months 
later is a provcd and settlcd fnct admitting of no doubt. It was proved at Woods 
Hole, and the same experiment was conducted on :I large scalc by Mr. 11. 1’. Grecn- 
leiif, a t  Southport, Me.+ I n  July and August, 1892, he piaccd 300 egg lobsters 
in a pound at that p1nc:e. In  April, 1893, he scined imd found thc feiiialcs still carry- 
ing their eggs; again, hc seined the pound in June, when iiiost of tho eggs wcrc 
hatched. Moreover, I have detcrinined thc ratc of growth of thc cxtcrnd eggs from 
actual observation, from the time of extrusion to hatching. The external sumincr 
eggs are a perfect chronometer for inetisiiring the ratc of growth of tho ovary during 
the first period-that is, during the fall, winter, and spring following any given 
ovulation. 

“The fact,” says Prince, “that tho lobster spawns annually is cvidenccd by: 
(1) The fairly uniform proportion of ‘ bci-riod ’ fcinalcs ttalrcn season after season, 
(2) Tlic occurrcncc, of the berricd conditions in all siecs of females from 7 inches to 18 
inches. It might be expccted that feninlcs of ccrtnin specified sizes would ncvcr or 
l’nroly be found with eggs werc biennial spawning a fact. (3) Exrict rescarohes upon 

*Ibid, 1’. 162. t Ibid, p. M. 
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allied decapod crustaceans prove the greater frequency of spwning. (4) The rapid 
growth of ovarian eggs so fauiiliar to embryologists is unfavorable to tho biennial 
theory. ” 

The last two clauses (3 and 4) may be ruled out because this is a matter of fact 
concerning a specific animal, not a question of analogy with what may or may not 
occur with other species. 

So far as my obscrvations at  Woods 
Hole have gone, the proportion of berried to adult females without berries is fairly 
uniform--that is, about one-half the adult females captured in winter and spring 
are without eggs. Whether this is what Professor Prince means or not, the fact is 
fatal to the theory of annual spawning. For, upon this hypothesis, during late 
winter or spring ever-y female of breeding age should carry eggs, excepting here tind 
there a solitary individual which had postponed egg-laying to an extraordinarily late 
period, or which had met with an accident and lost her cargo. I have never found a 
single instance of egg-laying in spring. On the other hand, th‘e records of the catches 
made under illy directions by the United States Fish Conmission a t  Woods Hole 
confirm the statement just  made and support the hiennial theory of spawning, the 
proof of which has heen given. ‘Chiis, in the month of March, 1894,’il female lobsters 
10 inches or more in length were captured in  Woods Hole Harhor. Of these, only 
9 bore external eggs. How are facts of which this is :I sample to he explained on 
the tlicorj7 of annual spawning, sccording to which all such ~nirnnls slrould have borne 
eggs, or, at least, a11 but a very few which may not have reached maturity? The 
second statement-“ the occurrence of the berried cbonditions in all sixes of fcmales, 
from 7 inches to 18 inches,” has no bearing on the question of frequency of spawning, 
since there is no fixed limit at  which lobsters matui’e.” Again, the remark “ i t  might 
be expected that fcmales of certnin specificd sizes would never or i-arely bo found 
with eggs were lhnnial  spawning R fact,” is open to thc same objection. New female 
recruits, of all sizes from 8 inches up. come to their tirst spawning period every year, 
and would do so whatever the length of the reproductive cycle. 

In  conclusion I wish to quote the brief summary which was placed undcr the 
description of a drawing of the ovary, which I believe gives a true picture of the 
growth of the ovarian eggs: “ W e  thus see that a generation of ovarian ova grow 
very rapidly during the first summer following the last ovulation. They then enter 
upon a period of quiescence, growing but slowly, like the external enihryos during 
the succeeding winter. A t  the beginning of the third summer after ovulation this 
generation of eggs i s  ready for extrusion. That the sprtwning periods are thus two 
years apart is valid inference drawn from the study of the anatomy of the repro- 
ductivc organs.” t 

The first clause (1) is somewhat obscure. 

- ___ __ - - - __ ___- - ___ - __ __ 
* Ibid, p. 138. j lb id ,  p. 24G. 
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N O T E S  O N  FIVE FOOI1)-FISNES 01; L A K E  ISUIII, LUZON, P H I L I P P I N E  
1SLANI)S. 

BY HUGH M. SMITH. 

As a meager contrihution to the ichthyology of the Philippine Islands, the fol- 
lowing notes on a few specimens of fishes recently sent to the lJtiited States Conitiiission 
of Fish and Pisheries are offered. The fish wprc c.ollec.ted in Lakc Ihihi, province of 
Cnmarincs Sur, Luzon, in  .July, 1901, by Dr. F. W. lCichnrdson, contract surgeon, 
U. S. Artily, and forwarded through the Surgeon-(;eneral’s Ofice. Dr. Gcorgc A .  
Zellcr, :icting assistant siirgeon, U. S. Aruiy, hiid prcviously sent fro111 1 ~ 1 ~  Buhi 
spec4iiiens of dried fisli-c:ikes nindc by the. n:itives. 

Laire I h h i  is desori1)ed :LS ti 1)e:iutiful tiiountain lake, 3 inilrs widc :ind 6 nii1c.s 
long, :ind 500 to 1,000 fret al~ovr thc scu. It is reputed to l w  very d ~ c p ,  : L i d  i.s xiid 
to have lwcn foi*ined by a vo1c:inic iip11e~iv:il before the Sp:inish ocwqxition, when one 
side of Mount I r i p  w:~s ldown out, iind hills of Inv:~  wct*e sc1:Lttcred for milcs to the 
southcwt, of thc riioun tni n. 

‘I’ha size of sonic of 
them indioxtcs that nothing is too srnnll or insignitic:iiit for the I’ilipinon to eat. In 
L:ikc Buhi very few fish arc caught with hook and line, tho n:itive :ipplianc.es being 
a fine-moshcd net used as 1% scinc and a trap m:de of bainboo. 
Mistichthys luzonensis 11. M. Smith. 

I n  an article (S~~inrw,  Janu:iry 3, 1902) entitled “ T h e  Sniallcst Known Vertebrate,” the writer 
gave a preliminary noticbe and brief clesrription of this new genus and species of goby froin Lake Iliilii. 
The genus Afts/ic.hlh!/s ( p e i G r o 5 ,  the sniallest; i;uO6s, fish) may be diagnosed as follows: 

Head rtither large. Dorsal fins widely separated, the anterior very 
low, containing 3 weak sl)inrs ioiiied b y  a iiienibrane, the postcrior Iiiglr, with 8 o r  !) l)ranchecl rays; 
anal fin siinilar to Hoft dorsal; pectorals long and roundetl; ventrals I,  5, c’oftlesc(vit, not atlnatc to 
nl)tloinen; cmidi11 well clcvclopetl, Iduntly pointed. A single series of rather long, curvet1 conical teeth 
in each jaw. Sc.alcs large, etcnoid. A lnrge genital papilla in 
racali sex. 

All of the species hcrcafter referred to are used fov food. 

“ L S ’ ~ W I X L ~ ~ W . ’ ’  

I3ody elongate, coinprewxl. 

(;ill menibmnes joined to iuthinus. 
Size niinnte, the niales rather sinaller than feniales. Coloration plain. 

Mi.v/iclithys Inzoneriais piay be inore particularly tlcscribed :is follo\vs: 
Forin clongatrd, c-onipreswd, tq)ering but slightly to the ratlicr wick twidal pcdunclc. Dc~ptli of 

body rqunls a h u t  onc-fonrtli total Icwgtli, the .feiirale being slightly ( I c q w r  tlim tlic ninlc. IIrad 
large, its lcngth rontninetl 3.3 tiincs in body; inouth large, oblique, the iriaxillnry extcntling to a 
point under anterior I)ortlcr of pupil; lower jaw slightly longer thm i ippr,  the chin ~~roje(titig; tcctli 
R h r t  a11d niiiiicrous, arranged in $1 single row in cac*h jaw; eye large, R . 3  in head; snout blullt, two- 
thirds diamctcv tJf eye; interorbital spac’c’ about one-half rye; branchial nicinbriiiic~s not united inid 
joinccl to the istlimns. ~ l i r  dorsal fim arch separated by an interval rather less than half the I i c d ;  the 
anterior consists of 3 weak spincxs and a riidiinrnt adnate to the first spine, and i8 w r y  low, its heiglit 
being less than half (Iiaiiieter of eyr; t Ire tie(-ond clorsal roritnins 8 or $1 rays, of M liicli tlic posterior 
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are longest, antl is caomparatircly high, thr longest rays being nearly two-thirds length of head 
m t l  5 times length of dorsal spines; the origin of aiiterior dorsal is 0.4 distance froin end of snout to 
base of c*a~itIal, that of tlle posterior dor9al is 0.4 distance from base of c:iudal to end of snoiit, and over 
origin of an:il. .ilia1 tin hrge, of 11 branched rays of nearly eqnal length, rather IcSH than height of 
second dorsal. Pectorals two-thirds as long as head, rounded, with broad base, the central rays 
cxtcritling as far as vent; rays 15. Caudal 
large, central rays prodncwl, its length rqiial to five-sixths of head. Genital papilla in the niale 
dcntler, t:tpcriiig, longer thnn first anal ray ant1 1.5 tiinw diameter of eye; that in the female half as 
long ant1 twice as broad as in the inale. Scales large, strongly ctenoid, 23 or 24 in Ieiigthwk series 
ant1 0 in transverse serirs. 

Color$: Tri life, apparently almost transparent; muzzle b1ac.k; a black line at base of anal; back 
antl hoatl spa~secly spotted with black; :L narrnw black stripe under eye. 

Avcragr length abont 12.5 ~ n m . ,  the inales soine\z.hat srnaller t11;in the frrriales. 
Tylics (Nos. 50303 antl 50304, 17. S. National Museum), collected in Lake Buhi, Luzon, Philippine 

Ventritls I ,  5, short, coalescent, not adnate to al)tloinen. 

Isl:intls, July 5, 1901, by Dr. 17. W. Richardson. 

& ~ I S T I C I I T I I Y R  i .wnNi:Nsi \  Smith. Mnle. Bnlnrgerl 8: times. 

This is npp:irrn(ly tlic sniallest known species of fisli. The average length of frrnales among the 
spcciincns at hand i u  13.5 i i i in . ,  the ~ninirnuin under 12 n m .  T l ~ e  average length of nialcs is 12.5 inni., 

thca niiiiimnin untlcr 10 i n i n . ,  ancl thc niaxiiiiuin 13.5 inm. The average length of 50 specimens take11 
at random, both sexrs ahout equally reprrsentetl, was 12.9 inni. 

That t l i ( w  speciniens are mature is shown by the presence of ripe ovarian eggs antl by the extru- 
sion of perfect eggs wlien thc fish werc placed in thc preserving fluid. The average diameter of the 
extrudetl eggs is 0.5 inin. 

Thc shape of the gc~nital p a p i h  suggests that the eggs are deposited in crevices or under objects, 
ant1 there fertilized. 

Prof. 11. V. Wilson, o f  the IJniwrfiity of North Carolina, has examined this fish with reference to 

“The ripe ovarian egg is nniforinly filled with granular yolk. I t  is of a rounded shape, freqnently 
I t  1ic.s inside a conil)arativcly tliiclc slrc~ll, whic*h has an irregularly polyhedral 

Olio facet of the shell is (*onvex ant1 bears a sluall, rounded tlepression, from which radiate 

i k  eggs, and c.ommiinicates the following notrs thereon: 

eIIil~tic-aI in  outline. 
shape. 
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dichotomously bran(-hing fibers, which cover all facets of the shell except the one opposite tlie tlepression. 
The fibers adhere closely to the surface of the shell aiid may be continaons with it. Arourid the 
margin of the bare snrface the nbrrs niay extend beyond the egg, lyiiig in an intricately coilcd condition 
in tlie spaces between the eggs. 
whic-h beconic free xitli continued growth. 

“The ripe cggs are packed together closely in the ovary, adhering by thcir flattened surfaces. 
Between and beneath ttiein niiiiierous sniall ovarian ova, with relatively large nucleus and nucleolns, 
are prcsent. 1 believe the ripe eggs are arranged iii a 
Fingle layer aronntl the axial cavity of the ovary, with the caonvex depression-bearing surbces €:icing 
the cavity. The fibers or filanients suggest, of ~oiirse, that the egg is attached to soinethiiig clnring its 
development. 

“In tho discharged eggs exninincd the filaments project froin one side in the form of a tuft. No 
signs of scgrnentation could be niade out in surface view of eggs in clove-oil, and yet the shape of the 
blastoderm was so embryo-like that I thought it ncccssary to section a inass of the eggs tiikcn directly 
from the fish. The 
blastoderm is mnch thicker on one snrface of the yolk tlian on the opposite snrlarc, but is quite 
unsegmented. 

“The highly tlevelopetl egg-membrane, with its filaments, is certainly a very nnusual fentare. 1 
know of no similar cme, hut I have not at hand literatiire which would enable me to say whether or 
not such a mernhrane has been described. The disk-like area from which the filainents radiate is 
exceedingly thin in the renter, but is not perforated. The appear- 
ance oC several eggs intlivatcs that when the egg is laid an outcr inelnbrane, with the iilanients, is split 
and recurved, Icaving the egg snrroundrd by a thin menibranc~, a t  sonw point of wliidi the inic~opyle 
should be. 

“There is certainly lint liing in the appcaranc.~ of tlie eggs (egg-membrane, yolk, blastoderin) to 
suggest that they dcvc~lop ill the inother. The coiiiplicatetl eggb*-iiic~iril)ra~ie, oil the contrtlry, strongly 
sriggcsts tliat the egg develops outside the mother, attacbhcd by filanientis to sonic body. All this is, of 
course, negativc evidence.” 

An interesting fatat regarding this species is that i t  is a food-fish of ronsidcniblc importance. In 
forwiirtling samples of the Ash as tlrietl for food, I)r. Zeller wrote as follows: 

“ I indose Iiwewitli sainples of a strange articlc of diet grciatly relished Iiy the Bicols, ntnong 
whom 1 have bcen stationed for the pa& eighteen montlrs. Rice and fish arc the staple articles of 
diet for niost VilipinoH, antl in tlie provinces of the Catnarines there is little variation froni these two. 
Fishes of every size and many varieties are prepared in every c~onceivable form, bat the sainplcs 
inclosed are unique in that they arc found hero and nowhere else. * * * Many varieties of fish 
abound in the lake, but by far the most iiuinerous are these niiiiute speciiiions. TheypLc czlled in the 
native Bicol tongue ‘ sinarapaii,’ and when dried in the sun on a leaf are called ‘ batli.’ 1TIieyare cnught 
by a large sheet of close web, which is dipped under wherever a school congregates. They are put 
into tightly woven baskets from which the water soon drains, leaving a coinpact mass of fish., They 
are not minnows or iniinature fish. They are adults antl attain no greater size. ’LTh~ natives buy tlieni 
eagerly ; and when the little fleet of iishermen return from their morning’s qnest and place their 1)a.s- 
kcts upon the ground on the market place, they are instantly surrounded by a crowd of waitiiig cdiildren 
who, armed with every sort of dish, are anxious to take home the family ineat. They bring three or 
Conr potato tubers, a handfnl or two of  rice, or :i few copper pennies, and ill exchange rec.eivc iibont a 
pint of Ash. In the kitchen the fish are made tip with peppers or other spiced herbs, and they do not 
taste bad. The soldiers have ~econie  quite fond of this food, and liberally patronize the little native 
restaurants where it is served.’’ 

Gobius sternbergi, new species. ’ 

Head 
rather large, its length almit one-third total lengtli of h X y ;  mouth rather small, terminal, nearly 
horizontal, the maxillary not extending to vertical froni anterior etlgcl of pupil; snout short t m l  w r y  
blunt, about three-fourths tlianieter of eye; eye large, superior, bulging, less tlian 4 in herid; interorbitti1 
onc4ialf eye. Teeth in upper jaw in allont 3 irregular rows, of wliidi the outcr row cwntains the largest 
teeth ; tect h in lower jaw in a band, soiiic larger than others nnd canine-like. 13raiichinl iiienrbrancv 
broadly united to the istliuius. 1). v, 8; A. 8; ctiutlsl pointed; veiitriils long, cxtending marly or 

The fibers are probably to be looked on as ridges of tlie eggshcll , 

Such small ova have not yet developed a shell. 

The sections perinit the I)l:tstoderm to be sc’en distinctly as well as the yolk. 

I have examined a large number and find no trace of segmentation. 

I can not make out R inicropyle. 

‘ 

Forin elongate, rather rohust, slightly compressed, the depth contained 4 times in lengtli. 

. 
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qnite to vent; pectorals long, the central rays produced and cstending opposite origin of secwntl dorsal. 
S(*ales large, those on Hides, abdonien, and most of back finely ctenoitl, those on anterior part of back 
mostly ryc.loic1; posterior edge of scales angular; opercle, prcopercle, and top of heatl as far forward 
as interorbital space rovered with large c-ycloitl scales; sralrs in lateral series 25 or 26, in transverse 
wries 8; 12 scales before anterior dorsal. 

Sides marked b y  about a dozen short, 
irregular, vertical, blackish blotches, a prominent one above base of pectorals; innzzlr (lark; a tlark 
area on operrle; anterior dorsal pale at base, blarkisli distally; secvntl dorsal irregularly inarked with 
dark stripes; anal antl caudal dusky; Imtorals antl ventrals plain. 

Types (No. 50.536, IT. S. Katioiid Mnseum), G specitnetis 20 to 27 inin. long, rollwtctl it i  1,:tke 
Unhi, Philippine Islands, l)y Dr. 17. W. ICic*hartlson, ,Jnly 5, 7901. 

This species H C ~ I I I S  to :igrcr witli none of the 20 or inore species of Gobius already described from 
the l’hilippinc Islands. It is ii:inicvl for I)r. (korge M. Sternberg, Surgeon-General of the United 
States Army. 

Colors: Head, sides, antl h c k  clusky, the under parts white. 

(ioeir STI.IINBI,ILCI, iiew s p r i w i  

Hemirhamphus cotnog, new 8pecies. Ifir!f-biwk; “ Colnog.” 

Ik)tly rathcbr slendcr, tlw tlepth cmtnined 8 times in length (froin end of upper jaw to c~artdal base) ; 
soirtewliat conipressed, vertical; thicktitw o f  Imtly one-hiilf lers tlmn depth; length of heatl ( w i t h  

lower j aw)  2.3 in total length o f  body; lrngtli of lower jaw (beyotit1 extremity of ul)per jaw) rather 
greater ttian rctriaintler of head and 4.4 in body; preitmxillaries bro:iclcr than long, their length less 
than eye; eye large, 1.6 in pmtorlital sl):~c~e; top of hrad fiat; .interorbital 1.2 width of eye. Dorsal 
very low, the longest of the 12 rays not exccctling eye; tlorsal origin slightly in aclvanc~c of and ;  anal 
very short, but initch higlicr tlimi tlorcal; 1 3  arid rays, the first short, tlic next 4 long and broad, the 
miildlr rays shorter than the last, the free tnargin of the f i i i  iticktl antl ricarly vertiral; caudal rountled; 
vrntrals very short, less than eye, n~nch  iwarer to base of cantlal than to asil of pectorals; length of 
pectorals slightly excwtling d q t h  of botly. Srales 6-5 in lengthwise srrirs, :J)oiit 9 rows Ix~tweeti 
dorsal and anal. 

Colors (in formalin) : Grcwiish above, tlie scales with (lark cvlges; white below; a silvery lateral 
&ripe incwasing in witltli froin before Imckward; tlorsal dusky, other fins plain; lower jaw black. 

Type (No. 50537, U. S. National i\lumitn), :L specitnc.n 106 i n n i .  long, collected in Lake Huhi, 
July 6 ,  1901. 

The writer liesitattas to add another species of half-beak to the already large number of real wid 
notriinal foritis rerortletl froin oriental waters, Init is unable 1 1 )  tnake n t l w  disposition of the specitncm 
i t1  hand. Tlie coin1)ination of rc~tlucwl nnnibc~r of tlorsal and attal rays, sm:ilI scnles, antl ronntletl ta i l  
with the niodifietl anxl rays snffiws to distinguisli it. 

This fish is cdlrt l  “c.otnog” in the 13i(aol tongue, antl is said to attaiti :t weight of 14 to 2 pouiidy 
in Lakc Enhi. 

Anabas scandens (Ihltlorf). Climbin,q Pwcli; L‘Al/n.q”; ‘( I‘n?/o.” 

Two yoong exarnplc.r, 4 :ind 4.5 cnt. long, :ire reftwihlr to this species. IIcatl 2.5 in length; depth 
Color greenish, lighter below,; body 2.5 in length; D. XIX, 8 and XVIII ,  9; A.  X,  !) and XI, 9; ~rales  3 1 .  
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marked by about 12 narrow, dark vertical stripes; a lilackish spot at base of caudal surrountled by 
a lighter area. The denticulations on the preorbital are cwicwtlecl by a fold of skin, and t h e  spines 
on the operclc are less nnniero~~s ant1 less strongly developed than in a spechen of similar size in the 
U. 8. National Museum froni Ceylon ant1 than in examples liguretl by  l%leclrer and Day, but in other 
respects tliesc spwimcns cwnforni with the tlcscriptions of 11. scniztlens. 

Dr. Richartlson states that this fish is known as “a t t i is ”  at 13nhi ancl as ‘lpoyoJ’ in other Bicol 
towns. If this is corre(*t, the Lake 13ulii fish is 
larger than the specinlens recorded from any other waters. 

This is tlit. celt2l)rated t*linibing perch o f  the fresli water+ of Intlia, China, antl the Rast Indies. 
I<y iiiwns of a freely inorable opercle, it is enalAetl to aticwid trees for a distancv of 5 to 7 feet; and the 
possession o f  an acwssory breathing apparatns iiinkes it adapted to both an aquatic. and a terrestrial 
existenre. 

The climbiiig fish is highly estecinetl for footl, :inti i n  Intlia is rxtensivrly employed for stocking 
ponds. 

Ophiocephalus striatus 13locli. 
Two yoiing spe~~iniei~~,  i 3  and 87 inin. long, respectively, were rct*eivrtl. Head 8 in length; depth 

6 in length; eyc 7 in lieatl, 1.5 in snout; dorsal 44; anal 26; scales 55-15. 
Bccortlilig to Dr. 17. \V. Ilicharclson, this fish iit Lakv l3ii l i i  attains :t weight of 5 po~nds  ant1 is 

called by  the Bicols “ ovnoti” \\hen young, and “ terebog” or “ tdosog” \clien grown. I t  is an 
iinportant fowl-fish of the lakc, pro1)zibIy cxcwdetl in iniportaiwe only by tlie “ sinsrapan.” 

This rpec*ies is knon 11 froni other parts of the l’hilippinc Islands, and is 11 itlrly distribiitcd in  the 
fresli waters of China, Burnia, and Iridin. dwortling to Day (1Wic.s of India), it sttnins a I~ngili of 
3 feet or iiinre, takes a h i t ,  especially a frog, very readily, and i H  saitl to rise to :I ~alrnon fly. Day 
gives thc fdlowing general inforiliation almut tlic Oi’liiocr~~/icrlitl;(., or swpcn t-lie:itlctl fishes: 

The ~ i ~ l i ~ o c e ~ ) / i ~ Z i / Z : [ , ,  lraving Iiollow cavities i n  their Iieatls antl an aniphibious niodc of respiration. 
are 111)lc to exist for lcngtlirnetl pwiods ont of their nativc elenrent n r t t l  can travel ~nnie distance over 
the grouncl, especially when iiioist. They possess an accessory cavity to the  gill^, and arc able to 
respire direct from the :Ltniospliere. Jngglers I)otli in  India and China exliil~it tliese fishes walkiiig 
on the land, ant1 children ainiisc ttictiiselves by making tjictn t.rawl along. I ‘  In China t h e y  arc often 
carried alive in pails of water antl slires :ire cut for sale as wanted, the fish sc.llinp clear wliilst it retains 
life, whilc \\hat remains after death is coiisitleretl as of little value.” Owing to tlic I)rcadth of their 
bodies, thc~y are able to progress in  a hcrpentine nianner, c-hiefly by  ~neans of their pectoral and vaiitlal 
fins, first one of tlie fornicr being :td\wicccl riritl then its fellow. They are exceetlinply tliflicwlt to 
retain in aquaria, unless the top is covered over, as otherwise they inanage to escape and proceed 011 

their travels. Tlicse lislies :qqicar to I ) r  nmiopainoiiB, sonic 1)reediiig in grassy s\vaiiips or the cdges 
of tanks; some in wells or stone-inarginetl rct~ytnc-lrs for water, nnd others again in holes in the 
rivers’ banks. \Ylien very yonng the fry of all these species keep with and are defended Ijy their 
parents, hit as soon as they are siiffic.itmtly strong to capture prey for tliemselvcs, they :ire driven 
away to geek their own sn1)sistc~nce; those wliit41 are too obstinate to leave being, it is belieiwl, eaten 
by their progenitors. The varieties wliicli live in tanks itnd sw:tinps tlelight in residing a t  their 
shallow z~ntl grassy edges, so that they (’an take in  witti ease their motlieuin of air for the piirpose of 
I)reathing, or capture any frog that inay incautioudy \renture too close to their lair. These flshcs 
appear to be well adapted for pisc4c*iiltrirr, 11s sotnc grow to a large size, whilst all are good eating. 
Tltc smallest, 0. p c l m n ,  att:tins ;iI)out a foot in length antl thrivcs in allnost any sitnation. They arc 
rather voracioiis, IJrtt  appear.to consider a frog, Itioiisr, or nit as Ins~~ioiis II IltorsrI as :I fellow fish. 
They assist in kvcping water pure by destroying either auinid or vegetable siibstaiices which iiiay 
collie in their way. 

I t  is reported to attain a weight of 14 to 2 pounds. 

The fish is saitl to (lie w1ic.n prcvtAntvt1 froin exert4sing its aerial respiration. 

“ Oi*oon ”; “ Twebog”; “ Trrlosog.” 
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I 
HUMPBACK SALMON ASCENDING L O W  FALLS, L l T N l K  STREAM, AFOGNAK ISLAND, 



SALMON INVESTIGATIONS OF TIIE STEAMER ALBATROSS I N  THE 
SUMMER OF 1900. 

INTRODUCTION. 

The main features of the work of the ,dIl,atross during the snmniel: of 1900 were 
a continuation of the cxplorat,ion and exaiiiiiiation of the stre:tiii :tnd 1:~lre systenis of 
Alaska, their general features and chructeristics so fsr :LS they re1:itc to dinon :tnci 
other-fishes, spuwiiinfi-gronnds, coudition mil nature of the wtter, churacter of shores 
and vegetation, the hpecies of s:ilmon entering and their. ii~oveiiie~its, the time and 
duration of runs, the size and abundance of fish, waste species, signs and causes of 
depletion, the mortality of different slmies on the spaw~~i~i~-grounds ,  iiiitural iind 
:wtificial ohhtructions to the pusstige of fish, fishing mcthods and their rclation to the 
m:~iritonancc of supply, unci data relating to conditions for h:itcheI*ics. At  the cttn- 
ncries statistics were, olltained of the streams fished hy thciii, tind detailed statistics 
relating to the nien, vessels, boats, and tippar:itus emplo~~cd i n  the fisheries, together 
with the catch and pack of the various species for the yetirs 1898, 1899, and 1900. 
The photographic and hydrogr:tphic works, so far as they relate to the subject, were 
also continued. 

Except in  the interior waters of southeastern Alttslw, the sulinon streaiiis lie in 
unsurveyed localities usually dnngerous to approach without locd knowledge, and, 
while we were able when detained i i i  port to add soiiiething to the hyclrographic 
information by surveys and s:iiling directions, yet but little W:~S acconiplished in a 
field where niiich reniains to be done. 

I3efore proceeding with lily report, I desire to cspiws 111y tq)preciation of the 
woik perfoi*med by the officers of the ALbutims m d  the courtesies extended by those 
interested in the salniori fisheries. Lieut. Hugh Itodiii:Ln, U. S. N., besides his 
duties as executive and nnvigSating oiticer, wtts indcfatigable in conducting the stream 
and lake explorations and i n  nitLliinfi the locitl surveys. Ehsigns A. J. Hepburn, 
U. S. N., and Cyrus It. Miller, U. S. N., assisted in the field work. Ensign Clarence 
S. Kcnipff, U. S. N., besides his duties i n  charge of the engineer's depi~rtmcnt, niade 
R nuriihcr o f  the sti*caiii attd lnke es:Liiiinations and assisted on the surveys. Mr. 
13. C. Fwsett twisted nie gcnerdly in the collection of data, :uid had charge of d l  
the photography, in which he rendered valuuble bcrvice. All performed their duties 
to iiiy entire satisfaction. 
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My thanks are due to the euperintendents of all the canneries we visited for the 
courteous rrianner in which we were cverywhere rcveived and for the assistance they 
offered. No obstacles were placed in our way, and, while they did not volunteer-to 
tell us all they knew shout the business, they cheerfully answered all the questions of 
which they had any knowledge. 

As this report will be an addition or appendix to my report on the saine subject, 
published under the title The Salmon arid Salmon Fisheries of Alaska, 1899, it  is 
unnecessary to repeat here the subjects therein treated, and which reniain unchanged. 
Meference is therefore made to that report for the introductory reniarks, the district 
divisions, the manner of conducting our investigations and the difliculties encountered, 
the species of salmon and theit various nauies, the relative importance of the species, 
the salmon runs, spawning habits and enemies; the history of the canneries and the 
canning industry; saltetks, fishery and cannery methods; the fisheries, labor, weight 
of fish, labels and brands, market prices, cans and boxes, the depletion of streams, 
barricades, and saltnon laws; relation of the salmon fisheries to the Indian; complete 
statistics, and descriptions of all the canneries and streams visited from Dixon 
Entrance to Bering Sea. 

T h e  first day of the fiscal year found the Albatross at  Unalaslra, having arrived 
there June 29, via Japan and Kanichatka, frotii a cruise of scientific investigation in 
the South Pacific Ocean. 

On account of the rush to the gold fields st Cape Nome, we had to await our turn 
to coal, finishing on the evening of July 3, when we entered Bering Sea once more 
and laid the course for Ihistol Iby. 

The following was our itinei*rtry during the investigation: 

Bering Sen district: 
Left Unnlnskn July 3. 
Brivtol Brig, July 5-19. , 
Unnlnukn, July 21-24. 

Kudiuk rind Chigriik district: 
Chigriik Buy, July 28-29. 
Alitnk Bng, July 30-August 7. 
Karluk, August 7-9. 
Uysk, August 9-11. 

Southeast Aluskn district: 
Afognnk, AUgUbt 11-16. 

Sitka, August 19-21. 
Killiunoo, August 21-22. 
Pyramid Hnrbor, An~iist2"-23. 
Ciiilkoot Inlet, August 23-25. 
Tuku Inlet, August 25-26. 
Tuku Hnrbor, August 26-27. 
Port Stictlishnm, August 27. 
South Buy of Pillam, Aupif5t 28-September 2 
Shipley Bay, Stptember 2-4. 

Southenst Ainvkn district-Coiitinned. 
Duncan Cnnal, Septcmbcr 6-8. 
Foint rrighficld, September 8-10. 
McHcnry Inlet, September 10-12. 
Zimovin Strait, Septcmber 12-13. 
Union Buy, September 13-14. 
Ward Cove, Yelitember 14-15. 
Loring, September 15-17. 
Yes Buy, September 17-21. 
Knrtn Buy, September 21-23. 
Loring, September 23-24. 
Kcteiiiknii, Scptcmbcr 24. 
Bocii dc Qufldrn, September 24-25. 
Metlnkuhtlii, Scptembei 2fi-27. 
Cornox, Britinii Columbin. Ortober 2-3. 
Tucomn, Wi141iligton, October 4-17. 
Quarterrnnstcr Hnrbor, Wwhirigton. Ortober 17-21. 
Comox, British Columbin, Ocrobcr 24-26. 
Snusalito, CUI., October 30. 
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BRISTOL BAY DISTRICT 

TOPOGItAPIIIC ANI) OEOORAPHIC FKATURBS. 

The coiiiinevcial salmon fisheries included in the division laid out in  iiiy pre- 
vious report :is the I3ering Sea district, are confined entirely to 13ristol Ihy,  and if 
the wide limits ascribed by some to this bay are accepted, the canneries :tnd fisheries 
are all in the northcast section or on the rivers that empty there. One ttuthority 
states that “Rristol Bay niay be said to include all that part of 13ering Sea lying 
east of a linc drawn from the northwest cape of Uniniak Island to tlic Kuskokwinl 
River.” I n  mp opinion, a better western boundary, topographic:tlly, would be n 
line from Port  Mollcr to Cape Newcnham. 

The commercial sitlinon fisheries of this district are. on the Ug:tshiB, Egegak, 
Naknek, Kvichak, Nushagak, and Wood rivers, and thcir seit approaches. T h e  
rivers are all large, with large lake sources, :ind, except Wood Kiver, drain the 
western slopes of the mountain range that traverses the Alaska Peninsula :tiid 
extends along thc western border of Cook Inlet. 

This mountain range lies close along the eastern side of tho peninsula, and at  
intervals it rises into volcanic+ p e t k s  of considerable height, .some of which, by their 
smoky wreaths, still indicate activity. The grenter part of the ridge is snow- 
covered, and its northern extension Eorins the i~iountain iiitisses which cxtend  long 
the western side of Cook Inlet, where the volcanocs Ilianina (12,000 feet) and 
Redoubt (11,000 feet) rise conspicuously above thc lower ni:isses. 

This ridge is not altogether continuous; there are a few breaks whidi :tdiiiit of 
portage, and as the end of the peninsula is reached there are a number of dep,*cssions. 
I t  is said that formerly sea-otter hunters from Bristol Bay, hy asccnding the Kvichelt 
River to Lake Iliainna, mado a portage to Kamyshali 13ay. I n  the early ditys the 
Bussian p7~7m~~shI~~r i l c s  found their way from Kadiak Island to I3ristol Bay, using the 
pass across the peninsula from Katmai to thc headwaters of the N:iltneB. 

For inany years the Russian-Anicrican Conipany transported their nierchandise 
across from Katniai, thus reaching the IZristol Hay, Nushagak, Yukon, and St. Michael 
regions. At  Chignik there is a well-known portage, and beyond to the westward 
there are several which :ire still used. The mountain rangc shows two distinct 
benches of upheaval, and the theory has h e n  advancbed that i n  foi~nicr ages, not very 
remote geologically, these depressions were suhiiierged, forming waterways into 
Hering Sea, and the present ridge was then broken into islands, of which the present 
Aleutian chain is a continuation. 

As the divide of this ridge lies close to the eastern shore, the watersheds on that 
hide arc short, the strenms are iiutnerous and sniall, and there are iio greitt lakes uiid 
rivers. At  Chignik, wheivc proi)ahly the largest river on the elzstcrn side hw its 
outlet, there is a depression in the riiountain chain, and the ltiltes i n  which the river 
bas its source lie in a plain bcyond, to the westward of the mountttin nitwes.  It is 
here that the portage referred to exists. It extends from the Chignik lakes to a 
styearn which emptics into Bering Sen near Port  Haiden. 

On the western dope of the priiinsiiln thrro is a diffciwt topographical condition. 
l h e  shore generally is low, with here and there an isolatcd mountain or projecting 

I .  

F. c. u. lW1-12 



B U L L E T I N  O F  THE U N I T E D  STATES FISH UOMMISSION. 178 
spur, and in the vicinity of the larger rivers, where the peninsula expands to a 
width of from 60 to 90 miles, the mountains in the distance are visible only on a clear 
day. Along this shore there is an occasional high bluff which marks the sea terminus 
of a ridge of hills. 

From the western shore to the mountains the country is a gradually ascending, 
rolling plain, hillocky in places, dotted with lakes fed by the glaciers and melting 
snows in the east, with much marshy tundra out up by streams and mud sloughs. 

It is on this western watershed of the Alaska Peninsula that the large kkes, 
Ugashik, Becharof, Illiak, Naknek, and, on the northern extension, lliamna and 
Clark, are situated, These form the sources of the rivers on which the salmon 
fisheries in Bristol Bay are located. 

Referring to the topographical features of the Bering Sea district, ,the Russian 
missionary, Veniaminof, says: 

Slight elevations can be found along the whole extent of the American coast of Bering Sea; they 
are in nearly all ewes connected with the mountains in the interior. If the observer ascends to a 
height the country appears to hiin like a heaving ocean suddenly become stationary, with its waves 
transforrned into sand and mud; these waves are now covered -with vegetation, but their outlines are 
still very striking. I n  the midst of this dry sea we find occasionally high, rocky islands entirely 
separated from the neighboring hills. 

Of the interior of this country no exact information is a t  hand, and it still awaits 
the intelligent explorer. ‘But little information can be obtained from the natives, 
and not much more from the prospector who occasionally finds his way into the 
interior, or the worthless squaw man, who at times is infused with sufficient eneigy 
to look for game. 

The population is not large and consists of Innuits or  Eskimos, who live in small 
villages located on high ground, on hills or bluffs bordering a river or lake. They 
subsist by hunting and fishing, and, when located near a cannery, earn good wages, 
if they desire to work. Their food is largely salmon, though seal, beluga, and walrus 
also enter- their diet when they can be obtained, and occasionally a deer or nioose is 
taken. Their food is all preferred “high ”-not high in the sense of the epicure, but 
rotten; rancid oil is generally cooked with it or used for sauce. Thedecaying carcass 
of a whale cast on the beach attracts the natives for many miles, and a grand fcast is held 
over it; rotten salmon heads are a boitne bozsche. They are very filthy in their habits 
and live in very primitive dwcllings, macle by forming a shallow circular excavation 
and erecting over i t  a framework of driftwood, or whale ribs, with double walls 
filled with earth and stones and covered over with sod. A small aperture is left in 
the apex for the escape of smoke, though many of their dwellings now have side 
openings with a small window. The outside, or  the roof, as it were (for all above 
ground is rounded in shape), is a gathering place for children and dogs, and is sur- 
rounded by mud and offal. The entrance is R low square hole, to enter through 
which one must stoop very low, or crawl, and then pass through a gallery or tunnel 
into the inner chamber, which is irregular in shape and from 10 to 15 feet in diameter. 

In  the center, and under the smoke opening, is the fireplace, and along the walls 
are couches of skins or mats slightly elevated above the floor; frequently there are 
several of these dwellings connected by tunnels, all having one common entrance. 
Storehouses are built on driftwood posts 4 or 5 feet from the ground; in these the 
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I 

NATIVE BARABARA ( S O D  H O U S E )  AND STORE HOUSE,  NEAR N A K N E K  RIVER, 

B IDARKA AND KAYAK O N  BEACH, UGASHIK RIVER, 

-I 
I 

UKALA RACKS NEAR C A N N E R Y  O F  ARCTIC P A C K I N G  C O M P A N Y  (A, P. A,), N A K N E K  RIVER. 

0 1 1  the lcll is IL t g p i ~ ~ l  dlitnitlnlivc~ 1 t m 1 ,  snt~h 11s is n r c ~ l  by t 1 ~  lierinn s c ~  Ifqkitllos a ~ t ~ t i  Alcntn. 
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winter supply of ukala is kept, inaccessible to dogs, foxes, and wolves. Salmon are 
dried in large numbers to make ukala for the winter supply. 

In the interior, where it is obtainable, timber enters largely into the construction 
of the house. Near trading posts the dress is a combination of native and European, 
though many still wear skin coats (parkas) and skin trousers and boots. They travel 
by land with dog teams, and by water in skin boats (kayaks and bidarkas). 

The Bristol Bay salmon rivers, of which we are now treating, are all large and 
flow great volumes of water. The banks are frequently low, cut by numerous mud 
sloughs, in places flooded at  very high water, and at low water uncovering a beach of 
mud on which a landing can not always be made. Tho rolling tundra through which 
these rivers flow looks like a grass-covered plain, but it is all cut up into hillocks and 
hollows, marshes and ponds, making it generally impaswblc, except during the winter. 
Throughout this section travel, except by boat, must be confined to the winter months, 
when everything is frozen solid. A belt of timber stretches 
from the northward to Lake Becharof and then makes a wide circuit and impinges on 
the Nushagak. The rivers widen considerably at the mouth, forming broad, shallow 
bays, though still called rivers at the canneries. As there is a rise and fall of the tide 
of from 18 to 24 feet, the change in the appearance of the tidal area at  high and at  
low water is striking, for a t  high water the lower courses are filled to the banks, 
forming rivers as wide or wider than the Mississippi, while a t  low water they are 
confined to narrow, shallow channels running between uncovered shoals and banks. 
This subject will be referred to later under the heads of the several rivers. 

As there seems to be some confusion in  the geographical division of some of the 
rivers and bays, it is deemed advisable to state here thc application of certain names 
in this report. 

By some authorities the large arm of Bristol Bay, which receives the waters of 
the Nushagak and Wood rivers, is called the Lower Nushagak River. It is about 30 
miles in length, 13 miles in breadth at  the seaward entrance, and 4 miles at the head, 
and does not in any way partake of the nature of a river. Therefore this body of 
water, opening into Bristol Bay between Protection Point and Etolin Point and 
extending northward to the junction of the Nushagak and Wood rivers, will be 
called in this report Nushagak Bay, and the two rivers named will be regarded as 
emptying into the head of that bay. 

The next great arm of Bristol Bay to the eastward of Etolin Point and extend- 
ing  to the northeastward will be called Kvichak Bay, for the soaward boundmy of 
which will be taken a line from the southern point of entrance of the Egegak River 
to Etolin Point, and for the northern extreme a point above Koggiung, where the 
Kvichak River is confined in banks within the usual acceptation of that term. The 
Lockenuck, Kvichak, Naknek, and Egegak rivers will be considered as entering 
Kvichak Bay. 

The country is treeless;. 

EARLY RECORDS OF SALMON FISHERIES IN BRISTOL BAY. 

The history of the salmon fisheries of Bristol Bay for commercial purposes is 
given under the several cannery headings. The earliest record in the history is the 
salting of salmon on the Nushagak by the schooner Neptune in 1883, and the erection 
of cannery buildings that year for the Arctic Packing Company, which made a trial 
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pack of 400 cases the year following (1884). 
the census report of 1880, states: 

It is noticed, however, that Petroff, in 

The salmon family, the great feeder of all the Alaskan people, frequents in itutonisliing numbers 
the Nushagak and other streams emptying into Bristol Bay. The facilities for building traps and 
weirs are also extraordinary, and ilnierican fishermen have for some years been engdged here every 
8wmn in reaping a rich harvest and shipping the fish, salted in barrels, to market. Hundreds of barrels 
hare been filled with a single clean up of a trap. The only drawback to this business is the short 
period over which the run extendti, necessitatiiig the ernploynient of a very large numlw of hands 
while it lasts. * * * Exports from this section have thus far been limited to from 800 to 1,200 
barrels of salted salmon per annum from the Nushagak River. 

It is probable thtit this latter reference was to the salting done by traders on a 
limited scale. The Alaska Commercial Company, or their agents, saIted salmon :it 
various stations prior to 1880, and, as they had :in important station at Fort Alex- 
ander, on the Nushagak, it is probable that some salting was done there. 

FISHING METHODS AND FISHERMEN. 

Two methods only are ciriployed in taking salmon for commercial purposes in 
this district, via, by gill nets and by traps, and both arc well adapted to the local 
conditions . 

The strong currents and coiiiparatively narrow deep-watcr chtL1IiielS, together 
with the discolored water, permit the use of gill nets with great success. The 
dimensions of the nets varj7 according to the depth of water and the individud 
ideas of the different cannery superintendents. For redfish the length wries f 1'0111 

75 to 80 fathoms; the depth from 20 to 2G meshes, and the mesh from 64 to 64 inches 
stretched. For king salmon the length is from 120 to 125 fathoms, the depth 24 
meshes, and the mesh 94 inches stretched. Floats are rigged 3 feet apart and loads 2& 
feet apart. The average value is about 05 cents per fathom, depending on the market 
and the quantity purchased. The large companies use a great arnount of WCJ), and 
have special arrtmgements with the manufacturers. By watching the market closely 
and buying when the price is low they have a great advantage over srn:iIl operators. 

The gill-net boats used on the Nushagak and the Ugashik are regular Columbia 
River boats, built in San Francisco at  a n  average price, complete, of $200. The 
usual dimensions arc: Length, 25 feet 1 inch; beam, 7 feet 8 inches; depth, 2 feet 
6 inches; capacity, 300 cubic feet. Thcy have a centerboard and spritsttil, and will 
carry, as an extreme, 1,400 redfish The boats used on the Kvichak, Naknek, and 
Egegak are flat-bottom double-enders, about 1 foot longer than the Columbia River 
boats, but have the same rig and the same capacity, and on the water revenihle them 
very closely. Two inen form a gill-net crew- 
a netter and R boat-puller. They work on tides, and when the fish arc plentiful remain 
near the canneries, but when the run is slack they rnay drift 15 or 20 miles away. 

Traps, used extensively in the Bristol Bay district, are a subject for criticism 
throughout Alaska. Thcy arc expensive to build and maintain, but have many 
advantages to the canner. The great benefit of a trap is not only that it fishes day 
and night, but, if the run is heavy for :L few days I L I I ~  the  cnnnoiy  fully mpplicd by 
the gill-netters, the fish in the traps can be held for :L time until tho catch of tho gill- 
netters is slack. These advantages have frequently led the trapmen beyond the limits 

Their value is about $100, compIete. 
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of the law, and the time has come when the use of t r a p  must be regulated mid the 
I:LW enforced, or else they must bc abolished. Having in mind now the whole of 
Ahska, it is lily opinion that if this he not done they will work R great injury to the 
fisheries. 

Trnps catch not only tlir snlinon m:mted, hit :dl other spccics of salmon and otller 
fish not m:tntcd. I’r:~c*ticdIy :dl fish t:Lltrn i n  the tmp, esc.cpt rdtish, zwc W:iste, 
:ind until one sees thc tons of this U’:istc product, onc can not rr:Llizc thr magnitude 
of this giant octopus that grasps everything in its tentacles. 

Fish WCFC very plcnti ful this yc:ii*, and the gill-ncttws wcro :d)lc to supply most 
of the fish usrd. I t  wts ciiticl on thiq ~~ccwint  that traps took more fish than were 
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wanted, and that they were frequently opened to let the impounded fish escape. 
This statement may be true, but there never was a cat that held a mouse with more 
tenacity than a canneryman holds a salmon, and it is doiibted if a salmon of choice 
species is ever allowed to escape as long as it is fit to be put inside a tin can. 

I have said here that practically all fish taken in the traps, except redfish, are 
waste. This should be slightly modified, though practically it is true; yet, in justice 
to the cannerymen, it may be said that the records of the past few years show that, 
besides redfish, on the average less than 8,000 cases of king and 8,000 cases of all other 
species were packed per year in the whole Bristol Bay dktrict, and some of these no 
doubt were taken in  traps. 

There is a question arising in my mind which now can only be stated and left for 
the future to decide, as follows: Traps take all fish of all sizes; gill nets take only the 
large fish; will gill-net fishing result in decreasing the size of the fish? 

In one locality trap men informed me that trap fish are more expensive than gill- 
net fish. In  another place it was said that this year two gill-net boats secured more 
fish than one trap, but when asked why the traps were maintained the reply was 
that the fish were held in the traps until wanted. 

One canneryman, whose resources seemed limited and who did not feel able to 
maintain traps, frankly said that traps should be abolished; but, when asked if he 
believed that traps were injurious to the fisheries. he was equally frank in saying 
‘( No.” The motive is evident. 

The traps used are of the general type illustrated in my report of 1897, page 170. 
They consist of the usual shore and channel leads, with hearts and pots, bat there are 
all kinds of variations to meet local conditions or the fancy of the “trap boss.” 
Some have two pots and some have additional appendages in the shape of corrals. 

Not only is the first cost of a trap in thiv country large, bu t  its maintenance 
forms a big item of expense. All piling must be imported, and the strong currents 
frequently damage both piles and web. The piles are pulled up when fishing ceases 
on account of the ice, and are redriven in the spring as soon as the ice is out of the 
river and before the fish begin to run. The largest trap seen in the Bristol Ray district 
had about 2,700 feet of leads laid out in a rather complex way, with two pots, 75 feet 
by 75 feet, and a large corral. (See sketch on page 200.) 

Seines are not used in this district, largely on account of the strong current, 
although this could be overcome if there were good seining beaches. . There are a few 
bowldery beaches, but, as a rule, the banks and beaches are soft mud, so that a t  low 
water landing at many points, if not impracticable, can only be effected with great 
effort. On one occasion, in landing at  low water near a cannery on the Nushagak, 
we became mired to such an extent that it was only by clinging to a bidarka, pushed 
out to us by the natives, that we were extricated and hauled ashore. 

The fishermen are white, usually foreigners, chiefly Scandinavians, with some 
Italians. They contract with the cannery for the season, and receive $50 per man 
for working the cannery ship from the home port to the cannery and back, discharg- 
ing and loading the vessel at the cannery, getting the nets and boats ready, and doing 
other beach work until fishing begins. They receive full and excellent board and 
lodging from the time of leaving their home port until their return, The wages of 
trap and beach men are $30 per month and one-third cent per case, The gill-netters 
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and boat pullers receive 2 cents for each redfish and 10 cents for each king salmon 
per boat of two men, the fish being delivered and tallied at  the cannery or to a tender 
of the cannery. If 
during the fishing season a man is taken from his boat to do other work, he receives 
as wages an amount equal to the average share of that day. 

When the sun is heavy and more fish are supplied than the cannery can use, the 
fishermen may be limited in their catch to 1,000 a day, but not under that amount. 
It is not rare, when redfish are plentiful, for industrious and expert netters, by work- 
ing early and late, to make two loads, or 2,400 fish, which nets $24 to each man in the 
boat. This season it was noticed at  three places that limits of 1,000, 1,100, and 1,200 
redfish, respectively, were placed on the boats, and with the first limit at one cannery 
it was necessary to take some men out of the boats to clean fish, the Chinese being 
unable to keep up the supply for the dachinery. These men, therefore, received 
$10 per day for butchering. 

Unless one has seen the bins of a large cannery in  running order words can not 
fully convey an impression of the masses of fish used in a single day. A thousand 
salmon seems to the ordinary observer a large number, yet a single three-filler 
cannery will utilize each day 25,000, and this district, when running full, will pack 
each day 250,000 in its thirteen operating canneries. It is difficult to understand 
how i t  is possilnle to maintain the supply, although the run is immense. 

In  Nushagak Bay, off Clark Point, on two occasions the fish were running so 
.heavily that they were caught in the propeller of the launch of the Albatross, stopping 
the engines. 

During a good season they average as high as $76 per month. 

T H E  RUNS AND CANNERY WORK. 

The season in Bristol Bay is short. Not only do the fish run a very limited time hut 
good weather lasts but a few months, although the conditions are far more agreeable 
during the summer than over Bering Sea generally. There are many bright, supny 
days, frequently quite warm, fewer gales and less fog, but with September come the 
gales and cold. 

The cannery ships t ry  to reach their destinations as soon as the ice will permit 
them to enter the bays, as there is only a short time after their arrival to make the 
necessary preparations before theeruns begin. They expect to arrive not later than 
the middle of May, and to do this they must enter Bering Sea early, often encoun- 
tering much ice to the eastward, though the rivers may be mo8tly clear. Cannery 
steamers (tenders) sometimes reach their destinations in April, but frequently are 
obliged to lie outside os to haul into a mud slough at  high water and lie ashore until 
the rivers have discharged the floating ice. 

Bristol Bay is essentially a redfish district, and while all other species occur they 
do not run in large numbers. They will be referred to under the cannery headings. 

When the vessels arrive in May there are no sa1mon.h the streams, even for the 
cannery tables. The earliest arrivals are king salmon, which appear from June 6 to 
16, depending upon the river conditions. They are followed n few days later by the 
redfish which, about June 16  to 20, run in sufficient numbers to warrant operating 
the canneries for them. The king salmon run scatteringly throughout the season; 
but even on the Nushagak, the only Bristol Buy locality where a regular pack of this 
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species is made, they cease fishing for them soon after the redfish commence to run, 
as the latter is the more profitable fish. King salmon are nowhere abundant in this 
district and the few taken in the traps and redfish nets after the packing of the 
former species is closed are used on the cannery tables, or their bellies are salted for 
personal use. 

It is said that there is quite a run of cohoes after the canneries have “cleaned up.” 
A few are taken at  the close of the redfish run, and it is probable that they are 
present in  numbers until cold weather sets in. 

The canneries are practically in full operation about one month, as the redfish 
run is over by July 20 to 25, and d u h g  this time they present a busy scene; every 
one is worked to  his full capacity, and nothing is thought of, talked of, dreamed of, 
but fish. The hands of the clock are moved ahead in the morning, righted at noon, 
and moved back in the evening to gain time; work starts by 3 in the morning, and 
the bathrooni is frequently not cleaned up, if it is cleaned at all, until 10 and 11 at  
night. The employees appear weary; the Chinese, never very robust-looking, seem 
to drag along as though they would drop in their tracks. The tinned fish, after cool- 
ing, are stacked in great warehouses, for there is no t h e  to lacquer, label, and box, 
as the energy of the whole force is concentrated in putting fish into tin cans and 
sealing them. The leaky cans aeccumulate, as the menders can not keep up with the 
work, resulting in a large percenbge of do-overs. At  last, when the force is about 
exhausted, IL respite comes; the riin slacks and there is a sigh of relief by all except 
the superintendent, who swears that he has not packed enough, though every can 
may be filled. The relief is only temporary, however; the lacquering, Inheling, test- 
ing, and boxing must, now be done, and there is a rush for the final clean up, all 
being eager to take their departure. While the Chinese are engaged in lacquering, 
etc., the fishermen and the beach gangs a r ~  pulling up the traps, drying and storing 
the nets, hauling out the fishing boats, and loading the transport vessels. When the 
cargo iu on board, lighters, scows, and tenders are hauled out and put under cover, 
the doors are closed, the watchinan takes charge, and the ahips sail away with the 
puck and the human freight. 

Cannery inen expect to he “cleaned up” in this district I)y the middle of August. 

CAhTS IN I%RISTOIA I3qY. 

On account of the short time intervening between the arrival of the cannery ship 
and the beginning of the  runs it is iinpracticable to (wry the tin plate and inake all 
the cans by hand on the working ground, according to the practice in  the other dis- 
tricts. At the present time 30 to 
40 per cent are 111itde at the canneries and the rest are carried from the home pol$,. 
It W:LR noticed that sonic of these were rusty, :and upon inquiry it was learned that 
many were in this condition, caused probably I)y being packed in boxes made of 
green lumber. 

Can-making machines are now being installed, and the latest pattern seems to work 
well, so that the day is not far distant when the cans will  be ilia& from day to day 8s 
they are wanted. This will e@ecat considerable saving in labor, in  storage room, and 
injury in handling. Besides, the niachine-made can is better than the one made by 
hand. I t  has fewer defects, fewer leaks, :ind cwnseq txeritly there are fewer do-overs. 

Until reccxit ymrs d l  the t:aw were ti-ansported. 
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CHINESE. 

An account of the Chinese cannery labor in the other Alaska salmon districts is 
given in the 1897 report, page 23, and it does not differ materially here. 

The arrangement for the employment of Chinese is made through the labor agen- 
cies of the large cities, principally in San Francisco. They work under a “ boss” of 
their own, who guarantees each man a certain amount for the season. They do all the 
work in connection with the pack. They receive the uncleaned fish at  the bins and 
deliver them canned, lacquered, and labeled, in cases, a t  the other end of the c’annery. 
The packing company transports the Chirieso to the field of work and carries them to 
the home port at the end of the season; i t  provides thein with :L bunk house and 
furnishes fuel, water, and salt. The * ‘  boss” supplies the Chinese “ chow,” but during 
the height of the season they also receive some food from the white mess. 

The Chinese contract this year (1900), in Bristol Bay, was 45 cents per case for 
machine-filled and 60 cents per case for hand-filled pack. A certain number of cases 
are guaranteed in the contract, which must be paid for whether packed or not, and 
if the pack runs over the guaranty the oxtras are paid for at the sattie rate. On 
the other hand, they are under contract to pack a certain number per dajr if the fish 
be on hand; and if they are unable to do so the suprrintendont may employ extra 
hands and charge them against the Chinese “ boss.” 

These hands are usually very satisfactory, hut in  1900, on account of the scarcity 
of labor all over our country, particularly on the west coast, an  infcrior class of 
Chinese was obtained in many canneries, and there was great, complaint. A t  one 
three-filler cannery visited, and rated at  2,400 cases capacity per day, 1,900 cases 
was the largest number that could be made, and this number only by the greatest 
effort. It was noticed that the Chinese appeared weak, rind many seemed ill; in fact, 
the sick list was large, and i t  required much persuasion to turn them to work in 
the morning. The Chinese bosses in several instances could not fill the quota with 
their own kind and substituted some Japanese coolies, which complicated matters 
materially. At one cannery, usually employing 300 Chinese, there were 250 ok that 
nationality and 50 Japanese. These latter were not only lnzy and worthless, but 
were constantly raising a disturhance. Of the two clrbsses the Chinese are greatly 
preferred. It must be ?emembered, however, that tho work in 13ristol Bay is veiy 
trying, the seasan is short, the working hours are long, and the l d ~ o r e r  is on ~1 

constant rush from the time of lnndiiig until the pack is loaded. 
The inost arduous work in  a cannery falls upon the butchers and fish-cleaners 

and the 1)athroom men. The former are on their feet during the long hours of each 
day, standing in slush and gurr-y, and suffer much with swelled feet arid ankles, while 
the latter are on the constant move and are the last to clean up at  hight. The nien 
that work at the lye ttinlrs, with the hot, spluttering lye splashing over thein, have no 
sinecure. 

NATIVE IAA1301t. 

The canneries gladly employ every native who is willing to work; nay, more, 
they seek for this labor in the villages and offer every inducement for them to work, 
and would eniploy many more if they could he obtained and were reliable. This is 
not done for charity’s sake-the canneries are not in  the field for that purpose, though 
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they are far from being uncharitable-lnxt because the 1:rbor is needed, particularly 
when the rush is on, and for which profit:~l)le provision can not otherwise be made. 

When the cannery ships arrive in the gpring the native, having struggled through 
a long, severe winter, is hungry and has many wants. R e  greets the cannery ship 
with childish glee and wishes work. It is given him, his hunger is appeased from 
the overflowing cannery table, his daily wngcs soon supply the few luxuries he desires, 
and then he no longer cares for work. I-Iunger no longer 
worries him, hiH innnediate wants are, srrtisiied, m c l  lie has no others! 

The condition of native labor is the same here, among tho Eskimo, as it is in 
other sections of Alaska, to  which feature reference was mtde in the former report; 

Why should hc work? 

~ ~ : ~ i ~ l l l l o  \\ OI1ICI1 c~lc~arl l l l : :  >:11111011. 

only here the canncrynian, being entirely out of the lines of communication with the 
Ia1,or market, SCeJllS still I ~ O I ’ C  desirous of rinldoyirig natives wid frequently sendH 
some distance to thcir villages to enlist thrill i n  his work. Statistics show that the 
largest number employed in any one cannery is from 25 to 30 fol- :I short period. 
Some days there rimy he 40 and the nrxt only 10. 

It is true that the canneries can not give them constant employment, ns their 
intelligewe only warrants giving them certain work; still :L good, reliable native will 
have wo1.lr the greater part of the time, and can earn during the short season from 
$100 to  $125, also having his board furnished him during the t h e  employed. 

The wages paid this year to adult males was $2 poi* day; relia1)lc men received 
$2.25; boys from 12 to 14 years of age r ired $1 per clay, and children were men 
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piling cans who were not more than 6 years of age, and who received 50 cents a day. 
They demand and receive their wages daily. 

Formerly the wage of adult males was $1.50 per day, but in the early part of this 
season a “walking delegate,’’ in the shape of a “ tyone” (chief), appeared at the can- 
neries and the natives struck for $2 and proniptly got it. 

Money seems to have no value to the native except to satisfy his immediate wants, 
and the traders cater to their taste for gewgaws by supplying them with things for 
which they have no use. They have a fancy for cuckoo clocks and watched, though 
they can not read the time; cheap jeweliy and perfume; and a silk dress is more than 
tempting. One woman was noticed wearing the usual skin trousers and boots, and 
over all a velvetine dress, well tucked up, and as greasy as if it had been soaked in a 
pot of rancid oil. As before mentioned, the cannerics supply board to all the natives 
employed; the food is abundant to the point of wastefulness; it is of excellent qual- 
ity, well cooked, in large variety, and given with a generous hand; none need go 
hungry; even the hundreds of sled dogs from the villages greet the cannery ships, 
gather arourid the cannerids during the season, and grow fat, sleek, lazy, and good 
natured. 

Of the large supplies of food carried up in the spring a considerable quantity 
usually remains over whcn the cannery closes. This is stored n t  some of the can- 
neries and the watchman is instructed to distribute food in case of distress. 

A large amount of salmon is cured by the natives for their own use and for the 
dog supply during the winter. A 
small piece of condemned gill net is obtained from a cannery and is stretched between 
poles planted in  line from high to low water mark. When the tide falls the net is 
frequently so full of fish that they can not all hc utilized. Nets were noticed in which 
it appeared as if nearly every mesh held II fish, and others were seen in which the 
meshed fish were decaying, tho natives lrcing too lazy to remove them in proper time. 
(See plate IX.) 

There can be no doubt that the canneries have bcnefited the native by adding to 
his physical comfort. The fish supply for his use has not been reduced; on the con- 
trary, the cannery has placed in the hands of the native n means for taking fish far 
superior to anything he ever dreamed of, and if he is willing to work he can earn 
money and procure civilized comforts. Whether his contact with the fishermen and 
Chinese during their yearly visits adds anything to his moral well-being is a question, 
but he suffers no more here than natives do in all parts of the world when they come 
in contact with our civilization. 

At  Nushagak a large number of tyones called on board to pay their respects to 
the commanding officer. In answer to an inquiry, they siiicl they hnd no complaints 
to make and they were satisfied with the surrounding conditions. 

These fish are caught with the greatest ease. 

CANNEltl’ WABTE. 

The waste in the Bristol Bay district is strikingly large, due, in the first place, 
to the greater abundance of fish, and, secondly, to the necessity for rushing the pack 
on account of the short season. To the novice who is accustomed to see fish only in 
a market, where salmon are sold at  from 10 to 20 cents per pound, this waste is the 
first thing to impress him. It is probably within the limit when it is said that the 
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waste in this district for  the present year is not under 50,000 cases of redfish alone. 
The waste here referred to is in marketable salmon, and doe8 not include other fishes 
wasted in the traps or nets. I t  runs through the whole process, from the time the 
fish are captured until the last tapping test is made. 

The largest waste probably comes from holding the fish until they are unfit to 
pack and then throwing them away. This may ocwr at the traps, in the tenders, or 
in the fish-bins. Many are lost in pzssing from fishing boat to receiving scow; others 
again in  pewing from scow to fish-house. In  this district only three cuts are made, the 
end pieces being thrown away; then comes the waste in machines, which, including 
the loss of the tail pieces, is 38 p r  cent greater than with a careful hand-filled pack. 

The do-overs should also be considered waste, though they reach consumers in 
out-of-the-way places. A certain percentage is unavoidable, but i n  a well-conducted 
establishment this should not exceed 16 per cent. I n  this district i t  is over 4 per cent. 

In front of every cannery in this district, and along the beaches for several 
miles, thousands of dead fish are seen. IJsually the tide serves well and carries other 
thousands away, but sometimes the wind is unfavorable and winrows of decaaying 
fish, a hundred feet in width, along the beach, testify to the enormous waste during 
a canning season. 

There is another source of waste that may be mentioned, which consists of the 
king salmon, the finest salmon that swims the Pacific waters. This species does not 
run abundantly anywhere in Alaska. An rrverag,: of leas than 8,000 cases are puolrod in 
the Bristol Bay district. of which all hut a fe-v hundred are packed on the Nushagnk. 
Thel run, however, in a scattering way in all the rivers where packing is done. 
Very few are canned after July 1, for the entire energy is then bent upon the redtifih. 
As a few king salnion are taken every day during the season in the traps and nets, 
the I-)ellies of those not used on the cannery talde arc cut out and salted for private 
use, and the remainder of the fish is frequrntly thrown away. Great, beautiful fishes, 
weighing from 25 to 40 pounds, from which tho bellies had been I-ernoved, were seen 
at several places lying on the beach, to he carried nway by the tide or con,rumed by 
the birds. 

POUNDS O F  LIVE FISH TO THE CASE. 

In Southeast Alaska and in Prince William Sound, where redfish are not plentiful 
all parts are utilized and carefully pzcked. Upon investigating this subject in 1897 
(see i.eport, p. 31), it was concluded that, if care were taken, from 65 to 68 pounds 
of live tish would make t~ liberal case of 48 1-pound tins, depending somewhat upon 
the size of the tish. In a certain locality this year conditions made it possible to 
make a comparison between machine-filled cans and a hand pack, and it may be of 
interest on account of what has been said under the subject of waste. 

A small cannery that made a very careful hand pack this season by using the 
whole fish averaged 8.3 redfish to thc case. Near by is tr larger cannery making n 
machine pack and using fish from the same stream. I3p making three cuts and reject- 
ing the tail pieces this cannery averaged 11 redfish to the case. Thirty-three redfish 
taken i n  one haul of the ship's seine averaged 8.25 pounds, and 30 redfish from thc 
cannery bin averaged 7.5 pounds, giving a mean of 7.875. Using these factors, it will 
be seen that in the hand pack 65.3 pounds of fish were used to the case, the same 
amount as shown in m y  previous investigation, while in the machine pack 86.6 pounds 
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were used, an incrwaxc of 3'2.5 per cent. It should bo noted, however, that in the 
latter the hi1 pieces were rejected, but were packed under a separate brand. 

Inquiry made of cannerynien in the Bristol Bay district shows that it was gen- 
erally conceded that it took from 80 to 85 pounds of live redfish to make k case in 
this district. It is mny own opinion that if the waste froin all sources be considered, 
a t  least 100 pounds of live redfish are used, destroyed, or wasted for every case 
of this species of salmon packed in this district. 

INFLUENCn; OF WINDS ON MOVICMENTS OF FISH. 

So far as observations ht~ve been iiittde it has been noticed that saliiion in inland 
waters, and upon tipproaching them, swim ut a depth estimated at  froin 6 to 12 feet 
below the surface, and that they favor a course with the mind. in approaching fresh 
water. At Koggiung, Naknek, :tnd Egegalr the southwest winds bring an abundance 
of fish during the run ,  At Ugashik the southwest winds are best, but northwest 
winds also are favorable, while on the Nushagdi it is claimed that south and south- 
east winds give the best results in the fisheries. Upon exaiiiining a chart it will be 
noticed that these directions of winds are over the sea and toward the several locali- 
ties mentioned. As before noted, in niidsuninier the weather over the lnnd in the 
Bristol Bay district is frequently quite warin and sunny, often too w:mn to keep the 
fish in good condition very long. It is claiiiied that cold weather, with light rain, 
gives the. iiiost favorable conditions for the successful operatioii of a cannery. 

SALTING. 

Every cannery in Briatol Bay, or, if more than one cannery in ii locality is 
operated under one management, then every group of canneries, is fitted for salting 
salmon. When the fish run  in suoh nunibers that the cannery can not utilize all, the 
surplus goes to the salting tanks. Practically J 1  the fish used in this n~:mier tire red- 
fish, of which 16,778 barrels were salted in 1900 and ia addition 558 barrels of king 
salmon. 

During 1900 there was but one saltery operated solely tis such in this district. It 
is situated on the Nushagak and had an output of 7,lSG barrels of redfish atld 536 
barrels of king salmon for the season. 

It is claimed that if salmon are dry-salted in lienches, and then boxed or bai.reled, 
they will become rusty, though this iiiethod was practiced in  several instunces in 
Soucheast Alaska this year. Tho usuiil method in Alaska is to salt the fish down in 
wooden tanks or vats, and leave them until they are thoroughly shrunk and the water 
in them has been replaced by brine. They may then be washed out at+aiiy time and 
resalted into barrels. 

It is very difficult to obtnin correct salting statistics, but the following, takeu from 
the books of tho Merchants' Exchange at San li'rtancisco, may at lcast shorn the varin- 
tions in different years. 

Tottrl prck qf A1izd-t~ m11 sulnroia. 
Rmrels .  

1M9 .......................................... 6,930 
1890. ......................................... 13,417 
1891 .......................................... 8,913 
189" .......................................... 17,896 
1893.. ........................................ 21,290 
1894 ........................................... 29,096 

Barrels. 
1895.. ......................................... 14,284 
189d .......................................... 7,700 
1897 .......................................... 16,127 
1898. ......................................... 18,718 
1899 .......................................... 22,872 
1900.. ........................................ 17,687 
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Formerly from 46 to 47 redfish were counted as making a full barrel of 200 
Inquiry at  diflerent places this season 

The largest 
pounds of the salted product in this district. 
showed that the number ranged from 48 to 52 redfish to the barrel. 
saltery averages 50 redfish, 50 cohoes, or 14 king salmon to the barrel. 

For other saltery notes reference is made to my former report, pzge 21. 

CANNERIES AND CANNEaY METHODS. 

In my former report this subject was fully referred to and described, and i t  is 
not my intention to indulge in useless repetition; but since rny last inspection many 
other canneries have been visited and considerable time has heen spent in observing 
the processing of the fish. Some new “wrinkles ” have been noted which, though 
possibly of minor importance, may be of interest. 

The general methods are quite similar in all canneries, though the arrangement 
of buildings and machinery, the amount of the latter, and the detailed appliances 
differ niaterially. There seems to be no standard; a cannery is built and arranged 
according to the individual ideas of its superintendent, and no two appear to be alike, 
except a few built by one company, which all seem badly arranged. It is rather 
surprising that some model cannery is not constructed as an object lesson. 

It is not my intention to lay out a plan for R cannery, but simply to make a few 
suggestions and point out special features which may improve them. A cannery 
building should have an ahiindancie of light, be thoroughly ventilated, well drained, 
whitewashed inside, and washed dawn with a steam hose every working day. A 
threc-filler cannery should have a width of a t  least 50 feet, and the length should 
correspond to the machines used i n  processing, giving ample room, so that the cans 
may go uninterruptedly throughout the whole length of the building. If the ground 
will not admit a building long enough to have the bathroom on the extension, the 
the lattcr, with the boilers, may be located in an ell. From the door where the fish 
are received to the bathroom, except the mending tables, there should be nothing 
but the machinery and appurtenances for processing the fish. ,A second floor inay 
be necessary over the filling machines for the storage of cans and for the purpose of 
feeding them from an elevation, but i t  were better to feed with a traveler and leave 
the roof clear for skylights and ventilation. If, however, a second floor is insisted 
upon, it should be double-layed, one course diagonal, to keep out infiltration of dust 
and dirt over the machines. A separate two-story building, parallel with the cannery, 
and joining i t  by a platform at  least 40 feet wide, should be erected for a warehouse, 
the platform to be used for a cooling space. 

The fish-house should he over the water a t  all stages of the tide, so that boats and 
lighters may discharge at any time, and the muck and gurry he carried away by the 
current. The other buildings, mess-houses, hunk-houses, etc., should be placed COII- 

veniently, having due regard for protection from fire. 
A very convenient rigging for transferring fish from the boats to the fish-house 

was noticed at  a cannery where there IS :t large rise and fall of tide, uncovering a 
Bat in front of the building. An inclined plane led from the side of the fish-house to 
below the low-water mark, and a car operated by cable and steam traversed the plane. 
The fishing boats hauled on either side at  all stages of the tide and, lying at  the same 
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level, tallied the catch into the car, which, when full, was run to the fish-house and 
unloaded by clumping. 

At  anobher cannery, wherc fish are conveyed to the cannery by steam tenders, an 
inclined plane was usccl, extending to deep water, having thc end V-shaped, admitting 
the cannery steamer into the V and dlowing hcr to discharge from either side. In 
this case the filled cars were run over an elevation into the bins and thcn dumped. 

I n  a locality wherc the conditions did not permit the fish-house to bc located over 
tho water a t  low tide, and wherc the canncry supply of runliing water was large, an 
immense hopper was built under the floor, with an inclined trough, through. which 
the gurry was washed by a constant stream. 

I n  a fern cannerics it was noticcd that cach fish-cleaning table had a spray of 
water from several jets playing over it, t hus  washing off the Mood and gurry. This 
feature might be niorc cxtonsively copicd, ah it promotes cleanlineis in (L place which 
is never too clean or  free from odor. 

At several canncries a neat and satisfactory contrivance was seen in operation 
for transporting fish from the fish-house toathe cannery, which coiisisted of R shallow 
trough having for its bottom an endless chain of buckets. As a neat addition, a 
spray, formed by R perforated pipe about 8 feet long and suspended ovcr the buckets, 
mashed the fish while passing u d e r  it. 

A new solderer was noticcd, having, instcad of the endless chain to givc motion 
to the cans, a metal spiral running the lcngth of the machine and revolving on an 
axle through the center. Each loop grasped a can and followed it to the end, thus 
giving the cans the proper motion and preventing thcm from rolling side hy sidc and 
lapping thc solder ovcr the cnds, as is frcqucntly the case with the chain machines. 

An effective contrivance wax scen by which the can, after leaving the solderer, 
was turned upon an endless belt so as to permit the solder to set into the top, and 
carried upright for a distance of about ?0 feet, when it was again turned on its side 
automatically and rolled undcr the cooling spray. New retorts with quick closing 
doors were also seen. 

The Alaska Packcrs Association sent several fish-cleaning machines into the’field 
for trial, but none was seen in opcration. I t  is understood, however, that one, the 
invention of William Munn, the superintendent of their cannery at  Alitak Bay, has 
been perfected after several trials, and is said to work so satisfactorily that a number 
are now undcr construction for the seasol; of 1901. If a machine for fish-cleaning 
can be successfully operated it will be a great boon to the canneries. 

Can-making machines are now bning extensively introduced by the Alaska 
Packers Association, and the season of 1901 will probably see all their canneries 
equipped with these machines. A set conhists of one cutter, which cuts the sheet 
tin into exact lengths for the bodies; onc body-maker, which forms thc body, makes 
the seam, and solders it; one topper and one solderer, 110th of which arc of the same 
form as those used in the cannery. In the can-making department there are also 
dies operated by steain for cutting tops snd bottoms and an extra one for cutting 
floats-the sinal1 piecc of t in  used inhido the can under the top to keep the vent clear 
in processing. The feed for thc? plntc i n  thc body-maker beema to be thc most imper- 
fect part of the machine, causing frequcnt jams; hut even allowing for delays due to 
these jams, a set will turn out an average of fifty cans a minute. 
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BRANDING SALMON. 

Attempts have been made at  different points on the Pacitic coast to mark salmon, 
and i t  would be interesting if the facts in all cases were recorded as well as the results. 
It is well known that at  several points young salmon have ljeen marked by cutting 
off the fleshy (adipose) fin; but, iinfortunately, this seems to be the only iiiethod 
offering any facility for niarking these fishes, and if all localities adopt the same 
system but little benefit will he derivcd. 

My attention has, on several occasionh, heen invited to so-called marked fish other 
than those froin which the flehhy tin had h e n  rcnioved, and it may be of soiiie inter- 
est to give a brief description of them. I n  1897 i t  was called to a mark on the gill 
cover of a redfish at  Uyak. The mark was elliptical in shape, with three-fourths inch 
and one-half inch as the respective inajor and minor axes; the edge appeared niilleci, 
and there were some lilurred marks around the inner circle, while i n  thc center there 
T Y ~ S  a design which might he taken for a crown surmounting a sphere. At  San 
Francisco, in the office of t h e  Alaska Packers Association, a similar mark, also on 
the gill cover, is preserved i n  alcohol. This year, on the Nushagak, a mark of the 
same kind, though less distinct, was seen on the gill cover of a humpback. My first 
iinpression was that these inarks had been riiade by a coin, but this would be iinprac- 
tictihle unIess.~iiade on an adult tish. I t  is my k~elief now that the mark is that of 
sonic parahite which had tjeconte firmly attached to the gill cover tipd left its iinpres- 
sion. This year two i*edfi.+h were taken on the Nushagak that had the dorsal-tin rays 
entirely removed and the skin was apparently joined smoothly over the back. 

One fish was taken in the same locality with an inipression~reseml~ling an M or a 
W, 12 inche.q square on its side; and another with thesanie letter, and a scroll dra~vn 
out froiii the end. A t  Koggiung two fish were taken with the M or W niarks, and 
one with I4 W or Rf H. These  narks were inidway on the hide of the fish, hrown 
i n  c.nlor, and apparcntly the scales were wanting in the wake of the lines, which had 
the appearance of hziving 1)een traced with a n  iron. I t  js doubtful if young fish can 
be marked in thib niannor, and the suggestion is offered that it is possible that the 
niarks may have been produced by the fish lying on a picce of wehhing i n  the bottom 
of the boat, and that the tihh piled on top may, under proper conditions, have fur- 
nishcd sufficient pressure to form the niarks. 

OTREIl SALMON STREAMS IN BEKING SEA. 

The question is frequently asked whether there are ally streanis in Bering Sen, 
other than those of the Brihtol Bay region, which carry salmon that niay be utilized 
for cqrnmercial purposes. To this no definite reply can be made for the reason that 
other factors enter into the proposition besides the one of an abundance of salnion. 
Accessibility is an iniportslnt factor; feasibility in inaking a catch, length of season, 
and climatic conditionk are others. It ih custoniary, hefore building a cannery in a 
new locality, to thoroughly prospect i t  first. A haltcry is often maintained for sev- 
e i d  seasons and the values of the streanis ascertained. Jt is known that salinon of 
different species run in numbers in the rivers 011 the Ainerican side, a3 far north as 
the Noat;ik, which emptics into Kotzel)uc Sound, and it is pi.obahlc that other riven 
emptying into the Arctic Ocean also carry salmon. 
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The Nushagak is the northernmost river now fished for commercial purposes; to 
the westward of i t  is the Togiak, emptying into Kululak Bay, between Cape Con- 
stantine and Cape Newenham. The Alaska Paclrers Association prospected this 
river by maintaining a saltery near its mouth for two years, seasons of 1895 and 
1896, and then abandoned it as unprofitable. 

The next large river to the northward is the Kuskokwini, which, so far as known, 
is not accessible to vessels. The tides in this river are far greater than on the 
Nushagak, and the entrance is choked with banks and shoals. The census report of 
1890 states, page 101: 

But a few miles to the northward of &uinhagliamiut [which is 55 miles to the northward of 
Goodnews Bay, according to the same report] is the present limit of navigation for seagoing crafts, at 
the mootli of the I<uskokwini, and even that point is reached witli difficulty and a t  considerable risk, 
owing to shoals of unknown extent and shifting channels; and as at this point the anchorage is entirely 
exposed to prevailing winds unci sea, the Kusbokwim River can scarcely be considered open to coni- 
merce. At present but one vessel a year rims in when the indic*ations are favdrable to discharge a 
cargo of goods sent up for the Kuskokwim trade by the Alaska Conimercial Company. 

The census report of 1880, in relation to salmon on the Kuskolrwini, states: 
Altogether these people would be in a sorry plight indeed were it not for the abundant supply of 

salmon during the summer. * * * They all flock together on tlie banks of the I<nskokwini and 
fairly line the river with fish traps and drying frames, or poles, and from the beginning of June to the 
month of August the traps are constantly being emptied and filled again. The quantity of fish secured 
during the season is very great, even in proportion to the number of inhabitants, bat when we con- 
sider the wasteful habit of drying the fish until only a small fraction of the original substance remains 
it can not astonish us to hear the natives compla'n of a n  insufficient supply. Over 4,000 people lay in 
the winter snpply for themselves and for their dogs during a few months of summer, but it is safe to 
state that with a inore economical mode of preserving the fish four times the number could live in 
comfort within the same space. 

In  the next stretch to tho northwtird there are doubtless other rivers carrying 
salmon, but of these there seems to be no information, until we arrive at  the Yukon, 
and here no exact data is obtainable. 

The ice canie down the Yukon in such masses a11d in such profusion that it grounded in the 
deltoid mouth in the month of July so as to forin a barrier against the running of the salmon. 

Again, in reference to the Yukon, page 73: 
We know that the run of the various species of salmon is w r y  large, though not extended over a 

large period, and also that a large proportion of the catch is preserved b y  tlie wasteful process of drying 
only. * * As far as the Eskiino race has extended iL9 settlenients on the hanks of the river, to 
a distance of from 200 to 300 miles froin the sea, the fish-traps already described lie oli both banks; but 
as the inode of fishing affects only such fish as ascend the stream along the banks and eddies, the 
numbor of salinon which complete their journey of reproduction without nieeting any obstacles must 
exceed by far the number secured by the natives. In view of the imniense width and depth of the 
river, it seems very doubtful whether any of this iinniense inass of fish could be secured by fishermen, 
even were they provided with all the appliances now in use on the Columbia River, in Oregon, and the 
Sacramento, in California. 

The census report of 18SO states, page 11: 

* 

This great river we know is not accessible to any seagoing vessel, as none but 

In  reference to rivers farther north, quotirig from the c*ensus report of 1880: 
Of the consumption of fish along tlie Arctic coast of Alaska to the northward of Bering Straits, no 

reliable data are acceesible. The people snbsist to a greater extent upon seals, walrus, and the meat of 
whales. The run of salnion in  the few larger rivers is necessarily short, and the fish are much snialler 
than we find theni to the southward; the natives, however, manage to put up during tlie brief summer 
a small supply of dried salmon and \vhitefish. 

those of the shallowest draft can enter. 

F. C. B. 1901-13 
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All the northern rivers probably carry large numbers of salmon, but, owing to 
their inaccessibility and the shortness of the season, it is doubtful if there is any 
locality on the American side of Bering Sea, except the Bristol Bay region, where 
commercial salmon fishing can be profitably conducted until salmon become very 
scarce. On the Asiatic side, so far as my inquiry extends, the rivers carry the same 
species of salmon as on the American side, and the fisheries each year are being 
extended. Large numbers of salmon are dry-salted on the Amur Xiver and shipped 
to Japan. The Russian Seal-Skin Company, which has large concessions covering 
eastern Siberia, including Kamchatka, is extending its fisheries year by year. On 
our recent visit to Kamchatka information was obtained at Petropaulski, from their 
Russian manager, to the effect that they have been exporting Ralt salmon for the last 
three or four years and have now 25 fishing stations, 9 in  the Sen of Okhotsk, 9 in 
the Bay of Avatcha, 4 on the approaches to that bay, and 3 on the outer coast in the 
vicinity of Cape. Tschipunski. The company employs, distributed amongst thcse 
stations, 500 Japanese fishermen, who, with their sampans, nets, etc., are brought 
from Hakodate in the spring and returned there in the fall. The fish are dry-salted, 
packed in wooden crates of about 120 pounds each, and find a ready market in Japan. 
In 1899 the company shipped 900,000 salmon. It was the intention of this company 
to erect a cannery in Avatcha Bay during the year 1900, for operation in  1901. 

It was stated that Kamchatka liiver carried an abundance of salmon of all species; 
but i t  is understood that tho locality has not been prospected and the commercial 
value is therefore unknown. 

The AZ6atrous arrived in Bristol Bay .July 5 ,  making nn anchorage off Cape Grey, 
the northern entrance point to Ugashik, but, being unable to coimiiunicatc on account 
of unfavorahlc weather, we procceded the following day to Nushagak Bay, making 
an anchorage off Protection Point. Expecting to obtain the services of a pilot, but 
no one appearing, communication was opened with the canneries, some 25 miles dis- 
tant. On July 8, Mr. P. H. .Johnson, the superintcndent of all the Alaska I’ackors 
Association canneries on the Nushagak, caine on board and kindly piloted tho  vcsso1 
to an anchorage in  3+ fathoms, at low water, off thc canncry of thc Alaslia Packing 
Company; this is thc uppcr cannery on the western shorc, immcdiately below thc 
junction of the Nushagsk and Wood rivers. Here it was learned that it was imprau- 
ticable to carry the AZhatross, on account of hcr draft, to the canneries on the Kvichak 
and vicinity, and, as a cannery tender was about to lcave for that section, the com- 
manding officer and two assistants took passage on her and loft that day for Kviohak 
Bay. In no other way could this investigation have been carried on SO effectively 
and in  so short a tirnc, and my thanks are due to Mr. tJollnson, not only for this 
courtesy, but for others extended to myself and the officers of this vessel. 

’ 

Probably all the Kainchatka rivers carry salmon. 

NAVIGATION NOTES. 

Until a proper survey of the Bristol Bay region has been made, it must be 
regarded by mariners as a dangerous locality to navigate; it is only by the greatest 
vigilance and constant use of the lead that disaster can be avoided upon approach- 
ing  the land. This is especially true of the northern arms and approaches, which 
receive the waters of the great salmon streams on which all the Bering Sea canneries 
are located. These rivers are the Egashak, Wood, and Nushagak, emptying into 
Nushagak. Bay; the Kvichak, Lockenuck, Naknek, and Egegak, which empty into 
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Kvichak Ray; and the Ugashik next to the southward of thc Kgeyiik. These rivers 
are large, and discharge a great quantity of water into wide indentations, locally 
still retaining the name of rivers, which open on the arms of the great hay. The banks 
of the rivers are frequently marshy, gencrally muddy, and the discolored water is 
charged with a large amount of sediment, which, when deposited, forms the dangers 
to he encountered. 

On account of the funnel-shaped configuration, the tidal currents r u n  with great 
force, having a velocity, at times, of at least 6 knots, and a rise and fall of from 18 
to 24 feet; vast areas of shoals are uncovered at low water, leaving only pools arid 
shallows, with generally nwrow channels betwecn. Navigation in the arnis and 
approaches is only successfully accomplished at, or near, high watcr, even by those 
thoroughly acquainted with tho chaniicls. 

Froin a point about 3 iiiiles to the westward of Cape Grey, the Albatmss kept 
along the coast, at a distance of 6 to 8 miles, for 25 iiiiles, rind then stcered a course 
to clear the shoals off Cape Constantine. Acorn Peak was iriade and niistalmn for 
Nichols IIi1ls;but before the latter werc woll made out wo were inside the shoals, as 
indicated on Coast Survey chart No. 8800, rind Cape Constantine was in sight from 
aloft. After bringing Nichols Hills on a bearing M7NW., as advised in the sailing 
directions, thc course was laid for them and an anchorage made in 8 fathoms at  low 
water, with Point Protection bearing SSW., distant 24 miles. This anchorage, 
according to directions, is not considered a good one, and, according to the cannery 
people, should not be selected. 

It is regretted that, as our visit to the Nushagali was for only a few days i n  
connection with the special fishery invcstigation, cxact directions can not bc given 
for the navigation of these waters, but, from inquiry and iny own limited experience, 
the following notes inay be of scrvicc to others. No regular survey has yet been 
made of this locality. The published charts arc not based upon surveys, but w e  
compilations froni all availsblc sources, for the most part froin slrctches, and at  best 
from rcco~inoissances, so that they should by no nieans be strictly followcd. The 
mariner must regard these charts as maps and t~ general guide only. 

“Nichols Hills,” as iridicllted on Coiist Survcy chart No. 8800, and on others, i H  
very inisleading. There are 110 high isolatcd hills in  the vicinity. A line of high 
bluffs froiii Eg:tshdi llivcr border this shore to the southward, fringcd by a narrow 
belt of marsh, rmd about 4 iiiilcv northwest froiii l’rotection Point these bluffs aye 
broken on top into iiiourids which we the Nichols Hills, locally known as The I<nolls. 
Undcr avcragc conditions they do not afford a leading mark, as stated, for guidance 
from seaward, as they rise but little above the bluff line, and it is not believed they 
can be made out by a stranger i n  time to avoid tlie dangers off Cape Constantine. 

About 2 miles northwest from Point Protection the bluffs referred to break away 
to the westward, and are lost on approaching the beach 2 miles south from the same 
point. Point Protection and its vicinity for several milos is low and innrshy, with an 
occasional low mound and hillock. The flagstaff and pilot station no longer exist. 
The old Eskimo who formerly piloted the cannery vessels is dead, and a hut in 
ruins and a grave are all that is left to mark the former site. There are no inhabitants 
in the vicinity. The nearest village is Eliuk, 15 miles to the nortbward, on the 
eastern side of the bay. 
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The coast between Cape Constantine and Point Protection is generally low. 
The interior is rolling, brolien into high mounds, ponds, and marshes. 

Very little is known of the extent of shoal water off Cape Constantine. It is 
probable that the bottom is much broken and lumpy off the whole entrance to the 
bay. The Albatros8, two hours before low water, had several soundings of 5 fathoms, 
well outside of the bay, in what is considered to be the best water. 

On May 20, 1898, the Alaska Packers Association cannery ship Sterling, with 
the spring outfit for Koggiung on board, was lost on the shoals about 5 miles to the 
southward of Cape Constantine. At  the point where the vessel struck, Cape Con- 
stantine and Point Protection are in range. 

A t  Point Etolin there is a line of low bluffs, which at three points shows a bald 
yellowish face, the highest to the westward. The land in this vicinity is generally 
low. It is said the shoal off Point Etolin does not extend as far offshore as indicated 
on Coast Survey chart No. 8800. The cannery tenders in running from the Nushagak 
to the Kvichak usually round Point Etolin by the lead, keeping in 3 or 4 fathoms of 
water, which they expect to find about 4 miles from the shore. 

It is my opinion that a vessel bound for the Nushagak should make Cape Grey, 
the northern entrance point t3 the Ugashik, which is high and easily recognized, 
and from this position take her departure and shape the course for the entrance, 
favoring the Etolin side in preference to the Cape Constantine side, and using the 
lead constantly in approaching these shoals. A vessel should arrive in the entrance 
of the bsy niidway between Point Protection and Point Etolin, and from this posi- 
tion a course northwest for a distance of 5 miles will carry outside the lower bar, 
where a stranger must anchor and communicate for a pilot. Judgment must be used 
in  making allowance for tidal currents, and it is needless to say that the right arm 
of the navigator in  this region is the lead. 

The following notes, made upon leaving the Nushagak, may be of service. A 
vessel bound out should leave the upper anchorage two hours before high water, so 
as to have the best water on the bars. The Albatwss left the anchorage at the upper 
cannery a t  high water and followed the western shore, at a distance of 300 or 400 
yards, to the lower cannery on the same side (Bristol Bay Canning Company). After 
rounding the point below this cannery, the distance from shore was increased to avoid 
a spit making out from the first valley beyond the point, on which the bark lGldwood 
was lost. Having passed the spit, the western shore was kept well on board, making 
allowances for the beach that uncovers a t  low water. A short distance above Coffee 
Point the Albatross laid a course SSE. 8 E. for 2.3 miles, then SE. + E. for 1.1 miles, 
which carried over what is known as “The Cross-over” and to Clark Point. The 
eastern shore was then followed at a distance of one-quarter to one-half mile, and on 
arriving off Ekuk we hauled sharp across the river tsar on a course SW. This course 
was kept until the cannery at  Clark Point came on with the second depression in the 
distant blue ridge to the northward, and the right tangent of the ridge on the south 
side of the Egashak River came on with the left tangent of the first high mountain 
of the ridge beyond the low land. The course was then changed to SE. 4 S., and 
after running about 34 milw the outer bar was crossed. 

The Albutross made the shoal water of the outer bar on the following bearings: 
Clark Point, N. by W. ; Nichols Hills, S. by Mr. ; right tangent of bluff south of the 
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Egashak River, W. Q N. From the outer bar the cannery vessels are said to steer 
SE. by S. to sea. The AZbatross, with an ebb tide, steered SE. until clear of all 
shoals, and then laid her sea course. On a sketch made of this locality by the AZ6a- 
tross in 1890, a few additions have been noted and the approxiniate track of the 
Albatross in July, 1900, has been plotted, all of which may be of service. 

The following Observations were made, using an artificial horizon: 
Protection Poht.-Latitude, 5S0 27'. north, 5 sets circum-meridian altitudes. 

Longitude, 1 5 8 O  42' 19" west, mean of 15 post-ineridian altitudes. 
Upper can?wry, Alaska I'a,cJtin,g Comnpany, I50 ya?ds southwest o f  cannery build- 

ing.-Latitude, 5 9 O  00' 22" north, 2 circuin-meridian and 1 meridian altitude. Long- 
itude, 1 5 8 O  29' 22" west, mean of ante-meridian and post-meridian sights. Variation, 
by compass declinometer, 23O 20' E. 

From three days' observations, near neap tides, at the upper cannery, the 
approximate establishment is 0 11. 59 m.; approxiinate rise wid fall, 21.55 feet. But 
us the former observations ,of the AZbat73oss were probably for a longer series, that 
data has been retained on the chart, viz, local establishment, npproxiiiiate, 0 h. 53 m. ; 
rise and fall, approxiinate, 24 feet. 

NUSHAGAIE RIVER (TATILEKUIC). 

This river, with its headwaters and tributaries, is not well known, and but 
little definite information could be obtained at the ctinneries, where it is locally 
referred to as the Main River. The system drains the hills and mountains between 
lakes Clark and Iliamna on the east and the Kuskokwim on the west. Above 
Kakwok, about 50 miles from the mouth, it receives a tributary from the westward 
which is the outlct of Lake Tikchik, and possibly a chain of lalces extending toward 
the Kuskokwirn. This lake is by some referred to as Lake Nushagak, but the main 
river seems to extend to the northeast, where i t  tias many tributaries and is known 
as the Mulchutna. 

The watershed between the Nushagak Valley and the Ilianina Basin is low arid dotted with lakes 
and ponds, the general characteristics of these slopes being the aaine near the divide. * * * The 
whole Nusliagak, or, better, Tahlekuk Itiver Valley, includiiig Tikchik ltiver and Lake, is densely 
wooded with trees not more than a foot in diameter, which, however, increase in size ai! the upper 
coumes are reached, so that on the Mulchutna and the Koklituli (Forest) rivers exceptionally large 
trees may be found in numbers. 

The river on its lower course is large, and flows a great quantity of water into 
the head of Nushagak Bay, where it forms a junction with Wood Itiver. 

Fishing on the Nushagak is carried on entirely by traps and gill nets, and, for 
king salmon, commences from ,June G to 16, depending upon the season; at the large 
canneries fishing for this species is finished by June 30. They run scatteringly 
throughout the whole season, but after the redfish come in i n  abundance, tho king- 
salmon gear is taken in and those found in the traps and the stray ones taken in nets 
are used fresh; the surplus bellies salted are for private use. The smaller canneries, 
however, pack the king whenever a sufiicient nuniber accumulatc to niulie a few cases. 

The redtish run in sufficient numbers to comtnence packing from June 16 to 20, 
and they are expected to run until July 20 to 25. This year the redfish run was so 
large that the gill-netters were limited. It is said that they supplied nearly all the 
fish, and of the number packed only 20 per cent were taken from traps. 

According to the census report of 1890, page 92- 
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Occasionally there are a large number of dog salmon, and in  the early part of 
the season, hefore the redfish run strong enough to Beep the full force employed, 
some are packed under pink-label brands. Scattering dog salmon are taken through- 
out the seaaon. There is $1 prejudice against these fish, caused, it is believed, by the 
name. The sea i’un, in my opinion, is a very good fish, and many are consumed 
fresh every year, but not under that name. 

At  intervals of several years there is a large run of humpbacks, but so little 
attention is paid to this species that the date of the r u n  is not available, but, :ipproxi- 
mntely, from the mjddlc of July to the niiddle of August covers the period. 

Occasionally a bunch is 
captured large enough to induce the canner to tu rn  the mac*hinery on a few hundred 
cases. They usually conimence to run early in August, and continue after the can- 
nery is closed, probably until after cold weather sets in. 

Trout are plentiful, and occasionally 
n shad has been taker, so it is said; sole and smelt also are taken. 

Cohoes are not plentiful, and are not regularly packed. 

There furc no steelheads and no stnrgeon. 

WOOD RIVER AND ALEKNAGIK LAKE. 

The commanding officer examined the river for a distance of 15 miles, and Lieu- 
tenant K.odiiitiii, with the steam launch, made a running sketch of the river and lake. 
It is from Lieutenant ltodman’s notes that the following remarlrs arc largely written, 
and reference is made to the sketch nccoinpaiiying the report. 

Wood Itiver empties into the head of Nusnagak B:iy at  its junction with the 
Nixshagnk Itivei., ttlmiit 14 miles :ibove the c:mnery of the A1:iska Padring Company. 
The mouth is ni1ic.h obstructed by shoals and flats, making the entrancoe difficult at  
low water, even for sniall boats, without local knowledge. Its length to the lake 
entrance is :Ll)oiit 24 miles; the width :it the mouth is about three-fourths mile, tmd 
thence for 15 miles it vtiries from GO0 to 200 yards; :~hovo, i t  nai*i-ows very much 
until. arriving at t h e  lalte enti*anc.e, it has a width of about 50 yards. The left bank, 
for e distance of tLbout 1 G  miles from the mouth, is :L low marshy plain, treeless until 
the upper part of the stretch is reached, where sniall clumps appear. The right bank 
is gcneixlly low, with blufis hordering the streain in places, or separated from it 
by B belt of marsh land from one-fourth to one-half mile in width. The bluffs and 
the high rolling liind Imcli- froin the river arc wooded with spruce, broken here and 
there 11y tundra flats. The banks on the upper course are high and more heavily 
wooded, the last 2 miles lying hetween steep banks from 100 to 200 feeb high. 

There are three low islands in the lower part of the river and one in the upper 
part. The first is about a mile from the mouth and is over a mile in length; the 
seccrnd and third :we $4 and 9& miles i*espectively from the mouth, eacrh situated in t l  

sharp bend. The fourth is very 
SIIIRII, about 20 uiiles from the mouth, and should he left to the westward. 

I n  the upper course there are a 
number of sand and gravel bars, extending entirely across the channel, but it is 
probable that 2 feet can he carried across them at tiny time. For the first 15 miles 
the water is discolored and muddy, but above this i t  is usually clear, though nt  high- 
water spring tides the discoloration continues farther up. About 10 iiiiles from the 
niouth it receives us a tributary the Malilau Itiver, which is said to be about 8 miles 

In ascending, these islands are left to the eastward. 

The banks and bottom are of mud and gravel. 
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long. From 3 to 38 feet can be carried up the river a t  low water for a distance of 
16 miles, and thence to the lake not more than 2+ feet, though at  high water 4 feet 
can be carried this distance. Local knowledge is required in its navigation at all 
stages of the tide, to avoid the numerous shoals and. bars. The channel crosses and 
recrosses the river, and while the best water can usually be found on the outer 
course of the bends, this is not always the case. 

Fifteen miles from the mouth there is a risc of tide, on the springs, of about 13 
feet, nt which point i t  is either slack or ebb current for about nine hours on each full 
tide, and at  the lake entrance it rises about 18 feet, but, from the size of the lake, 
there can be no material change i n  its water level due to tidal influence. 

A current of about 3 knots sets out of the lake at all times and a continuous set 
of not less than 2 knots down the upper course. The flood current reaches a point 
about 18 miles from the mouth. 

The head of the river flows from a shallow basin, about a mile in diameter and 
1 to 2 fathoms deep, with ZL sandy and gravelly hottom, and at the head of this basin 
is a passage, several hundred yards in width, marked by low gravel tongues making 
out from either side, which opens upon the lake proper. 

The lake is about 24 miles long, the general direction being northwest by west, 
and has an average width of about 2 miles. 

Generally speaking, the shores are mountainous, the estimated heights ranging 
from 500 to 2,500 feet, those on the north, where a long flat-topped ridge parallels 
the shore for a distance of a t  least 10 miles, being the highest. The southern shore 
for the first 3 or 4 miles is low and rolling, with alternat,e open flats and woods run- 
iiing baok several nijles to the mountains. From the middle of the southern shore a 
ntirrow peninsula, about G inilea long and 500 feet high, with :I rise of 700 to 800 feet 
u t  each cnd, pt~rf~llols the general axis of the lake and forms R deep narrow bay about 
three-quarters of a mile wide. The country generally. is well wooded, though the 
mountain tops are bare. 

There are many islands in the lake scattered throughout its length, mostly along 
the northern shore and extending to within 6 miles of the head. Tho large ones are 
well wooded, and, along the northern side, blend with the mainland, making them 
difficult to distinguish when seen froin :L point along the middle line of the lake. 

Along the center line the water tLppears deep; soundings were obtained in from 
9 to 35 fathoms, but between some of the islands gravel bars with less than 2 feet 
obstructed the passage. 

The water is clear; the bottom, when visible, is gravelly with small bowlders, 
but clean and free from grass. Gravel banks are fouiid along the main and island 
shores, even bordering the rocky outcrops. 

The main feeder is on the northern shore about 6 miles from the heact; it is 
about 50 yards wide at the mouth, and 3 or 4 feet deep, aiid flows from the north- 
ward. It is said this stream is the outlet to two more lakes. At  the head of the 
lake entering from the westward is a small feeder which is about 20 yards wide a t  
the mouth and 3 feet deep. The other feeders indicated on the sketch were not 
visited for want of time; they were siiiiply reported to exist, mid arc said to be 
small. Apparently the feeders flow through valleys of. gentle declivity, 11s no fulls 
or strong rapids were noticed, nor were any cascades seen in the mountains. 
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There is a village on a low sandy flat a t  the head of Wood River, a t  the northern 
entrance to the basin, and a second village :tt the mouth of the main feeder on the 
western shore. A large amount of salmon is taken and cured by the natives near 
these places and at  several other points on the northern shore. 

It is said that both Dolly Varden and cutthroat trout are taken on the lake. 
Salmon were present in very great numbers and were not only seen jumping from 
tbe surface of the lake, but, when the bottom was visible, great schools could be 
seen both near and away from the streams. Around the mouths of the streams they 
appeared in masses and a great many were noticed in Wood River ascending to the 

0 
Fish trap in  Wood River, about 15 miles above inoiith. 

spawning-ground. In  and around the feeders they had turned deep red in color, 
and it was particularly noticed that they seemed free from signs of injury or disease, 
due, doubtless, to the scarcity of obstructions in the river. 

Time did not permit specific investigation relating to hatcheries, a3 such work 
would probably have to extend over quite a period in order to report with any 
degree of intelligence, but the general situation seems to he favorable. The basin at 
the outlet would make an excellent retaining-pond for ripening the fish, and, with pure 
water near by, two of the hatchery problems would be solved. The temperature 
would probably be the drawback, and some inethod would have to be adopted for 
warming the hatching water during the fall and winter. 



PLATE XI. . Bull. U. S. F. C. 1901. (To face page ZOO.) 
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On the western bank of Wood ltiver, about 15 miles from its mouth, is ti trap 
This trap is the largest that was seen in the Bristol Bay district 

It has 2,700 feet of loads, with two hearts, 
A description of it is rather diacult, and reference is 

and a trap house. 
and is rather a complex arrangement. 
75 by 75 feet, and a corral. 
therefore made to the sketch. 

NUSIIAGAK CANNERIES.  

All the canneries on the Nushagak arelocated on the upper end of the bay, two 
on the western side, and four, besides a largo saltery, on the eastern side; and, if one 
which has not been in operation since 1891 is excepted, all are within 6 miles of the 
mouth of the river. A brief history of the caiineries was given in  the report of 1S97, 
'page 173, but, as the district had not then been visited, the data was incomplete. In 
order to cover the whole subject in this report, it is dceined advisable to give the 
history anew, even at the expense of ~oiiie little repetition. 

On the Nushagak this year (1000) there were five operating and one reserved can- 
neries, and one saltery, as follows: Arctic Packing Coinpany, Nushagak Canning 
Company (reserved), Bristol Bay Canning Company, and the Alaslm Packing Com- 
pany, all belo~iging to the Alaska Packers Association; the Nusht~galr Cnnnery of the 
PaciIic Steani Whaling Company, and the Alaska l!'ishermen's Packing Company. 
The saltcry is known ns the (3. E. Whitncy & Co. shtion. 

Arctk i'acki71y Cbnyany.-In 18S3 the schooiior ATqtuiw was s m t  by Mr. Rohllfe 
to prospect for fish on the Nushagak, and a large number of redfish salted. The 
same year cannery buildings were ercctcd for the above-n:Liiicd coinpiny, and in 1884 
an experimental pack of 400 cwes  was made. This is the first ctuinery that operated 
in Bering Sea. It has made a pack evcry year to date, excepting 1Y!)2, when it  
joined the pool of the Alaska Packing Associution and was closed; in 1S93 it became 
a member of the Alaska Packers Association. The cannery is located on the etcstern 
Hhore 19 miles above Fort  Alexander, a t  a place called Kanulik, and known as the 
Mission. The Moravian mission and the village are situtited on the 1)luR overlooking 
the cannery. The Nushagak post-office is also located at  this point. The capacity 
of the cannery was increased this year and now has a daily output of 2,400 cases. 

AZU,&CL Pucking Conyu?z,y.-This company was organized at Astoria, and in the 
spring of 1886 sent a cannery outfit on the schooner Sadie li: (;%cZZw tind the brig 
Qowtenep Foam? to the Nushagak, where a cannery was built u t  the head of the bay 
on the western side, at the village of Kanakanelr: (also called Chogiung) sbout 18 miles 
1lelow the junction of the Wood and Nushagak rivers. It mule a pack that year and 
every yciir since to date. It entered tho pool of the Alaska Packing Association in 
1893, and became R iiieiiiber of the Alaska Packers Association in 1893. The capacity 
W m  increBsed this year, and it now has a daily output of 2,400 cases. 

h h k t o l  B a y  Cc~iiniiiy G)nq)uny wits organized in Siin Francisco and built a can- 
nery in 1886 on the western shore of Nushagak Bay, in a bend Itbout 2 i d e s  b l o w  
the cannery of the Alaska Packing Company. It inado a pack that yew and every 
Yew to date. In  1899 it entered the pool of tho Alaska Packing Association, and 
in 1893 became a ineiiiber of the Alaska l'aclrers Association. The capacity was 
increased in 1900, and it now has a dailg output of 2,400 cases. 

Nwhaytd Cuniaii/y Conqxmy built ti cannery on tho eastern shore of Nushagak 

* 
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Bay in 1888, at a place called Stagarok (also known as Clark Point), 54 miles below 
Fort  Alexander and 3 miles above Ekuk. It was operated in 1888, 1889, 1890, and 
1891, but has not since been used. In 1892 it joined the pool of the Alaska Packing 
Association, and became a member of the Alaska Packers Association in 1893. This 
cannery is held in reserve and i t  present is used as a fishing station. 

These four canneries are all owned and (except the rcserve cannery) operated by 
the Alaska Packers Association, under one local management. There is a foreman 
at  each cannery, all under the orders of one superintendent, Mr, P. 14. Johnson, who 
resides, during the packing season, at the cannery of the Alaska Packing Company, 
where he is in communication with all the canneries. The greatest distance between 
any two in operation is 4 miles in a straight line, but on account of shoals and banks 
long detours are necessary in going from one to another. The associatioil now 
contemplates establishing a telephone service to connect the several establishments. 

The supplies are common to all the canneries of this system and are kept a t  the 
Alaska Packing Company’s cannery, where there are large storehouses and consider- 
able machinery for work in wood and metal. The fish are distributed so as to give 
each one a supply in order to keep all in full operation. I n  the statistics the pack 
only is kept separate. Until the present year the canneries had each a two-filler 
outfit, but in the spring of 1900 an additional filler was installed, and each has now a 
daily capacity of 2,400 cases. They all have practically the same machinery for 
processing the fish, which consists in each of 8 retorts, 3 fillers, 3 toppers, 2 solderers, 
and 1 cutter, with spare ones at  headquarters to supply breaks. There are no fish- 
hoists or elevators; fish are pewed from boats and lighters, a t  low water, to platforms, 
and thence to fish-house, and, after cleaning. are conveyed in cars to the cutters. 

About 33 per cent of the cans are made at the cannerieH and the rest brought from 
San Francisco; 100-pound domestic t in  plate is used for tops and bodies. A few 
can-making machines were supplied in 1900, but a t  the time of our visit had not been 
set up. It is hoped eventually to make all cans at the canneriefl. All transportation 
is done hy the association’s own vessels, or by chartered vessels, all of which are kept 
moored during the season in  the channels of the bay near the canneries. 

The Chinese and the fishermen’s contracts, arid native wages for this district, 
have been given on preceding pages. 

The Alaska Packers Association has in its employ a physician and surgeon, who 
attends to the employees of the association. His office and dispensary are a t  the 
cannery of the Alaska Packing Compnny. 

In  1900 the three operating canneries of the Alaska Packers Association employed 
215 white fishermen, 66 white cannery-hands, 450 Chinese, and 75 natives. They used 
two sets of gill nets, 80 nets in each set, for *redfish, each net 75 fathoms long, 24 
meshes deep, and 64-inch stretched mesh; 14 sets of gill nets, 80 nets to each Yet, 
for king salmon, each net 125 fathoms long, 24 meshes deep, and 94-inch mesh; value 
of all about 65 cents per fathom. Besides these they had on hand a large quantity of 
web and material for making nets. 

They used four traps-one at  Clark Point, and one on the right bank of the Nush- 
agak above the junction, each having shore lead 500 feet long and an outside lead 
350 feet long, with a square pot 40 feet by 40 feet; one trap, immediately below the 
cannery of the Alaska Packing Company, on Nushagak Bay, had leads 50 feet and 



0 

z z 
rn 
a < 
0 
n 
P 
a 
0 

0 
P 

0 

z 
0 
0 
0 
E 
P 

2 
-< 

? 
P 

r! 

E. 

- 
P 
? 

2 
C v) 

I 
b 
0 
> 
X 
m 
b 
< 

Bull. U. S. F. C. 1901. ( T o  face page 202;) PLATE XII. 



Bull. U. S .  F. C. 1901. (To face page 202.) PLATE XIII. 

m 
a 
< 
0 
n 

2 
C v) 

I 
I. 
G l  
P ,- 
m 
1 .< 



\ 

0 

z 
z 
rn 
a3 < 
0 
7 

W > 
2 
2 
0 
fn 

m D 
L 

4 
r 
z 
0 
0 
0 
I 
D l. 
z 
< 
z 
C 
v) 
I 
> 
G) 
> 
x 
D > 
*< 

Bull. U. S. F. C. 1901. (To face page 202.) PLATE XIV. 



Bull. U. S .  F. C. 1901. (To face page 202.)  PLATE XV. 

t 
I I 

. ... - . _ - . . -  ' . .  - . . . , . .. - . .- - . . .- - .. . . ... _- ----2 
S A L T I N G  STATION O F  C E. W H I T N E Y  & CO., NUSHAGAK BAY. 

V i w  f n i l i i  I J I L I I ~  lo 11wtIi\v1tr(1. 

i 
II 

k 

JI 

ARCTIC P A C K I N G  COMPANY ( A ,  P. A,), N A K N E K  RIVER. 

Vicw of wlirtrl, stctm~rrs, lish n i i l r o ~ ~ d ,  ctc. 



ALASKA SALMON INVESTIGATION9 IN 1900. 203 

300 feet, pot 40 feet by 40 feet; and the large trap on Wood River which has pre- 
viously been described. These traps must cost from $1,200 to $1,500 each, except 
the Wood River trap, which can hardly have been completed under $4,000. 

The following boats were used: 18 lighters, value, $600 each; 25 skiffs, $30 each; 
80 Columbia River gill-net boats, $200 each, and 2 pile-drivers, $1,200 each. 

The following vessels were employed: 

Steamer Polar Rear ... 
Steamer Queen.. ...... 
Launch Amy S ........ 
Launch Tyonc ........ 
Ship Oriental.. ........ 
Ship Eclipse.. ......... 
Ship Tacoma .......... 

............. 28 

............. 

............. ............. ............. ............. ............. 1,671 

$12, ooo 
10, ooo 
t% 
65 000 

GO, OOO 
35: 000 

Owricd. 
DO. 
no. 
DO. 

Chartered. 
Do. 

Owned. 

1 F1slicrinen. 

The following was the output in  1900: 

Aksko Packing Co. 

Cases. 1 the 1 Dates. 
species. 1 1 N a t a  

erne. 
I l- 1-1 

Arctic Packing Co. 

No to 
cases. I tlie I I)at.cn. I case. I 
-1-1 

Bristol Bay Canning Co. I 

2::; ~ 3 1 June 17-JllL13 28 1 
13 June %July 25 

991 - 13 July 23-July 23 
2,331 1:) Jiinc 23-Junc 27 

I . I  

1 The Alirska I’eaking Co. also put up 1,420 burrelsirrid 698 half bsrrels, a;rernging 60 to tlic barrel. 

Z?I,C Nuscagak Culzi~ery, of tlre Paciyfic Steam lT’haJi?jq C,,mnpan?y, is located on 
the eastern shore of Nushagak Bay at  Fort Alexander, which is d s o  known as 
Nushagak Village. The cannery outfit was transported by vessels of the company 
and arrived on the Nushagalr April 12,1899. The erection of the buildings was coin- 
menced at  once and the cannery was ready for work June 8. A puck was made in 
1899 and i n  1900. It is a modern cannery, well built and equipped, has good light, 
and is clean and airy. The cannery machinery 
consists of 4 large retorts (90 cases each), 2 fillers, 2 solderers, 1 topper, and 1 cutter. 
Fish are pewed from lighters and bouts to the fish-house, and, when cleaned, are 
carried to the cannery by n conveyor consisting of an endless chain of buckets 
passing under t~ shower. Fifteen per cent of the cans used this year were made at 
the cannery, the reniainder being transported. One-hundred-pound tin plate was used 
for tops and bodies, 20 per cent of which was imported. It is proposed to increase 
the capacity of the cannery to three fillers and to install can-making machinery. 

The fishermen’s and the Chinese’ contracts and natived wages were the same as 
previously noted. In 1900 the cannery employed 56 white fishermen, 10 white can- 
nery-hands, 35 natives, and 100 Chinese. 

The cannery used for redfish two sets of gill nets (25 to a set), each net, length 
75 f a t h k s ,  depth 24 meshes, G&-inch mesh; and for king salmon two sets of n e b  
(22 in a set), each net, length 125 fnthoms, depth 24 menhcs, 9&inoh mesh; value of 
all, 65 cents per fathom. 

The capacity is 1,600 cases per day. 
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The following boats were used: Six lighters, value, $300 each; 4 skiffs worth 

The following vessels were employed: 
$30 each, and 25 Columbia Biver gill-net boats worth @200 each. 

Cltm unci nume. Tons. 

Steamer Rattler ...................... 15 
Bark Undaunted ..................... I .  647 

___ 
Crew. Vfilne. 

2 81,640 
~ -. 

(1) 60,000 

1 Fishermen. 

The following was the output in 1900: 

Species. 

King  salmon.. .............................. 
Redfish 1 .................................... 
Dog salmon.. ............................... 

Cases. 

2,291 
39,2!23 
1,873 

Owned or 
chartered. 

Owned. 
Cliartcred. 

Clasv and name. Tons. 

Steamer North Star ................ 177 .................. I 1,241 

I-- 
Bark Harry Morse 

No. to 
the 

CLLRB. 
__ 

3. G 
13 
13 

Crew. vn~ne.  
-__ 

ti,m owned. 
(1) 20,OOO Chartered. 

Dates. 

June 12-July 22. 
June 22-.Jnly 22. 
June 20-July 1 .  

1 Salted, 415 barrels redfish, 48 to thc barrel. 

1 Piuhcrmcn. 

The output of the cannery for the year 1900 was as follows: 

King fmlrnon. ............................... June 15-July 22. 
ltedliuh1 ..................................... 3::;; 1 l i . 5  I Juno ‘&July 22. 

1 Salted, 446 burrels and 105 hall-barrels of redfish, 48 to the barrel. 
__ -. ____ - ___~_____. _ _ _  



._______ ~ ___- 
Class and nnme. TOnH. CreW. VUlllC. 

_____-__________ 
Steamer UHok ........................ 7 2 83,000 
Burkcntixie Willie It. 1Iume.. ........ 5x9 ( I )  26, OOO 

1 Fisherinen. 

The pack was completed very early on account of the large run of fish, and on 
July 17 the vessel was loaded and ready for sea. 

The saltery output for 1'300 consisted of 536 brwrels of king salmon, June 14 to 
July 11,14 to the barrel; 7,186 barrels of redfish, June 14 to July 11, 50 to the barrel. 

The following is the output of the saltcry from 1889 to date: 

$;:Ets. 
Owned. 
Churtercd. 

Yenr. 
____ 

1889.. ...................... 
1890 ........................ 
1891.. ...................... 
1892.. ...................... 
1893.. ...................... 
1894.. ...................... 

bnrrcls. Year. No of 
barrels. 

2qW 
400 
700 

1,000 
1,400 

650 

1896. ....................... 
1896 ........................ 
1807.. ...................... 
1898. ....................... 
1899.. ...................... 
1900.. ...................... 

About 90 per cent of the pack consists of redfish; the reiiiaining 10 per cent is 
made up of king salmori and cohoes-very few of the latter. 

TRB ICVICI-IAIC. 

The large arm at the head of Bristol Bay, extending to the northeast and bounded 
on the south by a line from the souther11 entrance point of Egegak River to Etolin 
Point, has been designated in a previous paragraph as Kvichak Bay. The upper 

1,043 
1,741 
2,436 
4,112 
6,225 
7,7!! 
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part of the bay is very shoal, and as the current is strong it can be safely navigated 
only by small vessels built to resist the shock of repeated grounding. It is said that 
the banks from the Etolin side project halfway across the bay, and, with those from 
the peninsula side, confine the channel to a comparatively narrow limit. A seagoing 
vessel, however, under skillful guidance and with local knowledge, may reach a point 
a few miles below the mouth of the Naknek River, which is abed 30 miles below tho 
head of the bay; but some csnnerymen, considering the risk too great to carry their 
transport vessels even to the mouth of the Naknek, leave them there for the season. 

Above the mouth of thc Naknek River the shoals begin to extend across the 
channel, and as a point higher up ie reached the whole bay, at low water, is filled 
with uncovered banks having shallow, nai*row channels winding through them. 

At the head of the bay is the mouth of the Kvichak River, which is the outlet to 
the great lakes, lliamna and Clark, lying on the western side of the mountain systeni 
bordering Cook Inlet. Very little is known of this lake region, as it has been visited 
by very few white inen. 

Mr. A. R. Schanz, the ccnsus enumerator of this distrirt for 1890, and MP. John 
W. Clark, of the Alaska Commercial Company, ascended the Nushagak and, taking one 
of the tributaries, made a portage to the Chultina, which was followed to Lake Clark. 
A description of the source of the Kvichak is given in the Census Report of 1890, 
page 92. 

It is a typical Alaskan 
mountain lake, for it has all the characteristics in a marked degree. It is very long, very narrow, very 
irregular, and very deep, and is surrounded on all sides by high mountains. I t  is nearly 70 m lea long, 
is at the widest point hardly 10 miles wide, and is crooked and very full of bays and bights. We tried 
in vain, with a sounding line over 100 fathoms long, to find its bottom; and the ~~iountains hemming 
it in tower in altitude froiri 5,000 to 12,000 feet. The general direction of the lake is northeast and 
southwest, and extends from the base of the Alaskan rang’ bordering Cook Inlet to the one hundred 
and fifty-fifth meridian. The longitude of the geographical centw of the lake i8 about 160’ 15’ W. 
It hau five ~ioteworthy affluents, and i k  outlet, the Noghelin River, was found to be a11 important 
stream of great volume, open throughout the winter on account of its force, and running generally 
almost due south. The Nogheliii supplie? the great Lake Iliarnna with its vast store of crystal water, 
the source of which hau hitherto been absolutely unknown to geographers. 

Ib greatest kngtli is about 90 miles, 
and its greatest width about 40. It therefore extends over one-half the width of the peninsula, and 
together with its outlet, the Kvic4iak Hiver, it provides a waterway from Bristol Bsy  to within 20 miles 
of Cook Inlet, arid an easy portage over a inouritdin pass completes the route. 

The river is large arid discharges a great quantity of water. It is said that the 
influence of the tide is felt 30 miles from the mouth. The Kvichsk flows into the 
head of the bay on the western side; on the eastern side a sinr~ller river, the Loclte- 
nuck, having a lake source, it is said, discharges its water. At  the head of the bay 
there is an extreme rise and fall on spring tides of over 25 feet. 

All the other species occur, but in  a 
scattering way. The t r a p  take a few trout, but no steelheads, shad, or sturgeon. 
The times of the runs are about the same as those givcn for the Nushagak. Inquiry 
was made regarding a hatchery site, but no inforination could be obtained of any 
location in the vicinity suitable for the purpose. 

Koggiung, the location of the cannery of the Point Roberts Packing Company, 
is on the eastern shore at the upper end of Kvichak Bay, about 6 niiles below the 

From it  the following quotation is made: 
We discovered Lake Clark on the morning of Sunday, February 15,1891. 

Lake Iliainna is the largest lake thus far discovered in Rlauka. 

The Kvichak is purely a redfish region. 
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mouth of the river, and, according to the chart (which is only a sketch), is in latitude 
59O 01‘ north; longitude 156O 56’ west. 

Point Rotrcrts Packing Compa?zy.-The Prosper Fishing and Trading Company 
established a saltery at Koggiung in 1894 and salted that year and in 1895. In  1896 
it was sold to the Alaska Packers Association under the name of the Point Roberts 
Packing Company. The Alaska Packers Association established a saltery at  Kog- 
giung in 1894, near that of the Prosper Fishing and Trading Company, and after the 
purchase of the latter in  1896 consolidated the two. This saltery has been operated 
every year except 1899. 

I n  1895, under the samc nnmc (Point Roberts Packing Company), the Alaska 
Packers Association built a cannery at  Koggiung, utilizing the available machinery 
from the cannery of the Central Alaska Company at Thin Point. It was a two-filler 
cannery of 1,500 cases capacity per day. It made thc first pack in 1896 and a pack 
every year since to datc. I n  1897 it  was enlarged to three fillers, and in 1898 a 
second thrcc-filler cannorp w:ts built close to and conriccted with the first, so that 
thc plant now practically consists of a six-filler cannery and a saltery. 

It is well 
equipped, and has a ratcd capacity of 4,800 cases per day. It has 18 retorts, of 47 cases 
capacity each; 4 boilers, 6 fillers, 6 toppers, 4 solderers, 2 cutters, and 5 can-makers. 
Fish are transferred from boats and lighters by steam hoists to the fish-house, and 
from the latter, when cleaned, to the cnnncrp by a conveyor consisting of an endless 
chain of buckets. About 33 per cent of the cans arc made at the cannery and the 
remainder brought from Sari E’rancisco; 100-pound tin plate is used for bodies, and 
90-pound for tops; 50 per cent of the plate is imported. 

The fishermen's and Chincsc’ contracts, and native magcs, are the samc as prcvi- 
ously stated. 

The h%Lchu7~ I’uckh:/ C‘oi,/ynir!/.-Undcr this n:11111? the Alsslta Packers Associa- 
tion built :L c.anncry in  the spring o f  1900, on the cltstern shore of Kvichak Ray, 
about 6 miles bclow the canncry of thc Point ltobcrts 1’:tcking Conipany, and on the 
northern point of entrmcc to notr Slough. It is a three-filler cannery with a daily 
capacity of 2,400 cases, and has substantial warehouses and quarters. It is well 
lighted, roomy, and well vcntilatcd, and contains the latest muchincry and cannery 
iniprovements. 

This cannery is operittcd under one nianagenicnt with the Point ltobcrts l’acking 
Company, in :L rnanncr similar to thosc of the association on thc Nushagak. They 
are under the superintendency of Mr. H. C. Janscn, who has his hwtdquartcrs at the 
foi-mer caniicry, with telephone communication, so 8s to direct the affairs of all. The 
cannery machinery of tho Kvichak Packing Company consists of 9 retorts of 47 cases 
q n c i t y  each, 3 fillers, 3 toppers, 2 solderers, and 1 cutter. Can-makers will bc 
installed in 1901. Fish are transferred from boats by steam hoists to cars, thence to 
fish-house, and, when cleaned, by conveyor to cannery. 

As the two Alaska Packcrs Association canneries are under one management 
the supplies, fish, etc., are common to all, and the field statistics given, except the 
pack, will bc combined, therefore, for thc two canneries. 

The cannery transporting vessels-thosc that bring the spring outfits to Bering 
Sea and return with the pack in the fall-arc moored in the channel in Nushagak 

The cannery is subst:tntially built,, light, roomy, airy, and clcan. 

It was ready and commenced packing ;lune 29. 
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Bay in the vicinity of Clark Point. The transfer is made to and from the canneries 
by large, specially constructed steamers, drawing from 10 to 12 feet of water, heavily 
built and quite flat on the bottom, so that when they ground 011 the mud banks they 
may stand up when the tide leaves them, with cargo and vessel uninjured. The 
largest, built this year, the livichuk, has a capacity of 32,000 cases, and the second, 
the Pmddent, can carry 11,000 cases. 

I n  1900 the Point ltobcrts and the Kvichak together elnploycd 154 white 
fishermcn, trapmcn, etc. , 38 white cannery-hands, 33 natives, and 447 Chinese anfl 
Japanese. The Alaska Packers Association has a physician in its employ at 
Koggiung, who attends the employees from Koggiung to Ugashik. There were on 
hand 100 gill nets for redfish-length, each, 75 fathoms; depth, 20 iiieshes, 6A-inch 
mesh; value, 65 cents per fathom. One trap, located on the eastern shore of the 
bay, about 12 miles below the Point Roberts cannery, had an inshore lead of 60 
feet, an offshore lead of 300 feet, with a 40-foot hy 40-foot pot. The oflshore lead 
was parallel with the shore and not more than 100 fect froin it; value about $1,000, 

The following vessels were ciiiployed: 

__. 
&'LOO, 000 

8,000 
0,000 
4,000 

50,000 
56, ooo 
55,000 
16,000 

________ __ 

I Name and class. 1 Tons. I Crew. 

Owned. 
Do. 
Do. 
DO. 

Chartered. 
DO. 

Owned. 
DO. 

Steamer Kvichak .................. 
Steamer Snvnk.. .................... 
Launch Herbert .................... 
Steamer 1,ilIian .................... 
Ship St. Nicholas ................... 
Ship Scrviti.. ....................... 
Ship Boherniir ...................... 
Schooner (&mast) Prosper.. ........ 

610 
!lo 
19 

1, 6 6  
1,736 
1,5W 

229 

-1- 
13 

4 
3 
2 

Owned or 
Val'1e. 1 chnrtercd. 

The boats used were: 7 lighters, worth $800 each; 6 trap-scows, $100 each; 10 
skiffs, $30 each; 50 flat-bottom gill-net boats, $100 each; 2 pile-drivers, %1,200 each. 

The following was the output i n  1900: 
- 

Species. cases. 

Point Roberts Packing Co.: 
Redfish 1 ............................... 09,678 
Icing rwllmoii.. .......................... 341 
Cohoe~ .................................. 297 
Humphacks.. ........................... 1,676 

Redfish ................................. 45,200 
Kvichak I'ucking Co.: 

to the Dates. 

12. B 1 June 28-Aug. 1. 
- __ .- . 

1 Salted: 92 barrels and 115 half-barrels of redfish, 50 trap fish, or 40 gill-net fish, to the barrel. 

These canneries obtain their fish by gill nets and traps. During the 1900 season 
but one trap was used---that referred to on a preceding page. In 1898 and 1899 an 
additional trap was used in the Kvichak River, about 15 miles above the cannery. 
About 30 per cent of the catch is made by this means. Preparations for salting 
about 1,500 barrels are usually made, but very fcw were cured in this way during 
the 1900 season. It is said that, in salting, trap fish run about 50 to the barrel, while 
gill-net fish run about 42, which is a marked illustration of selection by gill nets. 

May 20, 1898, the ship Stmlilzg, with the outfit for the Koggiung cannery, was 
lost on the shoals off Cape Constantine. No lives were lost. 
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North AZmku Salmon Con~puny. -This company, organized froin the Sacramento 
River Packers' Association and incorporated under the laws of Californitt, sent a 
large cannery plant to Bristol Bay in the spring of 1900 and built two canneries on 
the left bank of the Kvichak River, near the mouth, about 6 miles above Koggiung. 
The plant was placed in two canneries, 1,000 feet apart, for the purpose of obtaining 
fire protection. They will be operated, however, under one management during the 
season of 1901: when tho first pack is expe.cted. Each cannery will have 4 retorts, 
2 fillers, 2 toppers, 2 solderers, 1 cutter, and 1 set of can-makers. As the cannery 
will employ 50 hands to the filler, a daily capacity is expected of 1,800 cases, or 3,600 
cases for the two canneries; a conservative rating, however, would be 3,200 cases. 

THE NAKNEK RIVER. 

The next large salmon river is the Naknek, which'enters Kvichalc Bay, on the 
eastern side, about 25 miles to the southward of Koggiung, i n  latitude 5 8 O  43' north, 
longitude 1 5 7 O  02' west (ttppi-oxiinate). Tho river has its source in a large li~ko of 
the mnie name (at one time also known as Lake Walkcr), on which two villages are 

I. 

/ 
i 

Freehand sketch of Mouth of Nakiiek 
River, Bristol Bay. 

located. The river is large, about 60 niiles in length, and flows a great body of water 
in a general westerly direction. It is said that tide watcr extends about 25 niiles from 
the mouth, a t  which point the river is about onc-half iiiile i n  width, and that a t  the 
mouth there is an extreme rise and fall of spring tide of over 20 feet. 

Shoals and banks, many of which uncover a t  low water, fill the lower course of 
the river and extend 3 or 4 miles 08 the mouth, then trend around to the northward 
and join the body of banks that fill the upper end of Kvichak Bay. At low water 
the channel hetween tho banks and thc flats is very shallow; cannery steamers, draw- 
ing but 7 feet of water, await half tide before entering. Navigation is done on thc 
rising tide or a t  high water. 

The mouth of the river is about 3 miles wide between the headlands, which consist 
of bluffs about 100 feet high. Within the entrance the banks converge quite rapidly, 

. and tthout 4 miles from the mouth the river is ahout three-fourths of a mile wide 
F. C. B. 1901-14 
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between the banks. At this point the canneries are located, that of the Arctic Pack- 
ing Company on the left bank, and nearly opposite, on the right bank, that of the 
Naknek Packing Company. Abreast of the cannery and for a long distanw below 
the river bed at  low water is four-fifths uncovered, and i t  is said that a t  very low 
water it may be forded above the cannery; nevertheless, it runs a large body of 
water. During early Russian times this lake 
and river formed a connecting link of the trail from Kadiak to the Nushagak, by 
way of Katmai. 

The Naknek is essentially a redfish river, though members of all other species are 
present, but only in a scattering way. During the season a few king salmon and cohoes 
are taken. Exceptionally, there is a small run of humpbacks, but practically no dog 
salmon. There are a few trout, but no steelheads, shad, sturgeon, halibut, or cod. 

The redfish commencGrunning about June 14, when about 100 cases may be 
packed. Eight or ten days later they are running strong. July 16-20 they begin 
to slack, and by July 25-28 the run, for cannery purposes, is finished. In  the spring 
very large schools of young salmon, about 4 inches in length, are seen passing out 
to sea. There does not appear to be any site for a hatchery in the vicinity. 

Fishing is carried on entirely by gill nets and traps, which were used by both 
companies until this year, when the Naknek Packing Company abandoned trap fish- 
ing as too expensive to maintain. 

Arctic Packing Conpany.--In 1890 this company built and operated a saltery on 
the Naknek, a t  a point indicated in the preceding paragraph. This saltery was sold 
to the Alaska Packers Association in 1893. In 1894 the association built  a cannery 
at  the same point, utilizing in its construction the available machinery of the cannery 
of the Thin Point Packing Company, a t  Thin Point, and made the first pack in 1895. 
A pack has been made every ycar since to date. The saltery has h e n  operated every 
year except 1897. The original plant was a two-filler cannery, but in  the spring of 
1900 an additional machine was installed, and i t  now has a daily capacity of 2,400 ’ 
cases. 

The canning machinery consists of 3 fillers, 3 toppers, 2 solderers, 1 fish-cutter, 
and 9 retorts. Fish are transferred from boat to fish-house by cable cars running on 
an inclined plane and operated by steam. Can-makers have been installed, and when 
in thorough running order will probably make most of the cans used, though this 
ycar only 30 per cent were made on the ground, the remainder being brought from 
San Francisco. One-hundred-pound tin plate was used for bodies, and 90-pound 
plate for tops, all imported, as the pack of this cannery was for export trade. 

Transportation is by the company’s vessels, which i n  thc spring approach the 
mouth of the river as closely as safety permits, and after discharging are moved to 
Nushagak Bay, where they are loaded with ths pack at  the end of the season. 

Fishermen’s and Chinese’ contracts and native wages are the satne as previously 
noted. In 1900 the cannery employed 58 white fishermen, 54 white cannery-hands, 
trap and beach men, and salters, 20 natives, and 140 Chinese. 

The following boats were used: Eight lighters, worth $800 each; 10 skiffs, $40 
each; 34 tlat-bottom gill-net boats, $100 each; and 1 pile-driver, $1,200. The gill-net 
boats are of the same type as those used on the Kvichak, and described on page 180. 

There were in use for redfish 29 gill nets, besides 47 spare ones, and sufficient 

Very little is known of the interior. 

. 

A pack of 55,000 cases is expected during a good average season. 
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webbing for 12 more. The nets are each 75 fathoms long, 22 meshes deep, and &$-inch 
mesh. In addition three traps were driven, but as 
the netters brought in  an abundance of fish only two were used. One was located on 
the left bank of the river, about 6 miles above the cannery, with inshore and offshore 
leads of 750 feet and 1,900 feet, respectively, heart 80 feet by 160 feet, and pot 40 
feet by 40 feet. Another, a t  the northern point of entrance to the river, had lcads 
of 750 feet ttnd 1,100 feet, respectively, pot 40 feet by 40 feet, but no heart; and the 
third, of the Name dimensions, which was not used, on the southern shore near the 
entrance. These traps are driven in the spring and pulled up when fishing ccw.cs. 
They are valued at  about $1,200 each. About 20 per cent of the fish used by this 
cannery are taken i-n traps. 

King-salmon nets are not used. 

The following vessels were employed, all owned by the company: 

teamer President .................................. 
aunch Ralph L .................................... 9, 

Launch Northerri Light ............................ 
Shi Indiuna ........................................ 
Bars Merorn ........................................ 

I -I-/- 
I 

238 I 9 
51 2 
4 1  2 

1 4 1 9  
1:19,11 

Species. 

King salmon ................................ 
Rcdflshl.. ................................... 
Humpbacks. ................................ 

Value. 

Dates. 

- 
G June iR-Junc24. 

Gl.8:: 1 12.5 June 18JtIIy 28. 
449 22 On Ju ly  25. 

____________ ._____ 

$40,000 
4,500 
3,000 

60,000 
20, ooo 

1 Fishermen. 

The following was the output in 1900: 

LVak?~oh Pach:7cing Conzpcvay.---l[n 1890 Mi*. L. A. Pedersen established and 
opcrated a small saltery on thc right bank of the Nalcnelc about 3 miles above the 
mouth. In  1894 a company under the above title, incorporated under the laws of 
the State of California, absorbed the saltery and erected ti cannery near it. The first 
pack was made in 1895, and a pack has been made every year to date. The saltery 
has also been operated every year, and in 1897 an additional one was,built and 
operated on the shore of Kvichak Bay, about 2 miles above the mouth of the Nakneli. 
The latter was abandoned in 1900. During the present season (1900) the cannery 
plant was enlarged by the addition of a sinall cannery building, warehouse, bunk 
houses, etc., and i t  is expected to have three fillers ready for operation in 1901 and 
the cannery equipped for a pack of a t  least 40,000 cases. 

The following cannery machinery is now installed: Eight retorts, 2 fillers, 3 top- 
pers, 2 solderers, and 1 cutter. Fish are pewed from boats and lighters to fish-house. 
Thirty-three per cent of the cans are made at  the cannery; the rest are brought from 
San Francisco. Can-makers have been installed, an'd it is expected to make a large 
proportion of tins at the cannery in the future. One-hundred-pound tin plate is 
used for bodies and 95-pound plate for tops, 50 per cent of which is imported. 

The transportation was by a vessel of the company, which was kept moored in 
Kvichak Bay below the mouth of the river. 
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The fishermen’s and Chinese’ contracts and naGve wages were the same as given 

In 1900 the company employed 60 white fishermen and beach-hands, 12 white 
Twenty-one redfish gill nets were used, 

They have 7 lighters, $600 each; 5 ski&, $25 each; and 28 flat-bottom gill-net 

The vessels employed were: Steamer Fram, 12 tons; crew, 3; value, $8,000; 

The following was the 1900 output: 

on previous pages for this district. 

cannery-hands, 11 natives, and 131 Chinese. 
each 75 fathoms long, 22 meshes deep, 6i-inch mesh; value, 65 cents per fathom. 

boats, $100 each. 

owned. BarkR. I? Cheney, 1,200 tons; crew, fishermen; value, $20,000; owned. 

Species. 

7 

King aalmpn 1.. ....................... 
Red tjhl ............................ 
Humpbacks.. ......................... 

______ 

No. to 

case. 
Cases. the Dates. 

~- 
81 4.8 Throughout theseaaon. 

35,675 12 June23July25. 
35‘2 22 July 23-July 28. 

__-- 

This river empties into the outer limits of Kvichak Bay about 34 miles south of 
the Naknek, and has Cape Chichagof for its northern entrance point. It .is ti large 
river about 2 miles in width at  the cannery, and is the outlet to Lake Becharof. I t  
flows in a general westerly direction for about 50 miles. Tide water is said to extend 
about 25 miles up the river; very little is known of the locality. 

The lower part of the river is a wide bay, contracted at the mouth, and, like 
other rivers of this district, a t  low water a large part of the bed is exposed in shoals 
and banks, with narrow channels winding through them. At the entrance shoal water 
extends several miles offshore, and the small cannery steamers enter only from half 
to full  tide. The channel into this river is wider and deeper than in the Naknek and 
Kvichak, and, if i t  were properly buoyed, vessels of moderate draft could enter a t  
high water; there is, however, no swinging room inside. The cannery transporting 
vessel, a bark of 554 tons, is carried in at high water and moored head and stern 
aIongside of the low-water hank. 

This river is also essentially a redfish stream, though all other species are found, 
but they are scattered throughout the season and are few in number. There are a 
few trout, but no steelheads, shad, sturgeon, halibut, or cod. The time of run of 
the redfish is the same as given under the Nuknek, to which reference is made. 

X’eqak 37isl~i7~q &ation.-Undor this name the Alaska Packers Association, in 
1895, established and operated a saltery 011 the right bank of the Egegak about 5 
miles from the entrance, and salted every year until 1900, when the apparatus was 
moved to the new cannery site, though the buildings were left standing. 

Egegak Puckiny Company.-l n 1899 the Alaska Packers Association, under this 
title, commenced building a cannery on the left bank of the Egegak, opposite and a 
little above the salting station, utilizing the available machinery of the cannery 
of the Baranoff Packing Company, of Redfish Bay, Southeast Alaska. This plant 
had been purchased during the winter of 1898 and 1899, when that locality was 
abandoned. The new cannery was completed in 1900, and the first pack commenced 
July 1. The cannery It has substantial buildings, and is clean and well arranged. 
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machinery consists of 5 retorts, 2 fillers, 2 toppers, 2 solderers, and 1 cutter; can- 
makers will be installed. This year all cans were brought from San Francisco, 100- 
pound tin plate being used for bodies and 95-pound plate for tops; all domestic. 

Fish are pewed from boats to cars which are hauled by cable, operated by steam, 
over an inclined plane leading from the fish-house ta the water a t  all stages of the tide. 
After cleaning, the fish are passed directly froin the draining tnble to the cutter. 

The saltery, which has been moved to.the cannery site, is operated in  conjunction 
with the caiintwy. 

The fisbermen’s and Chinese contracts and native wages weiw the same as for 
other canneries of this district. I n  1900 this cannery employed 39 white fishermen, 
16 white cannery-hands, 10 natives;, arid 80 Chinese. 

They used 20 gill nets, each with a length of 80 fathoms; depth, 26 nieshes;, 
69-inch mesh; value, about 65 cents per fathom. No traps were driven, but they 

Freehand sketch of entrance to Egegak River, Bristol Bay, 

were prepared to drive two with l e d  of 200 and 250 feet and pots 40 feet b y  40 
feet, valued a t  about $1,000 each. 

They used 5 lighters, $200 each; 7 skiffs, $30 each;, 19 flat-bottom gill-net boatx 
$100 each, and one pile-driver, $1,500. 

The following vessels were einployed: 

Clans nnd name. i 
Steamer President 1 .............................................. 
Launch Llewellyn ................... $?,ooO Owned. 

Bark Launch Charles Corlnne B. Kenney. ............. 1 .I,;! 1 {if 1 S$g 1 Chazred.  1 
Bark Will W. Case.. .................. 18,ooO Owned. 

...................... 
I I I I I I 

1 Employed at Naknek also, whlch bee. 9 Fishermen. 

The following was the output in 1900: Redfish, 21,652 cases, 12.5 to the case, 
Redfish, salted, 582 barrels and 1,513 half-barrels, 50 to the barrel. July 1 to July 25. 
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THE UGASRIK RIVER. 

The mouth of this river is about 40 miles below the Egegak, and, according to 
the chart, is in latitude 5 7 O  38’ north, longitude 157O 48’ west; but the chart is appar- 
ently much in error. The river, it is said, has its source in a lake system of consid- 
erable extent, about 50 miles i n  the interior of the peninsula. In its lower course 
it has as tributaries King Salmon River, which enters through the left bank from the 
southeast about 5 miles from the pilot station, and Dog Salmon River, which enters 
through the left bank about 15 miles from the pilot station. These are large streams, 
and it is probable there are others higher up. 

The Ugashik is a large river and discharges a great quantity of water into the 
wide indentation that has Cape Grey for its northern point and Cape Menchikoff 
for its southern. Cape Grey is a prominent bluff about 200 feet high, ranging 
several miles along the shore, brownish in color, with a few yellow vertical stripes. 
It appears to be the terminal point of a low ridge, which itself slopes to low land 
on each side. Cape Menchikoff is also a high bluff having a wider range along the 
shore and more hilly country back of it. 

From seaward the near land visible between the capes, including the river valley, 
appears to be all low. The capes ran be approached from the westward to within a 
distance of about 2 miles. The distance between them is estimated at about 20 miles, 
though the chart would seem to indicate the distance as about 2 miles. From the 
capes the low land converges to the eastward to a point where the river may be 
said to enter. Here it is about 6 miles across between high-water banks, and has on 
the northern side a bluff, 10 to 12 miles from Cape Grey, known as Smoky Point. 
This is recognized as the northern entrance point to the river. 

The indentation formed by the two capes, the converging land, and the lower 
courses of the river are filled with shoals and banks. There is, however, a fair 
channel, through which, it is said, 9 feet may be carried at  l6w-water spring tides. 
This channel is buoyed during the canning season by the Alaska Packers Association 
for the convenience of their vessels, hut no regular system is adopted and a stranger 
would be unable to follow it with safety. The outer buoy is on the bar, which is 
nearly on a line between Cape Grey and Cape Menchikoff, 9 miles from the former. 
From this buoy it is about 6 miles to Smoky Point. 

About 6 miles higher up the river, on a bluff on the right bank, is a native village 
which is called the “Pilot Station,” and immediately above it, on a lower bluff, is 
the cannery of the Alaska Packers Association, called the Ugashik Fishing Station. 
It is about 17 miles from Cape Grey. An Eskimo formerly lived in the village who 
piloted vessels through the channel, hence the name, Pilot Station. The river is 
very tortuous, and winds and recurves to such an extent that at a point about 20 
miles by river from the Alaska Packers Association cannery the distance across 
country is about 7 miles. 

The Ugashik, like the rivers previously described in this report, is essentially a 
redfish river, and some years these salmon rub in very large numbers. King salmon 
occur scatteringly throughout the season, and a t  times dog salmon are plentiful. 
There are practically no humpbacks, but it is said there is a run of cohoes after the 
canneries close. There is, a t  times, an abundance of trout, flounders, and crabs, but 



CANNING PLANT O F  ARCTIC PACKING COMPANY (A. P. A,), NAKNEK R I V E R  

General view from bluff to eastward, showing headlands at  entrance. 

Schooner Prosper. Steamer Sayah-. 

C A N N I N G  P-LANT OF P O I N T  ROBERTS PACKING COMPANY (A.  P. A,), KOGGIUNG.  KVICHAK BAY 

View from stream to northeast. 

Steamer Krichak. 
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110 halibut, shad, or sturgeon. The runs correspond to the times given for the 
Naknek River. 

Johmm SaZtmy.-Mr. C. A. Johnson salted salmon on the Ugnshik from 1889 to 
1898, both inclusive. He was the pioneer in this business on the river and built and 
operated a saltery in 1889, on the left bank, about 23 miles above Smoky Point and 

. 

Freehand sketch of Lower Ugasliik River, Bristol Bay. 

2 miles below the trading post of the Alaska Commercial Company. This saltery 
was merged in the cannery of the Bering Sea Packing company. In 1894 Mr. 
Johnson established and operated another saltery on the right bank of t h e  river, 
about 19 miles above the pilot station, which he sold in 1899 to the Alaska Packers 
Association, who absorbed it in their cannery plant. 
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Bering Sen Packing Cornpuny.--In 1890 this company, a branch of the Alaska 
Improvement Company, though a separate corporation, purchased the machinery of 
the Western Alaska Packing Company at  Ozernoy, and commenced building a can- 
nery on the left bank of the Ugashik, near the first Johnson saltery. In transporting 
the machinery on the schooner Premie?; that vessel went ashore in Stepovak Bay and 
the machinery did not all reach the Ugashik until 1891, when it was installed and a 
small pack made that year. As the site appeared unsuitable, the cannery remained 
closed in 1892 and 1893, and in  1894 it was moved to a point on the left bank, about 
15 miles above Smoky Point, where it was operated in 1894, 1895, and 1896. In 
1897 it was sold to the Alaska Packers Association, with other property of the 
Alaska Improvement Company, and the machinery and equipment were utilized in 
the Alaska Packers Association cannery. Nothing remains but the dwelling of the 
superintendent, now used as a fishing camp by the Alaska Packers Association. 

Nebon suZta~y.--ln 1893 Mr. Charles Nelson established a saltery on the left 
bank of the Ugashik, immediately above the last site of the Bering Sea Packing 
Company. After operating i t  in 1893 and 1894 it was sold to the Alaska Packers 
Association and closed. 

Alaska Puckcras Association Sultery.---In 1893 the Alaska Packers Association 
built a saltery on the left bank of the Ugashik, about a mile below the last site of the 
Bering Sea Packing Company. It was operated in 1893, 1894, and 1895, and then 
merged in with the Alaska Packers Association cannery, built the latter year near 
the pilot station. 

Uyashik .Fishing Stution.-In 1895 the Alaska Packers Association built a can- 
nery on the right bank of the Ugashik immediately above the pilot station, where 
the river is about 3 miles wide, utilizing in its construction the available machinery 
of the Russian-American Packing Conipsny’s cannery at  Afognak. It made the first 
pack in  1896, and has packed every year since to date. Originally it was a two-filler 
cannery, but in 4900 another filler was installed, and i t  now has a capacity of 2,400 
cases per day. The machinery consists of 7 retorts, 3 fillers, 3 toppers, 2 solderers, 
1 cutter, 1 spare filler, 1 spare topper, and 2 sets of can-making machines. 

Fish are pewed from boats and lighters to platforms and thence to fish-house, and 
when cleaned are transported in cars to the cutter. Seventy per cent of the cans are 
made at the cannery and the rest transported from Sun Francisco. One hundred 
pound tin plate is used for bodies and 95-pound t i n  for tops, all imported. 

Fishermen’s and Chinese’ contracts and native mages were the same as mentioned 
under other canneries. 

The transporting vessels enter the river a t  high water, and during the season 
are moored in the channel, one near the cannery and two near the left bank about 5 
miles above thc cannery. 

In 1900 this cannery employed 64 white fishermen and trapmen, 24 white cannery 
and saltery hands, 20 natives, and 140 Chinese. 

It used two sets of gill nets, 24 to a set, each 85 fathonis long, 26 meshes deep, 
64-inch mesh; value, about 65 cents per fathom. There yere 3 traps; one about a 
mile above the cannery, on the right hank, with leads each 500 feet and pot 40 by 
40 feet; one about 18 miles above the cannery, on the left bank, with leads each 
400 feet and pot 40 by 40 feet, and one about 22 miles above the cannery, with leads 

% 
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These traps are valued at  
It is stated that about 20 per cent of the fish are taken in traps. 

The following boats were used: Nine lighters, valued at  $800 each; 10 skiffs, $25 

The following vessels were used : 

I 

of GOO fpet and 400 feet, respectively, and pot 40 by 40 feet. 
about $1,000 each. 

each; 30 Columbia River gill-net boats, $200 each; 1 pile-driver, $1,500. 
’ 

Clws and name. 1 Tons. 1 Crew. I Value. 1 :;:$$$. I I 
$25.000 

7, OOo 
2 600 

15: 000 
15,000 
16,000 

Steamer Thistle ..................... 
Launch Collis ....................... 
Launch Cathie K .  ................. ..I 
Bark Nicolas Thayer ................ / 

3 
655 

Owned. 
DO. 
Do. 
Do. 

Chartercd. 
Owned. 

Bark Coryphene I.. ................. 1 
Three-masted schooner Premier .... ; 733 

2% 

i, 
2 

I I I -Ap I I 
1 Fishermen. 

The following was the-output in 1900: King salmon, 101 cases, 4 to the case: 
June 18 to ,June 29; redfish, 54,581 cases, 13 to the case, J u n e  21 to J u l y  29. There 
were salted 603 barrels and 606 half-barrels of redfish, 50 to the barrel, and 10 
barrels of coho bellies. 

Bvistol Packing Coqmt,y,--This company, organized largely by the stockhold- 
ers of the Naknek Packing Company, sent a cannery outfit to the Ugashik early in 
the spring of 1900 and located on the left bank of that river about 25 iiiilcs from 
Smoky Point, near the site of the old trading post of the Alaska Coniniercial Coni- 
pany. It was not full~7 equipped, but 
had at the time of our  visit 2 retorts, 1 fruit topper, 1 solderer, and 1 cutter. The 
work was done largely by hand, but it was estimated that 500 cases could be packed 
per day. All the cans were brought from San Francisco; they were iiiade of 100- 
pound imported tin plate. It is wid that in 1901 the cannery will be equipped with 
3 fillers and the corresponding machinery, and it is anticipated that a pack of 40,000 
cases will be made during the season. 

The transporting vessel ascended the river to a point about 8 miles below the 
c’annery, where she was moored in the channel for the season. 

In  1900 this cannery employed 27 white fishermen and benchinon, 6 white 
cannery-hands, 10 natives, and 48 Chinese. 

They used 8 gill nets, each 75 fathoms long, 23 iiieshes deep, 6k-inch mesh, valued 
at  65 cents per fathom. 

The following vessels owned by the company were used: Gasoline launch Asnelin, 
5 tons; crew, 2; value, $2,000; bark Byate, 595 tons; crew, fishermen; value, $10,000. 
They have 1 lighter, value, $250; 1 skiff, $25; 7 gill-net boats, $100 each. 

The output in  1900 was: Redfish, 6,653 cases, 12 to the case, July 9 to July 29. 
Commenced salting July 2, and salted 1,150 barrels of redfish, 46 to the bnrrel. 

With the Ugashik our exaniination of the 13ristol Bay district was finished. It 
is  a wonderfui salmon country, and can not be equaled. The redfish still run in 
countless numbers, and, as the rivers can not be barricaded and as overfishing has 
not yet produced its effect, there seeins to be no depletion. The next few years, 
however, will see many ncw canneries established by the capital that was used in 
the canneries on the failing waters of the northwest coast of the United States. 
But i n  the absence of proper laws, or the enforcement of such poor oms as now 
obtain, these streams, too, will become depleted in time. 

The cannery was ready for packing July 9. 

No traps were used. 
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C H I G N I K  D I S T R I C T .  

This district was visited the latter part of July. The remarks made in my 
former report (pp. 164-171) on this locality hold good at the present day, and i t  
appears Tinnecessary to make any changes or modifications after this second visit 
a.nd examination. There have been no additions to the three operating canneries, 
which have packed every year to date. 

The cannery men still contend that there is no diminution in the numbers of 
salmon taken from the river and lagoon, yet the locality no doubt is badly over- 
fished. The lagoon and approaches and the river approaches are studded with traps, 
Some with leads 3,500 feet long, and sometimes so interlaced that at a distance the 
channel appears completely blocked, and i t  hardly seems possible for a fish to pass. 
Plate IX indicates the positions of these traps at the time of our visit, and it will be 
Seen that while 12 have b& one pot, 6 have two. AS the latter really consist of 2 
traps joined on the leads, there were rictually 24 traps, or one more than during the 
season of 1897, a t  the time of our visit. 

My opinion of traps has been expressed and the waste from them referred to, 
but as a further illustration of this trap waste a single occurrence related to me 
may be given: A lighter having a capacity of 45 tons, and having nearly that 
amount of fish aboard, was towed to a cannerp where the species desired for canning, 
amounting to about 6 tons, were removed; the rest, consisting of cod, tomcod, 
halibut, flounders, sculpins, dog salmon, trout, etc., were waste. In the spring of 
the year immense numbers of tomcod are taken. It is said that as much as 15 tons 
of this species have been thrown out of a trap in one day. 

Trap men claim that the waste species are released, but such is not generally the 
case. If the trap he full of fish not wanted, the pot may be lowered and the fish 
released alive, because that is the simplest method for emptying the pot, but usually 
all are dipped out together and the sorting is done afterwards. 

If traps be prohibited-and in my opinion they should be-it is difficult to say 
what the fishing results will be at  Chignik. At present traps, gill nets, and seines 
are used, and the catch is represented in the following proportions: Traps, 70 to 75 
per cent; gill nets, 20 to 25 per cent; and seines, about 5 per cent. It is believed 
that an honest effort has been made with gill nets and seines, but the results have 
been very unsatisfactory. For gill-net fishing the water is too clear and the channels too 
shallow and narrow. For seining there are no beaches and the bottom is unbuitable. 
However, if the fish are there the cannerymen will devise Some means for obtaining 
them. A few years ago purse seines were tried in southeastern Alaska and prorlounced 
a failure; now they are very generally used in certain localities, and with such success 
that the boast is made that they need no longer construct barricades, as they h k e  
with purse seines all the fish that come to the streams. 

The times of the runs of the fish are given in my former report (page l69), to 
which may be added that some years there is a small run of humpbacks and usually 
a great many dog salmon. Dolly Varden trout are 
numerous and arrive a few days before the redfish, remaining until late in the fall. 

The Chinese contract a t  Chignik varied this year from 42 cents to 424 cents per 
case, on guaranties of 20,000 to 28,000 cases, with the usual conditions. 

Steelheads rarely occur. 



iuli. U. S. F. C. 1901. (To face page 218.) PLATE XIX. . 
C H I G N I K  L A G O O N ,  

CHIGNIK 6 A Y ,  WESTERN ALASKA.  
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Stcnmcr Alognak ................................... 
Steamer Baby Ruth ................................. 
Ship George YkolReld ............................... 

The fishermen's contract varied in the different canneries. In one, all fishermen 
and trapinen were paid $30 per month, with full board, from the time of signing in 
San Francisco until paid off on return, and one-fourth cent per case. ,In two other 
canneries the same contract z1s the preceding was made with the trapmen, except that 
their pay ceased on leaving Chignik, for the reason that they were not obliged to 
work the vessel. I n  
one they received $15 per month, without board, from the day of arrival until the 
day of departure, 3 cents per fish to be divided &long all netters, and 35 cents per 
day for commutation of ration. In the other cannery gill-netteh had $20 per month 
from the date of arrival to that of departure, full board, and 3 cents per fish. 

One cannery packet1 R few fish in the 
morning, left frorr the preceding day, and was then closed. The tlin els of the traps OP 
this cannery were all up, so far as could be seen, and upon inquiry it was reported that 
they had strict orders to obey the weekly close season, and were doing so. Several 
scow-loads of fish, however, were noticed during the afternoon on their way out, and 
the web of a number of traps was noticed down. 

For a history of the canneries, with their locations, etc., see my former report. 
TXe Chiqnik. B a y  Company has a daily capacity of 1,600 cases, and operat,es in 

its cannery 7 retoyts, 2 fillers, 2 toppers, 2 solderers, and 1 cutter. It has two sets 
of can-makers, with a capacity of 70,000 cans per day, and all the tins are made at the 
cannery, largely of imported material, using 100-pound plate for the bodies and 
!%-pound plate for the tops. The fish are pewed from boats and lighters to the fish- 
house, and the cleaned fish are conveyed by car to the cannery. It employed in 1900 
63 white fishermen, 13 white beachmen, 3 white coal-miners, 4 white cannery-hands, 
2 natives, and 90 Chinese. They used 1 gill net, but have 10, each 135 fathoms long, 
30 meshes deep, 6&-inch mesh, value 65 cents per fathom; 3 drag seines, but have 4, 
from 75 to 180 fathoms long, 3 to 34 inch incsh, l20to 1SO ineshes deep at  bunt, value 
$1.50 per fathom; 6 traps of 1 pot and 2 traps of 2 pots, shore leads varying from 
150 to 3,500 feet, average 1,000 feet; channel leads, 100 to 1,600 feet, average 900 feet; 
hearts 75 feet across, and pots 40 feet by 40 feet, average value $1,500 each. The 
trap web is all tanned, pots 54-thread, wings 36-thread; the piles are 10 feet apart. 

The following boats were used: Two schoomr-rigged lighters, capacity 11,000 fish, 
value $1,500 each; 1 sloop-rigged lighter, capacity 4,000 fish, value $750; 12 trap 
scows, capacity 1,800 to 3,500 fish, average value $250; 3 flat-bottom seine boats, '$100 
each; 15 skiffs, $25 each; 7 Columbia River boats, $200 each; 8 flat-bottom gill-net 
boats, $100 each; 3 pile-drivers, $750 each. 

I n  these two canneries the gill-netters were difl'erently paid, 

We spent a Saturday in the lagoon. 

The following vessels owned by the company were employed: 

37 
10 

1,275 

Class and name. 1 Tons. I 
I 

The following was the ouput in 1900: Redfish, 40,334 cases, 10.5 to the case, 
Junc 10 to August 12; coLoes, 62 cases, 10 to the case, August 3 to August 12. 



220 BULLETIN O F  THE UNITED STATES FISH UOMMISSION. 

The Pucijic Steam 7Thdinq Comnpmay’s cannery at  Chignik, located in Anchorage 
Ray, operated this year in its canning plant 2 iron retorts, 4 stearn boxes, 1 filler, 1 
solderer, and 1 cutter. The fish are pewed from lighters to the fish-house, and after 
cleaning carried by cars to the cannery. The plant has a daily capacity of 950 cases, 
and they expect to pack during the season about 30,000 cases. It has no can-makers. 
The cans are all made by hand at the cannery, using 100-pound tin for tops and bodies, 
of which about 13 per cent is imported. The plant will probably be enlarged. 

In  1900 this cannery employed 60 white fishermen and trapmen, 10 white can- 
nery-hands, 4 nativei, and 60 Chinese. They used 10 gill nets, each 260 fathoms 
long, 30 meshes deep, &inch mesh, valued at  65 cents per fathom; 3 seines, 9 of 200 
fathoms length and 1 of 300 fathoms length, each 22 feet deep, 3-inch mesh, valued 
at  $1.50 per fathom; 4 traps (2 single pot, 2 double pot), average shore lead 800 feet, 
average channel lead 800 feet, heart 80 feet each side, and pot 40 feet by 40 feet, 
average value $1,500 each. 

The boats used were: Four lighters, $400 each; 2 sail scows, value $200 and $800; 
10 trap scows, $60 each; 10 skiffs, $25 each; 3 seine boats, $75 each; 3 gill-net skiffs, 
$100 each, and 3 pile-drivers, $1,000 each. 

The vessels employed were: Steamer C: C: Clmvy, 37 tons, crew 6, value $15,000, 
owned; launch Esquimaux, 5 tons, crew 2, value $2,500, owned. 

Transport of pack and spring outfit by calling vessels of company. 
The following was the output in 1900: Redfish, 32,966 cases, 11.4 to the caw, 

June 9 to August 6; dog salmon, 120 cases, 10 to the case, July 20 to July 28. 
Salted 69 barrels of humpback bellies, 450 to the barrel. 

Hume Bros.‘ & Hume cannery at  Chignik, located at  Anchorage Hay, operated 
this year in its cannery plant 4 retorts, 1 filler, and 1 solderer. The fish are handled 
from lighters to cannery i n  the same manner as noted under other canneries. The 
plant has a capacity of 800 cases per day, and they expect to make a season pack of 
25,000 cases. Cans are made by hand, of 100-pound tin for tops and bodies, of which 
50 per cent is imported. 

In 1900 this cannery employed 52 white fishermen, 10 white cannery-hands, 6 
natives, and 58 Chinese. They used 15 gill nets, each 150 fathoms long, 26 uieshes 
deep for lagoon and 40 meshes deep for outside fishing, 6-inch mesh, value 65 cents 
per fathom; 2 seines, 150 fathoms long, 25 feet deep at  bunt, 3-inch mesh, value 
$1.50 per fathom; 7 traps (5 single, 2 double), average shore and channel leads 800 
feet, heart 80 feet on each side, pot 40 feet by 40 feet, average value $1,500. 

The boats used were 13 lighters, $140 each; 2 sail scows, $300 and $600; 14 skiffs, 
$25 each; 2 seine boats, $70 each; 8 Columbia River boats, $200 each; 10 gill-net 
skiffs, $100 each; 2-pile dyivers, $1,050 each. 

I 

The following vessels (owned by the cornpany) were employed: 

Launch Florence Hume ............................ 83.200 
Lfiuncti Ethel arid Marian .......................... 
Bark Ferris S. Thornnuon .......................... 12. ooo 1 Bchooner&faid of Oileans ..........................I 171 1 8 I ai000 I 
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The following was the output in 1900: Redfish, 23,003 cases, 11 to the case, 
June 6 to August 19; dog salmon aiid humpbacks, 3,614 cases, 10 to 21 to case, July 
2 to August 19. 

ALITAK BAY, KADIAK ISLAND. 

On Olga Bay, and its connecting waters with Alitak Bay, locally known as 
the “South End,” there are one operating and one reserve canneries and several 
excellent salmon streams. As the locality was .not visited in 1897, and as the whole 
region is unsurveyed, the AZ6atross this season, whilst engaged in the salmon inves- 
tigation, made a sextant reconnoissance of a portion of these waters. The area is 
so large that the five days allotted to the work were not sufficient to cover more than 
the anchorages and the passages leading to them. The results, however, should be 
of great service to vessels navigating thcse waters. In the following notes reference 
is made to the drawing of the reconnoissance accompanying this report. 

Alitak Bay is a large body of water on the southwestern side of Kadiak Island, 
about 65 miles by sea from Karluk. The entrance, fiwm Capc Alitak on the west to 
Cape Trinity on the east, is about 8 miles wide, and in its length of 14 niiles the 
bay narrows to 5 miles at the upper end, wherc i t  terminates in two wide twins, each 
several miles in  length. The 
western side has several indentations, with islands, rocks, and foul ground for a dis- 
tance of 2 miles off the middle section. At the northern end of this section, about i1 
miles from Capc Alitak, a passage extends westward around the upper islands and 
opens upon a broad sheet of water, named Moscr Bay, which, in a distance of 3 miles, 
turns to the northward the same distance, where a narrow gut leads to Olga Bay. 

In approaching Alitak Bay fromsthe northward Low Cape is first madc about 9 
miles froin the western point of entrance. The formcr is a low bluff, and tlie shore 
line, which is low with high mountains in the background, extends to tho latter in a 
deep bend, making to the northward and eastward. 

Cape Alitak is the terminal point of an undulating granite ridge, n:~mcd Tamer 
Head, about 4 miles in length, tho northern cnd bordering on Lazy 13ny. This ridge 
IS a peninsula, with the highest hills (about 600 feet) at the northern and middle 
parts, from which thoro is a gradual roll and dcscent to thc pitch of tho cape; this, 
a t  the extreme point, is low and rocky. In  approaching from the westward it is 
seen kt8 a long point with rolling hills and lrnobs gradually shelving to the sea. 

Five miles to the northward from Cape Alitak the western shorc malres out in a 
high head, named Drake Head, which separates Lazy Bay from Keiiipff Bay. Sur- 
mounting the head arc two conical peaks, Twin Pcalrs, about 1,200 fee‘ ’iigh, which, 
i n  clear weather, can be seen a long distance from seaward. They are easily recog- 
nized, and make an excellent guide to the entratwo. 

South of Drake Head is Lazy Bay, which may be recognized from its position 
with reference to the Twin Peaks and Egg Island, the latter a small rocky islct lying 
just north of the entrance. From this bay a narrow arm, named Rodman licach, 
projects to the southwest inside of Tanner Head to Cape Alitnk, where it forms a 
basin from which another narrow arm extends for some distance to the northwest, 
being separated from the sea by but a narrow strip of land. Lazy Bay aflords good 
anchorage and is very accessible. 

The general direction of the bay is “E. and SSW. 
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Kempff Bay, northward of Drake Head, is about 19 miles long by 0.4 niile wide, 
For want of time, no soundings were made, but 

From Drake Head to the passage leading to Moser Bay are .a number of islands, 
Inside of these is Akhiok, 

and is apparently clear of dangers. 
if upon exaniination proper depths are found, i t  should make an excellent harbor. 

rocks, und ledges making off from the western shore. 

.. '. -... 

SKETCH of O L G A  BAYenb NARROWS 

K A D I A K  ISLAND 
A L A S K A  

C O N N E C T I N G  A L I T A K  B A Y  

I - ' - ' " - * i  
0 , 2  a 4 5 6 I * 9 I O  k C+Tmn,ty 

Sr.1. *f rnl.. 

a native village, which, in 1890, contained over 100 inhabitants. The people here 
suffered severely during the last winter (1899-1900), many dying with a disease never 
properly diagnosed, but which was probably grip. 

The peninsula separating the North Arm of Alitak Bay from Moser Bay is a high 
ridge shelving toward the southern end, and has been used by the cunnnery steamers 
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as a leading mark. High Rock is a high, detached rock, easily recognized on 
approaching the passage, with rocks and submerged reefs, covered in summer by 
kelp, extending nearly two-fifths mile off tlic socthern and eastern sides. 

The eastern shore of Alitak Bay consists of high, bold bluffs, terminating in Cape 
Trinity, which, from a distance, appears bold, and on the continuation of the general 
line of the bluffs. This shore was not closely examined, and, while no dangers wcre 
seen, it should be approached with caution. Near the middle of the bay, 10 miles 
within the entrance point, is tin extensive ledge named Middle Reef, covered a t  high 
water, but baring over a considerable area at low viiater. 

In the extreme western end of Moser Bay is Snug Harbor, ttnd 2 inilcs to the 
northward is Chips Cove, both affording excellent anchorage. 

The peninsula formed by Olga and Alitak bays and the connecting waters is 
treeless. It is broken up by mountain masses rising to a height of about 2,000 feet, 
rolling tundra, marshes, and lakes. 

The sextant reconnoissance extends only to the Narrows connecting Moscr Bay 
with Olga Bay. Tho plan of tho latter is from a running sketch inado in the steam 
launch, checked by a few cuts made upon mountain peaks. 

SAILING DIRECTIONS. 

In entcring Alitak Bay, after making the Twin Peaks, shape the course to nrrivc 
off the entrance with Cape Alitak bearing NW. distant 24 miles; then lay a course 
N. by E. .th E., and run 8.4 miles. This should bring a ledge, that is said to cover 
only at  high water spring tides, on the port beam distant 1 mile; then change course 
to N. W. bringing High Rock ahead, and run 3 iiiilcs, wheii tho pussage to Moser 
Bay should he widc opcn. Now follow the chart, kecping in mid-channcl, fttvoring 
the northern shore for tho deopcst water, and, when well inside, keep in the iiiiddle 
of Moser Bay; if bound for Snug I-Xarbor, opcn i t  fikir, stcer for the, caentcr, ttnd 
anchor with tho lead. Do not appro:ich the head too closcly, :LS tho fiats ni&e ott' 
solno distance from the rescrvc cannery building. If bound for Chips Cove,. kccp in 
mid-channel and anchor by the lead. The only danger known in Moscr Bay is a shoal, 
or reef, lying 1 mile to thc eastward of Point Hassett and onc-fourth niilc off shore, 
and a spit making off a short distance from the iiiitldle point of the southern shore. 

Cape Alitak, bearing SW. 4 W., mag., distant 44 miles. 

The bottoin, in the passage, is much broken; immediately inside 3& fathoms 
were found in mid-channel a t  low water. It should bo reniewhered that the work of 
the ,4Z6utross was only a sextant reconnoissance and not a detailed survey, SO that 
every precaution should be obscrvcd i n  entering. It may be remarked here that the 
dangers are usually marked by kelp i n  sunimer, but this is not always the case. 

Luzy B~y.-The Twin Peaks and Egg Island arc the guides to Lazy Bay. NO 
hidden dangers were found. With thc buy wide open enter in mid-channel on a 
west course, and anchor a t  discretion. 
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Time did not permit sounding inside of Rodman Reach, but from all appearances 
i t  may be entered far enough to obtain shelter froin all winds. Th9 first projecting 
point has a spit extending from it. 

It is said that a 5-fathom ridge, or bar, extends from Cape Alitak to Cape Trinity, 
and that kelp has been seen in places on it. The Albatross on entering encountered 
the shoal soundings at this point, and also on leaving, as shown on the chart. The 
shoals off’ the southwest end of Tugidak Island are said to run in ridges. 

The Narrows.-About 1 mile to the northward of Chips Cove is the southern 
entrance to the Narrows which lead to Olga Bay. They are about 1 mile in length 
and in the narrowest part about 300 feet in width. The channel is tortuous with 
many rocks, some of which uncover a t  low water, and others which are only apparent 
by the heavy swirls over them when the current is running full. The small cannery 
steameys use the Narrows, but local knowledge is necessary and a large vessel should 
not attempt the passage. With the current running full the cannery steamers wait 
for slack water, which occurs two hours after high and low water at Snug Harbor. 
The current a t  its greatest velocity probably reaches 8 knots. It is said that 
3& fathoms can be carried through the channel a t  low water, hut this statement should 
be received with caution. 

Observations with sextant and artificial horizon for geographical position were 
obtained at  the northern entrance to Snug Harbor, which gave latitude 56” 59‘ 26“ 
north, longitude 154O 12‘ 22” west. Variation by corripass declinonieter 2 9 O  17’ east. 
Establishment from 8 successive high waters, a t  moon’s age from five to nine days: 
XI” 38”. 

Oi!p Buy is an irregalar-shaped body of water lying in a general east-and-west 
direction, rather crescentic in form, with the cusps to the southward; it is from 
17 to 18 miles in length, with a width of from one-half mile to 2 miles. The western 
end is the largest and is separated from the sea about 6 miles to the northward of 
Low Cape by a strip of low land only three-fourths of a mile wide. The bay has the 
appearance of a lake, arid having such a narrow passage to the sea the tidal influence 
is not very great, the rise and fall varying from 1 to 2 feet a t  the cannery. 

Mean rise and fall of tide during same period, 6.71 feet. 

OLGA BAY CANNElZIES. 

The only operating cannery in this section is located on the northern shore of 
Olga 13ay, about 10 miles from the northern end of the Narrows. The history was 
given from incomplete datsL in my report of 1897, but as some additional information 
has become available, it is rewritten here. 

Awtk I’ackiny C‘ovipuny.-In 1889 this company built a cannery in the’ south- 
western end of Olga Bay, a t  the mouth of a small stream on the eastern shore known 
as the South Olga Fishing Station. The cannery was not well equipped, arid the 
capacity was only from 250 to 300 cases per day. As the location was not favorable 
i t  was moved the following year across the bay to a point 8 miles to the northward, 
on the right bank and near the mouth of a small stream known as the North Olga 
Fishing Station, which is its present position. The change of location was very 
satisfactory, and the cannery was much improved in equipment, buildings, etc. 

In 1891, under an agreement with the Kodiak Packing Company, in the same 
locality, the cannery of the latter was closed and its quota of fish was packed in the 
Arctic cannery. In  1892 it was in the p~ 11 formed by the Alaska Packing Association, 
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and in 1893 it  entered the Alaska Packers Association. l t  has bccn operated cvery 
year since its construction, and now has a running capacity of 1,0()0 cases per day. 

This cannery;also lcnown as the “Olga Bay” and the “South End,” is well 
:irwnged and more than usually olenn. The cannery niachinery consists of 5 retorts, 
1 filler, 1 topper, 1 solderer, and 1 cutter, with 1 filler and 1 topper in  reserve. It 
has a complete can-iiitdring outfit, and i t  is clairned that 900 cases of caiis bavc been 
intide in one day, but 700 cases would be ti better average. The plant has been suc- 
c:cssfully f prated by running :dl the inschinery together, stdting the cans at  once a t  
the  can-itiakors, and conveying thein to tho filler. In this way, when the iiiachinery 
runs well, 700 cuscs can be turned out daily. The successful operation of this plant 

Opcninq- 30 feet .  

Corral  - 
40 by 60 feet .  P / u 

Sketch plan of floating trap set out on north shore of Cannery Cove, Olga ]+AS, 
A litak, Kadiak Isl~rid . 

is due to the superintendent, Mr. Williain MUIIII, who is an cxpcrt 
niachinist and has invented several c:innery niacliiiieh. 

As there is very little rise and fall of tide, the fish-house is 
on the end of a wharf, alongside which there ~ iro  always 2 futh- 
onis of water. Nei*c the fish are pewed directly from thc bo& 
and stetiniei-s into the bins, and after cleaning arc slid over the 
drtiitiing t d ~ l c  directly to the cutter. 

CIannery fillers arc iwr i  at  the rate of 55 to 60 per minute ut c this cannery; during a heavy run they arc speeded to 70, and 500 
cases have been run through at  80 per iiiinutc. This high rate requires a thorough 
1cnolvlcdg.c of the inachinery and delicate adjustment, and it is doubted if the cans at 
a iiiuch higher rtite than 60 can be successfully handled a t  the filling table for any 
great length of time. 

The t in  plate used was 100-poulid for bodies and %-pound for tops, all iniported. 
One pount1 of solder was used pcr c t ~ e  for hand-mado catis and three-fourths of a 
pound for the uiachine-inade. In salting the cans one-sixth ounce of fine grunulated 
salt was used p i ’  can, or one-half pound per case. 

Win? - 
450 fret. 

Occasionallg, when the run is largo, 11 little incidental salting is done. 
The Chinese contract wab the snnie as a t  Chignik. The fishermen received $50 

each for wor’lring the ship to and from the cannery, discharging and loading, and 8 
inills per case for each man, with full board, except the Italians, who niesscd them- 
selves and received 35 cents each per day for rations. 

F. c. n. 1901-15 
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. . . .  .. -. ~~~. ... 

Class niid iiamc. m11s.  (;rcw. vtl1ilc. 
____ __ 

~ 

Steamer IIiittic Gugc.. ................... 5 $17.000 

BarkElcctru ........................................ !J39 (1) 15,ooo 
La1111ch Aurora ...................................... 5 2 2,500 

I .... _ . __ ......_._______ ----~ 

Trimspoi-tation is by company’s vessels, which tire nioorcd in Chips Cove. 
A t  the tinic of our visit the superintendent was expcrinienting with a machine of 

his own invention for cleaning fish, which, it is learned, hah since proven suc 
and :L large numbcr have 1)ecn ordercd for the 1901 season. If this inachinc is placed 
in succcssful operation, it will not only save much labor but will ti3ord :L great relief 
in the fish-house, which is usually much crowded :ind ovcrworked during a heavy run. 

I n  1900 the Arctic canncry cniploycd 40 white fishermen, 1) wllitc ainnery-hands, 
10 tiatives, and 51) Chinese. It used six seines, having a total length of 1,200 fsthoms, 
each from 100 to 350 fathoms long, 100 to 130 meshes deep, %inch tncsh, all hung 
straight, valued at $1.50 per fathoni. It had also 3 bales of spare wch, and material 
on hand to niakc IL tk00-fsthoni purse seine if required. 

It was first 
used in 1899, whcn it took nhout one-half thc pack, while in 1900 it  only took about 
50,000 fish. This trap was locatecl xbout one-half niile from the cannery and :i short 
dist:mc.e east from the mouth of the hoiiie stream. It had a shore lead of 100 fathoms, 
8 corrsl 40 fcct hy 60 fcet, pot 40 fcet hy 90 feet, curved wing 75 fathoms, and :L 
30-foot opening. There we~’e used in its construction 800 keg floats, scvcral thousand 
cork seine floatb, 50 :inchow from 200 to 400’pounds each, &inch cork line, 34-incli 
anchor linc, 1% to The wcb was 3-incli mesh, of from 15 to 45 
threadh, clisposed iiccordiiig to strain. 

The following boats wcre used: Two fish lighters, $250 cwh; 1 cargo lighter, 
$500; (i seine boats, $60 each; 2 fish scows, $100 cmh; 1 otter L m L t ,  $100; 18 dorics, 
$30 each; 3 skiffs, $15 ewh; 1 hnnd pile-driver, $100. 

A floating trap had :ilso lmxi constructed by the Italian fishermen. 

inch pursing linc. 
This ti*ap was vdued :it @2,500. 

The following vessels (owned by the cannery) were eniploycd: 

The saln~or~ p:~clc  i n  1900 consisted of 32,342 ci i~cs  of  redfish, 13.5 to the ’case, 
p:d~ed dunc 8 to .iugust 13. 

IhJiaX: 1 ’ucX*i?Lf/ Cill m p m  y . -In 1 8 80 ti co 11 11x1 n y , organ izcd u I ide r this title, se 11 t 
a cannery outfit to this district on the bark Liwic TWliurrt.9, which was wrecked 
in April on Tagidak Island and bccarne a total loss. The supcrintcndcnt returned at 
once to Sari Francisco, ohtained another outfit, and erected :L cannery at  the head 
of Snug I-Iarbor. I t  was operated in 1889 and 1890, and in 1891 its quota of fish, 
under previous arrangement, was packed in the cannery of the Arctic company. 
It entered tho pool formed by the Alaska Packing Association in 1899, and in 18!)3 
became a iiiembcr of the Alaska Packers Association. Most of the iiyichinery has 
beeti reirioved, hut the huildings :ire substantial, in excelleiit repair, and the cannery 
could bc pl:~ced in opcmting condition i n  :L short time hy installing machinery. It 
may be said to bc in reserve. It is locally biiown :is thc “ Snug 13arbor” or “ Oliver 
Smith” cannery, and, when operated, it obtained fish from the sairid streams as 
those now fished by the Arctic Company. 

NO other fish wcrc packed and non(? sdtcd. 
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OLGA B A Y  STHICAMS. 

The streams tished by the Arctic €':&ing Company :ire all situated 011 Olga Bay, 
except one on the outside coast, which, however, is only resorted to :It rare inter- 
vals. There itre three streams which r u n  redfish: The North Olga, or ho111e sti~uiii, 
where the cannery is now located; the South Olga stream, the original site of the 
c:innery; :ind Silver Salnion Bay streitin, in the extreme western end of the hay. 
The latter ruiis very few redfish and can not he depended upon, but; with another 
smaller streani that empties into :a cove west of the northern end of thc Narrows, it 
has a sniall run of cohoes. This spccirs may be found in other streailis, but they run 
:after the cannery closes. Hun1p1~:aclw and dog salirion are found in all thc streams, 
but, as ihc cannery only seeks redtish, little is known of the abundance of other 

, I 

R. Rcbfish. 

C .  Cahocs. 

e. Humpbacks. 

\ 

Free-liancl  ketch of Olga Ray and vicinity, Alitak, liadiak Island, showing locations of 
lakes and streains and the species of salmon found. 

species. The Horse Marine stream formerly carried a few redfish, but its entrance 
has boconie g1':tssy and they have c c a d  entering. The redfish school around the 
shores of tha bay, usually near the streams; they niay uppear in one place iii large 
numbers mid it few hours later he miles away. Their ~ i i o v e ~ ~ ~ e n t s  here seen1 to 
depend upon the state of the weather and the direction of the wind ttiid sea. 

The Olga Bt~y  s t r e m ~ s  were examined by Mr. Fassett, and froin his notes the 
following account is condensed. 

North OZqa, OP IIUVLL! Streaii), cnipties into tlic buy just e:ast of the cannel:).. 
It is about 18 miles in length and flows i n  ta gonoid sonth-southeusterly direction 
from the lake which is its source. Thc strcniii bed winds through low rolling hills 
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covered with :t rank growth of coarse ~ I ’ : L S S  and shrubs. I n  places it hroatlens out 
into small grassy flats with low banks of carth and stones; again, the hanks arc high, 
steep, and grassy, with rocky ledges outcropping in places. The bed is chicfly of 
shingle and gravel, with some sand in the wider parts; at thc rapids and riffles there 
are bare rocky ledges, sinall bowlders, wid heavy stones. There are no falls in the 
&earn, but several short rapids, none of which, however, would prevent even a 
humpback salmon from easily ascending. The fall from the l ~ l i c  to high-water mark 
of the bay is about 40 feet. At  the lake thc outlet is about 18 feet wide with an 
average dcpth of 14 feet, and the c:urrent duggish, less than 1 knot per hour. 

1 
---csJ 

I \ ---- --d ,.* 

/y// Cannery cove.  

O l p  Bay. 
Free-hand Rketch of North Olga stream and lake, Olga Bay, Alitak, Kadiak Island. 

Ahout half :L mile from the lakc the strcani rcceivcs :L small tributary known 
locully as Babbling Bi*ook, which drains the rolling hills to thc eastward. There t ~ 1 - 0  

also several tiny rills carrying sccpatge from the surrounding hills into the stream, 
but their total volime is inconsiderable. At the beach the discharge of the stream 
is about 12 feet wide, average depth 2 feet, and curi*ent al~out 19 knots per hour. A 
short distance from the beach of Olga Bay the strerim widcnr; into a small lagoon- 
like basin, into which the tide water lxicks through ti n:iri~ow channel. Apparently 
this channcl shifts fro111 tiiiic to time with the changing of the shingle after heavy 
southerly gales; at prcsent the outlet bends shtwply to tho  castward and runs parallel 
to the beach, separated from it by u ridge of shingle :i few feet wide, and 100 yards 
distant discharges into the bay. The lagoon, SO called, is about 160 yards long and 
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half as wide; the land about it is low and fairly fltlt,  and c.ovcred with iI densc growth 
of raspberry biwhes, shrul~s, and coarse gi-ass. 

The water of the stream is slightly discolored 1)y the vegetation, and does not 
seem to be 17ery pure. But few dead salirion were noticed on the banlrs, or tibout the 
IrLlre outlet; nor were more than half t~ dozen redfish seen to pass into the ldie during 
a period of over an hour. Young sdinon, from 14 to 3 and 4 inches in  length, were 
seen i n  numbers, howevci., in the upper pwt of tho streani closc to the lake, md t~ 

few were noticed in the lower part of the streani in the sh&ght runs, hugging dose 
to the undercut banks. Many flounders and sculpins were seen i n  the l~goon ,  and 
they, with the Dolly Vardens and cut-throats, were gorging theniselves with the eggs 
of the humpbacks, which latter were spiiwriing a t  the time. 

Above the lagoon, in every broad pool or pond-like widening. mallard ducks with 
young were found feeding, but upon what could not be learned. The lake could not 
be exiimined for Iriolr of tirrir and facilities. The sketch of the lake was imdc from 
the vicinity of thc, outlet, and ciin be regarded inerely as :I ai*rido tqiproxiintLtion. 

The lake is s:iid to he : h u t  2 milcs long, ewt-noi*thenst t ~ n d  yest-soathwast, nnd 
is about 1-5 milcs :LOI*OSS from tho out let to the Ayakulik Portage. It ~ippears, arid is 
i*eportcd to be, cleop, with gnnrrally Imld shores, dropping quickly into deep water. 
1 tic I)c?,:~chcs iieai' the outlrt arc vcry nal'row, of watel*-wol.Ii l)owltl(?l:.; t ~ l l t l  rtll)f)l(?, 
with here mid there siririll lmtchas of sthiid t~nd  shingle. On the north the liills iiso 
y~ziolily to 11 c~oosidcn~blo height, iirid tho S:LIIIC is trim of  tho wcst cnd; rm intci*ine- 
diate point to thc nortlieiist of the outlet, which juts into and divides the lake into 
two main 1)odics. rises to the southward in mi even gcntla slope, 111so to iL good Iicight. 
Northwest of the outlet is :L low V U ~ ~ O Y  ~riulting I):~ck froin IL srn:ill inlet, rind through 
it :L sinal1 portage leads to tho w:rters of {I lrLke drnining into tho Ayakulik River. 
The shores are cvarywhcrc covcrrd with the stiiric ri~nk, dense g ~ . o ~ t l i  of shrubs z L n d  
gl'nsscs, and on the hillsides :LN cxtensivc, patches of soruh alders :ind cottonwoods. 

Seeptqo enters the lake from ( w r y  little rtiviu,c jn tho hills, : ~ n d  thoro are 
reported to be feeders, ns indicated on the sketch, none of which, however, were 
examined. 'rho large streiinl that enters the head of the c:istcrn tLrm through a 
broad vidley was carefully exaniincd some rrionths ago for hatchcry site, :Lid it is 
reported that the conditions here are all that could be dcsircd; there are broad 
spnwning-grounds, rxcelleri t natural fwilities for taking ripe fish :itid for holding 
them i f  necessary, implo level urea for cxtensivc nursery ponds and for building 
purposes, and :I splendid supply of excellent water by grttvity; the chief objections 
would be tho cost of transporting ini~teriul und supplies, and tho isolation. 

The Uabhling Brook was also oxiiiiiinod and found snitthle for hatchery pur- 
poses. Where the brook joins the iniiin stream there is (I broad widening forming 
u good-sized pond in which retaining and ripening corrals could readily be fenced 
off, and where fry could be looked after in the : , p i n g  until lsrgc atid strong enough 
to be set free. The low ground in this little pocket in the hills is aniplo for building 
purposes, and the buildings would lbc well protected from the free sweep of the 
winter gales. The water froin Bttbhling Brook is very clear and pure, would require 
but little filtering, :Lnd is mid nevci' to freeze. Thctro is the :iddcd :idvantrigc of its 

The waters of the 

Tide water backs into the lagoon. 

- 

r 7  

ssihility, twenty ~niiiutm 1)y tmil- t d ~ i n g  on(? to the cnnnei*y. 
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brook would furnish an ample supply for a plant of large capacity; any other water 
required could be obtained from the stream or  from the lake by gravity; the bed of 
the brook at  this point is about 18 feet below the normal level of the lake. 

South Olga Stream is the outlet of the lower of a chain of lakes lying ih a broad 
low valley eastward of the southern end of OIgtz Bay. It flows for about t h e -  
fourths of a mile in a general west by south direction, winding through a ravine 'in 
the tundra-covered mesa to the bay shore, then turns sharply to the southward par- 
allel to the beach, back of a bare narrow shingle harrier, and a quarter of a mile 
distant enters the bay. The outlet at  the lake is about 30 feet wide, 1 2  to 14 inches 

deep, with a current of less than a knot an hour. The bed of the stream is broad, 
full of small bowlders and rocky outcrops in its upper third, generally of gravel and 
shinde, rind quite gradual i n  descent; the fall between lake and exit being not more 
than 12 or 15 feet, salmon would not have the least di6cultyv in ascending, as the few 
rnpids in the upper course are low and insignificant. About 400 yards before i t  
reaches the beach the streani broadens out into a lagoon-like pond 100 yards wide, 
with a sluggish current and marshy banks. This is IL favorite breeding-place for 
mallard and teal clucks. At  one tinie, apparently, the exit was a t  thc western end 
of the lagoon, but the shingle bank, thrown up t)y some heavy westerly gale, has 
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HEAD O F  N O R T H  OLGA STREAM, ALITAK,  KADIAK ISLAND 

ZAPOR I N  STREAM E N T E R I N G  L I T N I K  RAY, AFOGNAK ISLAND 
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driven i t  to the southward as described; the present fishing station is located on the 
beach at  the exit. Consider:ible of the volunie of the strenni must scel) out through 
the shingle, for at  its visible exit it. has shrunk to barely 10 feet in width, 10 or 12 
inches in depth, with a velocity of 19 knots tin hour. In the lagoon the bottoiii is of 
sand and hhingle. The banks of the stream, except the lagoon, arc steep inclines 
covered with a dense growth of rank grasses and II~OSS. Tide water 1~arcl~7 bac.lts up 
into the lagoon; during heavy westerly storms the seas break over the shingle harrier. 
The water is rather discolored, this being pal'ticulnrly noticeable 1)clow the lagoon. 

Red salmon were running in numbers up the stream :it the time of our visit, 
though very few were observed entering the lake during the short time spent at  the 
outlet. Large schools were seen in the lagoon, and it is possible that the fish school 
there before finally ascending to the lake. No dog s:ihnon or hunipbaclrs were 
noticed, though both species arc said to run at times. The course of the stream was 
followed froni the lake outlet to the exit, except :i short distance above the lagoon, 
and it is not believed there were any barricades at that, tinie; no signs or indications 
of them were discovered, and no well-worn trails wcrc sccn iinywhcrc ljcyond the 
lagoon. I t  is not believed, therefore, that salmon have this mison lxmi t:ilten in any 
other than the salt water of the bay. The entrance of fish c*oiiltl be stopped in :I 
moment by merely laying n sniall piece of web across the beach at the stream exit, 
and probably this has lxxn  done when fish WCFC scarce. Iniiiiensc Iiuin1)crs were 
jumping about the bay in all dii-ections on the afternoon of  August 2, but no firhing 
was going on, ILS the crew stationed there had :ili*~:~dy t:tkcn thcir daily quota. 

For want of proper facilitics the lake could only I)c examined froui :i point near 
the outlet. Its axis is about east hy iiorth and wcst by houtli (magnetic), a. niilc in 
greatest length, by thrcc-fourths of n mile average width. The shorcs arc grassy on 
all sides, and the lmwhcs of gravel, sand, and shingle, with roc*ky ledges andoutcrops 
in places, shelve gently into cleeper water. The lalw did not have the appcarnnce of 
more than moderate depth. The other laltes showii on thc sketch were not seen by the 
party :it this time, but had been previously sketched froni the niountnins northwest of 
Snug Harbor. Very few dead salmon were seen along the bunks of the stre:~n~, and 
none on the beaches of the lakes. N o  entering streams or feeders were to be seen. 

I t  did not appear that the locality is well suited for hatchery purposes; thc ldie 
water is far froni pure and would require careful filtering, and t i   upp ply, as far as 
could be seen, is only to be had hy pumping. 

Ihme iMn?*im Layoo7t, at the eastern end of the eastern m i l  of Olga Bay, is scpa- 
rated from the latter b3; a narrow grass-covered shinglc spit. The spit extends north 
from the southern shore of the I)ay, leaving :i narrow opening, thG exit of the lagoon, 
between its no~thern end and the opposite shore. The lagoon is ahout fire-eighths 
mile in length, cast-northeast and west-southwest (niagnetic), in  the general direction 
of the short valley into which it makes; the width is about one-third its length. I t  
is shallow, with hottom of stind, gravel, shells, arid shingle, and is badljr cholicd by 
a thick niatted growth of coarsc eelgrass; the shores are indented with several sni:d1 
sloughs and coves. Thc banks were everywheie covered (Augut  2) with a dense 
growth of coarse grasses nnd r:inlc weeds, wild flowers, and I)crry shrubs. The sninll 
tides of the outer bay w e  fclt to the Iic:td of the I:~goon, but to no gi'eat extent; very 

. 
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little of the lagoon bares at ordinary low water. The water is brackish and slightly 
warmer than the bay; no temperatul-e observations, however, were made. Many 
humpbacks and :L few dog salmon were seen schooling just inside the entrance, while 
1)olly Varden trout of large size, starry flounders, and sculpins were seen in great 
numbers. A few humpbacks were spawning in  the lower part of the lagoon and in 
the slough on the northern side. 

A inile from the northeastern end of the lagoon, a t  the head of the valley, is a 
deep fresh-water lake. This is an irregular basin about 18 miles in  greatest length by 
less than half a iiiile average width, the major axis lying northwest hy north :Lnd 
southeast by east (magnetic,). It is surrounded hy hills on all sides except at the 
valley through which i t  drains. It was not practicable to examine the lake at this 

WooAcd 

/-----/------- 

Freehand sketch of TIorw Marine I Z X ~ ~ J O I I ,  Rtream, ant1 lake, Olga nay. 

time. No entering streams were to he seen from the outlet, though three or four 
valleys in  the distance probably carry small feeders, where there arc doubtlcss good 
spawning-beds. It is not doubted that there is a suitable location for :I hatchery 
somewhere on this lake, :IS the indications point to a good supply of water by gravity 
from the surrounding hills. The lake is drained by :I shallow stream which follows 
:t winding course for 1& miles through the valley and enters the head of the lagoon. 
The floor of the valley is undulating, covered with grad&, moss, wild flowers, and 
scrub in  its greater part, with some fair-sized alders, willows, and spruce trees on 
the northern side. The stream flows with a velocity of about 16 to 2 knots tin hour 
above the rapids near the lagoon, where i t  is about 30 feet wide by 8 inches average 
depth. Al)ovc, tlir cascade, in the upper part. the stresm is blwad with tine gravel 
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bottom, sIuggish current, and grasses growing in the water along the shores. Else- 
where the hed of the stream is rocky with some gravel and shingle i n  places. It is 
full of low riffles and a few short rapids, besides the cascade and rapids indicated on 
the sketch, and the total fall from lake to lsgoon is about 45 feet. 

There %we no artificial obstructions in the stream, which was followed its entire 
length, and no natural ones to prevent the ascent of the more vigorous species of 
salmon or trout. Humpbacks would prohathlg find difficulty in  passing the cascade, 
and a number of them were seen in the pools below it. Many hin:ill fry, 2 to 4 
inches in length, prok)ablg young salmon, were seen in the upper reaches of the 
stream above the cascade and in  the lake i n  the vicinity of the outlet. 

The Horse Marine stream is referred to in Dr. Bean's report on the salmon and 
salmon rivers of Alaska, page 183, as the North Fishing Station, and the same name 
is used by Captain Larsen on his sketch 111ap. The report gives a brief description 
of the location as seen on September 9. This stterm was formei~ly good for several 
thousand redfish, but since the eelgras:, grew up ancl fillcd the lagoon this species has 
dmndoned it. About five or six yeal*s ago 1,500 rcdfish were takcn from the Horse 
Mtrine, but during the last three p t r s  not tt single rcdtish has been secured. 

Fishing commences June 7 to 9, though 
they :we not numerous during June; still the cannery expects to pack 5,000 cases by 
July 4, when the big run sets in and continues until the first week in August. They 
then begin to slaclcen and by the end of the month t ~ r e  not numerous enough, to fish 
for. During this season (1900) the run was heavy and a much larger pick could hsve 
been made had there been more material on hand. In 1896 the r u n  of redfish WRS 

small, but there were ti large number of grilse, and it is said they were all malcs with 
the generative organs fully developed. One hundred ~ n d  ninety-five cases of these 
were packed; the flesh was very red, firni, of tine flt~vor, but more juicy than full- 
grown salmon, and their weight averaged about 1 pound each. It is estimated that 
the following redfish were taken from Olga Bay during the last three years: I n  1898, 
430,000; in 1899,400,000, and in 1900,420,000. Tho Arctic cannery utilized all these 
fish except in 1898, when the two canneries a t  Uyak fished here, and together took 
about 50,000, and Karluk received about 10,000; and in 4899 the Uyak canneries 
received about 15,000. No stream tallies are kept, but the average value of 400,000 
redfish for the section is probably a fair estimate, of which 100,000 are taken in the 
vicinity of North Olga stream, 200,000 in the vicinity of the South Olga stream, and 
100,000 in Silver Salmon Bay and scattering. 

The cannery also receives a few fish from other places;. In 1898, 60,000 redfisli 
were taken at Ayakulik, mid 35,000 were received from Chignilr. In 1900 they 
received 25,000 from Ayakulik taken by Icarluk fishermen. 

Cohoes do not seem to be abundant; they first appear July 15 to 20, und straggle 
in smdl numbers until after the cannery closes. They are not packed at  th i s  cannery 
unless the redfish run is very slack, and then only to make up the guaranty. 

King salmon occur as occasional stragglers and are rare visitors. I-Iunlpbacks 
and dog salmon are waste species here, ancl are used only by the natives for ukala. 
The former are noticed early in ?July and ruii throughout the season; the latter are 
seen soon after the redfish appear, wid straggle throughout the season. There is 
no run of steelheads; n few intlivitluals are taken at times and used by the crinnery 

I n  Olga, Bay the redfish run  early. 
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hands. Dolly Varden trout appear a few days before the redfish and remain through- 
out the Heason. Cut-throat and rainbow tr'out are seen in the streams, but none have 
been noticed in salt water. Cod and halibut are seen in small numbers around the 
fisheries, and in greater nuinbei-s around the canneries, where they me attracted by 
the offal. 

Ayak?uZi,k Biver is on the western side of Kadiak Island, and emptios into the 
sea inidway between Low Cape and the Seal Rocks, to the eastward of Ayakulik 

Islet. It is small, but dischargea 
a large body of water. Among 
cannerymen it is known :is lied 
River, hut this name should not 
be confounded with the lied River 
which lies 6 milos to the north- 
ward nccording to Coast Survey 
chnrt No. 8500. 

The locality has been fished by 
the canneries on Kadiak Island for 
many yeam, but it has not been a 
f:ivoritc place, as the seining must 
bo done on the open coast and can 
only be carried 011' during vel-y 

f 3 favonhle conditiom. The seines 
g i  $re hauled in the surf and the fish 

thrown out on tho sandy beach, 
then transported in c t ~ i ~ i c r s  to 
bouts in the river and carried to 
the waiting steamers outside. 
These fish are covered with sand 
and dificult to thoroughly cleanse 
on that account. 

The following inforination 
relating to the river was fur- 
nished by t,he superintendent of 
the Olga Bay cannery: In  1897 
and for several years prior to 
that time the stream, after leav- 

Sketch #bowing changes in exit o f  Ayakulik River, ing the in the bluffs, 
turned sharply to the southward 

and skirted the line of bluff,.; for miles, behind ,a broad spit of sand and shingle, 
before entering the sea. In 1898 the &:innel hoke  cross the spit about h,ilfw:l.y 
between the 1897 exit and the river mouth proper. In  1899 i t  ran straight out over 
the shingle to sea. This year the stream bends sharply to the northward, flowing 
along the base of the bluffs, and discharges about one-half mile above the ravine 
behind Ayakulik Islet. The fresh-water discharge now pusses to the northward 
toward Seal Cape, and the salmon have been schooling in great numbers this J'C:L~ 
between the islitnd a d  the main shore. Tho). conic fronl the nol-thward, : ~ n d  it is 

Flounders are plentiful; shad have never been seen here. 

1897 to 1900. 
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believed that the increase in this year’s numbers is due chiefly, if not entirely, to the 
fact that Karluk fish making the coast in the vicinity of Seal Cape fed  the influence 
of this fresh water, and, following i t  up, soon find themselves off the mouth of the 
Ayakulik, schooling in the open water, as described. As the stream has worked to 
the northward the catch of redfish has been observed to incrcase. 

The run of redfish at Ayakulik this season has been very large, and it is estimated 
that, the total catch amounted to 700,000 fish from the beach around the mouth of 
the stream. In the early part of August the humpbacks came in myriads; it is said 
that a boat corild hardly pull through the dense niasses when they were schooling, 
and that fishing for redfish then ceased. The weather was very favorable for 
conducting the fisheries at Ayakulik this year; the sea was exceptionally sinooth, an 
e x c c h t  condition for outside beach woik 

KARLUK. 

A full account of the Mtnneries, streams, and fisheries is given in my former 
report, pages 144 to 157, to which refcreacr! is made, and only changes or omissions, 
together with the 1900 statistics, will he referrod to in this article. The operating 
canner ics at Karluk are the Karlulr Packing Company, tho Hnme-A.lcutian Packing 
Company, and the Alaska Improvement Company; thosc of the Iiumc Canning and 
Trading Company and the Kodiak Packing Company are held in reserve. These 
are all the property of the Alaska Packers Association, and, with the cannery of the 
association at Uganuk, they are operated under one superintendent, with headquar- 
ters at Karluk Spit; there is a foreman at each operating plant. Karluk is the depot 
of supplies for thc district, and aflairs are conducted in  much the same manner as 
noted under Nushagalc and elsewhere, where several canneries under one organization 
are located in close proximity, that is, the stores and equipments are common to all 
and the fish are supplied equally. As the run at Uganuk is short, usually ending by 
the middle of July, the force at that cannery is transfcrred to the Karluk canneries 
on the completion of the pack. In 1898 and 1809 the three canneries nientioncd 
as the operating canneries at Karluk were used, but the run of fish was so slack 
during those years that in 1900 only the Karluk Packing Company and the Alaska 
Improvement Company were employed in packing. 

The Hume-Aleutian cannery was not operated, and as it was desired to increase 
the capacity of the Bering Sea canneries, the three fillers and three toppers of tho 
formcr were removed and installed i n  the latter district. They expect to install new 
rnachinery in the Hume-Aleutian cannery in 1901. The reserve canneries are in the 
same condition as mentioned in my last report, though that of the Kodiak l’acking 
Company call hardly be said to be in reservo, as practically all the machinery has 
been, removed and the buildings used as warehouses, workshops, etc. 

The 
cannery machinery in  each consists of 7 retorts, 3 fillers, 2 toppers, 2 solderers, 1 
cutter, and 2 sets of canmalrers. Usually 2 fillers only are used, giving these can- 
neries a daily capacity of 1,600 cases, though by using a third filler the capacity might 
be increased to 2,400 ct~ses; but that could hardly be kept up for any length of time, 
unless an additional topper is used, which may be taken from the can-making depart- 
ment. A fair ciqmcity for these cwineries 11s now installed is 2,000 CYLSCS per d:ty. 

There has been no increase in the capacity of the operating canneries. 
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The spec of the fillers, running at  an average rate and in such a manner that 
the handlers a12 not crowded beyond their capacity, is 58 to 58 per minute, though it is 
claimed the ma, ines, when well adjusted, will run at  a speed of 80 to 90. At  this rate 
the pack can no, be handled unless the filling tables two very differently arranged. 

All cans are made at the 
cannery, of 100-pound tin for bodies and %-pound for tops, of which 50 per cent is 
imported; 1 pound of solder is used to the case. 

Transportation is by the vessels of the company and chartered vessels, iind they 
usually nuke several trips during a season. If idle for m y  length of time, they are 
moored at  Larsen Cove, a branch of Uyak Bay. 

The Chinese contract was 424 cents per case for machine-filled and 474 cents for 
hand-packed, with the usual conditions. Fishermen’s contract was $25 per month 
from the time fishing commenced until it ceased and 18 cents per case, divided equally 
amongst all; $20 per month from the time the vessel arrived until fishing comnienced 
and from the time fishing ceased until the day of departure; full board from the time 
of signing until paid off, except the Itslian crew, who boarded themselves 
received 35 cents per d t ~ y  corninutntion. There me two class~s of fisherinen; one 
consists of Scandinavians, who operate on the Spit, and the other of Ittdinns, who . 
operate the Tariglefoot Bay side. 

The streams atid vicinity, together with the species, times of the runs, nnd other 
matters ]*elating to Karluk, were fully described in my former report. It need only 
be said that the pack made here is essentially of redfish, all other species hing invi- 
dentttI. Occasionally, after long intervals, there is an enormous r u n  of hump bscks. 
There was such a run in 1890, arid this season they were again very plcntiful around 
the whole island. During our visit the seines were choked with them, and, as prc- 
viously mentioned, at  Ayakulik fishing for redfish cmued on account of the great 
numher of humpbacks present. There are usually a few scattering king salmon 
around Karluk beach, most abundant in .June, when a pack of from 500 to 1,000 cases 
is sometimes made. A few cohoes and dog salmon also occur, but the srnall pack 
usually made of the formcr comes from Sturgeon Eiver. Steelheads are taken, com- 
mencing early in August and increasing during the latter part of the month, but 
never in sufficient numbcrs to utilize; thirty or forty may be taken one day and the 
next few days only three or four, or possibly none. Cod are nbundttnt. Halibut 
are not plentiful, and neither shad nor sturgeon have been men. Usually there :we 
many trout, but this year they were very scarce. 

The Karluk canneries this year fished the Spit and adjacent waters, Ayakulik, 
Uganuk, Little River, Eagle Harbor, and Kiliuda Bay, though the yield from the last 
two places wits not over 9,000 fish. There seemed to be no contention this year over 
the fishing rights in this vicinity. 

The fisheries at Karluk during the seasons of 1898 and 1899 were considered :L 
failure, as only shout 65 per cent of the general average of the past ten yerws was 
made. The canneries at Karluk, Uganuk, and Uyak combined have, for the ten 
years ending with 189’7, made an average pack of over 200,000 cases per year, and at 
no time during this pariod has the pack fallen as low as for the years of 1898 and 
1899. Some cannerymen ( h i m  that these slaok runs are only temporary; others 
believe that they indicate the first sign of dec*line, :tnd that while Home years there 

A good average for the can-makers is 50 per niinute. 
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Launch Itla ............................ 
Ship Stitita Clara .... .:. ................ 

may again be large runs, thc average will lwcorric less. In 1‘300, however, there was 
a largc increase, the c:tnneries under consideration packing xbout 220,000 cases. It 
will be interesting to note the future pack of this locality, as the hard fishing co~il- 
iiicnced in 1888, and the first output of the hatchery w~is made in 1896. 

For future comparison it may be interesting to record the redfish statistics of the 
Karluk cmmeries for 1900, which are as follows: 

5 
1,463 

Packed at the two Karluk cannerierr ............................................... 2,031.CI71 
Received from Ayaknlik River.. .......................................... 242,500 
Received from Little River ................................................. 5, ROO 
Received from Ihglc Harbor.. ............................................ 1,000 
Received from Ugaiiuk ..................................................... 21,000 - 278,300 

1,768,671 
Sent to Upaiiiik from Klirluk ............................ ...................... ‘J.000 

..................... 1,767,671 
I’aclted at  tibe TJgiiiiUk Catincry ............... .............................. 170,060 
Received from Ayakulik River.. .............. 

Total rcdllsh t+ikeii at or iieiir Kiirluk Spit.. ...... ___ ___- 
............ 

Received from Little River.. ... ...................... 17,300 
Rcrcived from Kiliiidu Ray.. ... ............................. 4,900 
Received from Ihgle Harbor ................................... 
Received from Karluk ......................................... - 51,700 

119,260 
............................................................... 24,000 

143,260 

-- 

Itodtlxh ttikeii at Ugaiiuk ..................................................... 

The following arc the statistics for 1“N of the I<t~rlulr and Ugsnulr canneries 
ooiiil)incd. There were employed 171 white fishermen, 13 native fisherinen, 43 white 
c:tnncry-hands, 8 natives, and 263 Chinese. 

There were used 10 seines, each 400 fathoms long and 185 nieshcs deep; 6 seines, 
each 250 to 300 fathoms long, and 120 to 160 nicshes deop; and 3 hatcbhery seines, 
each 100 fathoms long and 80 meshes deep, all %inch mesh and valued at  81.50 per 
fathom. There 
is a warehouse filled with old seines, many bales of all kinds of wcltbing, and an 
abundance of floats, sinkers, cordage, etc. At  Uganub the two floating traps mcn- 
tioned in r n y  former report were used. 

The following boats were used: Nine lighters, $ 5 ~ 0  each; 3 launch tenders, $90 
each; 17 fish HCOWS, $150 enoh; 20 seine bo:&, $150 c;tch; 33 dories, @Y5 each; 1 
hatchery scow, $150; 6 hatchery transporting cars, $30 each. 

This, however, only represents a fraction of the material on hand. 

These traps w e  wlucd tit $1,500 each. 

r ,  Lhe following veHsel.4 were used: 

I- I 

.. ............... .. ~- .......... _-_- ... 

2; 700 
1; I 40,000 

Owncd. 
110. 
Do. 
no. 
no. m. 
DO. 

... .......... -- 

The ship I n d a m  and the bark &rr)rrb, which arc tLccreditcd to the Alaska Pack- 
ers Association cannery at  Naknek, were d s o  eniployed in  part a t  Ihrluk. The 
bark Miow/, broke from her nioorings off I<ai*Fuk Spit on Ootohel* 6,  1900, during 1% 

gale, arid was totally wreclted on the rocks, losing 12,572 ot~scs of salnion. 
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The following was the output i n  1900: 
1 

Species. j cllses. 

Karluk Packing Co.: 
King mlmon ......... 
Kedlish ................ 
Cohocs ............... 

Aln.?kn Improvemeiit Co.: 
King salmon ......... 
Redfish _ _ _ _  .__._ ._____  I 
Cohoes .......... ...._I 

Uganuk: I 
Redt)sh ........ .......I 

475 
77,658 
1,382 

612 
G9.712 
2,791 

13,370 

Num- 
ber to 1 1)ates. ~ Remarks. 
Ilecuse; - --I I 

. ... 4 .9  dune (9-.111ne 28.. 
13.6 June 9-Sept. 14 NOII(, nLltcd. 
7 .2  Aug. 25-SCpt. 14. .  . 

... 
h i .  ... 

... 

The hatchery operated by the Alaska Packers Association on Karlulr Lagoon was 
visited by Mr. Fassett, whose report will be found on pp. 331-348. 

UYAK. 

The Uyak Bay canneries, of the Pacitic Steam Whaling Company 2nd Hume 
Bros. & Hunie, were fully described in  my previous report, pages 158-159, and will 
only be referred to in connection with the statistics. These cannerids are practically 
the same as in 1897, and as there are no redfish streams in Uyak 13:ty :dl the fish are 
obtained at a distance. The principal places fished are Kw.luk, The Slide, Water- 
falls, Ayakulik, UJyanuk, Little River, Eagle Harbor, Kushuack, Kukak, and Kiliuda 
Bay. Forrrierly the Afognak streurns at Li tnik, Parumanof, and Malinof ~ ' e r o  also 
fished, and it is said fish are still obtttined at these places. 

The I'ucvfic Steam M%udhy C'owpny cannei*y uses steam boxes in the canning 
process for first cooking, and for second cooking 2 iron retorts; it has 1 filler in use, 
and I spare one, 1 solderer, and 1 cutter. All cans tire 
made by hand at the cannery, using 100-pound imported tin-plate for bodies and tops. 

Fish are pewed from twits or steamers to the tish-house on the end of the wharf, 
and when cleaned itre transported hy handcarts to the cutters. The cannery has a 
capacity of 900 cases per day. 

The fisher- 
men's contract was @% per month from the day of landing to the day of departure, 
transportation :ind fu l l  Ijoard from the tiiric of leaving the home port until .the 
return to the port of departurc, and $15 per thousand fish. 

During the season of 1900 the arnnery employcd 64 white fishermen, 6 white 
cannery-hands, 4 natives, and 56 Chinese; they also purchased fish froin 26 natives, 
who were paid froin $30 to 4i35 per thousand. 

They used 5 seines; one 700 fathoms, one 550 fathonis. and three 350 fathoms 
long; 22-inch to 3-inch mesh, and 180 meshes dcep. They have 10 spare seines; aver- 
age value of all, $1.50 per fathoin. 

There are 5 lighters, $450 each; 15 seine boats, %70 each; 3 sailboats, $90 each; 
13 dories, 4530 each; and one pile-driver, $1,000. 

The following vessels (owned by the company) were employed: Steanier Shcli- 
kef, 101 tons, crew 10, value $36,000; launch J&?LU'L', 5 tons, csew 2, value $7,000. 
Transportation of spring outfit and fall pack is by calling vessels of company. 

The following was the output in 1909: Redfish, 29,384 cases, 13.7 to the case, 
May 28 to August 25; humpbacks, 1,025 cases, 21 to the case, July 20 to August 25. 

Topping is done by hand. 

The Chinese contract was the same as that of the Karluk canneries. 
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IIuitic BYOX. c6 IAuiie.-This cannery operates 4 retorts, 1 filler, 1 solderer, and 
1 cutter, and tops by hand. All citns are made by hand a t  Uyuk of 100-pound iiiiportcd 
tin for bodies and tops. The fish tire handled in the nianncr noted under the preced- 
ing cannery. The Chinese contract was the siinic as ttt I<urluk and the fisherillen’s 
contract the same tis given under the Pacific Steam Whaling Company’s c:tnnery. 

The following arc the statistics for the Huiiie cannery, se:isori of 1900: Employed 
58 white fishermen, 9 natives, 12 white cannery-hands, 50 Chinese; used 10 seines, 
from 150 to 350 fathorns long, 160 meshes deep, 3-inch iiiesh, wilued :it $1.50 per 
fathom; 4 lighters, $400 each; 12 seine lmits, $120 each; 1 whitehall boat, $75; 20 
dories and skifl‘s, $80 each; 1 pilc-driver. $1,000. . 

The following vessels (owned by the ctinncry) were eniployeci: 

1 Stciimcr Equator. ................................... 512,000 
Stcumcr Friiiicis Cutting. ........................... 
Ltuiiicli Herbert IInme ............................. 
Burk Hurvcbtcr .................................... 

The following was the output in  1‘300: liedtish, 27,636 c:iscs, 13.5 to the (::Lsc, .June 
5 to Septenilwr 2 0 ;  hunipI~:~clrs, 9,064 C:LSC.’J, 91 to thc: CWC, Ju ly  5 to Septenil)er 90. 
Scattering coliocs nnd &g salmon wci’c pdrcd  with hunipl)aclts unclor pink hrunds. 
Salted 85 lwre ls  af redfish. 

The only places in this vicinity that niiglit offer :L 1i:itchery site :ire Little Himr 
and Uganuk. 

AFOGh’AK. 

E’roin Uyak the A17,ntrosa went to Afognsk, whwe :in cxnniinntion was made of 
the Fish Coinmission interests in that locality. During tho  four days in which these 
investigations were being conducted :L sextant reconnaissance was iiiade of Afognak 
(Litnik) Bay and approaohes. As the locality is exceedingly foul and httd iiever 
previously been surveyed, the chart acconip:tnying this report will no doubt bo use- 
ful to the Commission and to the in:iriner7 and the following notes, so far as they 
relate to Afognak Bay, t11’0 referred to it. 

In leaving the anchoi-ngc olf the canneries :it IJyak, of which tt survey was made 
115’ this v e s d  i n  18‘37 :Lad pul)lishcd in Coast Survey 13ullctin No. 38, I L  course wtis 
laid out of Uy:k Bay clearing the shores tind headlands of Capes Kiliugiiiuit, Ugat, 
and Ugat)ul< A course 
through the iiiitldlc of Ktirluk Stmit seenis perfectly safe and clear, and on this 
course thc head of the vessel is found to point for athout tho  center of Whale Island, 
possibly a little to the southward. 

Thc Itusplmry Ishind side seeiiis to be the boldest, though no outlying dangers 
tvere seen anywhere. A short distance to the eastward of Lhy Island, which lies off 
the entrance to an indentation on the southern shore niidwtty in the strtiit, the tides 
coming through Sliclikoff Strait iiiect the tides from the castwtird around Whale 
Island. Outside and between the two snirtll islets off the southeastern end of Rasp- 
berry Island is a sunken rock linown tis Thoiiius lioclr. A fair Iwrth of these two 
islets is said to clear the rock. 

about 1 iiiile tind entering I<arlulc Strtiit in mid-channel. 
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At Whale Island Karluk Strait forms two passages. The one to the southwurd, 
descrit,ed by this vessel i n  Coast Survey Bulletin No. 38, was called Whale I’assage, 
and the one to the northward is Afognak Strait. The latter should not hc attempted 
by a deep-draft vessel until a satisfactory survey has been made, as there are indica- 
tions at  one point that there may not be sufficient depth at  extreme low water for 
vessels of moderate draft, nor by anp vessel without local knowledge, as the currents 
are strong and the p:Lssage very foul. Time did not permit the reconnaissance made 
bx this vessel to extend through Afognak Strait. Sufficient only was done to appre- 
ciate thc strong current and foul conditions of the shore. 

The northern shore of Afognak Strait is foul in patches for nearly one-third of 
the width. On the southern side, at a point about one-third the length of the island 
froin the western end, a, bank makes off from Whale Island a considerable distance, 
and a reef, uncovered at  low water, lies off the bight ncar the  eastern end of the 
island, but the latter is off the fairway. Off Afoynak village the reef extends tl full 
mile to the eastward arid from one-fourth to one-half mile to the southward. 

The largest island ofl the southeastern end of Raspberry Island is Dcarborn 
Island, the point of which seems to project farther into the strait. Off‘ the southern 
end o€ this island there is a bare rock, always above water, which i s  a leading inark to 
t h e  western end cf Afognak Strait. Tho rllbatmoss passed this rock, leaving it to the 
northward, distant 250 yards, and then brought it astern, steering for the saddle i l l  

FIog Island, which from this point is seen about one-third the length of that island 
from the northern end. After running half the length of Whale Island and well 
clear of the bank previously referred to on the southern side of the channel, thc 
course was changed to head for the southern end of Hog Island, which was ltcpt until 
that island was about 1 mile distant, when the course was gradually changed to the 
northward, rounding the reef off Afognak village into the bay. 

,If?o//nuk (LitniX.) Ray.-Litnik is a corruption of the Russian word Elitnilt, 
incaning a place where fish are drie.1 and prepared for future use, and is the name 
given IocaIly and used throughout the-Kadiak district to the body of water known 
to us :LS Afognak Bay, and to the river and lake at  its head. Locally, the mnic 
Afognsk Bay is applied to a sinall, shallow, foul cove, ahout l+ milos to the westward 
of the village, on the northern side of the strait. Afognak is retained, however, in 
this report, for the large bay, as the President’s proclamation and the Fish Commission 
records refer to it by that name. 

Afognak (Litnik) Bay is on the eastern side of the extreme southern point of the 
island of that name. The approach from the westward (Sheliltof Strait) is through 
Karluk Strait and Afognak Strait or Whale Passage; from Ihdialr (St. Paul), through 
Usinka Narrows; and from sea, to the eastward, through the broad opcn waters 
between Pillar Cape and Spruce Island. The ba.y proper may be mid to include thc 
waters inclosed by a line drawn from Afognak village and the outlying reefs to Hog 
Island, thence l ~ y  Skipwith Beefs to Lanih Island and the main shore, and is, approx-’ 
imately, 5 miles long by 2 miles greatest and one-half riiile least width. Thc sliores 
are heavily wooded, with high mountains lying hack, from which ridges and hills 
project toward the bay. The entrance is much ohstructed by islets and reefs, and 
great care must be exercised in  the approaches, but the bay,proper, cxcept for one 
reef, is apparently clear of danger, with excellent anchorage at the head. 
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Afognak village is located a t  the extreme southwestern end of the bay, and con- 
sists of two parts; the iriost southerly is a settlement with a population of about 175 
whites and half-breeds, and to the northward (separated froni the other .by a high 
grassy bluff named Graveyard Point) is a native village of less than 100 inhabitants. 
Very foul ground, marked by kelp in summer, extends one-half mile off the principal 
village, increasing to 1 inile off Graveyard Point, and reaching halfway across the 
passage to Hog Island, a small wooded island, slightly crescent-shaped, with the cusps 
to the southwest. It is about half a mile 'long, in a gcnerat east-and-west direction, 
about 250 yards in width, and, when seen from the westward, it has a dip or saddle 
in the northern third. From high-mater iiiark the rocky shelf projects in reefs a 
distance of 200 yards on all sides, and on the western end of the reef extends toward 
thevillage for three-tenths of a mile. Thwe rccfs are all marked by kelp in sunimer. 

Nearly a mile to the northe&ward of Hog Island arc Skipwith Reefs, a line of 
high rocks always out of water, which, with Lainh Island, a larier wooded island, 
form thc eastern side of the bay. Between Hog I s l a d  and Skipwith ltecfs is a 
wide, clear passage, which might be called the Eastern Passage, and is the one to be 
preferred by strangers 011 entering or leaving the bay. 

Danger R,eef is a large reef, bare at low water, with dccp water close to and all 
:lround it, and lies NNE. Q E., 1.2 miles from Graveyard Point. It is estimated that 
it covers at three-quarter tide, or earlier. It is a bad reef when covered, as it is not 
marked by kelp and is not easily seen. 

On the northern side, outside of the point marking the contraction of tho bay, 
are threc snit~11, low, wooded islets lying close to the shore. The western one is 
Dot Island, which, when seen clear of the adjoining land, hi~s a conical appearance. 
West of this islet, on the opposite shore, is a fine cascade, falling to the beach, from 
which most excellent water may be obtained. At the head of the bay, in the north- 
western arin lending to the reservation stream, are several small islands. The first 
one is Winter Island, beyond which vessels should not go; i t  is high, rocky, and 
heavily wooded with spruce. The chnnnel to the northward of Winter Island is 
obstructed by rocky ledges, and to the southward, as a point higher up is reached, it 
grows shallow and grassy. The latter is the boat channel to the river mouth. 

Several cannery steamers from I<(nrluk winter in  this arm. They anc~hor to the 
eastward of Winter Island, and then haul the sterns of the vessels close up to the 
rocks on the island (which arc bold), where they are clear of the ice forced out of the 
river i n  the spring. 

At the extreme northern end IL narrow cxtcnsion of thc hay, tibout a inile long 
by 1Q cables in  width and 2 fathoms deep, is known locally as Back Bay. It should 
afford good anchorage for a small vessel. 

On the western shore, a t  the point where the bay turns to form the northwestern 
arm, are the locations of the canneries of the Royal Packing Company and the 
Itussian-Anierican Packing Company. 

The history of these ccinneries is given in my former report, pages 163 and 164, 
to which reference is made. Nothing is left of the cannery of the Russian-American 
Packing Company. The buildings of the Royal, in which are stored a number of 
boats, and several detached houses are still standing and in fair condition. A watch- 
man is kept hcrc by the Alaska Packers Association during the summer, and during 
the winter the ship-keepers of tho cannery steamers care for the property. 

At its head are two humpback streams. 

* 

F. C. B. 1901-16 
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The anchorage in the upper bay off the cannery building is in 7 to 8 fathoms, mud 
bottom. It is said an anchorage may be made in summer off the native village south 
of Point Lipsett in 5 to 6 fathoms. This bight is, however, open to the eastward and 
can not be recommended. 

The following results by sextant and artificial horizon were obtained for geo- 
graphical position at  the high water, grass-covered rock on the westcrn shore of the 
bay onetenth mile south from the cannery building: Latitude, 55@ 02’ 24“ north; 
longitude, 1 5 2 O  48’ 09” west; variation by compass declinometer 2 1 O  36’ east. 

Establishment from seven successive high waters, at moon’s age from 17 to 20 
days, XIh 25”. Mean rise and fall of tide during same period, 9.95 feet. 

Sailing d&wctium, Afugnarl: Bay.--There are two passages used in entering this 
bay, one to the eastward and the other to the westward of Hog Island. I n  coming 

. through Afognak Strait steer for Hog Island, and when three-fourths mile distant 

Hog Island bearing BE. by E. 4 E., mag., in saddle of back range, clears Danger Reef. 

Cannery building bearing WNW. 4 W., mag., between Dot Island and adjoining shore to 
eastward, leads through East Passage and clears Danger Reef. 

haul up for Lanib Island and run for i t  until the cannery building is open to the 
eastward of Dot Island; then change course for Dot Island, and when well clear of 
Danger Rccf keep in mid-channel to the anchorage. At  low water Village Reefs 
may be rounded by the kelp, and Danger Beef is then distinctly visible. The 
cannery steamera frequently pass between Villago Reefs and Danger Reef, but local 
knowledge is necessary for this channcl. The western passage should be used with 
caution, particularly a t  high water, as a stranger i n  kecping ol€ Village Reefs may 
get on the foul ground on the Hog Island shore. For a stranger the eastern passage 
is recommended, as it is wide, straight, and apparently clear. I n  entering by this 
paasage keep in mid-channel between Hog Island and the southern bare rock of 
Skipwith Reefs, and steer for Dot Island. On this course the cannery building will 
be seen between Dot Island and the adjoining shore to the eastward. When clear 
of Danger Reef follow the directions given under the eastern passage. 
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A line between Dot Island and Hog Island clears Danger lteef to the eastward 
one-fourth mile. On this line ,Hog Island will be seen filling a wide saddle in the 
distant mountains, and Dot Island will be slightly to the eastward of a V in the back 
range. The A16atross entered by the western passage and left by thc eastern one. . 

AFOONAIC SALMON STREAMS. 

At the head of Back 13ay tire two small streams, which i t  the time of our visit 
were literally choked with humpbacks. Cohoes are also said to run here, and several 
dead king salmon were seen. A small st iwm to the eastward of Bare Point carries 
a large number of humpbacks and is said to have a fair run of cohoes. Back of the 
village of Afognak is a shod lagoon, or lily pond, which drains through a shifting 
channel and carries a few humpbacks and cohoes. 

The reservation stream, previously referred to as eniptying into the head of the 
northwestern arm of the bay, is the only redfish stream in this vicinity.' A board of 
experts was appointed by the Commissioner in 1889 to examine the salmon streams 
of Alaska, and as this board spent the summer of that year in examining Ihrluk, 
Alitak, and Afognak, the results of which, so far as they relate to Afognak, m e  
given on pages lS5-188 and 207-208 of tho U. S. Fish Commission Bulletin for 1889, 
tho stream and lake will here be referred to i n  only ti general way, though both were 
visited on several occasions by this party. 

This year the redfish and humpbacks were very abundant in the reservation 
stream, and i t  is said that the stream can furnish, without injuiy, from 100,000 to 
150,000 redfish a year, but of this there is no data, as all commercial fishing in late 
years has been done surreptitiously. Thc runs are rcmarkably early in this stream, 
scattering redfish appeari;ig early in May and in  large nuinbcrs by the middle of 
that month; 'by June 1 there is usually a lull. Tho 
second run is said to Commence with the spring tides in Junc, and the fish are then 
abundant until tho niiddlc of July, when the run grows slack, and by the lttst of thc 
month it is practically over. If the water in the river is low the fish school around 
the mouth in groat numbers, but upon thc first rise they rush to the lake in a body. 
The redfish, upon arriving, school around thc uppcr part of the bay, mostly along 
the western shore, where there are several excellent seining beaches. 

Cohoes appear in small numbers the last wcck i n  tJuly; the run is at its height 
the last of August, and continues, in diminishing numbers, until October. Hump- 
backs uppear during the middle of July, and run in large numbers during August, 
growing less the latter part of that month and until the middle of Soptomher. The 
last fish arc, however, of vcryv poor quality. Dog salmon are not very nu~iier~us,  
and seem to run scatteringly with all other species. Straggling king salnion are 
seen at  irregular intervals tllroughout the scaoon. Thcy are never abundant and arc 
only recognized as occasional visitors. Steelheads are believed to winter in the lakes, 
and descend to the sea as soon as the stream opens in the spring. They appear at  all 
times during the season, but are most numerous during the coho run. Dolly Varden 
trout appear with the carliest species and remain throughout the season. 

The estuary and river to the falls, and the tributarics bolow, were crowded with 
humpbacks a t  the time of our visit. Orcat numbers were noticed trying to surmount 

This is called thc early run. 



244 BULLETIN OF THE UNITED STATES FISH OOMMISSION. 

the falls, and many were seen thrown by their own velocity against the rocks in the 
rush to ascend. It is probable that few of this species gain the lake, and that most 
of them spawn in the lower course of the river and in the tributaries referred to. 
On my visit to the lake, for want of facilities the shores could not be examined 
except in the vicinity of the outlet and for abcut half a mile along the eastern side. 
Dead fish were not very abundant along the lake shores. All the dead redfish seen 
were opened, and i t  was found that 50 per cent of the females had not spawned and 
30 per cent of the males had milt. A similar condition was previously noticed and 
referred to in my former report, pages 12 and 13. There may be some abnormal 
impediment in the genital pore, but i t  is more probable that in ascending a difficult 
stream the exertion is so great that the fish dies of exhaustion before it is fully ripe. 

On August 15 the temperature of the surface water of the lake near the shore 
was 6 2 O  F., at  4 feet depth 5t3O F. and 5 9 O  F. 

It, is said that the reservation stream has been fished by all the canneries each 
year until 1899, when only two corporations out of the three operating in the vicinity 
fished here. The natives report that this year (1900) one cannery obtained fish both 
from Malinof and from the Afognak stream; that a small schooner in charge of a 
member of the Brotherhood of Afognak Pioneers fished in the vicinity of the Royal 
cannery, entering and leaving the bay under cover of dnrkness. Several members of 
the organization, when questioned in regard to it, claimed to have no knowledge of 
such fishing. It is believed, however, that the natives’ report is true. 

The natives fish the stream, using, so i t  is said, the usual hook and pole, though 
at  the summer village (Litnik), on the left bank of the stream near the mouth, several 
nets were seen which were also probably used. 

The stream at  the falls was 65O F. 

ZA1’OH.S. 

From the earliest Russian times the natives were taught to barricade the streams 
bg zapors, or barricades which mere niaintained for generations in the principal 
rivers. Upon the advent of the canrierymari this inet1io.d of holding the fish was 
encouraged and aided in cvery possible wny. These zapors, as originally Constructed, 
consisted of large cribs of heavy logs weighted with stone, placed at intcrvals  cross 
the river‘ to form piers, at a suitable location. Between the piers other logs were 
secured, forming a line of support for the rails, or saplings, which wcrc placed side 
by side, in the direction of the stream, with the butts upstream, embedded in the 
g r a d  or river bottom, and the other end resting on the timber support. The 
arrangement of these rails was the same as those used in the construction of the 
barricades in southeastern Alaska, and described in my former report, page 37. This 
arrangement permitted the water to pass through the interstices or over the ends, 
and prevented any fish from ascending. At  a point below this d:~m a similar one was 
constructed, but near the center, or  wherever the depth was most suitable, an open- 
ing  was left for‘a sluice, the latter arranged to permit the fish to pass in, but not out. 
The fish were then irnpounded between the two barricades and easily wptured. 

The zapors of late date, however, consist of only one barricade, which prevents 
the fish from ascending. The one until lately maintained in the reservation stream 
was of this construction and WRS located a short distance above tide water, below the 
first falls, about a mile from the low-water mouth of the river proper. Three cribs 
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forined the piers, tincl at the time of our visit the northern crib had been removed and 
was lying on the rocks a short distance below. This zapor, or rather a zapor, has 
been maintained at this point for many years. It was carried away during the winter 
of 1895 and 1896 and rebuilt by the natives as soon as the conditions permitted. In  
August, 1899, the master of one of the Alaska Paclcers Association ctinnery steamers, 
with the assistance of some natives, pulled out the northern crih. As this made 
but R small opening which could readily be closed, a party from the Albat~oss dis- 
membered the reiiinining cribs, piled the timber and rails 011 shore, i~nd burnt them. 
The streaiii is now ,(August, 1900) clear of artifkid obstruction. 

TNIIARITANTS. 

The inhabitants of Afognak consist of ICadiak Eskimos, Russian half-breeds, and 
a few white hunters nnd fishermen. As much coinpltiiiit hns been made i n  this 
locality, not only 011 account of the illegtil fishing of the reservation stream by the 
canneries, but by the inhabitants in relntion to their condition :~nd surroundings (see 
d i n o n  inspector’s report, 1899, pp. 38-43), it, is deemed necesstwy, in  order that the 
Commission niay be advised of the ftwts, to state the situation :is it nppears to ine 
sifter our visit. 

When Alaska was under the miinagernent of the 1Cussian-Anicricnn Company 
the time arrived when they had in their employ inany nien who had grown old in 
their service or who h:Ld lost their health and could not very well be discharged and 
thrown upon their owii resources. Upon representing this condition to the Russian 
Goverriinent an order was issued, in 1835, directing the conipmy to locate, as per- 
inancnt settlers, such of the employees as had iiiarrieci native or half-breed women, 
and who, on :Locount of age or ill henlth, could no longer serve the company. The 
latter, under this order, was obliged to select sui table ltind, build comforta~~lc dwell- 
ings, furnish jgricultural implements, seed, cattle arid fowls, and IL year’s provisions. 
The settlers were exempt froin taxation and iiiilitary duty, arid the .ltussians were 
known as colonial citizens and thc half-breeds as colonial settlers. The eastern side 
of Cook Inlet, Afognak Island, i~nd Spruce Island were selected as iiiost suitable for 
settlement, and the half-breeds now forming the larger part of the populiition at  
Afognak village tire largely descendsnts from these colonial citizens and settlers. 
The early name of the village was ltatlrovsky. The half-breeds have alwr~ys lived 
on B higher plane of civilization than the natives arid are   no re industrious. Ainong 
them are a number of skilled craftsmen, such as ciirpeiiters mid boat-builders, and in 
the latter occupation it is said they excel the whites usually eiiiployed at the canneries. 

I n  our investigatioiis in Alaska we have coinc in coiitrtct with all the different 
phases of native life, €ram the Hnida of the south to the lnnuit of the north, froin 
the Athapascan of the east to the Aleut of the west, and there are few plnces that 
can equal Afognak in natural resources for native life. None need suH’er here, and 
if any do i t  is through their own neglect. Potatoes and the hardier vegetubles of 
all kinds grow well and can be stored for winter use; hay mil be made for cattle; 
the waters teem with fish, not only with salinon during the summer, which inay be 
cured for winter use iu practicully unlimited quantities, but all during the year cod 
iriay be taken in nuiiibers on the adjacent banks. The furs aro not all gone yet; 
bear, fox, and mink are still found in limited iiumbers, and the catoh of sea otter 
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this year has been comparatively large. As for the ilieans for purchasing other pro- 
visions and clothing, i t  is here in the hands of any industrious man or woman. There 
is a great demand for dried fish-ukala-in all the mining regions of the north, prin- 
cipally for dog food. The stores, of which there are two i n  Afognak, representing 
large trading companies, pay in trade (provisions and clothing) 2 cents per pound for 
ukala, and will purchase all brought to them. For the use of the natives here the 
supply of salnion has not decreased, and there should not be the slightest difficulty 
in easily obtaining in a short time all that is required for the family during the win- 
ter, and afterwards ukala can be inade for sale or trade. We were not a t  Afognak 
during the redfish run, but it is said that it was very large; the humpbacks were 
running at  the time of our visit, and they were very n~imero~is. It was not necessary 
to hook them out of thc stream; when wanted foi: examination we simply kicked 
them out on the bank. To show the abundance of fish, it may be mentioned that the 
ship’s dog dragged many struggling ones out of the water. 

The women, assisted by the old mer and childi-en, iisually prepare the ukala and 
do the garden work, so there is no excuse for the able men not seeking employ- 
ment in other fields; but the latter fancy that they must hunt, and imagine that they 
can do nothing else, or rather, that i t  is degrading to work. Jn former times hunt- 
i n g  formed the chief element of support, m d  while the fur-bearing animals have 
not entirely passed away, their numbers have declined to such :in extent that the 
income derived from this source can now only be reckoned as incidental. The sea- 
otter hunter was an important man in his village; extensive preparations were madc 
before his departure and he was feasted upon his return. He was looked up to as a 
leading spirit in the locality. Thc sea otter is practically passing away, but the 
hunter remains, and reports are made that he is starving. Possibly he may he short 
of food at times, but i t  is because he is not willing to exert himself; hc is n sea-otter 
hunter in a sea that has few left, and he claims he can do nothing else. 

There is another field in which the native ban earn sufficient money to provide 
for himself and family not only the necessities of life, but rnany of the comforts and 
a few luxuries. Frequent inquiry has been made at the can- 
neries, and the reply has always been to the effect that they are more than desirous 
to employ all the male population in the surrounding district, if they are steady and 
reliable, and to give such labor employment throughout the season. Quite a number 
of the inhabitants of Afognak are so employed, several holding positions where skill 
is required, but the majority are shiftless, stop work after having eai-tied a few dol- 
lars, and expend it in spirits if they can get it. The canneries, however, do not want 
a class who can not be depended upon in time of need. 

Unskilled labor at the canneries conimands from $1 to $1.25 per day with good 
board, and, as the season in this district is long, a reliable hand may earn from $125 
to $150 during the summer-more than sufficient to carry him through the winter 
very comfortably if he is a t  all thrifty. The canneries will also purchase fish from the 
natives, paying from $30 to $35 per thousand for rccifish. The hatchery at Karlulc 
is partly supplied with fish taken by natives, and the superintendent states that two 
men on one occasion, in one day, made 115 each; this was, of course, very exceptional. 
At one cannery no cash is paid until the cannery is closed; this is done to hold the 
nativcs and prevent them from leaving a s  soon :is they have earned R little money. 

It is in cannery work. 



ALASKA SALMON INVESTIGATIONS IN 1900. 247 

The native conditions here are similar to those of all othcr localities visited. 
Thc native is naturally indolent and improvident. In former times hc lived i n  his 
crude way by hunting and fishing, with a feast thrown in when ti dead whale drifted 
to his shores. Civilization has brought ncw wants, to supply which he is unwilling 
to exert himself, so hc cries starvation, in which'he is supported and badly advised by 
white aquawmen who settle among theni and eke out an easy, shiftless existence. 

Reports tire frequently circulated by people who do not understand the situation, 
or, understanding it, willfully misrepresent it, implying that the canneries are a 
detriment to the native population; that they arc taking away tho food and that 
starvation must follow. From m y  experience in  Alaska, in connection with the 
~almon qucstion, it inny be said that up to tho present time I have found no truth in 
these reports. The canneries have not, so far, in  ~ n y  locality reduced the salmon so as 
to affect the native's winter supply; instead of working an injury, they have been, and 
are, a benefit to him. They bring to him better inethods for obtaining his fish, and, 
that which is of more importance, they bring inoney to all who t~ rc  willing to work. 
Were the canneries to close to-day the native wouid lie the principal sufferer. 

Judging from the appearance of the village at Afognnlc, and comparing it with 
other native communities in Alaska, there seems to be littlc cause for complaint. 
Thc village has rather a neat and thrifty appearance, the log and frame houses have 
a substantial air, thcre are many gardens growing potatoes and other truck, pigs and 
poultry seen1 to thrive, and several families: have one or two cows. The children 
seen in the village appeared bright, clean, strong, and always well clad. 

One of the principal half-breeds said that while therc was no large amount of 
money in circulation and few were prosperous, still nonc were destitute nor in danger 
of becoming so. 
and to the westward, died during the past winter with u disease believed by some to 
be grip. 

The half-breeds and natives of Afognak, according to their own custom, have 
three recognized districts for hunting and fishing. The half-breeds of the village fish 
and hunt the northwestern section of the island, drained by tho stroams mined Malinof 
and Parmiinnof; the natives of the village have the southern end of the isltind, which 
indudes the reservation strcatii and extends to the western shore of Little Afognak 
Bay; the inhabitants of tho latter placc vlaim the island to thc eastward of their settle- 
ment, and Marmot Island. These districts are again subdivided among the diff'erent 
families for hunting purposes, while the streams arc open to d l  belonging to the dis- 
trict. These limits are accepted by all tho  inh:tbitants, and the intrusion of any 
alien is considcred an abuse of their customs. I t  is natural, therefore, that they 
resent the fishing of the Afognzik streams by thc mnncries, nor can they understand 
how these s t rems,  which I)elong to them by trihiil rights, ctin be closed by the Gov- 
ernment. The situation herc i s  the same as i t  is in southeastern Alwkn-the native 
sees the value of the fish to the c~tinnery~nrin, and he wrints the streams, not for his 
own use entirely, but to sell the fish to tho cnnneries. In other words, be wants to 
own the streanis and bar out the ctaniieries, which is cletirly untenable. To the 
appeal of the nritivcs hw been added that of the white iiien of the district. 

The village of Afognak contains t i  number of whites, nearly all Scandinavians, 
married to half-breeds or natives 01' living with them, nearly all working in canneries 

It may be remarked here that inany of thc natives in this district, . 

it is said that a t  Little Afognak nearly all succumbed. 
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during the sumnier and finding life rather emy during the winter. These people 
have organized themselves into an association under the name of the Brotherhood of 
Afognak Pioneers and have taken upon thernselves the regulation of municipal affairs. 

In  the salmon inspector’s report for 1899, page 47, there is an appeal addressed 
to the inspector to the effect that, as the streams of Afognak are closed, they are 
(‘ unable to obtain a living” and request the “permission of the Treasury Department 
to fish the streams of Afognak Islands.” This appeal has 23 names, the nationality 
of which may easily be recognized. Inquiry was macle in  reference to the signers, 
and i t  was learned that they all 1,elonged to the brotherhood. One is dead; 1 was 
injured while hunting, but does some work; 2 are Russian residents; 3 are store- 
keepers and well-to-do, and the remaining 16 are employed in the canneries and fish- 
eries, some in leading positions, such as master of cannery steamer, foreman of 
working gang, watchman, etc. Further comment is unnecessary, as it is evident the 
white population desire to have the exclusive use of the Afognak streams, so they 
niay sell fish to the canneries. 

In concluding these remarks on the conditions at  Afognak as they appeared to me, 
i t  is my desire to  say that my sympathies are entirely with the natives, and were i t  
possible to make any recommendations for their benefit, such would be made; it can 
only be asked that whatever legislation is effected a fair balance may be cast in their 
favor. We should not ask too much from a people who have for centuries lived on 
the resources which nature alone has offered and who now emerge upon a destructive 
civilization which holds them probably i n  a worse condition than in former times 
when they were a more primitive people. The rich furs which they formerly poured 
into the laps of the traders, and for which they received food and a few necessities, 
are gone, and the fur-trader is also going, for he can no longer fill his coffers with 
the catch of the grub-staked hunter. The first stage of the native’s life here is over; 
he is now upon the second, marked on the one hand by the influence of vicious white 
men and on the other by the kind and gentle teachings and example of a people who 
sacrifice themselves for the native interests, but whom they usually do not understand. 
If he survives these two directly opposite influences, he may become a good citizen. 
It has been my experience, however, that in all parts of the world among primitive 
people the second stage is deadly, and that what might be called a refined civilization 
thrust upon a native race kills as many as the more vicious condition. 

From Afognak the Albatross went directly to Southeast Alaska, to continue the 
stream and lake investigations commenced in 1897. 
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~ i n g  mlmon: 
lied ............................................. 
White ........................................... 

RedfishY ............................................ 
H~~mpbncks 3 . .  ...................................... 
Dog salmou ......................................... 
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1326 3.6 JIIIIU IO-July 2. 
292'2 5.5 Do. 

5,040 12 July I-Aug.9. 
6 ........ 

12 ........ 

COOK INLET. 

Alaska A%lnmm~ Associatiox --In the Cook Inlet district but one new cannery has 
been ostahlished; i t  is that of the Alaska Siilmon Association, which was incorporated 
in  San Francisco. This company, i n  1899, purchased the C. D. Liidd saltery on the 
left bank and at  the mouth of the Chuitna River, Cook Inlet, n good-sized streani 
entering the  northern shore of the inlet ahout 6 miles above Tyonek. In the spring 
of 1900 this company erected a cannery on the site of the Ladd sdtery and inade a 
sinall hand-pack. The cannery machinery consists of 3 retorts, 1 solderer, 1 Coliinibia 
River washer, 1 cutter, and the necessary equipment for niaking cans by hand. 

The capacity of the cannery is 500 cases per day, but next year (1901) 2 fillers 
snd a topper will be installed, which, with the necesstiry hiinds, should increase i t  to 
1,600 cases per day. The t in  plate used is 100-pound domestic. Fish are pewed to 
the fish wharf and after cleaning tire conveyed to the cannery. 

The 
fishermen received $25 per month from the time engnged :kt  Sm Br:incisco until paid 
off, and one-half cent each per case. The ssilors were paid $40 per inonth when 
working the vessel and $50 per month when fishing, but no bonus. Full board was 
furnished for all except the Chinese. 

The following nien were employed: Thirty-nine white fishermen and trapmen, 
4 white cannerymen, 12 white lwichinen, and 51 Chinese. The cannery used 4 traps; 
leads 100 fathoms, wings 40 fathoms, pots 40 feet by 40 feet, all 6 fathoms deep; 
leads, 3a-inch niesh, 48 thread; wings and pots, 3-inch mesh, 60 thread; valm, $1,500 
each. One drag seine 150 ftithonis long, 5 frLthoms deep, 3-inch mesh, value $1.65 
per fathom. ~ Sixty gill nets, each 65 fathoms long, 30 meshes deep, one-third of 
them %inch mesh, one-third 6)-inch mesh, and one-third 5*-inch mesh; value, 65 
cents per fathom. The traps were located early in the season,,as follows: One near 
Tyonelr, one between that place and Chuitna, one at the mouth of the home river, 
and one about 3 miles to the eastward. Heavy winds and strong currents demolished 
all these traps, except the one near Tyonelr, before fishing began, and the latter was 
only saved by hard labor, which the catch did not justify. About 10 per cent of the 
catch was taken in traps, the remainder i n  gill nets. 

The boats consisted of 4 scows, $250 each; 2 lighters, $150 each; 1 lighter, 850; 
20 gill-net skifs, $40 each; 5 old skiffs, $30 each; 1 yawl, $40; 1 pile-driver, $1,150. 

The vessels employed were: Bark Prussia, 1,131 tons, crew fishermen, value 
$25,000, chartered; launch Iing FLsILLY)*, 7 tons, crew 3, value $5,500, owned. 

The following was the output for the season: 

The Chinese contract was 45 cents per cwe, with the usual conditions. 

No. to 
Species. 
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Pac$c S6eam Whaling Cmpany's cannery at Kenai, Cook InZet.--Reference was 
made to this cannery in my former report, page 141. The buildings were erected in 
1897 near the cannery of the Northern Packing Company, and the available machinery 
from the cannery at  Coquenhena, in  the Copper Itiver delta, was installed here in the 
spring of 1898. The first pack was made that year. 

The following cannery machinery is used: Two retorts, 4 steam boxes, 1 filler, 
1 solderer, and 1 cutter; topping is done by hand. Fish are hoisted in buckets by 
steam to the fish-house, and when cleaned are conveyed by carts to the cannery. 

All the tins are made a t  the cannery by hand; 100-pound tin pIate is used for the 
bodies and tops; 46 per cent of the plate is imported. 

I n  1900 the following hands were employed: 40 white and 10 native fishermen, 
6 white cannery-hands, 6 natives, and 60 Chinese. 

They used 5 traps, averaging 1,000 feet length of lead, 240 feet length of curved 
wing, 30 feet by 30 feet pot, value $500 each; 20 gill nets for king salmon, each 60 
fathoms long, 22 meshes deep, 9*-inch mesh, value 65 cents per fathom, and 20 gill 
nets for redfish, each 60 fathoms long, 30 meshes deep, &inch mesh, value 65 cents 
per fathom. 

The following boats were used: Seven lighters, $350 each; 20 gill-net boats, $40 
each; 1 seine boat, $100; 3 skiffs, $25 each; 2 pile-drivers, $1,500 each. 

The following vessels (owned) were employed: Gasoline Dzczbu~y, 30 tons, crew 
5,  value $10,000; steamer Xahzo, 28 tons, crew 6, value $10,000. Transportation by 
calling vessel of company. 

The output in 1900 was: 

King d i n o n  ................................. Redtlsh.. .................................... 20,924 June-Aug. 10 
co11oes .................. ~ ................... July l - A ~ g .  10 I _I -__ - 

The Chinese contract was 42 cents per case. Fishermen received transportation 
and board and 1 cent each per case. 

Arctic F4sJLinq Company.-The cannery of this company a t  Kussilof, Cook 
Inlet, was fully described, together with the surrounding conditions, in my former 
report. pages 142-143, and the statistics for 1900 only will he referred to here. 

This company employed'the following hands in  1900: Forty-five white fishermen, 
10 native fishermen, 10 white cannery-hands, and 100 Chinese. Eight trap!$ were 
used, with leads from 100 to 700 feet long, pots 30 feet by 30 feet, depth at pots 30 feet, , 
average value $1,000; 30 king-salmon gill nets euch 60 fathoms long, 22 meshes deep, 
94-inch mesh; 30 redfish gill nets, each 60 fathoms long, 28 meshes deep, A&-iiich mesh, 
value 65 cents per fathom. There were used 3 sail lighters, $450 each; 7 trap SCOWS, 

$50 each; 20 gill-net boats, $40 each; 2 Columbia River boats, $200 each; 6 skiffs, 
$30 each; 2 pile-drivers, $1,500 each. 

The machinery consisted of 6 retorts, 2 fillers, 2 toppers, 1 solderer, 1 cutter, 
and 1 can-maker; 75 per cent of the tins are intide at the cannery of 100-pound t in  
plate, 60 per cent of which material is imported. Fish are hoisted in  tubs to the 
fish-house by steam and, when cleaned, are conveyed in cam to the cannery. 
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CIasq and nume. 

Ship Centennial ........... ..&.. .............. 
Steamer Jennie ............................... 
Steamer Re orter ...................... l_. .... 
tuunch Art?iur ............................... 

The Chinese contract was 45 cents per case, with the .usual conditions. The 
fishermen received $50 for the run and 1 cent per case, with full board. 

Tons. 

1,138 
69 
26 

5 

-. 

. 

6 

2 

Species. cflsew. 

Kin Ralmon .............................. 473 
R e d h i  ................................... 3G 049 
Humpbacks.. ............................. 3: 888 

The following was the output in  1900: 

Kin salmon .............................. 6 169 8 1 Yay 26-Aug. 10 
Muy 2&Ang. 12 

Cohoes .................................. '.] 5,427 1 i: 1 July 15-Aug. 12 
eh ................................... 22: 185 

PRINCE WILLIAM SOUND ANI) COPPER RIVER. 

.This district, with the canneries, was fully described in my former report, pages 
129-139. Since then the cannery a t  Coquenhena has made one more pilgrimage. 
It was dismantled in 1897, and, as previously noted, the available machinery was 
installed in the Pacific Steam Whaling Company's cannery at  Kenai, Cook Inlet. 

The i%ci$c 1bck.inq c7on~par~y, at  Odiak, for the sewon of 1900eniployed 1 doctor, 
60 white fishermen, 10 white cannery and beach hands, G natives, and 60 Chinese. 
It had I drag seine 250 fathoms long, 120 meshes deep, 2g-inch mesh; value, $1.50 per 
fathom; 38 gill nets, each 350 fathoms long, 30 meshes deep, 64-inch mesh; value, 65 
cents per fathom. The boats were 2 lighters, $400 each; 3 house scows, $400 each; 
33 Columbia River boats, $200 each; 2 seine boats, $200 each; 6 skiffs, $25 each. 

The following vessels were employed: 

Clarrs and namc. I Tons.. 1 Crew. I 
Bark Kate Davenport.. ............ 1,175 
Steamer Pacifle .................... 
Steamer 8. B.Mutlhews ............ 
Steamer Susanna.. ................. 4 

Owned or 
Value* 1 chartered. I 

I 

1 Fishcrmen. 

The following was the output of canned salmon in 1900, none being salted: 

I '-.-..- 

May %June 12 

Jnly 6-Aug. 2 
Mlty 9-AUg. 4 

The Chinese contract was 42 cents, with the usual conditions. The fishermen 
received $60 for the run and 4 cents per bont of two men for redfish, 10 cents for 
king, and $10 per thousand for humpbacks, with full board. 



Class nnd name. 

Ship Amcrira ....................... 
Steamer Thlinket .................. 
Stenmcr Wfld Cnt ................... 

4 . 2  May 7-Jiinc 7 King snlmon .............................. 309 
Redfish ................................... 28,Wl Miry 7 J u l y  22 
Humpbacks.. ............................ 1,718 1 li l f l d y  20-Jllly 24 - 1 

~ .. - 

'Tons. Crew. \Tniuc. :gpe","d'. 

1,908 (1)4 W,wO Chnrtered. 
90 10,wO Owned. 

104 4 10,Ooo DO. 

--- 

The Chinese contract was 42 cents per case, with the usual conditions. The 
fishermen received $15 per month throughout the season, full hoard and transporta- 
tion, and 4 cents per boat for redfish, 10 cents for king salmon, and $5 per thousand 
for humpbacks. 

The cannery machinery consists of 4 steam boxes, 2 retorts, 1 filler, 1 solderer, and 
1 cutter. Fish are pewed to the fish-house and, after cleaning, are passed directly 
to the cutter from the draining tubs. They use 100-pound t in  plate for bodies and 
tops, all imported. 

The redfish used in thew canneries are nearly all taken from the Copper River 
delta. All bhe hiiinpbacks and n few redfish come from the Prince William Sound 
streams. A description of the locality, time of runs,  and other information is given 
in my former report. 

All the tins are made a t  the cannery. 
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King wnlmoii.. .......................... 
Redlisli ................................. 
Cohocs .................................. 
Dog scilmon ............................. Humpbncks.. ............................ 

SOUTHEASTERN ALASKA. 

Since my former report eight new canneries have been built in this district, one 
of which made its first pack in 1899 and the remainder during the present Beason 
(1900). During the same period one has been dismantled, that of the Baranof 
Packing Company at Redfish Bay, which was sold to the Alaska Packers Association 
and moved to the Egagak, and one was in course of construction, in 1900, at Bartlett 
Bay, which will be operated in 1901. The season of 1901 promises to see many new 
canneries in Alaska, a number of which will locate in this district. 

'1;Pkvkw Fis?wries Compuny.-A company under this title, organized at Portland, 
Oreg., built a cannery in the spring of 1900 at  the head of Dundas Bay, which is on 
the northern side of the junction of Cross Sound and Icy Straits. The cannery is one 
of the smaller ones and has a capacity of 300 cases per day, made largely by hand. 

In  1900 this cannery employed 9 white fishermen, 26 native fishermen, 5 white 
cannery-hands, 20 native men, 6 native women, and 30 Chinese. The record of the 
native men includes thoso to whom gear was furnished and froin whom the catch 
was purchased. They used one purse seine 150 fathoms long; 6 drag seines-length, 
2 of 140 fathoms, 1 of 100 fathoms, 1 of 80 fathoms, 1 of 60 fathoms, and 1 of 50 
fathoms-valued at  $1.50 per fathom; 4 gill nets of 150 fathoms each, valued lit 65 
cents per fathom. There was I lighter, $250; 5 seine boats, $75 each; 4 gill-net 
boats, $50 each; 2 Columbia River boats, $100 each; 1 dory, $50; 1 skiff, $50. 

The following cannery 
steamers were used: Steam tug Fuvowh, 7 tons, crew 3, value $2,000, chartered; 
steam tug Beaver, 19 tons, crew 5, vdue $5,500, owned. 

The transportation was by regular freight steamers. 

The following was the output in 1900, none being salted: 

BO 4.5 Scpt. l-Rrpt.30 
6,190 x to 12 .lonc2H-A1ig. 25 

4,760 G .  6 July lG-Scpl. 'LO 

077 7.6 July 30-Scpt.20 
1,XBG 18 JtIly IO-AItg. 10 

I I I I I ............. ... .____ ... ___ 

The Chinese contract was 3s cents for l-pound tnlls, 40 cents for half-pound 
flats, and 42 cents for l-pound fiats, with the usual conditions. The white fiehernien 
received $4-0 to $60 per month, with transportation and board. Fish were purchased 
at  the following rates: King salmon, 10 cents; cohoes, 6 cents; redfish, 5 cents; dog 
salmon, 2 cents; humpbacks, 1 cent. 

The following are the numbers of fish taken and the localities where found: 
275 king salmon off Nooniah; 66,901 redfish in Dundas Bay, Taylor Bay, Surge Ray, 
Cape Spencer, Thakanis Bay, Soapstone Point, Excursion Inlet, and Glacier Bay; 
8,596 cohoes, scattering on the redfish grounds; 35,383 humpbacks at Port  Althrop, 
Soapstone Point, and Fxcursion Inlet, and 89,803 dog salmon in Dundas Bay. 

Pyiwnaid Iladcvr i"uchh{/ C707~zpum~.-Y'his cannery, the fisheries, and tho general 
locality were described in my fornier report, pages 125 to 128, so that only the 
statistics for 1900, together with references to features omitted or changes made, 
will be given here. The canning machinery consists of 6 retorts, 2 fillers and 1 
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spare one, 2 toppers, 2 solderers, 1 cutter, and 1 can-making set. All t ins  are made 
at the cannery of 100-pound tin plate for bodies and 95-pound for tops; 60 per cent 
of the plate is imported. It has a daily capacity of 1,600 cases, but this amount is 
rarely attained. The pack of this cannery is the choicest in Alaska; i t  is mostly for 
export, is made with great care, and has only about Q per cent of do-overs. It is 
very clean and free from the unpleasant odors noticed in many packing houses. 

The fish are pewed from boats to a car operated by a cable and steam, traveling 
on an inclined plane from the water’s edge to the fish-house, and the cleaned fish are 
passed from the draining tuba direct to the cutter. The gurry is carried with a 
stream of water in a wide trough under the fish-house into the bay, The Chinese 
contract was 424 cents for machine-filled cans, with the usual conditions. The boss 
received $50 a month and his lay, and the tester $250 for the season. The fishermen 
had $50 for the run and -1 cents per fish for each boat of two men and full board. 
About ten natives were employed as boat-pullers, who shared in the gill-net catch. 
Klootchmen employed in the cannery received $1.25 per day. 

The cannery purchased fish from about 224 Chilkat and Chilkoot Indiana, paying 
10 cents for redfish, though forinerly 6 and 8 cents were paid. The Chilkats deliv- 
ered at  the cannery, while the cannery steamers called for the Chilkoot fish. 

The following redfish were delivered by the Chilkat Indians: In 1898, 11,156 
during August; in 1899, from July 19th to August 31st, 21,000; in 1900, from July 
25th to September Ist, 47,967. 

By the Chilkoot Indians: In 1898, July 12th to August 22d, 99,660; in 1899, from 
July 10th to August 13th, 148,896; in 1900, from July 12th to August 22d, 169,107. 

The cannery obtains its fish from Chilkat and Chilkoot inlets and rivers and 
from Talsu Inlet. King nalnion run at  Taku from May ‘25 to June 30; t i t  Chilkat, 
.from J u n e  10 to July 10, hut thcy are not abundant. A few straggling redfish 
appear a t  Chilltat ahout ~JUI IC  20, but they are not found in largo n u n i h y  until the 
last of ?June or s:wIy i n  rJUly. They are plentiful then until thc niiddle of August 
and straggle wi th  c.ohoes until the last of September. The ruii in Chilkoot begins 
earlier tbnd closes earlier than in the Chilkat. (In my former report the names 
bccarne transposed and this wab wrongly stated on page 128,) A good run for almlt 
forty-five days is usually looked for. The redfish are called sock-eye, tho nanie 
used for this species in Puget Sound and on the Columhia; and i t  was noticed that 
with the advent of canneries J):tcked by capital from that district the name sock-eye 
is becoming more coinrrion i n  Alaska. Cohoes are called liluks, which is the Indian 
name and the same as that used at Killisnoo. They run in Chilkat Inlet from ahout 
thc middle of August to early in  October, possibly later, rind are quite abunclant 
in September. There are very few humpbacks i n  Chilkat, hut it is said that they 
are quite abundant in Chilkoot. Dog salmon straggle through the season and some 
years arc abundant in September. 

The pack of this cannery is in redfish; the king salmon and cohoesltre incidental 
and the humphacks and dog salmon are not used. The first steelhead ever seen in 
this locality was taken this year. The only sturgeoo ever seen was mentioned in  my 
former report. There are many Dolly Varden trout and 
some very large halibut. The cannery uses gill nets exclusively, while the Indians 
fish the rivers with gaffs and nets, the latter about 60 fathoms long. 

No shad have been seen. 
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K i u p  salmon: 
Red .................................... 
Wl’hitc ................................... 

Kedfj~h ..................................... 
Cohocs.. .................................... 

The following are the statistics of the Pyramid Harbor cannery for 1900: 
Hands employed: 92 white and 10 native fishermen; 224 natives from whom 

fish were purchased; 12 white cannery-hands, 16 Klootchmen, and 86 Chinese. 
Fishing gear: 56 gill nets for redfish, each 300 fathoms long, 28 nieshes deep, 

6h-inch mesh; 14 gill nets for king salmon, each 180 fathoms long, 30 meshes deep, 
Sa-inch mesh. 

Boats, lighters, etc.: Threc lighters, $400 each; 56 Columbia River boats, $200 
each; 3 skiffs, $25 each, and 1 piledriver, $1,000. 

The following vessels (owned) were employed in  1900: Steanier El&, 37 tons, 
crew 4, value $16,000; ship Two Brothers, 1,263 tons, crew fishermen, value $35,000. 

The following \vas the 1900 output: 

12,255 3.5  MIX^ 2O-JIII1e 30. 

51,856 11 JIlly 9-Scl1t. 1. “77 3.5  no. 
513 7.5 AnK. 20-Sepl. I.  

I-- _ _ _ _ ( _ _ _ ) .  I_ I 

CNILIiOOT INLET. 

Chilkoot Inlet is the w m  tit the head of Lynn Ciinal cast of Chillrnt nnd is sepa- 
rated from that inlet by a long, narrow peninsula tcrminating in Seduction Point. 

Chilkoot I h k i n g  Conip07n~.-At the head of Chilkoot Inlet is the cmnery of 
the Chilkoot Packing Conipny, organizccl at Aberdecn, Wash., wit11 R cnpitcil of 
$20,000. This compuny built thei;. cwnnery i n  April, 1900, at the hei~d of the inlet, 
on the northerh shore, i n  a small bend ii11niedi:ttely outside of the liiie where the river 
flats h p i n g e  upon the shore line. The proinoteys of this (wincry foriiierly owned a 
cannery at  Grays Harbor, Washington. 

The Chilkoot cannery in 1900 had ;L daily capticity of 200 cnscs, but this might he 
douMed. The plant consists of 2 steam boxes, 2 retorts, 1 soldering machine, and 
1 cutter. It is one of the smaller canneries ttnci inaltcs IL hand piclr. For the seuson 
of 1!)01 the). expect to hiivc fillers and toppers i n  operation. 

Nine thousand CILSCS of cans were made hy hand tit the c*anncry and the rest were 
purc:hasetl; 95-pounr1, tin p1:tte was used, nll domestic. Fish arc pewctl fro111 boats 
to fish-house find when clcaiicd are carried to the cannery on IL conveyer of un endless 
chain of buclicts. Transporttition is 1);v regular freight steamers. 

Fisherii~en 
received $25 pel’ month from the tiinc of departure from Pnget Sound to date of 
return, with full  I J O ~ ~ C ~ ,  transportation, and 5 cents for each redfish per h i t  of two 
inen. The cannery paid the Indians 19 cents for redfish ttiken with their own genr 
and 8 cents for redfish taken with cannery boats and gear. 

They used seines and gill nets mid fished from the head of the inlet to Hrtincs 
Mission for redfish and in Berners Bay for cohoes ant1 dog salmon, though all the 
species occur in the inlet; scattering king sahot i  sometinles appear. A few redfi~h 
have been seen as early as June 15. Trout are abuhdant and halibut and flounders 
are not uncon~n~on. \Ire weighed 33 talcen 

‘ 

The Chinese contract was 424 Cents, with the usud conditions. 

The Chilkoot redfish run quite large. 
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in the ship's seine, and they averaged Sa pounds; 30 froni the cannery bin averaged 
'7+ pounds. The following record of steelheads may be of interest: August 20, 
1 steelhead; August 2 5 , 3  steelheads, length 28 inches, weight 98 pounds; August 26, 
2 steelheads, length 28 and 32 inches, weight 10 and 138 pounds; August 29, 3 steel- 
heads, length 26, 28, and 31 inches, weight s+, 103, and 133 pounds; Septeniher 4, 
4 steelheads; September 8,  2 steelheads. 

I n  3900 the cannery employed 24 white and 8 native fishermen and purchased 
from 16 natives; 9 white cannery-hands, 17 natives, and 28 Chinese. 

I t  used 1 purse seine, 160 fathoms by 20 fathoms, %-inch mesh, \mluc $l,&00; 
16 gill nets, each 270 fathonis long, 25 nieshcs deep, 6k-inch mesh. value 65 cents 
per fathom; 2 Columbia River boats, $90 each, and 1 skiff, 4%. 

The following cannery stcamers were used: Stearlier XsteZZa, 2'3 toils, crew 3, 
value $3,500, owned; 1sunc.h 

The following wts the output, of canned salmon, none being saltcd: 
3. Bobcyts, 9 tons, crew 2, value $3,000, chartered. 

[HUIf-f~IJI111l~ t l l lS  UI'C I)U('kCIi ill  ('ILZCZ l>f 48 l I I I5 ,  IJlIt I L K !  rt.CliOllCl1 i l l  CllSBX <Jf  48 IKIUlld\.] 

Sf'C&!S. 

1 9,029 

1 674 

lk!cllisl1.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
COllOCS . . . . . . . . . . . . . . . . . . . . . . . . 
IIOg SUllllCJIl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . 

The northwestern eiid of Chillroot Inlet tcrniinates i n  :L n:irrowing, V-bhapcd 
indentation, which receives :it its head the waters of Chillsoot Hivcr. The indentation 
is :il)out one-half niile wide at t h e  outer end hy three-fourths inilc in length, zlnd :It 
low water is a n  uncovered flat, with a shallow boilt channel nicanderiiig through it, 
which carrics the river discharge. At the apex of the V is the river mouth, which 
at  t h i b  point is contracted to about 100 feet hy a point making frorii the western shorc. 
Within the point is a tidal basin about 100 yards wide and one-fourth ride long, 
which extends to the foot of the rapids at the head of tide water. From here thc 
s t r e w  first curves gently to the northward and then to the westward until it reitches 
the lake, three-fourths niilc distant, having mi :~verage width of ahout 125 feet. With 
the exception of a length of about one-fourth mile froni the lake, where, howevcr, 
the current flows with considerable velocity, the entire river froiii tidc water is :I 

rapid of gentle fall. At the middle of this length, on the western shorc, is n suiiiirier 
village of Chillroot Indians, who fish the strean1 and, it is said, the lake also. 

The right bank is steep to ti 
narrow grassy shelf which niei.ges into rolling, densely wooded hills; the left bank 
is steep and wooded, with grassy ~~cccsscs, and rises rapidly to the precipitous iiioun- 
tain masses. The rapids are all staked off, each stake indicating the fishing-place 
allotted to an Indian family, which is handed down froni one generation to another 
and jealously guarded against intruders. During the fishing season the Indians build 
platforms over or secure canoes 011 their claims, and froin either conduct the fishing, 

The hottoni of the stream is rocky and bowldery. 
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by means of a large iron harbless hook eecured to thc end of a stout pole. The 
impaled fish is thrown into a box alongside of the fishcrnlen. At one point of the 
rapids runways have been consttucted by piling rocks in parallel lines and confining 
the water to narrow channels. In thesc runways fylre-net-shapcd traps are arranged 

It is said 
they do not work very well, but to my eyes it loolred as if fcw fish could p ~ s  without 
hcing trapped. 

, to be raised or lowered to meet the level of different stages of thc water. 

It is probable that short nets t ~ r c  also used in  the rapids. 

N h . 1  

Plaii of Chilkoot lake and stream. 

The lakc hus un extrcnic length of miles in u northwest and southeast direc- 
tion, with tin average width of 1 inile. It lies in a bitsin nearly surroundcd by lofty, 
precipitous niountttins reaching nn altitude of 4,000 to 5,000 feet, and is largely fed 
by cascades and streamlets from the melting snows and glaciers. There is one feeder 
worthy of the name of stream which enters the lake at  the extreme northwestern 

F. c. n. mi-1.i 
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end through a n:iri~)w valley leading to :L g1:wier. Wo had no xiie:ms for reaching 
this streani, but a t  a distance i t  appeared as if there wcre considcr:iblc areas of fiat 
land tiround its niouth. The batiks around the southern end of the Itilic, and 011 cithor 
side as far as could he seen, are steep and rocky, and the lmttoni bowldcry, shelving 
rapidly to deep water. The spawning-grounds :ire pro1)ably around the feeder at the 
head of the lake where, it is said, the bottom is sand and gravel. The water is quite 
cold and whitish, like all glacial waters. 

The only probahlc site for a hittchery is near the large feeder, where water by 
gravity and ripe fish could ))e obtained. The water would probably have to be 
filtered, arid the question of freezing might he :in iniportant one, and can only he 
solved l ~ y  a series of observations over nn extended period. 

KILLIBN 00. 

T L  AZCIS~CL Oil an3 Gunno Con~pany'ti works at  Killisnoo were again visited. 
They were described in niy former report, pages 121 to 125. There has been no 
change in the plant since our  previous visit. The large trap in Hootznahoo Inlet 
has hecn abandoned, as the results were not coni~nensurate with the expense involved. 
The herring taken in this locality are very i k h  in oil, and when salted have attracted 
the attention of the eastern market. A large order was placed with this company 
for the salt product, which, however, they were unable to fill.  Fishing commenced 
this year on May 26, a date much earlier than heretofore. 

There werc eniployed 20 white and 10 native fishernien; for factory and beach 
htinds 27 whites, 38 ntitives, and 13 Chinese. Their rate of pay is given in my former 
report, page 122. The coniptmy used two purse seines, 150 fathonis by 15 fathonis, 
value $1,200 each; one drag seine, 250 fathoms by 20 fathonis, $2,000; 3 lighters, 
$800 each; 8 seine boats, $125 each; 6 strike boats, $75 each; 20 dories, $25 each. 

Their crews are included 
in  the numhew given under the 1i:inds emplopcd. 

The following vessel$ were eniployed 011 the fisheries. 

Class riiid iiumc. 1'0116. 

Steamer 1hA)JhirI ................... 60 

Lnuncli ~o i i i se  ..................... I 5 
Steamer Favorire.. ................. ~ 4'2 

The following was the output in 1898, 1899, and 1900: 
1898.--45,240 barrels of herring, making 165,500 gallons of oil and 886 tons of guano; froni ,June 27 to 

1898.--Salted 1,300 half-lJarrelS of lierrittg and 25 hall-barrels of  ~iunipl~ack Iiellies. 
1899.--36,800 barrels of herring, making 128,000 gallons of oil and 714 tons of guano; from .July 5 t ( ~  

1899.--Saited 1,650 half-barrels and 200 barrels of herring, and 31 half-barrels of 1iurnpl)ack Idlies. 
1900.--60,300 barrels of herring, niaking 172,000 gallons of oil and 1,194 tons of guano; from May 26 to 

1900.--Yalted 185 half-barrels and 100 Imrrels ol hei ring, 5 1)arrels oi king salnioii, 8 half-barrels and 

Novenilwr 19. 

Noveriiber 5. 

Noveniber 5. 

210 barrels of redfish, and 523 half-barrels of humpback bellies. 
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TAKU INLET. 

Tabu PacLhq (;Impa?7y.-A couipany under this title was organized in Astoria, 
Oreg. , by some of the stockholders of the Alaska Fishermen’s Paclring Chipany, 
Nushaguk, with u capital of %20,000, and in the spring of 1900 a cannery was built 
on Taku Inlet. Thc construction of the buildings was commenced March 28, and the 
1)I:int was ready for operation on May 17. It is located on the western shore of Talru 
Inlet, 24 iiiilcs west by north from Jaw Point, 011 the northern side of a small bight 
(Sunrijr Cove), which receives the waters of a small stream. 

It is a sindl cannery, niakilig t~ hand puck, nnd has daily capacity of 250 cases, 
with expectations of niakirig from 15,000 to 18,000 cases a year. The capacity of 
the cannery will bc increased in 1901. It has 1 stearii box, 1 retort, 1 solderer, and 
1 hand cutter. The cans, which were purchased and carried to Alaska, were made of 
95-pound tin plate. Transportation is by regular freight steamers, which call upon 
notification. The Chinese contract wus 42 cents for talls and 44 cents for flats, with 
the usual conditions. The fishermen were trtinsported each way, had full board, 
received $80 for the season, and 5 cents for redfish and 10 cents for king salmon per 
boat of two men. 

This year the fishing was confined to Taku Inlet and most of the fish were 
obtained near the mouth of the river, described in illy former report, page 126. It 
is expected, however, in  the future to cxprind the fisheries and include neighboring 
& Y ~ I I S .  Fishing in the inlet is difficult on account of ice pouring from the glaciers, 
imd, as there are no seining beaches, it is confined to gill nets. 

According to the cannery data king salnion begin to run in Taku Inlet May 8 
and continue to June 26. The Pyramid Harbor cannery, which has fished here for 
many years, gave the dates of the king salmon runs as Mny 25 to June 30. It is 
probable that the time depends upon the nioveliients of the ice, and the earlier date 
may be for the first arrivals whose numbers are insufficient for u large cannery. Of 
the early run 15 per cent are white-meated, :ml this proportion increases until the 
latter part of the run, when about 30 per cent are found in this condition. One Iring 
d n i o n  was taken weighing 64 pounds. The first arrivals of the redfish were noted 
on June 20, but they did not come in sufficient numbers for canning until July 1; 
they then continued to August 12. 

Cohoes Yun from August 1 to October 1, and dog salmon are noticed scattering 
throughout the season, but are iiiost abundant 111 August. Steelheads are quite 
abundant and were first noticed from July 15 to August 1. At the time of our visit, 
Augubt 25 and 26, they formed about 10 per cent of thc catch. Dolly Varden trout 
arc riui~ierous, and there are a few halibut, but no shad or sturgeon. 

The native cannery-hands wcrc paid $2 per day. 

The following are the statistics: 
Hands employed: Thirty white and 14 native fishermen, 7 whitc and 2 native 

cannery-hands, and 19 Chinese. 
Fishing gear: Fifteen redfish gill nets, each 150 fathoms long, 35 meshes doep, 

C,&-inch mesh; and 22 king-salnion gill nets, 150 fathoms long, 22 meshes deep, 
l)&-tncIi mesh, value 65 cents per fathom. 

Boats, lighters, etc. : 2 lighters, $225 each; 1 fish scow, $150; 15 gill-net boats, $60 
cach; 2 dories, $25 each. Launch If%wn, 5 tons, crew 2, valued at $1,000, owned. 
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The output was as follows, none being-salted: 

King salmon: 
Red ..................................... 
Pink .................................... 
White. .................................. 

Redfish ..................................... 

cases. Date. the case. --- I ! I Species. 

13,150 
;;45; 1 2.8 MILS l7-Jn11c 26 

";$!! 9 July 5-AIlg. 12 

King salmon: 
Ked ................................... 
White ................................. 

Redfish ................................... 
Cohoes .................................... 
Hnmpbaeks.. ............................. 
Dog salmon.. ............................. 

Cohoea ...................................... 1' /I 7 1 Aug. I-Scpt. 15 
Dog wlmon 6.5 Aog. 15-Sept. !L5 ................................. l 

454 
97 

2,542 
7.51; 

3,593 
2,016 

1 Talk. a Flats. 

PORT SNETTISHAM. 

Tahc Fishing Con?pany.-This company, with a capital stock of $15,000, said to 
be owned in San Francisco, but wlth home address a t  Portland, Oreg., commenced 
the construction of a cannery on March 4,1000, and had the plant ready for operating 
June 4. It is located on the southern side of the entrance to Port Snettisham, in the 
first bend within the southern entrance point, 2 miles east of Point Styleinan. It is 
a small cannery, making a hand pack, with a daily capacity of 300 cases, and an outfit 
for about 12,000 to 15,000 cases per season. It has 3 retorts, 1 solderer, and 1 
hand cutter. All cans are made by hand at  the cannery, of 95-pound domestic tin. 

The Chinese contract was 43 cents for hand-filled cans, with the usual conditions. 
The lccality has not heretofore been considered a favorable location; hence no fish- 
ermen's contracts could be made and they were paid wages throughout the season. 
The white fishernlen were transported and, with the natives, received from $40 to 
$65 per month and board. The cannery paid 7 cents each for redfish and 50 cents 
per hundred for humpbacks. King salmon were obtained from Talru Inlet and red- 
fish from Port  Snettisham. Humpbacks were largely from Limestone Inlet and 
from small streams near the cannery. 

Eniployees: 16 white and 20 native fishermen, 4 white cannery-hands, 25 Chinese. 
. Fishing gear: Four gill-nets for king salmon, each 150 fathoms long, 20 meshes 

deep, 94-inch mesh; 14 gill-nets for redfish, each 150 fathorns long, 30 meshes deep, 
6+-inch mesh-all valued at 65 cents per fathom. The cannery had 1 purse seine, 165 
fathoms long, 300 meshes deep, 3a-inch mesh, value $400, and 3 drag seines averaging 
100 fathonis long, 5 fathoms deep, and 3+-inch mesh, value $1.50 per fathom. 

Boats, etc.: One lighter, $500; 3 seine boats, $50 each; 3 Columbia River 
boats, $150 each; 9 gill-net boats, 850 each. The following launches were also 
used: N. & S., 10 tons, crew 2, valued at  $1,800, owned; l'escudcro, 4 tons, crew 
1, value $600, owned. The transportation was by regular freight steamer- 

The following was the output: 

3 
3 
9 
7 

21 
7 

Date. 

June l-Juue20 

July 9-July 27 
Se t 1 SepL 24 
~ u f y . 2 G ~ u g :  IG 
July 9-Sept.24 

Dfl. 
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WRANGELL NARROWS. 

Iiy Strait Packing Compan'y, Peters6urg.-This company, incorporated in the 
State of Washington, is organized from the stockholders of the Quadra Packing 
Company, who, to expand their work in A l ~ k a ,  purchased the saltery interests in 
Bartlett Bay, near Icy Strait, intcnding to build a cannery at  that point during the 
season of 1899. Circumstnnccs arose which made it inexpedient to carry out the 
Bartlett Bay project a t  the time, and, attention having been directed to a site in 
Wrangell Narrows for a cannery, fishery, sawmill, etc., work was commenced on this 
plant in the summer of 1899, when a small sawmill was set up, a substantial steamer 
wharf buiIt, and a warehouse, store, and residence completed. It is located inside 
of the northern entrance to Wrangell Narrows on the southeastern shore, about 
a mile above Turn Point and an equd distance from the open waters of Frederick 
Sound, The position is an excellent Sone, as it is convenient to several very good 
fisheries, and all steamers pass close to the wharf on their regular routes to and from 
Alaska ports. A town sitc has bcon recorded, a post-office and an express ofice 
established under the name of Pctershurg, nnd an Indian village has sprung up close 
by. During the winter of 1899-1900, and while the building operations were in 
progress, the company engagcd in the herring and halibut fisheries. Of the former, 
during the months of Septeml)er and October, 1,500 barrels were sdtcd, mostly taken 
from Wrangell Narrows. As this 
may become an important industry, i t  will be referred to under another heading. 

I n  the spring of 1900 t h e  cannery building, warehouse, bunk-house, etc., were 
erkcted and the canning machinery installed. Situated on the stcamer route, the 
surroundings have bccn made attractive by gardens, plank walks, briclges, etc., and 
the buildings are substantial, well arranged, and very clean. 

Fish are pcwed from boats os lighters to the fish-house on the end of the wharf, 
which is well arranged, clean, and clear of bad odors. After cleaning, the fish are 
passed directly from the draining tahles to the cutter. As the pack is mnde by hand, 
the severed fish are curried from the cutter to the filling tables, which tire arranged 
for 64 fillers. Klootchnien do most of this work and receive 6 cents H case for filling. 
The Cans then go to the washer, after which the flonts are put in and the tops put 
on by Chinese; they then pass to the crimpers, and in succession to the acid bath, 
solderer, etc. 

The cannery machinery consists of 5 steam boxes, 3 retorts, 1 cutter, 1 washer, 
2 cappers, 2 crimpers, and 1 solderer. They have a good supply of hand tools, 
small lathe, drill press, etc., and a well-equipped cooperage and box factory. 14,500 
cases of cuns were purchased; the remainder were made nt the cannery. The tin 
WRS 100-pound plate for tho tops and hodies, both donicstic and imported, but the 
proportion of each could not be ascertained. The cannery as installed at  present 
has a daily crtpacity of 1,000 cases, hand-fillcd. It is probable that filling iimchinery 
will be introduced, though it is bclievcd that a hand-filled pack is preferred. 

The fisherman 
received $35 per month, Iioltrd and allowances, which brings the average up to about 
$50 per month. Native fishermen receive the v~liiie as whites if they complete the 
season. Fish weiw purchased :it the lowest rates for which they could be obtained. 
The native work this season was very satisfactory. 

The halibut were shipped on ice to Puget Sound. 

The Chinese contract was 45 ccnts, with the usual conditions. 
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The fisheries of this cannery were conducted over such :i wide area and in such 
an irregular way that 110 accurate stream data is a~~iilablc.  The crews were moved 
froin place to place, as seemed to oBer the best facilitirs :~nd the most fish. Points 
130 to 140 miles distant were reached for fish to supply the cannery, and much 
enterprise was exhibited on this work. The following streains wei-e fished, and the 
numbers taken by this cannery, where known, are given: Taku Inlet; North Stream, 
Stikine Delta; Blind River, Wrangell Narrows; North End, Wrangell Narrows; 
head of Duncan Canal; Redfish B ~ s ,  34,000 redfish; Freshwater Bay, 25,000 redfish; 
Basket Bay, 30,000 redfish; Sitkoh Bay, 30,000 redfish; North Bay of Pillars; South 
B q 7  of Pillars, 6,500 redfish; Tebenkof Bay, 7,000 redfish; Shipley Bay; Rocky 
Straits, 25,000 redfish; Red Baj’,, 30,000 redfish. 

I n  addition to the plant a t  Fetersburg this company operated salteries in  con- 
junction with it a t  Taku Inlet, Shipley Bay, and I3artlett Hay, and also on the hulk 
Blcmche, and as the men and. material are interwoven with the cannery operations 
these salteries will be referred to and the statistics e;iven as a mhole. 

B u d e t t  Buy sulter?l is located on the abandoned cannery site of the Bartlett Uny 
Packing Compnny , once the property of the Alaska Packers Association, which, as 
previously noted, was the location first selected by the Icy Strait Packing Cornpan7 
for thcir cannery. During the Heason of 1$99 two white fishermen, on the part of 
the new company, prospected the place for fish and salted 200 barrels of salmon, 
which were marketed from Petersbrrrg. 

During the season of 1900 regul:Lr salting operations were conducted here by the 
Icy Strait Packing ComptLny, and at the same time buildings were erected f o ~  :L 
cannery, in which niachincry will he installed in the spring of 1901. The caniiery 
will he operated that season. 

Shipley B u y  saltcry, which was formerly operated by Walter Kosmikoff and 
located at  the head of that bay (see my former report, p. 109), was acquired hy the 
Icy Strait Packing Coniptiny and operated during the season of 1‘300. 

Tuku Inlet sa l teq  was h i l t  in 1897 by the present Alaska manager of the Icy 
Strait Packing Company on Tulw Point, near the head of the inlet of that name. 
I n  1898 and 1899 it was operated by the Quadra Packing Company, and in 1900 by a 
large force, with gear, from the Petershurg establishment. 

The hulk Blunche was used hy the Icy Strait Packing Conipaiiy for salting 
herring, and was moved :in the narrows fl*om point, to point as occ:~sion required, 
though generally locatrd off I3linci Itivcr. The company fitted out to salt 4,000 
barrels hy the end of the year. The herring come to Wrangell Narrows i n  Ju ly ,  
and are found i n  that vicinity until February. 

The following are the statistics of the Icy Strait Packing Conipnny, and in  it 
are includeci the men, boats, gear, etc., employed i n  the salteriw :it 13artlett 13rty, 
ShiplelJ Bay, Taku Inlet, arid on the hulk Bdunchc. 

Hands employed: 34 white and 24 native fishermen; 10 white and 43 ntttivo can- 
nery-hands, and 50 Chinese. 

Fishing gear: Five purse seines, each 120 fathoms long, 10 fathoms deep, and 
3-inch mesh; value, $3 per fathom. Five drag seines, each 120 fathoms long, G 
fathoms deep, and 3-inch mesh; value, $1.50 per fathom. Two drag seines (for 
herring), 180 fathoms long, 15 fathoms deep, :md %inch mesh; value, $3 per fathom. 
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Gill, nets: K i n g  salmon, each 50 fathoms long, 25 iiieshes deep, and 9-inch mesh: 
redfish, 50 fathomss long, 40 meshes deep, a d  52-inch mesh; cohoes, 75 fathoni:: 
long, 30 ineshes deep, rmd 7-inch mesh (120 nets in all; value, 65 cents per fathoin). 

Boats, lighters, etc. : 1 cargo lighter, $850; 12 seine boats, $100 each; 12  gill-net 
Iwats, $50 each; 1 2  seine-boat tenders, $35 each; 4 skiffs, $20 each; 1 pile-driver, $500. 

The following vessels (owned) were employed: 

I Class and name. ' 

-___ 
Steamer White  Wings ................................ 
Steamer Aili i ic  M. Nixon ............................. 
Stramcr (\tern. piid.) Gypsy Qiieeii ................... 5H ........ 
Hulk Hiutic~hc ........................................ 1 Sco\v Elliott .......................................... 

~ _- ._ 

1 Fishermen. 

The output of the cannery consisted of- 

1 8,625 Kedfid1 ................................ ,._I_. ....... 
Cohocsa ............................................. 
Hiimpbncku.. ....................................... 10,000 20 
~ o j i  siilmon ........................... -1.. .......... 

__ 
Date. 

Jiil>' I-Aug. 20 

scpt. 10-Oct. 10 
July 20-Sept. 15 
Ang.  16-Ocl. 30 

The Ihrtlett I h y  snltcry in  1899 s:LItcrl 200 1)niwls of redfish. I11 1900 it snlted 
530 barrcls of i d f i s h ,  45 to the b:irrel, ,June 25 to August 7 ;  120 h r r &  of cohoes, 
30 to the I):wel, Auguqt 20 to September 30. 

The Shipley 13:iy srtltery in 1900 salted 200 barrels of wdfish, 50 to the l)nrrcl, 
~ U I W  27 to August 14. 

The Tillru Inlet s:iltery in 1898 salted 140 1)arrels of Icing sdmon and 12 barrcls 
of white king-salmon ldlies. In 18!)9 it saltcd 400 hnrrcls of Iring s:LIinori, 19+ to the 
lmrel ,  and 12 lmrrels of white king-salnion bellies, May 10 to ?June 25. In 1900 it 
salted 400 harrels of Iring sitliiion, 12& to thc barrel, and 12 1):irrels of white king- 
s:ilmon l)ellies, May 7 to June  25. 

On the hulk I I la7d i~  in 1899 there were salted 1,500 bnrrels of herring, Septmi- 
her 15 to Octohel. 31; i n  1900, 1,000 hnrrcls of herring, August 1 to October 3. 

/Bc?j/ic C'onst and No~wxiy Z'uckin y C'onipiiy, I f i n 7 y e 7 f  A?wwm~.-Thix is :L 
compny chartered in Minnesota, with main 00icc nt Minncapolis, :md said to be 
incoiprnted for bl7000,000, of which, however, a very si i i~l l  portion only is repoited 
to h:ivc been ,subscribed. I t  is t t  new organization, and this year was prospecting for 
a (winery sitc on W~*:inpell Narrows, or in that vicinity. It is expectcil to build 11 

ciinncry in the spring of 1901 :md lliake n pack that season, but none of the details 
have yet been considered. This season a floating saltery outfit was operated ant1 
salinoti a n d  herring were saltccl. Later the halibut industry is to be examined. 

The following are tho statistics, 11s far as they could he learned: 
Men employed: 16 white :~iid 8 J:ipnuese fishermen and 2 Japanese coolts. 
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-- 
No. to 

the cmc. Species. 
~~ 

Redfish ..................................... 480 12 
Coboes ...................................... 1,060 7 .5  
Dog salmon.. ............................... 20 7.8 

Outfit: 1 herring seine, 130 fathoms long, 40 feet deep, la-inch ’mesh, value $800; 
1 herring seine, 110 fathoms long, 30 feet deep, la-inch mesh, value $600; 2 gill nets, 
75 fathoms long, 30 meshes deep, 7-inch mesh, value 65 cents per fathom; 2 seine 
boats, $180 each; 2 dories, $30 each; 3 skiffs, $20 each. 

The vessels were the steamer Neytune, 176 tons, crew 10, value $10,000, owned; 
house scows Ike, value $1,000, owned; Joe, value $1,000, owned. 

This outfit reached Wrangell Narrows August 20, and has been operating in the 
vicinity of Blind River. To September 5th, 250 barrels of herring and 8 barrels of 
cohoes had been salted. The party was fitted out to salt 3,000 barrels of herring. 
One of the house scows is fitted up as a cooper shop and the other as a bunk-house. 

The Rqer - Wurnock Packing Compuny.---This firm hails from San Francisco 
and located a cannery in southeastern Alaska in the spring of 1900. The site is that 
bf the Buck saltery, in Heecher Pass, which connects Duncan Canal with Wrangell 
Narrows. The cannery is on the northern side of the pass, immediately within the 
southeastern point of the largest and easternmost of three islands which lie in the pass 
just south of Hood Point, with which they are connected at low water. 

The cannery is a very small pIant, the old saltery building having been utilized in 
the so-called main building, and is without appliances usually found in a cannery 
of siimplest form. It is tmlieved that under present conditions an output of 25 cases 
a day would tax the efforts of the cannery. On the day of my visit 900 fish were 
received, and it was said that it would take from Thursday morning until Sunday to 
pack them. The superintendent stated that machinery would bc introduccd next 
year (1901), so that a season’s pack of 25,000 cases could be made. I n  this event new 
buildings will have to be erected, as the present ones are mere shacks. 

The fish were cut in sections with an 
ordinary butcher’s knife, and the cans filled, capped, crimped, and soldered by hand. 
All cans were purchased; weight of tin plate unknown. There were no fishermen; 
all fish were purchased, and for them 6 cents to 8 cents were paid. There was no 
Chinese contract; the Mongolians employed were paid $35 per month and received 
board and transportation. 

It had 2 seines, 
each 100 fathoms by 5 fathoms, value, $1.50 per fathom; 1 gill net, 100 fathoms by 
30 meshes, 7-inch mesh; 1 seine boat, $30; 1 scow, $30; 1 dory, $10; und 1 naphtha 
launch, the B o -  Wa, of 4 tqns, crew 2; valued at  $800. 

The pack of canned salmon for the season 
consisted Qf : 

The pack was truly made by hand. 

The cannery employed 2 white men, 10 Japanese, and 1 Chinese. 

Nineteen barrels of redfish were salted. 

Date. 

Jnlynnd August. 
Do. 

WRANOELL NARROWS STREAM. 

Emptying into Wrangell Narrows on the eastern side, opposite Finger Point and 
one-half mile to the northward of the astrononiical station, Conat Survey chart No. 
8180, is a large stre& which was said to run redfish. This stream was examined by 
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Ensign Hepburn, and from his report it is quite probable that it is not a redfish 
stream and that but few salmon can surmount the obstacles. The stream is not a 
lake outlet, but drains the hills about 10 miles to the southeast from its mouth. 
Throughout its entire course, and to within one-half mile of its mouth, it follows a 
line of hills which lie to the northward. The opposite side is comparatively low. 
Three hundred yards within the mouth, at a sharp bend, is a fall to which tide water 

0 I lh 

Seal. OF Mil.' 
1 1 

Cascade stream, east side of Wrangell Narrows, opposite Finger Point. 

extends. 
spring tides that fish can ascend. 
and current 1+ knots. 
wider reaches i t  is sandy and gravelly. 
temperature (September 6) 2 miles from the mouth was 50° F. 
timbered, and there is a dense undergrowth. 

At low water the fall is about 30 feet high, and it is only at high-water 
Above the falls the width is 45 feet, depth 1s feet, 

The bottom is rocky where the stream narrows, and in the 
The color of the water is dark, and the 

The banks are heavily 
On the left bank, beyond the stream 
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belt, t,he c,ountry seemed open. 
below the falls, iind a few cohoes were noticed jumping at the falls. 
that dog s:~lnion and cohocs are the only ones that trjr the fdls a t  all. 

.4 nuniber of dead dog salmon and cohoes were seen 
'it was learned 

SALMON BAY STREAM. 

This streani was examined by Ensign Kempff and Mr. Fassett. Salmon Bay is 
on the northewtern end of Prince of Wales Island, about 7 miles to the eastward of 
Ileil 13:ty, :rt the junction of C1:Lrenoe and Sumncr strtiits. Salmon Bay is a narrow 

inlet curving in :t southerly direction, about one- 
half mile in length, ttnd at the head h:w a narrow 
rocky passage which, after a few hundred yards, 
widens, forming a tidal basin that receives the 
waters of a redfish stream. This stream was 
explored for :L distance of 39 miles to a moderate 
elevation, and RS the lake was not reached the 
pnrty returned. There was no one in the 
vicinity frob whom any information could be 
o lh ined .  It was t&fterw:u.ds learned that the 
1:Lke is some distance i n  the interior. The stream 
is very tortuous and flows through a compam- 
tively level countiy. 'l'hc Imd around the mouth 
of the stream is low :md grassy, tide wtitm 
extending about 1$ miles within the mouth. 
The hottom is rocky arid lmwldcrp, with gravd 
patches over which fish were seen spawning. The 
water has the brownish tinge common to lake 
water in  this district, and .1. milo ahove the mouth 
had ti tcinperatnrc? of 66" B., 3 miles :hove the 
s:me point .W-' F., Septernbcr 4. The average 

. width is thout 40 feet; depth, 1 foot; current 
.', strong. No tri1)utnries wcrc noticed in the dis- 

h n o c  ex:rmined. Ahout 2 miles from the mouth 
there is a fall or rnpid, in steps irl)oiit 4 feet 
high, which, however, does not prevent the fish 
froin ascending. The banlts I L I ' ~  woodcd, ttnd 
several open spaccs werc noticed I):~clc of the 
fringe of growth borde~-inp the streani. 

.Just beyond the head of tide water the stream during the fishing season may I M  
barricaded. On each hnnk arc, heavy posts and on line a number of shltes driven i n  
thestream lied, with bowlders between. It is not known exactly wh:lt this imybe, but 
from the old web found on the ljanks i t  is believed that a net has been strctched acro~s  
the stream, supported by the stRke.'~, with the foot held in position by the howldcrs. 

At  t x o  points, thout one-half mile within the mouth, runways or leads have been 
constructed by piling the rocks from either l x d r  in  V-shape, leaving the apex open. 
It is possible that these runways are used in  connection with the fylce-shaped traps 

L O W E R  LiAD 

1.1 : . ..  

., , I .; , 

U P P E R  LEAD 
strean1 ant1 leails, Salmon Bay, Prince of 

\Val t?s Island . 



-_ 
1896.. ...................... 
1896.. ...................... 
1897.. ...................... 
1898 ....................... 
1899.. ..................... 
1900 ........................ 

Salmon B u y  saZtery.-On the southern point of the entrance to Salinon Bay is a 
saltery formerly conducted by Mr. Tom McCnuley. Several ye:irs ago the stilting 
tanks were moved to Whale Passage, and the saltery is now used as n cooperage. 
The buildings, dwelling, storc, etc., at the time visited were i n  good repair; a large 
number of barrels were stored in a warehouse, and quite an outfit of coopering tools 
was noticed, but everything WILS locked and no one i n  sight. The fish tdren from 
the sti*eam are sold fresh to the Wrangell ctinnery 1)y Mr. McCruiley, who clsinis the 
fishing right here. 

REI3 BAY STREAM. 

- _..____ - 
July 1-30 ............. Redfish.. ........ .i l!, 715 
Aug. 1-31 ............. Cohoeu ........... L,( ix2 
July 1-15 ............. Redfiyh. .......... 1 16,012 
Junc 28-July 20.. ..... Kedfidi ........... 22,OM) 
Jiiiic 20-Aug. 2 ....... Redfish.. ........ ./ :Lp, 401 
June IO-July 27.. ..... lledfivli ........... 33,290 

Red R,zy is on the northern side of Prince of Wales Island and opens on Sum- 
ner Strait. (See Coast S u r v e ~ ~  ch:irt Nos. 8200 aiid 8168.) The southwest oxtreniiLy 
of the bay narrows to iL pocltet, which is an uncovered flat at low w&r, snd rroeiws 
ti t  the southeastern end the waters of a redfish stream, which was examined by Lieu- 
tenant ltodniari Septeinbei. 4. It is about 19 miles in length, has an average width 
of 30 feet and depth of 12 inches, with two rocky pools tkbout 5 feet in depth in  its 
length; it flows in a northwesterly and northerly direction from the lltlce over a 
gravelly bottom with occasional bowlders, running with a, slack current, and has no 
fd ls  or heavy rapids in its coui-se. The lake, u t  the point of outlet, flows in two 
streams, forming i ~ i i  island about one-half mile in  diameter. The eastern bank of the 
iiiain stream is generally low and flat, the western bank steep, and both tinihered 
with .the usud growth of the country. Tide water extends about 150 yards within the 
tree line, and the temperature of the water above this point was found to be 6 2 O  F. 

?'he lake, which lies in a general north-and-south direction, is about 2+ riiile~ 
long by one-half mile wide; it is elevated about 40 feet above sea level, and has a 
ternperature of 61" F. at  II depth of 3 feet. The eastern shore is generally stecp, 
having netu the head of the lakc a gray precipitous cliff, while lying off' the lower 
end is a small wooded island. The western shore has a more gentle slope, and r ~ l l  the 
surroundings are heavily wooded. For want of proper facilities the lake could not 
bo examined, but a t  the head it appeared as though it received two feeders. The 
shore shelf, as fsr 11s could 1)r wen .  W:LS grnvelly. 
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18%. ...................... .! J u I Y  18-31 ............ 
ISM.. ..................... .! AUg. l-Sept. 1.. ....... Itc~illiHh.. ......... 

(:otlocrt ........... 
1897. ....................... July 7-29 ............. I<eclfirrh.. ......... 

16,348 
4, ,WB 

12,004 
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1 E B E N K O F  STREAM. L O G  F O R M I N G  F O U N U A T I O N  O F  r l S H  BARRIER. 
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The streain named “Salnion Crcek” on Coast Survey chart No. 8168 of Red 
Bay was a mere rill a t  the timc of our visit, and thosc naiiicd crccks Nos. 1, 2, 3, 
and 4 were not socn; they are probably small waterways during heavy rains. The 
stream named “Littlc Crcek,” to the westward of thc redfish stream, is about as 
large as the latter and carries many humphacks. 

At  the point marked “Fishery and Indian Village” is the site of the old saltery, 
formerly operated by Mr. Tom McCauley, ltut latcr moved to Whale Passage. The 
saltery building is in  bad condition and thc wharf has dishppeared, except the 
inshore end. Thcrc are two houses ncar by, but no one was seen in the vicinity; the 
place Ioolred abandoned. The fish wcre fornierly uscd. in the saltery, but are now 
sold by Mr. McCaulcy to the Wrangell cannery. 

. 

SIIII’LEY BAY AND VI!lWAM. 

Shipley Bay is on the western sidc of ICosciusko Island, which lies close to and on 
the northwc~tcrn sidc of Prince of Wales Island, froin which i t  is separated by Klswak 
Passage. I t  is a very dcop indentation, about 6 milcs long and 18 miles widc, but 
much obstructed by reefs, though there is :I good channel arid excellent anchorage at 
the head of tho bay. At  the eastern end, toward thc northern sidc, is a daltcry for- 
merly owned by Mr. Walter Kosniikoff, known locally as “ Itussian Waltcr,” who 
salted d m o n  and at times Palmon trout. Fish were sold frcsh when the opportunity 
offered, but as it was out of the track of the cannery stcanicrs, fcw werc disposod of 
in ,that way, though occasionally a few wcre scnt to Wrangell on tho nlonthly mail 
boat which passes here on its run betweon Klawak and Wrangell. 

I n  1899 the saltery was purchased in the interest of tho Icy Strait Packing 
Coiiipany and was operated, as noted, under that company. It WUR closed nt tho 
time of our visit, and there was no one in the vicinity. 

At the extreme head of the bay and about half a iriilc from the sdtery is the 
mouth of a redfish strcam, which was cxrtmincd by Licutcnant Bodmin and Mr. 
Fassctt, September 3. This streain, with thc lake systeni, lies in a general east-and- 
west direction, the former about 19 miles long, 20 to 25 foot wide, arid 12 to 15 
inches deep. I t  flows bctwecn steop tiinbered mountains, 2,000 fcct high, with a 
strong current, ovcr a roc:liy bed which has occasional gravel spots. There arc inany 
yapids in the stream, but no steep ftdls to prevent the fish froiii nwcnding. No 
stream yet ‘visited by this party has as inany natural obstructions as this one. It is 
choked from the lake to the inouth by fallen timbers which have come down the 
steep mountain side, and a t  two points, 50 yards and 150 yards froin the lulre, there 
have becn hcavy slides into the bod of the stmain, the water disappearing entirely 
under the detritus at each point and reappcariiig aftcr it has passed the obstruct’ I ion. 
I t  i H  irnpossiblc for fish to overconic these obstacles, but it is probable that during 
heavy rains, which are frcquent in this district, thc voluiiie of water is so great that 
the subsurface drains undcr the obstructions can not carry it all away, and thorc is 
thon a flow over the top. Below thcsc natural obstructions, where the stream again 
appears, the pools worc filled with salmon of all spccics, and some ti*out, rr~ost of the 
former well maturcd. The stream water had the usual discoloration and a tcmpera- 
ture of 58.5O F. 

~ 
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The lake is nhout 1% miles long, has :in extrenie width of one-half mile, and an 
elevation of 55 fcct. The whole liead of the outlet is. filled with logs pnd dead 
trees; l~cgond thiy jani the shore is rocky as far 11s could be seen from the outlet. 
As there wci'e 110 facilities for examining the lake, and it w ~ s  impracticable to 
follow the shore, the party ascended a high mountnin overlooking the lake and from 
this position ttiaclc the ketch.  At  the extrenie eahtern cnd a second sniall lake was 
seen, connected q i th  the main body by a fair-sized stream. Several small feeders 

/ 

Lake and stream, Shipley Bay, Prince of Wales Island. 

wcrc also seen, hut none of tiny consequence except the lake connection, new whicb 
sonic sandbars were noticed. The temperature of the lake near the outlet, at  a 
depth of 3 feet, was found to he 59" F. 

I n  the stream, about 50 yards above tide water, which extends but a very short 
distance from the mouth, some stakes and old webbing were found, and immediately 
above a tree had been felled across. All this  inay have been used for barricading 
the stream, but whether any obstructions have been used recently to hold the fish is 
unknown to this party. 
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On account of the n:itur:il obstructions i n  thc htreiLIi1 tlic locality is probably not 
suitnl)le for hatchery purposes, 'I'he htre:un dah is very ii~cager, but the following 
lliay bc of some servicc, though it should h reiiicnibercd thrd except for 1900 the 
fish taltcn for the saltcry are not included: 

111 1892 the Baranoff Packing Conipany took 6,763 redfihli froni ,July !j to 'LO; in 
189:3,5,2'35 redfish from duly 8 to 30. In  1898 the Wrangcll cannery toolr 6,000 red- 
fish from July 15 to August 15. 
In 1900 the Icy Strait I':icking 
C0nip:in-y took 12,000 redfish 
from .June 27 to August 14. 
The strcarn has IL prohnble value 
of 12,000 redfish. 

. 

SI-IIPI,ISY U A Y  STREAM No. 2. 

On thc southcrn side of the 
bay a bmall stream discharges 
into a covc formed by a long 
peninsula and thc point next 
cadward. This strcain was cx- 
aniinod by Ensign Hcpbu~*n, 
and found to carry only hunip- 
backs and dog salmon, though 
colines niay also r u n  later. 

The stream is not IL lakc 
outlet, but has its source i n  ---\ 

the mountains about G iniles in 
a gcneral southerly direction 
from the niouth. At  a point 3 
miles from thc i1iouth, whcre 
i t  reaches an clcvation of 170 
feet, it is quite sniull and flows 
through a gently ascending and 
rather fiat country, increas- 
ing  i n  size toward tho niouth 
by conjunction with sinall 
brttnches. Tide watcr extcnds 

c 

three-cighths of a mile up- 
streaui; inlnlediatc'y al)ove this 

S H I P L E Y  B A Y  

1lnmpbac.k stream, Shipley Bay, I'ri~ic~e of Wales Island. 
point the width is cibout 16 feet, 
dcpth 9 inches, with 11 velocity of :il)out 3 knots. Thc bed is generitlly rocky, and 
whci*c it widens i t  is sandy mid gi.avclly. Fro111 t i  point 1 mile a1)ovc its niouth and 
for 11 distance of ahout three-fourths of :t iiiile it ruiih a s  ti continuous rapid. There 
are two cascades, as notcd in the sketch, with the greatest hhcer fall of 3 feet. The 
watcr is dark, tirid a t  the mouth and 1 mile :ibove had ti tempe':iture of 51" F. The 
banks we denhely wooded, but huc.lr from thc stream belt the country hreiiied iuore 
upen. At the niouth is IL gravel bar, and within the bauks are grassy. Therc are no 
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artificial obstructions, but throughout its entire length there is much fallen timber, 
which in places must offer much difficulty to the fish in ascending. Humpbacks 
and dog salmon were seen for a distance of about 29 miles; all were in  poor condi- 
tion, and the lacerations showed the difficulties encountered in ascending. Dead dog 
salmon were numerous. 

BAY OF PILLARS AND STREAMS. 

This bay is on the west side of Kuiu Island and opens on Chatham Strait, having 
Point Sullivan for the northern entrance point and Point Ellis marking the southern. 
It is a large body of water, much obstructed by islands and reefs, and has two deep 
arms similarly obstructed; the one on the north will be referred to as the North Bay 
of Pillars, and the other as the South Bay of Pillars. 

These waters have been surveyed by the Coast arid Geodetic Survey, and as 
that office has probably written sailing directions, notes for entering will not be made 
hcre. 

On the southern shore of the South Bay of Pillars, about 4 miles from Point 
Ellis, the cannery of the Astoria and Alaska Packing Company was located. This 
cannery was burned in 1892 (see my former report, p. 121), bu t  the site and remain- 
ing building were purchased by Mr. Jack Mantle, who lives here during the fishing 
season and operates a saltery in each of the Pillar Bay arms. 

The principal streams in this vicinity fished for commercial purposes are: One 
a t  the head of the South Bay of Pillars, which, when the cannery was operated, was 
known as the Home Stream or Point Ellis Stream (the Indian name for i t  is Kutla- 
koo); one at the head of the North Bay of Pillars, which is known as the Pillar Bay 
Stream; and one in  the large bay to the southward (Tebenkof Bay), known as Kuiu 
Stream, or Alecks Stream. 

POINT l4CLLlS STBEAM, OR KUTLAKOO. 

Entering the South Bay of Pillars the ship’s course is close along the southern 
shore, quite straight, and fairly clear for a distance of 5 miles, when the bay beconies 
choked with islands and reefs, which straggle to the head. In  the southeastern angle 
an arni extends to the eastward for about a mile, and receives the waters of a small 
humpback stream. On the northern side the bay terminates in the Narrows (Skookuni 
Chuck), which extend ih a northeastern direction about three-fourths of a mile, with 
a width of about 100 yards, through which the current is quite violent during the 
strength of the tide. These Narrows connect with an inner bay 3 miles long, in a 
northeast and southwest direction, by three-fourths of a mile wide, which at  the 
eastern end sends an arm at  right angles to the southward about 1 mile long by one- 
fourth of a mile wide, receiving at  the western terminus the waters of the Point 
Ellis or Kutlakoo stream. This stream, examined by Lieutenant Rodman and Mr. 
Fassett, is a lake outlet, and from the grassy flats at its mouth to the lake is about 
three-fourths of a mile long, with an average width of 18 feet and a depth of 10 
inches. It has a general north-and-south direction, flowing over a gravelly bottom 
between moderately steep banks heavily wooded. As the lake is not more than 15 
or 20 feet above tide water the current is not strong, nor are there any falls or 
strong rapids. Tide water extends about 50 yards within the mouth. 
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The lake is slightly crescentic in shape, with a general northwestorly and south- 
easterly direction, and is about 1 mile long, with an average width.of one-fourth of u 
mile. The shores are heavily wooded and rise rapidly to the higher mountains. The 
water appears deep and clear, with a brownish tinge, and as Par as could be examined 
the bottom is gravelly around the shore shelf. At  the point of discharge the lake is 
shallow, with a grassy bottom. The largest enters the There are several feeders, 

9 !4 cc v* I 

seal. .r M,IU 

Kutlakoo Lake and Stream, Kuiu Island. 

head of the lake through a narrow valley and is nearly as large us the outlet; it forins 
tho main spawning-ground for the redfish. A second feeder, said to be on the eastern 
side, was not noticed by the party. 

The teinperiLture of the stream water on August 29 was 62" F., and the lake 
water, at a depth of 2 feet, one-fourth of a mile from the outlet, was 6 1 O  F. 

I n  1892 Mr. J. C. Callbreath, the present owner of the hatchery on Etolin 
F. C. B. 1901-18 
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Island, then part owner and manager of the Point Ellis cannery, operated a small 
hatchery on the left bank of this stream (Kutlakoo), about 200 yards above the 
mouth. The 
hatchery water was conveyed by a box flume from a point on the stream about 300 
yards from the lake, where the remnants of a barricade built to hold the spawning 
fish may still be seen. About 1,000,000 eggs were fertilized and placed in the 
baskets, but after they commenced hatching a n  exceptionally high September tide 
destroyed the plant, and it was never rebuilt. It is said that much difficulty was. 
experienced with fungus. A t  the old hatchery site stakes were found driven in the 
bed of the stream, between which, i t  is said, a net is stretched to hold the fish. A 
few yards above this point are the remains of a picket bar] icade. 

Immediately below the point of discharge from the lake a beaver dam was found, 
built of sticks, brush, and moss, which held the waters back and allowed no fish to 
pass. This was partly cleaned away by t h e  examining party, and, as the water 
rushed through, the stream rose very materially, and large numbers of salmon, held 
in the pools below, ascended rapidly. 

The value of the stream, as given by the cannery the last year i t  was fished, is 
35,000 redfish, 5,000 cohoes, and 100,000 humpbacks. The owner of the saltery 
states that the number for redfish is too large, but the stream will yield from 20,000 
to 22,000 redfish, possibly a few more by hard fishing. The first r u n  of redfish in 
this stream usually occurs from June 25 to July 1, and the second run from July 10 
to August 7. The length of the season varies with the condition of the weather; if 
it is dry there will not be sufficient water to permit the fish to ascend, and they are 
held around the mouth until the water rises. These redfish run about 50 to the 
barrel, or 13 to 14 to the case. The cohoes in this stream are very large and run 26 
t o  the barrel. They appear from the middle to the latter part of August; from 
September 10 to October 4 they run strong and continue i n  diminishing nuinbers 
until November.. The humpbacks run from the 15th of July to the end of August, 
and they are present soiiie yeays in largc numbers until the end of September, but 
they are not then in good condition. 

It is said that a good hatchery site might be located near the large feeder a t  the 
head of the lake. 

Complete stream data is not available, but the following may be of interest: 
The Raranoff Packing Company took fish from the stream as follows: In 1892, 

8,942 redfish, July 2 to July 25, and 2,143 cohoes, August 18 to Septeniher 8; in 1893, 
2,605 redfish, July 4 to July 20; in 1894, 8,740 redfish, July 7 to July 25; in 
1895, 14,572 redfish, July 4 to August 10; in 1896, 15,834 redfish, July 12 to August 
28; in 1891, 11,709 redfish, July 6 to August 7. ' 

By other fisheries: I n  1898,10,000 redfish; 1899, unknown; 1900,16,500 redfish. 
The Point Ellis stream (Kutlakoo) is the only salnion stream in the South Bay 

of Pillars that has any present commercial value. At the old cannery site there is LL 
small stream, called by the Indians Quat-a-hein, or  trout stream, on account of the 
abundance of that sp'ecies, and around its mouth some years several thousand cohoes 
may be obtained, but it is only an occasional run. 

It was rather primitive, the work all being conducted without shelter. 

The dog salmon run with the humpbacks. 
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NORTH BAY OF PILLABS. 

The North Bay of Pillars, like the South, is much obstructed by islets aud reefs, 
and local knowledg The head of the bag, however, 
is clear, and is 14 miles in length by 1 mile in width, forming a beautiful harbor 
with excellent anchorage in moderate depths. At  the extreme northern head of the 
bay are the mouths of two large streams, three,fourths of a mile apart, bordered by 
extensive tidal flats. Neither of these streams is said tc carry redfish, but all other 
species common to the district run here. 

s necessary for safe navigation. 

PILLAR BAY STREAM. 

This is the western stream at the head of the bay and is the most important, as it 
carries a great number of cohoes of large size. It was examined by Ensign Kempff 
August 29 a distance of 44 miles, where it is elevated 40 feet above the sea. 

I t  fiows i n  a general south-southeast direction between steep banks, heavily 
wooded, over a gravelly bed. The water is clehr, of a brownish tinge, as though 
flowing from a lag6 (though none was found), and at each mile from the mouth the 
temperature was 515 F. Tide water extends 1 mile from the mouth, at which point 
the stream is 9 feet wide, 12 inches deep, and runs a 3-knot current. I n  the length 
examined two tributaries enter from the eastward, one three-fourths of a mile, the 
other ljc miles, from the mouth. The stream flows around several islands in its 
c’ourse. The eastern channel, around an‘island about 2 miles from the mouth, has at 
the lower end a rapld about 30 yards long, and at  the other end of this, and in the 
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western channel, are the remains of barricades. Trees have been felled across these 
branches and were still in position, but the split rails were washed away. A gravel 
ridge was noted on the upstream side, where the rails had lodged in the bed. A large 
number of humpbacks and dog salmon were seen spawning in t h e  lower courses, 
growing less in number as the higher portion of the stream was reached. It was too 
early for cohoes. ' 

This is a very large stream, flowing considerable water, and carries a heavy run 
of all species of salmon common to thd district, except redfish, of which, it is said, 
there are none in the North Bay of Pillars. This is a noted locality for cohoes. 
Fifty thousand to 60,000 of this species, it is said, may be taken around the mouth 
and the head of the bay, as well as abont 100,000 humpbacks. Dog salmon are also 
abundant. These cohoes are large and, for commercial purposes, run from Septem- 
ber 1 to October 7, then in diminishing numbers until November. The humpbacks 
run from the middle of July to the end of August and the dog salmon throughout the 
season, but mostly during the humpback run. 

Besides those salted, canncry steamers 
sometimes fish here for a few days, ahd what can be done during that time is indi- 
cated by the following record from the books of the Baranoff Packing Company: 
I n  1892, 1,522'cohoes7 September 8 to 15; in 1895, 2,836 cohoes, September 20 to 
22; in 1896, 3,607 cohoes, September 15 to 19; i n  1897, 957 cohoes, September 19. 

There are no stream records available. 

PILLAR BAY STREAM, No. 2. 

This stream, next east of the Pillar Bay Stream and three-fourths of a mile from 
it, was also examined by Ensign Kempff for a distance of 8 miles and no lake found. 
From the most distant point reached, which is 305 feet above sea level, the stream 
flows to the northwest for 3 miles and then t u r n s  in a general southerly direction for 
5 miles. The waler is clear and clean and flows over ti rocky bottom, intersperscd 
with patches of gravel and shoals, over which fish wcrc spawning. There are 
numerous mpids, and at  LL point 4 miles from the mouth there is a drop of 30 fcct 
in tho main fall, besides several smaller steps. The banks are heavily wooded, 
precipitous, and broken into hlufls in the vicinity of thc falls and at a point about 1 
mile above the mouth. Tide water extends a mile from the mouth, where the stream 
is 30 feet wide, 18 inches deep, and runs with a strong current. The tcrnperature, 
taken each mile, was 51O %. (August 30). Five small tributaricu were noticed in the 
distance-two entering from the west and three from the cast-aud were examined. 
There were no natural or artificial obstructions below the falls. A large number of 
humpbacks and dog salmon were seen spawning in the lower courses of the stream, 
diminishing in numbers as far as the falls, but none above it. 

The values given under 
the Pillar Bay Stream include the one just described, though it fiirnished but a m a l l  
part of the total. 

The fishing is carried on around the head of the bay. 

MANTLE SALTERIE6. 

There are two saltcries operated by Mr. Jack Mantle; one on the eastern bank 
of the arm and near the mouth of the Point Ellis Stream, where there are 10 tanks 
each of 20 barrels capacity, and one on the western shore of the inner North Bay of 
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Pillars opposite the mouth of the Pillar Bay Stream, where 6 tanks, each of 20 barrels 
capacity, are operated. 

He used 1 drag seine 120 fathoms by 4 fathoms by 3-inch mesh, valued at  $200; 
1 scow of 100 barrels capacity, value $75; 1 35-foot seine boat, value $50, and 1 
small skiff, value $95. During the fishing season he employed 6 men (native) for 
fishermen and 4 klootchmen for butchers. The saltery at the Point Ellis Stream is 
operated during the early part of the season for redfish, and when the cohoes begin 
to run the gear is transferred to the Pilln’r Bay Stream and that species is salted. 
Mantle commenced salting here in  1893, and has averaged about 350 barrels each 
yetir to date. 

There is also one saltery tank a t  the old cannery site, 

TWBENKOF RAP. 

This bay is on Kuiu Island, next south of the Bay of Pillars, and opens.upon 
Chatham Strait. It is a large sheet of water and is said to have deep channels and 
good anchorages, but has not yet been surveyed. Several streams carrying various 
species of salmon enter the bay, but only one that has a run of redfish in  sufficient 
numbers for commercial purposes. This one is known as Kuiu Stream, or Alecks 
Stream. This stream was examined by Ensign Ihnpff  aiid Mr. Bassctt on August 
31, who visited it with a party from the anchorage in Pillar Bay. It is located on 
the eastern side of the inner bay, about the middle’of its length, and is hidden in 
approaching it by islands lying off the shore, but it may be recognized by a log house 
situated a short distance north from the mouth. 

The general direction of the stream and lake system is north-northwest aiid 
south-southeast. The stream flows over a 
rocky and bravelly huttom between moderately steep, well-timbered banks, and at  a 
point n i i d ~ t ~ y  an its course is 50 feet wide, 1 foot deep, and has R current of about 
1 knot per hour. The water, though clear, has a brownish tinge and :L temperature 
of 65” to 563 F. There are no marked rapids, and no tributaries were noticed. 
Tide water extends newly a mile from the mouth, around which, at low water, exten- 
sive flats hre uncovered. The first, a “iiiud” lake, is 
an irregular shaped body of water about 1 mile long, with an extreme width of one- 
half mile. It is shallow, with a muddy hottom, and has three very small and shallow 
feeders entering froin the westward, none of which appeared to he used as spawning 
gi*ound. The temperature of the water along the shores of this 1:Llre was found to 
be 63“ F. This increased temperatuw above that of the stream is due probably to  
the shallow depth :dong the side where there is no circulation. At  the upper end 
of the lake there is a narrow extension, about 250 yards long, cotinecting with the 
second lalre, which is about 2 miles in  length, with an extreme width of 18- miles, and, 
from appecmnces, quite deep. The banks are steep, well timbered, and rise rapidly 
to the higher slopes. The 
lake is a t  an elevation of about 50 feet above tide water, and the surface tcmperature 
of the water near the shore was 615 E’. At  the head i t  receives two large feeders, 
which appear to flow through converging valleys, and in these feeders are spawning 
beds of the redfish. 

In  the main stream, a short distance above tide water, posts were found which 
were probably used to support a net stretched across to hold the fish, t i  line of rocks 

The former js about 2& miles in  length. 

The stream drains two lakes. 

The beaches bordering them are gravelly with shale. 
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indicating the foot weights that had held the net close to the'bed. Above 'this were 
the remains of three barricades, within a distance of 100 yards of one another, con- 
sisting of trees felled across the stream. The rails had been carried away, probably 
by freshets. Pieces of wire netting were found, indicating that this also had been 
used in its construction. A large number of humpbacks and dog salmon were seen 

Aleck Lake and Stream, Tehenkof Bay, Kiiiu Island. 

over the gravel beds in the main Stream, but no redfish, this species probably hwing 
all ascended to the feeders; the date of visit was too early for cohoes. Large num- 
bers of dead fish were noticed. 

From inquiry and observation it is believed that a good site for a hatchery might 
be obtained on the banks of the large feeders at the head of the lake. The redfish 
running in this stream are said to be small, averaging about 65 per barrel, or 15 to 16 



ALASKA SALMON I-NVESTICfATIONS I N  1900. 2’79 

to the case, but they run very early; in fact, the dates given are the earliest of any 
st ream within my knowledge in southeastern Alaska. The run of redfish commences 
about June 1 and continues until the middle of July. The cohoes run  for fishing 
purposes from September 1 until the early part of October, and in scattering bunches 
until November. The humpbacks are said to be very plentiful and are exceptionally 
large and fine fish. They usually run early, the time being from July 1 to August 1. 
The only record available is a statement that the Point Ellis cannery in one season 
took from around this stream 38,000 redfish; 10,000 cohoes, and 200,000 humpbacks. 
Mr. Jack Mantle, who has fished in this locality for many years, stated that he had 
seen a large run of steelheads in the stream in May. 

The following notes from the records of the Uaranoff Packing Company, .giving 
their catches from this stream, may be of interest as indicating the catch of a cannery 
steamer visiting different localities for fish: 5,990 redfish, June 15 to July 7, 1892; 
3,529 redfish, June 19 to July 27, 1893; 730 redfish, July 19 to July 21, 1895; 1,500 
redfish, ,June 15 to July 29, 1S96; 4,304 redfish, June 29 to July 7, 1897. 

WRANQIGLL. 

Glaciw Puking Company, X’oi?it ~figh$eZd.-The history of this cannery with 
the streams fished, etc., was given in my formcr report, pages 103-108, and reference 
here will only be made to such details as were not then recorded. 

There has been no change in  the cannesy, but tho company expects to erect new 
buildings for the season of 1901. 

I n  canning, the following machinery is operated: Five retorts, 2 fillers and 1 
spare one, 2 toppers, 1 solderer, and 1 cutter. 

The fish are hoisted by steam in buckets to the wharf, dumped into the bins, 
and, after cleaning, transferred direct from the draining tubs to the cutters. The 
daily capacity is 1,600 cases. There are no can-makers. All tins arc made at the 
cannery by hand, except about 1,200 cases of flats, using 100-pound tin plate for 
bodies and 95-pound for tops, all domestic. 

The fishermen 
contracted for $125 for the run, 10 cents for king salmon, and 5 cents for redfish and 
cohoes, per boat of two men, and full board. The cannery purchased fish arid paid 
7 cents for redfish and cohoes, if the gear (web and boats) was furnished, or 8 cents if 
it was not furnished. Humpbacks were purchased at $10 per thousand. The cannery 
steamers call at the fisheries for all fish. Oceasionally a steelhead is tttkcn; there are 
plenty of halibut and flounders, but no shad or  sturgeon since my last report. 

The Chinese contract was 424 cents, with the usual conditions. 

The following are the statistics for 1900: 
Hands employed : 24 white fishermen, besides purchasing from fisheries engaging 

150 native fishermen, 7 white and 4 native cannery-hands, and 86 Chinese. 
Fishing gear: Twelve king salmon gill nets, epch ‘250 fathoms by 28 meshes by 

8+-inch mesh; 12 redfish gill nets, each 250 fathoms by 30 meshes by Ga-inch mesh, 
value 65 cents per fathom; 2 drag seines, 120 fathoms by 200 meshes at bunt and 
100 meshes at wings by 3-inch mesh, valued at  $1.50 per fathom; 5 purse seines, 120 
fathoms by 250 meshes by 3-inch mesh, value $2 per fathom. 
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Boats, lighters, etc. : Two lighters, $600 each; 7 seine boats, $60 each; 14 Columbia 

The following vessels, owned by the company, were employed: 
River boats, $200 each; 8 old Columbia River boats, $25 each; 5 skiffs, $25 each. 

Clam and name. 1 Tons. 

Ship Llewellyn J. Morse ............................ 1,271 
Steamer Ella Rohlffs.. .............................. 3G 
Steamer Aleut ...................................... 19 1 __ _. - 

--- 
1 Fishermen. 

The following was the output in 1900: 

Number 
Species. Dates. 

Kin salmon .................... 1,837 3.8 May 15-July 1 
Redjsh ......................... 10,848 June I8-Aug. 10 
Cohoes .......................... 1 9,401 1 July IO-Sept. 18 
Humpbacks ..................... 36,432 15.8 July 2-Aug. 22 

Thliizket Pucking Company.-This company was organized at  Portland, Oreg., 
and incorporated under the laws of that State. A sawmill a t  Point Gerard, on  the 
mainland opposite Point Highfield at the junction of the Eastern Passage and the 
southeast stream of the Stikine Delta, was purchased, and in the spring of 1899 a 
cannery was erected and a small pack was made that year. The site does not afford 
much room on level ground, necessitating considerable crowding in the building 
arrangements. There is a substantial wharf with the fish-house over deep water, 
where the curren6 carries away the gurry and leaves the place free from the un- 
pleasant odors so frequently noticed around plants of this kind. The cannery plant 
consists of 2 steam boxes, 2 retorts, 2 hand cutters, 1 can-washer, 1 crimper, and 1 
solderer. The pack is made by hand, and the plant has a daily capacity of 800 cases. 
The fish are pewed from boats or lighters into a chute, adjustable for different stages 
of the tide, which leads to a cage car, or vertical elevator, operated by steam, When 
this car is filled it is hoisted and its contents dumped into a second car which runs 
to the fish-house. All the cans, except a small percentage of flats, are made by hand 
at  the cannery, of 100-pound domestic t i n  plate. The Chinese contract was 42 cents 
for tttlls made at  the cannery, 38 cents for talls purchased, and 42 cents for flats pur- 
chased, with the usual conditions. The fishermen’s contract was transportation ant1 
board, bonLj of $80 each for beach work, 10 cents for king salmon, 5 cents for red- 
fish and cohoes, and.1 cent for humpbacks, per boat. The fishing bosses had allow- 
ances which brought their monthly wages to $70 or $75, and the others averaged $50 
and $55 per month. Indian labor was used, but it is not looked upon with favor on 
account of being unreliable. 

Four traps were built this year a t  an expense of $5,500, located as follows: One 
in Dry Strait; 1 in the lower part of the southeast stream of the Stikine; 1 about 300 
yards west from the cannery, and 1 in Zimovia Strait, about 10 miles below Wrangell. 
The first three were complete failures, although rebuilt several times; the fourth w t ~ s  
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fairly successful and about paid the expenses connected with all. The following are 
its dimensions: Lead, 150 fathoms, heart double, 15 fathoms across, and pot 36 feet 
square, in 70 feet of water a t  high water. A short channel lead, or wing, extended 
froni the corner of the heart. Webbing all tarred; &inch mesh for the leads, 3-inch 
mesh for the rest. 

Sketch-plan of Thlinket Packing Co.'s salmon trap, located on Ziiiioria Strait. 

The transportation was by regular steamer lines running from Puget Sound to 

The following are the statistics for 1900: 
Hands ernFloyed: 35 white and 30 native fisherinen, 9 white and 7 native cannery- 

hands, 49 Chinese. 
Fishing gear: In addition to the traps referred to, 13 king-salmon gill nets, each 

200 fathoms by 22 meshes, 94-inch mesh; 12 redfish gill nets, each 200 fathoms by 
24 meshes, Gk-inch mesh; value, 65 cents per fathom; 4 drag seines 100 fathoms long 
by 178 meshes, 3-inch mesh, value $1.50 per fathom; 1 purse seine 185 fathoms by 
2% meshes, 3-inch mesh, value $600; 1 purse seine 100 fathoms by 160 meshes, 
%inch mesh, value $400. 

Boats, lighters, etc.: One house scow, $400; 1 fish scow, $100; 10 Columbia 
River boats, $200 each; 6 gill-net skiffs, $60 each; G seine boats, $60 each; 2 white- 
halls, $85 each; 3 skiff's, $20 each. 

Cannery tenders: Launch PedLaps, 6 tons; crew, 2; value, $1,500; owned. 
Steamer Ba2*cii.~of, 10 tons; crew, 5; value, $5,000; chartered. 

The following was the output in 1900: 

Alaska. 

Number 
case. 

Specics. 

King salmon: 
Ilcd ................................... 11,376 
White ................................. I 2674 I} ' I 

RedHsh ................................... 
CohoGR ..................................... 
Humpbacks.. ............................. 
Dog salmon ............................... 21,737 ti. 6 

Dntes. 

Mar l4Julle 28 

Junc 28-Aug. 10 

Ju ly  12-Alig. 31 
Aug. 1-Sept. 15 

A u ~ .  2-Sept. 21 

1 Fluta. 2Talls. 

The streams fished by this cannery ale the following: Southeast Pass Stikine 
River, Anan Bay, Seward Passage, Thorns Plsce, I<unk Creek, ltocky Bay, Steamer 
Bay, Eagle Creek, Ratz Harbor, Red Bay. 
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THOMS STREAM (AW-AW), ZIMOVIA STRAIT. 

Near the southern end of Zimovia Strait, on the eastern side, 4 miles northwest 
from Found Island, is a bight with several islets and rocks at  the entrance. At  the 
head of this bight is a redfish stream, referred to in my former report, page 107, as 
Old Village, but better known as Thorns Stream, fished by the Wrangell and Gerard 
Point canneries. It was examined September 13 by Lieutenant Rodman. 

Thorns Stream and Lake, Wrangell Island. 

This stream and lake drain a low, flat country, lying between mountain systems, 
reaching an elevation on the east of 2,000 to 2,500 feet, and on the west 500 to 1,000 
feet. In  its windings the stream is fully 6 miles ip length from mouth to Hource, 
and, in a straight line, about 4+ miles in a general WNW. direction. Tide water 
extepds through extensive flats around its mouth, uncovered at  low water and about 
200 yards within the tree line, where it is 55 feet wide and from 12 to 18 inches 
deep. The banks generally are low, but in places there are narrow canyons where 
they rise abruptly. The borders are wooded with the usual growth, but considerable 
areas of boggy, moss-covered flats were noticed. The bottom is graveIly, with patches 
of rock and bowlders, but there are large areas well adapted for spawning-beds; 
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about 1+ miles below the lake the stream runs over a series of rapids; the highest 
fall of any of the steps is not over 2 feet. There are no falls or serious obstacles to 
impede the ascent of fish, the stream is usually clear, and there were no evidences of 
harricades. There 
are a number of small tributaries, one of some size about 2+ niiies from the mouth; 
this is about 2 miles long and has its source in the mountains to the eastward. The 
altitude of the main stream at  the mouth of the tributary is 155 feet and of the lake 
295 feet. The latter is small, pear-shaped, and about 1 mile long, with a greatest 
width of not much inore than one-fourth mile. The lower end is narrow, apparently 
shallow, and has many pond lilies. The shores are low and, though wooded, there 
is considerable open country, particularly on the eastern side, where there are large 
areas of grassy, boggy flats. 

A t  the lower end on the western side there is a feeder, and one at  the upper end, 
in which the sound of falls was heard. It is possible that there are other feeders or 
lake connections, as the volume of discharge is large. From the surrounding ctondi- 
tions it is believed that a good hatchery site might be found here. 

The water is brownish in color, with a temperature of 5 4 O  F. 

The only stream records available are the following: 

1897. 
species. 

No. Date. 

Redflsh. ............. 17 198 June 28-Aug.6 ... 
Cohoes .............. 1' 992 Aug. 18-31 ........ 
Humpbacks ......... 42:169 July 12-Aug.18 

1898. 19w. - 
No. Date. NO. Datc. 

~ _ _ - - _ _ _  

10,OOO June 28-Aug.1.. .. 24, GG1 June 2G-Aug. 1. 
6, OOO AUK. 10-Sept. 1.. .. 7 661 Aug. E-Sept 12. ............................... 74:oOO Aug.6-18. 

Lemesurier Point, the northwestern end of Cleveland Peninsula, forms, with a 
string ofislands to the westward of that point, a narrow bay, at the head of which 
is the mouth of a stream fished by Mr. Meyers. This stream carries a few redfish, 
and was partially examined by Lieutenant Rodman on September 14. 

The stream is very small, and when examined there was 80 little water running 
in it that a t  low water humpbacks could not enter. At the mouth it was about 8 
feet wide, with an inch of water over a riffle for a distance of 150 yards. A mile 
abovo the mouth it was a niountain brook, flowing between rocks and bowlders, with 
here and there a shallow pool. Tide water extend8 about 150 yards upstream. At a 
distance of 1 mile the elevation is 70 feet, and the temperature of water was 5 1 O  F. 
The stream bottom is rocky, with gravel patches, and the banks are well wooded. 
Many of the pijols were filled with spawning hum)pbacks in an advanced stage of decay, 
and many dead fish were seen along the banks. In places the bottom was covered 
with spawn. 

The stream is said to have a lake source, but the examination was not continued 
to the lake. Later it was learned that the stream is usually very low and that fish 
can not ascend until after the fall rains raise the water. 



284 BULLETIN OF THE UNITED STATES FISH COMMISSION. 

Formerly the,fish from Meyers stream were sold to the Loring cannery. None 
were purchased by Loring in 1900. The following is the only record available: 

Species. 

Redfish.. _ _  . _ _ _  
Cohoes ........ 
Humpbacks 

--- - 
No. 

4, 651 

......... 
1,408 

1896. 1897. 

Date. 

20 
20 

.................. 26 

1898. 

NO. Date. 

6,838 July 13-Aug. 30 
256 Aug.20-Aug. 30 

11,499 July 20-Aug. 30 

It is probable that the cohoes were obtained from the large stream at  the he,zd of 

It is believed that, through the rapacity and greed of fishermen, the salmon fish- 
Other 

Union Bay, which is said to carry no redfish, but some cohoes and humpbacks. 

eries of the northwestern coast of the United States are rapidly declining. 

No. 

3,211 

8,780 

i.’”L.n,3 L‘” ,- 
Meyers Rtream, Cleveland Penin~ula. 

Date. 

Aug. 8-Scpt. 8 

Aug. 8-Sept. 8 
......................... 

- -  - 
fields are now being sought in order that these also 
may pay tribute, and soon they will enter the exter- 
minating process. 

Great Northern Fish ConLpany.-This is one of 
a number of small canneries and salteries, capital- 
ized from the Puget Sound and Columbia River 
districts, which sprang into existence this year in 
southeastern Alaska. ~ This company, not incorpo- 
rated, hails from Seattle, and fitted out for an exten- 
sive salting expedition in a rather novel wily. It 
was arranged to follow the fish; to salt from a barge, 
from shacks on shore, from salteries, if they could 
be rented, or froin schooners; to occupy a station 
%here fish were plentiful, and when they became 
slack to pack up and locate where they were ahun- 
dant; to salt everything of all species, from the 
best to the worst, from those fresh out of the water 
to others not so fresh; to salt direct into barrels and 
boxes, and to carry the product to Seattle and there 
resalt and assort. The first grades were intended 
for the best markets, the second for bars and free 

lunches, and the third for districts where one salt fish is not known from another. 
Old saltory men shook their heads and said salmon could not be salted that way. It 
was tried, however, but with what ultimate SUCCCS~ could not be learned. It was said 
this company expected to salt 20,000 to 30,000 barrel8 of salmon during the season. 

At the eastern point 
of entrance to this bay a long tongue of land, bordei.ed on the western side by a few 
islands, makes to the southward, forming a narrow, shallow cove about n mile in 
length. Inside the entrance point a bight makes into the tongue for n distance of 
about 200 yards, and at the head is a saltery of the above company. A t  the time of 
our visit the place was closed and no one was in sight. 

The outfit here consisted of a rough board building 20 by 40 feet, evidently the 
bunk and mess house; a rude wharf floored over with saplings cut from the adjoining 
forests, and a raft of logs lashed together and floored over with saplings. There was 
no equipment of any kind. 

Union Bay was one station selected to carry on this work. 
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It was afterwards learned that the outfit arrived at Union Ray May 27, and left 
with all the gear on September 1 for ICarta Bay, one white crew having been sent there 
in advance August 1. The old Baronovich saltery, at the latter place, was rented by 
the month and operated by this company. 

During our visit at Karta Bay they were salting dog salmon for the Japanese 
market, for which they said they had an order to furnish 300,000. These salmon were 
simply gutted, the viscera and gills removed, and, without being otherwise cleaned, 
they were salted in kenches, and, after shrinking, resalted in boxcs for shipment. 

On September 23 the Baronovich saltery was closed, the equipment, pack, and 
attendants placed on barges or transferred to the steamer Di~iqo, and the outfit 
transported to Cholmondley Sound, where the Miller saltery had been rented. 

The following outfit was used by the Great Northern Fish Company: Launch 
Grifin, crew 3, value $3,000, chartered; 1 cargo lighter, $1,000; 1 scow, $150; 2 
scows, $60 each; 5 seine boats, $50 each; 3 skiffs, $35 each; 3 purse seines, 220 
fathoms by 16 fathoms, !&inch mesh, value $750 each; 3 drag seines, each 120 fathoms 
by 8 fathoms, 3-inch mesh, $1.75 per fathom; 2 gill nets, each 50 fathoms by 50 
meshes, 5a-inch mesh, 65 cents per fathom. 

There were employed 30 white salters and beach men, 16 white fishermen, 15 
white and 4 Indian casuals; about one-half of these were hired in Alaska. From 
the middle of September the white men began to leave and return to Puget Sound, 
and more Indians were then employed. S t p d y  hands received in pay and allowance an 
amount equal to about $60 per month, whites and natives alike, but the casuals, who 
are sailboat tramps, were paid on whatever ternis could be arranged; sometimes 
it was board and keep until the arrival of the I’am?aer, and again it was passage 
to the Sound with the next shipment. The boxes used for shipping dry-salted dog 
salmon to thp Sound held froni 750 to SO0 pounds. Those used to ship to Japan 
held 400 pounds, or froni 4s to 50 cured fish. 

This coinpuny nlso chartered the schooner T 4 h 1  tecta, 12 tons, and sent her to 
Redfish Bt~y for salting purposes. The rccortl to Scptciober 23 was 41,024 redfish 
salted. Arrangciricnts wcrc also inade to take tho output of the Point Btirrie stdtcry, 
formcrly opcmted by Cyrus Orr, but now by a Russian called “Zip” Noon, and 300 
llarrcls of redfish and dog salmon were expected from this source. Tho company 
also claimed to have made arnqgcinents a t  Boca de Quadra to dry-salt dog salmon 
and to put up black-cod as Pacific-coast m~~ckercl, but inquiry tLt that point failed to 
elicit any information confiririing this. There arc probably few black-cod in those 
waters, except strays. 

It was also proposed to carry on extensive herring salting at Point  Burric during 
the fall and winter, and the barkontine Blakelley was said to be e11 route (September 
23) to Karta Bay, to be sent later with a11 outfit to Fort Bucurelli for 2,500 barrels 
of salt herring. 

Diligent inquiry was made 
us to the results of its operations, and the following ie the upproxiinate output for 
the season : 5,000 barrels salted salmon of ull kinds, principully humpbacks; 30,000 
dog salmon, dry-salted, for the Japanese market. 

It has since been learned that this company failed. 
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RICE’S SALTERY, HARTA BAY. 

Rice’s sultery, Iiurtu Buy.-Owing to the failure of the salmon run in Puget 
Sound, Mr. J .  E. Rice, of Whatcom, Wash., came to Karta Bay, August 20, with a 
small outfit and commenced salting salmon on the southeastern shore of the inner 
bight, in a shack rented from the Baronovich family. The pack consisted’largely 
of dog salmon, di;y-salted and shipped in boxes, though other species were not 
neglected and were salted direct in barrels. 

The equipment consisted of 2 seine boats, $50 each; 1 fish scow, rented from the 
Loring cannery; 3 dories, $30 each; 1 seine, 175 fathoms by 6+ fathoms, 3-inch mesh, 
valued at  $1.50 per fathom. All labor was hired in the vicinity; 15 to 20 men were 
employed during the season, and were paid $3 per day without board or  lodging. 
Fish were also purchased from the Indians at the following rates: Redfish and cohoes, 
10 cents each; humpbacks, $6 per thousand; dog salmon, $15 per thousand. 

The following was the output for the season: Seventy-five barrels redfish, 25 
half-barrels redfish, 75 barrels cohoes, 50 half-barrels cohoes, 575 boxes dry-salt dog 
salmon, averaging 55 fish to the box, or 31,625 cured fish, weighing 241,400 pounds. 

The barrels used were full size, machine-made, with galvanized hoops, and cost, 
in Puget Sound, $1.50 each. In salting without tanks the fresh fish are salted in the 
barrels, the fish forming their own pickle; after four or five days’ shrinking the 
barrels are filled with fish to the top and weighted, and after coniplete shrinkage they 
are resalted, the barrels headed and placed chime up; an auger hole is then bored in 
the upper chime and the barrel kept filled with pickle. 

Mr. Rice prepares his dog salmon by butchering in the usual manner, except 
that the head is left on. After thorough cleansing in salt water they are salted 
down with coarsb salt, flesh up, i n  piles called “kenches,” about 4 feet square and 
4 feet high. In from four to six days, depending upon the weather, the fish havirig 
shrunk sufficiently, the excess of salt is shaken off, the inside is sprinkled with clcan 
Livcrpool salt, folded back in  the shape of the fish, and boxed; a sprinkling of salt 
is placed on the outside to keep the fish from sticking together. It is said ’that fish 
prepared in  this manner keep a long period. 

Mr. Rice also purchased all halibut of 40 pounds weight and over a t  a uniform 
rate of 50 cents each; these were flitched, dry-salted in kenehes, and shipped to the 
Sound, where they were washed and smokcd for market. 

No salting tanks were used. 

KARTA BAY STREAM. 

This stream, described on pages 88 to 90 in my former scport, has been very 
much overfished during the past few years; it is said there were as many as 30 seines 
at work in the vicinity of the mouth of the stream during the height of the last run. 

The following contains only the catch of three canneries for 1898,1899, and 1900; 
that of the salteries and smaller fisheries is unknown. 

1898. 1899. 1900. 

Date. I NO. I Date. Ji,, Date. 

species. 

I--------- 
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An estimate made by 
a canneryman, who has a very good knowledge of this stream, gives the catch of 
redfish from this stream in 1898, 120,000; in 1899, 85,000; in 1900, 100,000. 

These numbers are probably too small by 20 per cent. 

KINA STREAM, KASAAN BAY. 

Between Coal Bay and Twelvemile Arm there is a large unnamed bight, which 
extends nearly 2 miles into the southern shore, and which receives at its head the 
waters of a small stream called Kina,referred to in my former report, page 90. 

Lake and stream, Kina Bay, Princo of Wales Island. 

This stream was examined, on September 22, by Ensign Miller who found that 
it had its source in a lake. It is about I+ miles long, with a width of from 10 to 40 
feet, and depth from 12 to 18 inches, with pools 4 feet in depth. It flows through a 
heavily wooded, rolling country, between rocky banks from 20 to 50 feet high, and 
over a bowldery and gravelly bed showing here and there exposed ledges. The 
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water has the usual brownish tinge common to lake water in this district, and had a 
temperature of 53.5" F., while the small tributaries had a temperature of 4 9 O  to 50° F. 
There are no falls, but in the lower end, where the stream narrows, there is a series 
of rapids which, however, do not prevent fish from ascending. Tide water extends 
about 100 yards within the mouth, and a short distance beyond is a barricade of the 
usual log and sapling form, having, at the time visited, some of the poles missing. 
There are numerous fallen trees across the stream. The upper half widens toward 
the lake and has a sluggish current. The lake is 135 feet above sea level and 
consists of three ponds, connected by small straits. The whole system is about 1 
mile in length with a greatest width of less than one-quarter mile. It is surrounded 
by many flats and is quite shallow, with pond lilies and grasses growing over the 
bed. The temperature of the lake water was F. There are several small feeders 
entering the lake and stream, as indicated on the sketch. The stream and lake system 
lies in a general north and' south direction. 

This stream 
was formerly fished by Mr. Myers, who sold the catch to Loring. It has not a large 
output, as the following records, the only ones available, will show: 

Numerous humpbacks and dog salmon were seen around the mouth. 

I 1896. 1897. 1898. I 
1 I--%. 1 Dates.--! No. 1 Dates. I No. 1 Dates. 

Specie?. 

I I I I I 

WARD COVE, TONOASS NARROWS. 

About 5 miles to the westward of Ketchikan a small bay makcs in on the northern 
shore of Tongass Narrows, known as Ward Cove, and referred to in  my previous 
report, page 65. A mining boom has been been attempted here, and on the western 
side of the covc a very small village has been built, consisting of a steamer wharf, 
store, a few dwcllings, and a post-office, called Bevilla. A sawmill has been built at 
the head of the bay on the western point of entrance to the redfish stream. Opposite, 
on the eastern head, there was formerly a saltery, purchased some y c a r ~  ago by the 
Alaska Packers Association and since dismantled. All that remains now is tho shack 
of an old Indian, who salts a few barrels of salmon during the season. 

TTcrrd Cow Streurn empties into, the head of the cove, and is the outlet to a chain 
of lakes. It flows in a fairly 
straight course in a southerly direction over rocky bottoni, with a rapid current 
throughout its length, between high bluff banks well wooded. Tide water extends a 
short distance within the mouth. The stream water is fairiy clear, and had a tcm- 
perature of 5 6 O  F. It is about three-fourths of a mile long, and 100 yards below 
the lake has a width of 20 feet, a depth of 9 inches, and a 3-knot current. 

The first lake is oblong, one-half mile long by one-fourth mile wide, and is ele- 
vated 70 feet above tide water. On the east and west the mountains impinge on the 
lake. On the southeastern side t8here is a narrow, swampy valley which has several 
smail streams draining through it. Toward the north the country is generally low, 
with small hills. It is generally well timbered, and along the shore in many places 

It was examined by Ensign Hepburn September 15. 
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there is a dense growth of grass and beyry bushcs. The teiriperature of the lake 
water was 55" F. About the middle of the northern shore there is a feeder, which 
is said to be a lake connection. Near the entrance point i t  has a width of 60 feet, 
depth of 4 inches, and a %knot current, flowing over R coarse gravel bottom. About 
1 mile from the lake and just beyond a large island the feeder has a fall of 7 feet 
sheer, and one-half iiiile above this them is a hcavy cascadc cxtcndiiig a Ipngth of 

Lake and stremi, Ward Cove, Kevillagigedo Island. 

100 feet and having sheer falls of 2 to 3 feet. There is also a cascade in the branch 
that flows around the western side of the island, but the branch on the eastern bide 
is clear. The temperature of the water in the feeder, 9 miles from the lake, WNS 

50' I?. The feeder was followed for a distance of 2& miles, until it was apparelit 
that no fish could go farther, but no other lake was seen, though it is reported by 
the natives that there are two more beyond. No fish were seen above the falls. 

F. C. B. 1901-19 



290 BULLETIN OF THE UNITED STATES FISH 00MMISSION. 

A few hurnpbacks were seen spawning along the shore of the lake, though the 
principal spawning-beds are in the first half mile of the feeder, where humpbacks 
were seen in great numbers, as well as many of another species, probably redfish. A 
large number of dead fish were seen along the borders of the lake and feeder. 

J u d g n g  from the surroundings, a good hatchery site might be located near the 
mouth of the feeder. In  the main stream outlet no sign of artificial barricades was 
noted. A number of fallen trees lie in the stream, but form no serious obstacle. 

The following is the only record available: 
.~__ 

1897. 1898. 
Species. 

No. Date. No. Date. - 
Redfish.. .... 1, WO July 24-Aug. 23 1,635 July Zl-Aug. 26 
Cohoes ...... 600 July 24-Aug. 13 743 July 19-Aug. 25 
Humpbacks. 11,.OO0 ..... d o . .  ........ 34,935 July Zl-Aug, 30 

1899. 

No. Date. 

LOO0 ............. 
1,W ............. 

1 5 , W  ... ........... 

__ --I_ 
I 1m. 

No. I Date. . I 
875 

1,179 
52,511 

I July 13-AUg. 23 , 
Julyl3-Sept. 7 I 

I Aug. 3-Sept. 7 

The above represents the catch of one cannery calling occasionally and making a 
seine haul. Several other canneries, a t  intervals, also fish the place. 

It is probable that the stream has a value of 5,000 redfish, 1,000 cohoes, 
50,000 humpbacks. 

KETCHIHAN. 

The saltery formerly operated here by Clark and Martin has heen closcd 
the property absorbed by a local company, who have extended the  wharf for 

and 

and 
the - -  

accommodation of steamers and made additions to the saltery for  warehouse purposes. 
Ifitchikan cannwy of the Fidalgo filand Canniny C'o.mr,any.-This company 

engaged in packing salmon at Anacortes, Wash., and built a cannery in the spring 
of 1900 on the northern shore of Tongass Narrows, about one-half mile cast from 
the old Clark and Martin saltery (see former report, page 65) .  The buildings arc 
substantial, well located, clean, and the cannery arranged to niake tt hand pack. Fish 
are conveyed from the boats by an endlcss-chain conveyor, adjustable for the tides. to 
the fish-house built over the water; the cleaned fish are conveyed to the cutters on 
push carts. 

The following machinery is ubed in  the canning process: Four steam hoxes, 3 
- retorts, 1 washer, 1 topper, 2 crimpers, 2 solderers, and 1 cutter, all adjustable to 

the different sizes pacEed. The filling tables acconiniodate 60 workers; daily capacity 
of cannery, 1,200 cases. The cans are all made at  the cannery by hand, of 100-pound 
domestic tin plate. It is probable that tillers will be introduced and the cannery 
enlarged in 1901, though a hand pack is preferred. 

The Chinese contract was 45 cents for l-pound talk and flat3, and 43 cents for 
one-half pound flats per case of 48 cans. Fi l lhg was paid for separately at the rate 
of 6 cents per case of 48 tins. Fishermen received '$40 per month, and collectively, 
$10. per thousand for redfish and cohoes, $2 per thousand for humpbacks, with full 
board and transportation; the boss fisherman had $75 per month, Fish were pur- 
chased from Indians and others at the following rates: Redfish and cohoes, 7 cents 
each; dog salmon, $15 per thousand; humpbacks, $7 per thousand; the cannery pro- 
viding boats and gear. 

The tables of the butchers have sprays over them. 

Transportation is by regular line of freight steamers. 
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The cannery obtained fish from Quadra, George Inlet, Ward Cove, Carroll Inlet, 
Thorne Arm, Kah-Shakes, Duke Island, Smeaton Bay, Hassler Harbor, Point Alava, 
Annette Point, Dalls Head, Bostwick Inlet, and Fish Creek. 
. The following are the statistics for 1900: 

Hands employed: 34 white, 38 natives, and 3 Japanese fishermen; 6 white and 50 
native cannery-hands, and 50 Chinese. 

Fishing gear: Eight purse seinw, each 175 fathoms by 10 to 12 fathoms, &inch 
mesh, $3 per fathom; 2 drag seines, each, 160 fathoms by 6 fathoms, 3+-inch mesh, 
$1.75 per fathom. 

Boats, lighters, etc. : Three lighters, $75 each; 2 lighters, $225 each; 2. scows, 
$20 each; 1 2  seine. boats, $70 each; 8 dories and skiffs, $30 each. Steamer Delta, 
59 tons, crew 6, value $6,000, chartered. 

The following was the pack of canned 
salmon in 1900: 

No salting was done at this cannery. 

I '437 ' 
Redfish ...................................... 91,675 . 11.5 ~ July IO-A~g .31  

Cohoes ...................................... . 10 Jiily 13-Scpt. 8 

Hlllllpb~libh. ................................ 26, 176 l X 3  1 Jnlyl3-Sept. 8 

Dog wlmoi i . .  ............................... 1304 1 8.5 A11&24-Se]it. 8 

18,425 

{ 86,196 

' 

N A H A  STHEAM AND LAKES. 

This stream was roferised to in iuy forrner report, pigcs !)J-'37, and described as 
far :w the falls in  the stream cwnnectinp Lake No. 1 and Lake No. 2. On September 
1, Lieutenant Rodman and Ensign Kempff, with an Indian guide, examined lakes 
Nos. 2, 3, and 4 as far as m y  fish can ascend, and from their report the following is 
condensed, reference being made to the sketch accompanying this report: 

Stream coimecting Lakes B6s. 1 and 2.-Frotn the falls above Lake No. 1 the 
stream maintains its volume and flows over a rocky and gravelly bottom; it rises 
gently to Lake No. 2. Just below this lake is a series of small cascades, none of 
which is over 2 feet in height or forms anj7 obstruction to the ascent of salmon. 
One or two small tributaries enter the stream on the northern side, but they are 
unimportant. The dis- 
tance hetween Lakes No. 1 and No. 2 by the stream bed is about 2s miles, hut by trail 
along the northern side the distance from the falls to Lake No. 2 is materially less. 

F. This 
lake is gourd-shaped, with a rather rounding basin about half a mile in diameter, 
making its length, with the long narrow neck on entering, about three-fourths of a 
mile. The shores, except the western side, are rocky and gravelly, and the lake 
generally has a very clear appearance. But few pond lilies and little grass were 
noticed anywhere. 

. 

The stream throughout its length was full of humpbacks. 

Lake No. 9.-Altitude, 50 feet; temperature of lake and stream, 
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On the western side there is a feeder about 30 feet wide hy 8 inEhes deep, which, 
according to the guide (who owns and hunts the land bordering the lake system), 
is the outlet to a lake lying about 18 miles to the northward. About 1 mile from 
the rnouth it has a high fall, which prevents fish from ascending to the lake; as far 
as the fall, however, there is good spawning-ground. 

A”i’mm connwting Lakes Xo. %’ a7id No. X-This stretim is about 2 miles long, 80 
feet wide, and 14 inches deep, with a fall of 103 feet i n  its length. I t  was only 
examined at the lake ends, but it can have no serious obstructions, as redfish enter 
Lake No. 3. The mouth of the streani, and for one-fourth inile above, was full of 
humpbacks, but they do not enter Lake No. 3. Tho  tenipcrature of the water in the 
strcani was 5Ei3 F. At the head of the stream, at its source in Lake No. 3, there is a 
small island, partly in the lake, around which the waters from both lakc and stream 
flow. 

The length of 
this lake is about 2+ miles, with a width ranging from one-fourth to one-half mile. 
The northern shore is comparatively straight, very ateep, and rocky; the other shores 
are low and fiat,withopen glades, permitting easy travel: the southern side is marked 
by several deep indentations. At  the extreme eastern head is a feeder which was 
not examined. 

Stream connecting L a k a  Nos. 3 and 4.-This strearrl enters Lake No. 3 at the 
eastern end, near its head, where i t  is ahout 60 feet wide, 8 inches deep, with a teni- 
pernture of 56O F. It is about a mile long following the stream bed, though the 
lakes are only about one-half u mile apart in a straight line. It has a fall of 167 feet 
in its length, part of which is over sheer falls, making i t  impossible for salmon of 
any kind to enter Lake No. 4. The first fall is :ibout one-fourth inile above Lake 
No. 3, beyond which no fish were seen, and while it is possible that it can be passed, 
it is nofprobable that they can pass over the series of cascades at the head of the 
stream where it leaves Lake No. 4. Here the fall is at least 100 feet i n  one-fourth 
mile, and the  water rushes along with great velocity, without any eddies or resting 
places. 

The length of this  
lake is about 33 miles, with an average width of one-fourth niile, expanding toward 
the head. The banks are steep and the shore lines, as far as examined, are rocky. 
It is said that there aye two more lakes in this system connected with Lake No. 4, but 
as no salmon can enter ihe latter, it was not deemed necessary for our purposes to 
continue the examination any further. In Lake No. 4 many cutthroat trout were 
seen, but no salmon or signs of them. The water throughout the lake system was 
unusually low. In Lake No. 4, judging from the niarks along the shore, it appwred 
to be 2+ feet below a mean level. There were no barricades in any of the streanis. 
The whole nystem has all the natural features foi: excellent spawning-grounds; the 
streanis are clear, free from obstruction, there is much sand wid gravel, little or no 
mud, and plenty of water, with moderate current. The color of thc water becomes 
lighter as the upper lakes are reached. At  Lake No. 1 it is tinged a deep brown, and 
at Lake No. 1 it is much lighter in  color. 

Luke No. 3.--Altitude, 153 feet; temperature of water, 5 6 O  P. 

Iledfish were seen as far as the first fall. 
Lake No. d.-Altitude, 320 feet; temperature of water, 5 6 O  F. 
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There is an 
abundance of water, which could be conveyed by gravity, and plenty of spawning 
fish. Another site could probably be found at  the mouth of the feeder ip  Lake No. 2, 
but it is probable that spawning fish might not be so easily obtained. 

In  addition to the record of the stream given in my former report, page 96, the 
following may be added: 

The head of Lake No. 3 would afford an excellent site for a hatchery. 

I 

--- - 

Class and name. Tons. Crew. 

Steamer Arctic ........................ 21 5 
Steamer Novelty ...................... 88 5 
ShlpSintrum .......................... 1,495 (1) 

RedAsh. ....... .................... 
Cohoeq ........ .................... 
Humpbacks ... .................... 

Value. Remark% 
------- 

$4,OOO Owned. 
12 OOO Do 
5O:oaO Chartered. 

4 
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The following was the pack in  1900: 
.. 

Species. 
~ _ _ - _ _ _  

Redflsh .......... -1.. ..................... 
Cohoes.. ................................... 
Humpbacks.. ...... ..,. ................... 

Cases: 

16 219 
3:8% 

47,114 
Aug. 29-Sept. 18 
July 17-Sept. 6 

EO. 

44 271 
d 4 1 3  

_- 

45,000 

-YES BAY. 

Boston Fishing and Trading Chapany.--In my former report, pp. 97 to 100, 
this cannery is described, together with the home stream and lake system, which 
were examined at  that time. Reference will here be made only to the changes and 
additional data, together with the statistics for the season. 

The barricade has been removed from the streani and it is now clear of this 
obstruction. The trap formerly referred to is still used at  the mouth of the stream. 
It has a lead from the eastern shore of 300 feet, a channel lead of 100 feet, and 
heart 100 feet; on the side are two pots, one 30 feet by 30 feet, the other 28 feet by 

It extends a long distance across the banks a t  the mouth of the stream and 
with a short net extension the entire stream can be closed. 

Excepting the king salmon, all the species of salmon are represented in this 
stream; steelheads are rarely taken, shad and sturgeon have never been seen, Dolly 
Varden trout are abundant, and at  times there are numbers of halibut and flounders. 
In  the spring tomcod are abundant. 

Practically all the redfish packed at  this cannery come fFom the home stream. 
The cohoes come from the homk stream, Burroughs Bay, and scattering; humpbacks 
principally from the home stream and Short Bay, though some are received from 
the Hot Springs, Gedney Pass, Spacious Bay, Stewart River, and adjoining inlets. 
Dog salmon are taken scatteringly from all the above places, and the king salmon all 
come from Burroughs Bay. 

The following is the record of the home stream since the date of my last report: 

. 28 feet. 

This cannery has not fished Checats since lS9T. 

Dates. 

July 12-Sept. 3 
Aug.11-Aug. 29 

- 

July 15-Aug. 30 ......................... 

I Species. 
No. 

69 OOO 
6'300 

76:000 
500 

_- I 
Dates. 

_______ 
July 14-Sept.13 80 000 
Aug. 7-Sept.13 7:7W 
July 12-Scpt. cj fii,oo0 
July 14-Sept.13 '2,2,50 

Redflsh ................... 
Cohoes.. .................. 
Humpbacks .............. 
Dog salmon ...... .:. ..... 1 

1899. 

July 14-Sepl,17 
Aug. ll-Sept.17 
July 16-Sept. 14 
Ju ly  21-Sept.17 

I I I I I I I - -- I 

The following machinery is used in the canning process: Four iron retorts, 1 
steam box, 1 filler, 1 crimper, 1 solderer, and 1 cutter. The tops are put on by hand. 
All tins are made at the cannery by hand, of 90-pound domestic plate. Fish are 
pewed from boats and lighters to the fish-house, and after cleaning are passed directly 
from the draining tubs to the cutter. The daily capacity of the cannery is SO0 cases. 
Thk Chinese contract was 38i cents, with the usual conditions. Fishermen received 
$40 per month, from time of arrival to day of departure, with full board and trans- 
portation. The klootchmen (native women) were paid for cannery work $1.25 per 
clay, and the bucks from $1.50 to $2.50 per day, the butchers receiving the highest 
rates. Fish were also purchased for which the following rates were paid: Redfish 
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5 cents each, cohoes 6 cents each, humpbacks 75 cents per hundred, dog salmon, in 
good condition, 2+ cents each. The cannery finds all gear. 

The following are the statistics for 1900: 
Hands employed: Fifteen white and 15 native fishermen, 5 white and 15 native 

cannery-hands, 61 Chinese. 
Fishing gear: One trap, previously described, value $1,000; 1 purse seine, 230 

fathoms by 20 fathoms, value $2.50 per fathom; 3 drag seines, 175 fathoms, 150 
fathoms, and 120 fathoms long by 10, 8, and 6 fathoms deep, all 3-inch mesh, value 
$1.50 per fathom; 2 gill nets, each 100 fathoms by 32 meshes, lO&-inch mesh; 2 gill 
nets, each 100 fathoms by 35 meshes, 6&-inch mesh, value 65 cents per fathom. 

Boats, lighters, etc.: Five lighters, $50 each; 4 seine boats, $50 each; 6 skiffs, 
$25 each. Transportation by 
regular line of freight steamers. 

Steamer Rosie, 8 tons, crew 2, value $2,500, owned. 

The following was the pack in 1900: 

Kiugsalmon .............................. 713 2.5 
Redfish ..’....... .......................... 9,825 8.5 
Cohoes .................................... 2 300 7.6 
Humpbai!ks.. ............................. 20:051 15 
Dog wrlmon.. ............................. 728 8 

June 26-July 10 
July 13-Sept. 7 
Aug. 2 W e p t .  27 
July 18-Sept. 18 
July 10-Sept. 27 

BOOA DE QUADRA. 

These waters and the cannery of the Quadra Packing Company were described 
in my fornier report, pages 62 to 64, and only the additional information which has 
been obtained will be referred to here. 

SaZtm~ees.---The Clark & Martin saltery at the mouth of Quadra redfish stream 
has tumbled down through decay and izl practically abandoned. Near this site a 
saltery was operated in 1899 by Mr. I-Iilton, from Bellingham Bay, who dry-salted 
about 4,000 dog salmon. In 1900 the saltery was operated by Mr. %. Doty, from 
Whatcom, who also salted a few dog salmon. Neither of these men had twy gear; 
they siinply bought the “slop overs,” as they are called, dog salmon or ‘‘ chii~ns,’~ 
from the cannery seines. 

In 1899 a Mr. D. Blaauw, from Tacoma, built a saltery on Grouse Island and 
operated it the same way as mentioned under the other salteries. He dry-salted 
about 14,000 dog salmon (chums), and shipped them to the Sound. I n  1900 the 
saltery was closed. 

Quadm Stream, described in my former report, is one of the best redfish streams 
in Southeast Alaska, and is noted for the large fish which it carries. It hasattracted 
the attention of the canneries operated in the vicinity, and so vigorous is the fishing 
carried on that i t  is believed very few fish ever reach the spawning-grounds. In 
1899 it was fished by the  Loring cannery with 8 purse seines, the Quadra cannery 
with 8 purse seines, arid Mctlakahtla cannery with 2 purse seines, or a total of 18 
purse seines. In 1900 i t  was tished by the Loring cannery with 8 purse seines, the 
Quadra cannery with 8 piiise seines, the Ketchikan cannery with 8 purse seines, the 
Metlakahtla cannery with 2 purse seines, a fishery from Port Gravina witb 2 purse 
seines, and 2 independent gangs with 1 purse seine each, or a total of 30 puise seines. 
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When it is considered that the stream is only abed 50 or 60 deet in width at  the 
mouth, and the inlet, Mink Arm, is less than one-half of a mile in width, it may be fan- 
cied that a fish has very little chance to escape the 30 purse seines that are constantly 
sweeping these waters, which are deep and bold and permit seining into the mouth of 
the stream. If there is no law regulating such fishing, there is one permitting the 
closing of such streams, and unless properly regulated this stream should be closed 
until the rapacity and greed of the fishermen have subsided. In my fornier report 
the vhlue of Quadra Stream was given as 50,000 redfish, and i t  is believed that this 
number can be taken under average conditions with safety to the stream. 

So far as data have been obtained from the different canneries fishing this stream, 
the following is the record, which, however, does not include the catch of independ- 
ent fisheries and salteries: 

. 

~ ~ _ _ _  
Year. 

1895.. ... 
1890.. ... 
1897. .... 
1898.. ... 

1899.. ... 

1900.. ... 

S p c e i e s . ~ Number. 

Redfish ............................ 97,000 

..... do..  ............................ 98 138 

Humpbacks.. ...................... 100,OOO 
Redfish ............................ 166.232 

..... do .............................. ' 137 OOO .... .do.. ........................... 66: OOO 
Cohoes.. ........................... ~$664 

Cohoes.. ........................... 4; 622 

Redfish ............................ 174,614 
Humpbacks.. ...................... 1 301, OOO 

Humpbacks.. .................... ..I 223, OOO 

nntc. 

July 13-Aug. 31 

Jiily 1%-Aug. 29 
Aug. 18-sept. 4 
July 16-Aug. 15 
Ju ly  16-Aug. 28 
Aug. 20-Aug. 28 
July 17-Aug. 10 
July 12-Aug. 31' 
July 1bAug. 12 
. ._ 

Quadra Packing Company.--The cannery of this company was described in my 
former report. Fi~oni it has sprung the Icy Strait Packing Company, the salteries at 
Taku, Bartlett Bay, and Shipley Bay, the new canncry now lmilding :it Bartlett Hay, 
nnd i t  is saidanother cannery is to be built in Sitkoh Bay next spring (1901). 

The machinery employed in the ciiririing process consists of 4 steaiii hoxes, 
2 retorts, 1 capper, 2 crimpers, 1 washer, and 1 cutter. The cans are filled by hand, 
for which purpose there are filling tables for 30 operators. The daily capacity is 
800 cases. The tins are all made at the cannery by hand of 100-pound plate, 50 per 
cent of which is imported. 

The Chinese contract was 45 cents for hand-filled cans, with the usual conditions. 
The fishermen received transportation, board, $35 per moiith, and, collectively, 1 
cent each for redfish and cohoes, $2 per thousand for humpbacks, and $4 per thousand 
for dog salnion. 

Fish were purchased at the following rates: Redfish and cohoes, 7 to 10 cents; 
humpbacks, $10 to $12 per thousand; dog s:ilnion, $15 per thousand. The higher 
price was paid when no gear was furnished. Native fillers received 7 cents per case. 
Transportation was by regular line of steamers. 

There arc very fern steelheads i n  these waters; only two mere brought to the 
cannery this season. Neither shad nor sturgeon have ever been taken; n few halibut 
are found around the cannery during the packing season. 

The following are the statistics for 1900: 
Hands cinployed: 24 white and 40 native fishermen, 5 white .and 25 native 

cannery-hands, 43 Chinese. 
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There were used 8 purse seines, average 180 fathoms by 15 fathoins, 3-inch 
mesh, valued at $3 per fathom; 1 drag seine, 115 fathoms by 8 fathoms, 3-inch nicsh, 
valued at  $2 per fathom; 1 house scow, $75; 8 seine boats, $100 each; 9 skiffs, $30 
each. Steam-tender service was furnished by the icy Strait Packing Company. 

The following was the pack in 1900: 

I I Species. . 1 cases. /tr:;g,,./ Dates. 

Redfish .................................... 
c’ohocs.. 
Humpbacks.. 
Dog salmon ................................ 

................................... .............................. July 17-Allg. 31 
DO. 

___ _.____- _ __ ___ _- 

METLAKAIITLA. 

Metlaknhtla Z&&zutriaZ Company.-There has been but little change in this cannery 
since the date of niy last report, in which the conditions were described on pages 
66 and 67. The money ndvanced by the friends of Mr. Duncan for the construction 
of the cannery has been paid i n  full with interest, m d  i t  is now free of debt, the 
profits being expended for the welfare of the comiiiunity and for the iniprovement 
of the village. 

The cannery has a good location on a large wharf, which permits the largest 
steamers alongside at  all stages of the tide. i t  is well lighted, commodious, and 
thoroughly clean. The buildings are large enough for a pack of 40,000 cases, and 
the plant has a daily capacity of 700 cases. All the work, from first to last, is done 
hy Indians-men, women, arid children. No whites are eniployed i n  the cannery, 
fisheries, 01- steamer$, and, as Mr. Duncan wishes to give employment to as ninny 
natives as possible, the pack is h d e  entirely by hand. 

On the wharf is 
an elevator for transferring fish from the boats to the fish-house. The first cooking is 
done in boiling water, for which 5 boxes are used, and for the second cooking there 
are 3 retorts. All the tins are’made at the cannery, of 100-pound domestic plate. 
All the packing cases are made in  the coniinunity sawmill. The lacquering is don0 
by Indian girls, who roll the cans hy hand on pads covered with lacquer. 

The children receive 50 cents to $1 per day, and adults from $1 to $3 per day. 
In purchasing fish the following prices are paid: Redfish, 7 cents; cohoes, 8 

cents; dog salmon, 2s cents; humpbacks, 1 cent. 
The following are tho statistics for 1900: 
Hands eiuployed: 24 native fishermen, besides 38 from whoni fish \\’ere purchased; 

174 native cannery-hands. 
Fishing gear: Eight purse seines. average 158 fathonis by 8h fathoins, 8-inch 

mesh; 4 drug seines, average 163 fathoms I)y 0 fathoms, 3-inch mesh; 5 gill nets, 
average 172 fathoms by 4 fathoins, 5+-inch inerh. 

13oath, lighters, etc.: Two lighters, $100 each; 7 seine hilts, $50 ewh;  G s:iilboats, 
$100 each; 10 dories, $25 each. 

Transportation by regular line of,steaniers. 
The cannery steamers crnploged were: Ih*aZd, 1 7  tons, crew 5, V ~ U C  $9,000, 

The only niac*hinery used is 1 cutter, 1 crimper, iind 1 solderer. 

owned; Marie G .  Jlnaven, 12 tons, crew 5 ,  value $5,000, owned. 
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- 

Speries. (:RSea. 

Redfish ................................... 8.228 
Cohoen. .................................. 3 978 
Humpbacks ............................... 16:551 

The following was the pack in 1900: 

Dates. No. to 
ttre (’a. 

14.2 .Jllne 17-AUg 26 
8 July 21-Sept.25 

17 July 17-Aug. 27 

Dates. the case. Species. 

Redtlsh ................................... 6,930 13:7 June 20-Sept. 5 
Cohoes .................................... July 27-Sept. 12 1 HumDbacks .............................. 1 9,:; 1 2;’ 1 July 1bSept. 4 ............................... .................. 1 Dogklmon 1 3501 7 I._ I 

No salting has ever been done here. The streams fished for the cannery are the 
Home Stream, Tamgas, Duke Island, Quadra, Karta Bay, Kithraum, Peter rJohnson, 
Nowiskay, Old Johnson, Kegan, arid Kagahine. 

KLAWAK. 

North PaciJic Trading and Packing Conapmy.-This cannery and its surround- 
ings were described in my former report, pages 109 to 115, and only such additional 
information as s e e m  pertinent to bring the record8 up to date will be referred 
to here. 

The cannery, together with all the buildings, sawmill, store, etc., was burnt on 
September 18, 1899. In the spring of 1900 the WRTIIC company Imilt a new cannery 
about a mile south from the old site and on the opposite side of the arin, where it is 
more accessible to vessels. It is considerably larger than the old plant, and modern 
machinery has been installed. In the canning process the following machinery is used: 
Four retorts, 1 filler, 1 topper, 1 solcierer, and 1 cutter. This should give the cannery 
a daily capacity of 800 cases, The fish are butchered on ‘ r ~  float and conveyed to 
the cutter by a conveyor on the endless-chain principle. 

The Klawak cannery, representing the earliest in  Alaska, was,. froin 1878 to 
1896, operated by Indian labor. These people demanded nioi*e and more each year 
until the expense of the pack became greater than it would have been had Chinese 
Isbor been employed. The result was that the cannery slowly introduced the latter. 
I n  1896 there were employed in the cannery 62 natives and 2 Chinese, and in 1900 
13 natives and 46 Chinese. 
’ The following are the statistics for 1900: 

Hands employed: 55. native fishermen, 10 white and 13 native cannery-hands, 

Fishing gear: Nine purse seines, each 175 fathoms by 240 meshes, 3-inch mesh, 

Boats, etc.: One scow, $100; 11 seine boats, $80 each; 5 skiffs, $25 each. 
Transportation was by special sail, chartered. 
The cannery steamers were the Klawack., 10 tom, crew 4, value $5,000, owned; 

Cora, launch, 5 tons, crew 2, value $1,500, owned. 
The following was the pack in 1900: 

and 46 Chinese. 

valued a t  $300 each. 
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Species. 

- 
Redfish.. . . . . . . . -. . . 
Cohoes ._. . ._.. . .__. 
Humpbacks .... . .. . 
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The cannery obtained its fish principally from the Home Stream, Sar-Kar, 

In order to continue the data for the Klawak Stream, given in my former 
Warm Chuck, and Hetta. 

report, the following record may be added: 

1898. 1899. 1900. 
-_____-- 

No. Dates. NO. Dates. No. Dates. 

86, 881 June 20-Aug. 8 75,000 June 16-Aug. 20 81, GUO Junel7-Aug. 24 
11,664 Sept. 7-Sept. 29 6,000 Aug. 16-Sept. 18 600 Aug.14-Sept. 24 
66,000 . . . . . . . . . .__. . . . . 53,000 . .. .... .. ... . .___. 200,GUO July 18-Aug. 27 

- 
The AZ6atross did not visit the cannery this season, and the above information, 

together with the following, was obtained by interviews with the superintendent. 
JLilmuak I;TatchHy.-This hatchery, described in former report, was moved in 

1898 from the head of the main stream to the mouth of Three-mile Stream, a lake 
feeder on the northern side. 
contains twelve troughs, 16 feet by 14 feet, arranged in pairs, with a passage around 
each pair. There are 6 baskets to a trough, each basket holding 50,000 eggs, giving 
the hatchery a capacity of 3,600,000 eggs. The hatchery water is supplied by a 
flunie from the head of the feeder. About 50 yards within the mouth of the feeder 
a fence with R trap holds the spawners, from which they are seined as wanted. 

The only hatchery data available is the following: In 1898, July 23 to August 26, 
186 feinales were stripped, obtaining 2,586,000 eggs, 2,150,000 of which were hatched. 
This would give 3,513 eggs to the fish and the loss about 17 per cent. 

The highest and lowest monthly temperatures of the water are as follows: .June, 
4S0, Go; July, 48O, 46O; August, 54O, 50°; September, 52O, 4 4 O ;  October, 46O, 39"; 
November, 44O, 3 2 O ;  December, 40°, 35O. At a temperature of 50° F. the fish are 
hatched in about 70 days; the longest period of incubation thus far has been 120 days; 
eye-spots appear in 27 days, and the egg-sac is absorbed in 42 days. 

The young fish are siphoned from the troughs into buckets as soon as hatchbd, 
and planted in a shallow part of the lake. It is said here that the young fish go to 
sea the spring of the second year after the parent fish has entered the stream. The 
milt of 2.5 to 3 males is used for impregnating the eggs of every full female. 'This 
year (1900) several thousand young fish were marked by cutting off the fleshy fin. 

The following is the output for three years: 2,586,000 eggs and 2,150,000 fry 
in 1898; 3,600,000 eggs and 3,000,000 fry in 1899; 3,600,000 eggs, about 1,000,000 fry 
in 1900 (nearly all eggs were lost by a hard freeze). 

Information was received that, owing to the very severe weather in Alaska this 
year, dl the eggs in  the hatchery were frozen. 

The new hatchery house is 60 feet hy 18 feet, and . 

HUNTER RAY. 

Pyc$c kJteCum Whaling Conzpaiiy.-Tinle did not permit a visit to this cannery 
The cannery and the district were-visited in 1897 and 

The following statistics and additional information were obtained by personal 

during the season of. 1900. 
fully described in my former report, pages 68 to 73. 

interviews with members of thc coinpuny and the cannery superintendent. 
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The cannery machine~y consists of 2 steam boxes, 5 retorts, 2 fillers, 2 solderers, 
and 1 cutter, giving it :L daily cap:wity of 1,600 cascs. Topping is done by hand. 
Fish are pewed to the fish-house, :tnd thence passed by hand direct from the draining 
tubs to the cutters. There aiy no can-makers; :ill tins are made by hand a t  the can- 
nery, of 100-pound plate, 66 per cent of which is domestic. 

The white fisherinen received 
transportation and board and were paid 5 cents for redfish and the saine for cohoes. 
The cannery also purchased fish and paid 6 cents for redfish, 6 cents for cohoes, and 
one-half cent for humpbacks. Native wages were 26 cents per hour for adult males, 
and $1 to $1.50 per day for klootchmen. 

The Chinese contract was 424 cents per case. 

The following are the statistics for 1900: 
Hands employed: 21 whites, iind ernployed and purchased fish from 121 natives: 

Fishing gear.: Twenty-two seines, square hung, for drag seines or pursing by 
, hand; they average 195 fathoins hy 5 fathoms, 3-inch mesh; value, $1.50 per fathom: 
2 lighters, $100 each; 2 fish-ticows, $50 each; 22 seine boats, $50 each; 3 skiffs, $25 
each, and 1 pile-driver, $800. 

10 white cannery-hands and 90 Chinese. 

The following stearners wero'owned and operiited by the cannery: 

Cluw ~ u i d  name. 
-. ___ 

Steamer Alice ........................ y .  ............. 
Steamer Golden Gate ............................... 
Gasoline laiiiich Alphoiise XI11 .................... 
__. -- _______ 

_______ 
Tons. Crew. Value. 

6 $12,000 
69 9 25,000 
6 2 3,000 

19 

The transportation is by calling vessels of the Pacific Stertrii Whaling Co 
The following was the pack in 1900: 

Species. 

Redfish ..................................... 
Hiimpbarks ................................. COhOeH ...................................... 

No.of "tip Ihte. 
cases. case. 

7 818 12.8 June IO-Aug. 10 

81,709 18.6 July 17-Aug. 28 

____- 

4:070 9 July 31-Sept.10 

-- - 

HETTA BTItEAM. 

This stream was fully described in my former report, pages 73 to 75. As i t  is 
one of the large redfish streams of southeastern Alaska, and as many wild statements 
have been made in  regard to the catch from it, the following dah, ridded to that 
previously given, makes ti coinplete record from lSXG to 1900, both years inclusive. 
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Species. 

Redfish.. . . . . . . . . . . . 
Cohoes . . . . . . . . . . . . . 
Humpbacks ........ 

.______ 

_. .- 

I t  may be added that this record is the entire catch from Hetttl Strettin by the 
canneries at Hunter Bay and Klawak and the saltery at Hetta, but does not include 
any fish taken for local use or the small salteries, if any wore taken by the latter. 

1900. -__ 
NO. Date. 

I 1898. W Y Q .  _- 
No. I Date. No. Date. 

-__ --- -__-I___________ 

17g*i!$ ~ u I , ~  1 % ~ " ~ .  3 !m-g$ bull, 15-sept. 5 188,733 J11iiel7-Aug.'L3 .......... 
25,OOO July 25-Aug. 25 229,556 June 27-Aug. 23 MI,21G 

_____--- - 

The herd fishing of this streaui coninienced in  1896, and unless it has received an 
impulse from some other source, as from Mr. Callbreath's hatchery, there is no doubt 
that the locality is overfished. 

BI'I I EN BY INLET. 

On the eastern side of Etolin Island is it large 1)ay (represented on Coast Survey 
chart No. 8800 without any soundings), having iiunierous islands and reefs, and a 
rather uninviting appearance; i t  is known as McHenry Inlet. At the hetid of the 
inlet are two bights or coves, which are very foul and at  low water expose inany 
ledges and extensive flats. The cove at  the east receives at its head a sniall stream, 
known as Falls Creek, and, a little to the southward, a second stream culled Trout 
Creek. The head of the western cove receives the waters of :i siiiiill stream which is 
a hike outlet, and on this lalie is the hatchery of Mr. John C.  C:tdIbreath. 

There is a deep-water channel through McHenry Inlet which lexds to ti  beautiful, 
spacious, landlocked harbor, near the head of the inlet, for which the following 
directions majr he of service: 

Divections fw eutmi?q McIh?w!y h l e t . - O n  ticcount of the sniall scale of the 
chart No. 8200, and the absence of nanics, the :q)proach is rather difficult to describe. 
At the entrance to the inlet (see chart) iu a string of islets and rocke making OB to 
the northwestward from Avon Island. North from the rock natiied Quartz Itock is a 
large wooded isltind, having :til extensive reef projecting to the westward. North- 
ward from this is a small wooded island, having a rock off its southeastern end, and 
north of this is another sinall islet having ti rock, iiiarked on the chart, off its southerii 
end; the latter islet is the guide to the chttnnel and wil l  here be called Entrance Islet. 
It is small, rocky, und heavily wooded; the central trees projecting highest give it a 
conical appearance, and, as it is quite signimetric~:~I, it presents about the same shape 
from all sides. I n  standing f a  McHenry Inlet bring Entranco Islet to bear ENE., 
and stand for it, shaping course on near approach to pass it close to, about 75 yards, 
leaving i t  to the southward. Nearly ahead, and in the center of the inlet, will now 
be seen Dot Islet, a low rocky islet lying close to the water, with a few low treesand 
bushes growing over it, and south of it, near the southern shore, will be seen n hare 
rock. The channel lies hetween Dot Islet and the rock. After passing Entrance 
Islet, the course shoultl Lent1 to the southward so that i n  heatling tiiidwa? hetween 
Dot Islet and the hare rock, Entrmce Islet will be directly astern. 

.Having passed Dot Islet, Irecp to the southward of niid-channel for 1 mile, then 
haul to mid-channel and anchor about a mile below the head of the inlet, favoring 
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the eastern shore. Do no6 attempt to enter the bight or coves at  the head, or approach 
them too closely, as they arc very foul. The anchorage is in 20 fathoms, soft bottom, 
about one-half mile below the point of the tongue separating the two coves, and 
toward the eastern side. 

CALLBREATH HATCHERY. 

Mr. John C. Callbreath has been a resident of Alaska for many years; ne was 
the manager of the Point Ellis cannery until i t  was destroyed by fire in 1892, and has 
lately been engaged in the transportation business on the Stikine River and in tmd- 
ing, making his home at Wrangell. He  is a representative citizen, enterprising, and 
devoted to salmon culture. 

’In 1892, in connection with the Point Ellis cannery, ho started the hatchery 
referred to under that stream heading. Having seen tho rise of the salmon industry, 

I<UIIIH 1)1 ttougli i i i i ( i  l),t~kc~ts, Ca1ll)rcatli’~ old hat(.llcary. 

and knowing, as all iriust R ~ O W  who are familiar with the question, that, the abusivo 
and excessive fishing and total disregard.of the law by t h e  fisheries must slowly but 
surely exterminnto the salnion for  commercial purposes, he determined to take t~ 

salmon stream that under normal conditions carried a few thousand redfish, and by 
artificial propagation increase the prodixction to hundreds of thousands. He hoped 
that, if successful, a law would befr:mi(d making all the increase his own property. 

The hatchery is a private enterprise, unconnected with any cannery or  fishery, 
and based upon the widely prevailing belief that the salmon return to the parent 
stream in four years after they are hatched. As this time has passed, however, with- 
out any appttrent return, Mr. Callbreath has extended his period to ton years. 

In establishing the hatchery a stream was sought satisfying the conditions 
imposed, ,and one was found at the head of McHenry Inlet. It is small, about one- 

, 
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lid€ mile in length, :tnd flows over n rocky and howldery bed between heavily wooded 
shelving h:inlrs. At its head is a sniall 1:ike 42 feet :tbove tide mater. slightly 
L-shaped, :hont three-fourths niile long by one-fourth wide, and bordered by low 
wooded bnnlrs. ‘rho stream was never known to supply more than from 3,300 to 
5,000 redfish, :I number too sinall to attract the attention of the commercial fisheries. 
I n  fact, it w:ts Icnon7n as :i “~iiltiis chuck” or worthless stream. 

Aftor niatking satisfactory arr:Lngements with the Indians c1:~iniing tho stream, ti 
h:rtchcry was lmilt in IS!)% on thc, riglit hmlr tLbout 200 p r d s  froiti the mouth, and 
snitd>lt? claim were t h i m v n  :ioross thc ntreani to iinponnd the fish. The hatchery 
water W:LA taken from the stream, conveying it 1)y a flume from, a point near the 

r ,  l r q )  1 x x i  and Ixwiic>r i n  l t ~ \ \ ( i r  c t ~ i i r w  of S ~ ~ C W I I ,  CtiIIl)r(.;it I I ’ H  I I:itc~lic~ry, RI(~l1cwry l i i l ( k t ,  

lake, where a d:mi was h i l t .  After operating the hatchery during the latter part of 
thc season in 1898 ~ n d  turning out about 600,000 fry, it was seen that the breoding 
fish could not he impoimded properly i ti the streatui, iii:tny dying, probddy from 
exhaustion in attempting to p:ws thP harrier; i t  was also foiind that the stremi mtter 
used in the hatchery was unsuitatde, not only on acc+oimt of thc wide range in t t w -  

perature, but the organic nmtter it cwitained smothered thc eggs and aLuscd filJlguS. 
An excellent sit(. 1i:Lving brew found on the, lalrc, i n  thr  vicinity of thc ~trcai i~s  fornl- 
ing the natui*al spttwning-I)ods, with :L spring giving :ui nbiindant supply of  pi^ 
water of very rquahle tcinperatiirc, the h:ttchory ivas ~ i i o ~ ~ e d  in the spring of 1893 to 
its present site. It was operated that year and every year until 1900, when the pro- 
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jector decided that his means would not permit him to continue the work unless SOLIIP, 

return was made. 
Prom its first inception it WLS deterrriined that, in order to obtain the best results, 

only the most desirable species should be admitted to the lake, and that all enemies 
must be removed arid excluded. In order to carry this into effect dams were built 
across the stream with racks below them, as shown in the sketch, at a point about 100 
yards from salt water, where an islet divides the stream into two ptrts. The dam and 
fence on the weatern side of the islet allow nothing to pass. The fence on the eastern 
side has a trap opening, admitting fish to the foot of the dam. Here the redfish and 
cohoes are lifted by dip nets to the pool above, from which point they can ascend 
quickly to the lake. Nothing can enter the lake which is not lmssed over the dam by 
hand. The humpbacks, dog salmon, Dolly Varden trout, and all enemies, are carefully 
excluded, and the lake is therefore free of undesirable and predatory species. The 
lake has been carefully fished, and all enemies to the fry, cium as cut-throats and 
other trout, sticklebacks, bullheads, sculpins. etc., have been removed, so that it is 
comparatively clear of enemies. 

The hatchery is located on the northern side of the lake, about three-eighths 
mile from the head of the outlet, and midway between a series of 11 springs and 
feeders, the extreme distance being less thau one-fourth mile from the main building. 
The hatching-house stands on the border of the lake, partly over a small feeder, and 
back of it is a substantial and cornfortable log dwelling, 20 feet by 36 feet. Strung 
along the lake are two houses for the hatchery hands, each 12 feet by 16 feet, a smoke- 
house for smoking the stripped fish, and a tool-house. The original cost of the plant, 
and all expenses connected with i t  to date (September, 1900), amount to $16,000. 

The hatchery usually opens ,July 1, when preparations arc begun for the season; 
stripping generally commences September 1; the place is closed about March 1. 

The hatchery building is 75 feet lorig, east arid west, by 11 feet in  width; south 
wall 11 feet high, north wall 6 feet high; shed roof, with windows on the south side 
only; on the east end is a n  open shed aiinex, 18 feet by 11 feet. 

The troughs are 16 feet by 13+ inches by 54 inches, inside measurement, made of 
planed lumber, 14-inch bottom, la-inch sides, covered with asphalt varnish. In the 
mbin building are 2 lines of troughs arranged in  pairs, with 8 troughs in  a line, 
making a total of 16, arimged with a passage around the lines as shown in  the 
sketch. Each pair of troughs has a drop of 1 inch in its length, with a fall of 4 
inches to the next. The tirst compartment in each trough is 8 inches i n  length, and 
receives and aerates the watw; then c+onie 7 basket divisions, each 24 inches long, 
separated by the Wjllianison systein of  division plates, 2 inches apart; the last space 
is 4 inches. 

The hasketsare of the usual wire webbing, tive-eighths inch hy one-sixth inch for 
redfish eggs, and five-eighths inch by one-fifth inch for cohoes, and are 23% inches by 
12% inches by 4% inches, and have no  wooden rims. They are supported an inch from 
the bottom of the trough by broad-headed nails and tin clips. All are well lacquered. 
A full basket contains 60,000 redfish eggs, or 30,000 to 35,000 coho eggs. The capacity 
of the hatch'ery is therefore 6,720,000 i*edfish eggs, and the niinex 1,680,000 of the 
same species, but i t  is doubted if the latter can be regarded as a reliable factor in 
estimating the capacity. 

The annex will accoriiinodate 4 troughs, hut it has seldom been used. 
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The hatchery water is received from a pool about 150 yards north of the hatchery, 
which is supplied by three springs (see sketch g )  in the immediate vicinity, augmented 
by an additional spring, which is connected with the pool by a ditch. From the pool 
the water is conveyed by a covered flume to the west end of the hatchery building 
and is then distributed, as shown in plate XXIX. The flow is regulated at the closed 
end of the flume in the pool by means of holes in the bottom plank, in which plugs 
may be inserted, increasing or decreasing the supply as may be necessary. The main 
flume, midway in its length, is joined by a flume running from a reserve pool to the 
castward, which may be used if necessary. The water is very clear and evidently 
q u i t 0  pure, as no trouble has ever been experienced from fungoid growth. It is not 
filtered, but there are screens in the upper end of the flume to strain out foreign 
particles which may fall into the pool. The water is very equable in tcniperature 
and is said never to freeze. The lowest temperature observed in midwinter is 
recorded as 3 8 O  F., and the highest in midsummer 46" F. These are the extremes, 
the average range running from 39O to 45O F.  During moderate winter weather the 
temperature of the water runs from 40° to 43O F.-never above the latter. While 
the temperature of the water is frequently taken during the season, there is no daily 
record from which curves may be drawn. The following may be noted as fair 
averages: July 25, 1898, 45O F.; September 14, 1898, 43O F.; lowest during the 
winter of 1898-99, 3 9 O  F.; April 15, 1899, 41" F. The lake water ranges from the 
fiieezing point in winter to  60" F. in midsummer. It is claimed that the present 
hatchery supply is sufficient for 15,000,000 eggs and that there are additional springs 
in the vicinity which, a t  small expense, can be utilized. In the hatchery the same 
water is used through four troughs, and if the annex is used, through five. It then 
passes by a sluice to the small creek under the hatchery. 

The arrangements seem crude, and all fittings and appliances are constructed at 
the least expense, yet it all indicates an intelligent endeavor in  a direction where 
there was but little previous experience in the work. Judging from the output, 
however, the hatchery has been very successful, and is a striking example of what 
may be done in this line of work if undertaken in an intelligent manner. Mr. Call- 
breath certainly deserves great credit, not only for the work he has accomplished, 
but for the proof ho has given that a hatchery may be operated successfully for very 
little money. 

Feeders, ripenirbg pools, and nursmies.-The rcdfish and cohoos after entering 
tho lake remain in its waters until ripe, a period varying from two to six weeks, 
soinetimes longer, depending upon the condition of tho fish as they onter from the 
sea; and when ripe they seek the feeders to spawn. In the immediate vicinity of the 
hatchery there are six feeders and springs which form natural spawning-beds and 
are arranged for taking ripe fish, and also several nursery ponds. The mouths of 
these feeders are fenced and have trap openings, which admit the fish, but do not 
permit them to leave. 

Feeders a;, 6, and k. are tightly fenced to prevent adult fish from entering, as 
they are full of obstructions on which the fish might injure themselves. c, d, e, 
and f are spring pools, which have been cleared and improved, opening on the 
lake. The pool c is separated by a dam into two ponds, the inner one forming an 
excellent nursery. e is the best pond, and secures d is not considered very good. 

F. C. B. 1001-20 
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the largest number of breeders except ,j. .f is a nursery pond; an inclined fence of 
brush surmounts the dam and partly shades thc pool, which is believed to benefit the 
fry. .c/ is the outlet for the overflow from the hatchery reservoir pool; it has several 
sniall pools, formed by widenings in thestream, where fry wereone year plantedbut did 
not do very well. The lower of these pools, shown on the sketch, was also used as a 
nursery, but was unsatisfactory. h is the overflow from the auxiliary pool for hatchery 
supply, and receives the hatchinglhouse waste; at times a few fish are permitted to 
enter and are spawned as needed to fill up baskets. j is the chief feeder entering the 
lake, and is about 100 yards east from the hatchery; the mouth is fenced with the usual 
trap opening, and from this point for allout 70 feet upstream the 1)anks are walled up 
with vertical slabs. At  j’ the stream has been dammed to make an upper pool in which, 
and in the upper reaches, fry are released. The ripe fish are stripped on the west 
bank of the lower reach. 

Spuwniiiy.-The ripe fish enter the pens through the traps and are taken by dip 
nets; they average about 7 pounds in weight. Spawning begins about September 1, 
and continues actively for about six weeks; a few ripe fish keep running until late in 
the winter, the latest arrivals having the most perfect eggs. 

I n  spawning the wet process is used; a pan is half filled with water, into which 
the ova are stripped and the milt added; these are mixed with the fingers, and then 
set aside for ore hour, after which the eggs are thoroughly washed, transferred to 
buckets, and carried to the hatchery where they are placed in the baskets. 

It is found that impregnation will take place up to 3 minutes after the ova have 
been ejected, and that the best results are obtainecl by adding the milt between Q arid 
18  minutes after ejection. 

Size ofeyy,s.-The number Df eggs of both redfish and cohoes has been frequently 
counted, and i t  has been found that R full healthy female of each species contains 
3,500 eggs, but it is rare that the full number is obtained. As frequently some arc 
left in the fish, and others are not in good condition, the count is made on 3,000 eggs 
to the full fish, or 20 redfish, or 10 to 12 cohoes, to the basket, the eggs of the latter 
being about twice the size of the former. When a large number of fish riiiiture at 
the same time it  is frequently found that some eggs have been voided, and in such 
cases it will take two and sometimes three fish to make one “count” fish. 

In counting the eggs a condensed-milk can is used as a measure. This measure, 
by repeated counting, has been found to contain 1,904 redfish or 848 coho eggs. 
A quantity of eggs from a healthy, nornid, ripe female redfish was secured and 
measured with the following results: Forty covered 2 square inches and 20 in a line 
against a straight edge occupied a length of exactly 48 inches, giving a single egg a 
diameter of 0.285 inch. It has been observed that brilliantly colored or unusually 
large or small eggs are apt to prove failures. 

Several hundred cohoes are usually stripped each year and the eggs hatched. 
They run about six weeks later than the redfish. 

The picking of eggs is done with ordinary tin forceps and is commenced six to 
eight weeks after the eggs are placed in the baskets. It is claimed that the per- 
centage of bad eggs is very small, and that very little, if any, fungus appears. The 
delicate period is unknown here. It is probably covered during the time the eggs 
remain undisturbed. 

* 
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Period of imubat.ion.-Thc ternpcrature records are not at all completc, and 110 

attempt has bccn made to determine the thermal hatching unit. Generally it may 
be said that with a tempcraturc of 4 5 O  F., the average highest, to 39O, the avcragc 
lowest, the eye-spots appear in from 30 to 38 days. A few are earlier, and a few are 
45 day,s before they arc well eyed out. In  90 days they are hatching rapidly; in 100 
days two-thirds are hatched; in 110 days four-fifths are out, arid the remainder 
straggle along for several months. As the hatchery closes March 1 the unhatched 
eggs are buried in the gravel, simulating the natural conditions. The cohoes hatch 
ahout 10 days earlier, and an experiment' made with a basket of humpback eggs 
showed that they hatched in 70 days under conditions in which the redfish hatched 
in 90 days. 

Eggs which hatch out well in advance of the mass (" prcmatures ") and those 
equally late, produce usually very weak fish or "freaks." I t  has been the experience 
here that it is useless to waste time 011 these fish, as they invariably die. It has been 
found that the fry just hatched collect in  the lower end of tho troughs, m d  to prevent 
loss they are reiiioved as early as possible, within a day or two after hatching, and 
placed in the nursery, the upper ponds of the fecders, and soiiietinies in the lake, 
where the bottom is grassy or covered with pond lilies. 

The yolk-sac is absorbed in from forty-five to fifty days, but shows plainly at  
sixty days, though skinned over and in the belly. After this has taken place they 
are taken from the uursery and some arc placed in the feeders and others in the lake, 
where thc natural conditions are most favorable for their protection. 

The loss varies from 8 to 1 2  per cent, depending upon the sc:rson; if there is an 
abundance of rain, permitting the fish to ascend without iiijury, the eggs are found 
in good condition and the loss is small. During a dry season the fish are kept from 
ascending until the fall rains, and as they partially ripen in the salt or hracltish water 
the eggs are more easily injured. Realizing the advantage in having the fish arrive 
in the lake in a healthy, vigorous state, considerable work has been done at the out- 
let to remove obstructions and to improve the natural conditions. 

Bmwm Znkes.-Mr. Cal1bre:tth lays considerde stress upon the use of what he 
terms barren lakes in  connection with hatchery work. These lnltes have in their selt 
connections high falls or cascades preventing the passage of fish froni the sea and 
usually are quite clear of the enemies of salmon 'fry. Mr. Callbreath has planted 
redfish fry in two of these barren laltcs, both discharging their water into Burnctt 
Inlet. In  1894 and 1896, 1,000,000 redfish fry were planted each year in Burnett 
Lake, about 13 miles froiii the hatchery, and in 1895, 2,000,000 redfish fry were 
planted in Francis Lake, about 11 miles from the hatchery. The following coho fry 
have been planted in Falls Creek, previously referred to: 1893, G6,OOO; 1894, 50,000; 
1896, 135,000; 1899, 60,000. The rest of the hatchery output has been planted in 
the home lake and feeders. The fry are transported as soon :Ifter hatching as the 
weather permits and before the egg sac it;i absorbed, as they then require fewer 
changes of water. Coal-oil cans are used for transporttition cans; a screw-top 
mouthpiece, It-inch opening, is soldered to the top of the can and the fry are 
poured in through a funnel having R large opening. A 5-gallon can will hold 30,000 
redfish fry, or about 15,000 coho fry, and two such cans placed in the original case 
make a load for one man cwried on the back with pack straps and, if the weather 
is cold, wrapped in blankets. 
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Tho following data, rcprcsenting the output from this hatchery from July, 1898, 
to September, 1900, was furnished by Mr. Callbreath: 

Number adult8 
' Year. piirsed over drrm. 

Miales. Females. 
______- 

--- 

Redfish. I Coho e s . I 
Number of fry planted Niiinber adults &umber of fry planted 

rOtal Illlm- and locality. passed over dam. 'rota1 nllm. and lowlity. 

________ 
6oo, 000 

1, 888, 000 
4,928, 000 

3,880,000 
2, 000, 000 

4, 9G0, OOO 

1800000 
1: 385: 000 - -  

GOO, 000 
1888000 

2 9(io 000 
2' 780' OM) 

1' 800' 000 

3: 928: 000 

2' OOO' 000 

1:3855:000 

............ ............ 
8 1 ,  oo0,000 
4 Z,OOO,OOO 
81,100,oM) ............ ............ ............ 

...................... 
360,000 66,000 

375,000 135,000 
626, 000 ............ 
260,000 ............ 
890,000 (io,o00 

313,000 60,000 
616,0110 ............ 

21,441,000 1 17,341,000 4,100,000 2,603 1 
None stripped; fish iillowed to 

seek natural spawning beds. 

2,377 1 3,630,000 I 3,219,000 I 311,000 

+owed to 
'--bi= None stripped; fihh -- 

beck Iiatural spawning beds. 

1 Both sexes; not included in total. 2Not known. 8 To Burnett Lake. 4 To Francfti Lake, 

In this record it should be rcmcmbered that thc number of fish passed over the 
darn is not the number stripped. The number recovcrcd for spawning purposes varies 
so much that no percentage can be stated, and what hccomes of thosc not strippcd is 
a mystery to the hatchery people. For instance, in 1899 there werc passed over the 
dam between July 16th and October 26th 1,175 fenialc and 1,058 male redfish, 
a total of 2,233, and from August 29th to Noveinber 14th 963 female and 991 male 
cohoes, making a total of 1,954; of this number 1,367 redfish and 1,231 cohoes werc 
recovered; this includes not only all spawned fish, but all found dead along thc 
shores after diligent and repeated search. 

The following cxpcriencc at  the hatchery may ha of jntcrcst and worthy of 
record: On Septcrnber 23, 1898, about 20 spawncrs wcrc allowcd to enter one of the 
hatchery ponds and spawn. On April 13, 1899, nearly seven months It~ter, those 
spawning-beds werc turned over and a number of young fish found with the egg-sac 
not yct absorhcd. The same r u n  of fish strippcd and hutchcd i n  the troughs had the 
egg-sacs absorbcd two months prior to that time. It is the opinion at  the hatchery 
that the young go to se& in from 10 to 15 months aftcr they are hatched, though 
some romain in  the lake until they are from 20 to 24 months old. 

Mr. Callbreath is positive that his fish will return, but he now believes the tilne 
has not yet arrived for the first output to mature. It is earnestly hoped he rnay 
realizc all he anticipates, for the zcal and enthusiasm which hc displays should meet 
with ample rcward. In thc mcantinio he is carrying on a very interesting cxpcri- 
ment; if his fish return he will have demonstrated that salmon &I r c t u m  to tlwparm,t 
st.rmm, he will have thrown much light on the age of fish, and he will have provcd 
that a stream running a few fish can be made to yield abnormally. If this is demon- 
strated a law should be passed pcrniitting the leasing of small streams for hatchel7 
purposes and recognizing ownership in fish thus hatched. This would mean a great 
deal to southeastern Alaska, as it would draw settlers who could make a very good 
living by operating a hatchery and cultivating the little patches of land that are 
favorably located. 
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HALIBUT FISHERIES O F  SOUTHEASTERN ALASKA, 

Since my former report on this subject, pages 45 to 48, there has been no develop- 
ment of any halibut banks in this section, but the spots in which these fish occur have 
been utilized by small boats in a manner that has made them profitable. 

A few years prior to 15!30 the fresh-halibut fishcry was conducted bya few small 
schooners and sloops, chiefly from Puget Sound, which shipped the iced product by 
height steamers to the Sound market from Wrangell. The fishing, however, was 
desultory, and could 11:irdly have heen called profitablc until 1899, when the Icy Strait 
Packing Company coiripleted their, wharf a t  I’otersburg, near the upper end of 
Wrangell Narrows, and arranged with a steamship company to make regular calls for 
freight. Under this arrangement it was agreed that the halibut boats of Chatham 
Strait and Frederick Sound shpuld ship from the new station. During the first 
winter, from October, 1899, to March, 1900, about 20 small schooners and sloops of 
from 5 tons to 20 tons formed the fleet, calling regularly a t  Petersburg with fresh 
halibut for shipment. The fish were obtaincd chiefly in Chatham Strait and Fred- 
erick Sound. Twclvo of these vessels averaged 2 dories and 5 men, and 8 averaged 
1 dory and 3 mcn, iliaking a total of 32 dories and 84 men, each of whom may he said 
to have had a personal interest in a vessel. From October, 1899, to April, 1900, the 
Icy Strait Packing Company also engaged in the halibut fisheries, employing their 
cannery stcanicrs for this purpose. The steamer W%ite Tliinp, 34 tons, valued at  
$7,000, bcsides her regular winter crew of 4, carried 8 deck-hands and fishermen, 
working 4 dories; and the steamer A n n i e  il% Nixon, 18 t,ons, valued at $6,000, in 

’ addition to her crew of 4, employed 6 fishermen, working 3 dories. The fishermen 
received board and 20 ccnts per fish of more than 15 pounds weight. The fish aver- 
aged 40 pounds, dressed. The largest weighed 250 pounds. The catch for the season 
of the Icy Strait Packing Company amounted to 700 boxes of fresh halibut iced, 
500 pounds net weight per box, and was shipped to Seattle and sold at  an average 
price of 3 ccnts per pound. It is said that the 20 small craft engaged in the fishery 
each averaged 40 boxes of fresh halibut per month, making 200 tons per month. 

It inay therefore be said that there were employed on these halibut fisheries 
froni October, 1899, to the end of March, 1900, two small steamers and 20 small sail 
vessels, using 39 dories and employing 98 fishermen. 

The icc used is gathered from the neighboring glaciers, and if ground in a mill 
rnado for the purpose is in the best form, though many merely break it into fine 
lumps with a club. 

As mentioned in iny former report, no great banks where halibut occur in such 
numbers that a seagoing vessel may make a load and return to inarlret have yet 
been found in Alaska, but there arc many spots on which halibut may be found, and 
fishing from sinall vesscls convenient to a steamer route, as outlined above, seem to 
offer the best means for conducting thcse fisheries successfully. 

It is possible that t,hese fisheries will increase in importancc until the spots are 
cleaned off, when some other field will be sought until the grounds recuperate. A t  
present it is promising enough to attract the attention of many small fishers from 
the Sound country. The gear used consists of bottom trawls and long hand lines; it 
is simple and inexpensive. 

a 

‘ 
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GENERAL CONDITIONS. 

THE LAW. 

During the investigation of the salmon fisheries in Alaska in 1897, when this ves- 
sel visited all the operating canneries and fisheries outside of Bering Sea, i t  was my 
opinion, frequently expressed, that as a rule the streams were overfished and could 
not continue for a long period to withstand the enormous draft made upon them. 

These fisheries have grown to such an extent that unless one has been in constant 
touch with the subject, the situation can not he fully grasped. In 1878, when the 
first canneries were established, the total Alaska pack was 8,159 cases; seven years 
later, in 1885, the pack was 83,415 cases; only four years afterwards, in 1889, the 
pack had grown to he 719,196 cases; and seven years from that date, 1896, it was 
966,707 cases; followed by a slack year, 1897, which yielded 909,078 cases. The past 
season, however (1900), has exceeded even the canners’ expwtations, and an output of 
1,548,139 cases was the result. Multiplying this number by 85 may give approxi- 
mately the number of pounds of live salmon taken from the Alaska streams by the 
canneries. This does not include the amount taken by the salteries, or by the whites 
and natives for their own local use. It may be iningined how prolific these rivers 
must be when, under any condition, they can furnish this mass of fish. Every means 
that man can devise is used for their capture and apparently without restriction. 

In  my former report, pages 38-42, the subject of the law was briefly discussed, 
and, with the experience since obtained, there seems no reason for changing the 
reconirnendations then made, but, on the contrary, they should be emphasized and 
augmented. My opinion of traps has been given previously and need not be 
repeated here, except to say that, whatever legislation is effected, there should be no 
exceptions made. 

During the past three years so-called purse seines have grown in favor, particu- 
larly in southeastern Alaska, and it is now claimed by those operating them that it is 
no longer necessary to resort to barricades, as the purse seines take all the fish before 
they can enter the streams. These seines are simply deep drag seines, square hung, 
which, in hauling, are pursed by gathering in  the foot rope. Around the larger and 
more prolific streams of southeastern Alaska, such as Hetta, Karta Bay, and Quadra, 
there were from 25 to 30 of these seines in  operation during the season of 1900, one 
seine following the other in such rapid succession that few fish escaped capture. 
Purse seines, or seines used as such, should be abolished; in fact, the only fishing 
apparatus allowed should be gill nets and drag seines; no exceptions should be made. 
The use of these appliances should be regulated, and competent inspectors appointed 
to enforce the law and the i.egulations. 

I n  the small streams examined this year those away from the lines of travel 
were all found to have evidences of barricading. In  some, where the current is not 
very strong, stakes, planted on the banks and in the stream bed to support a net 
held to the bottom by bowlders, answered the fishermen’s purpose, while in other 
cases the regular log barricade, referred to in my previous report, was strongly in  
evidence. 

Since it is believed that the Puget Sound and Columbia River salmon fisheries 
are failing, &ention has lieen drawn to Alask:~. Six now canneries appeared in 
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southeastern Alaska during 1900, generally small in their appointments, prepared to 
make a hand pack of 12,000 to 20,000 cases for the season. It is confidently expected, 
i f  the labor can be obtained, that from 15 to 20 additional ones will be located 
throughout Alaska in 1901, and all of the older canneries expect to  increase their 
ctipacity. It is hardly necessary for me to say that the fisheries can not support all 
these canneries, at the present rate, for any length of time; they will surely become 
exhausted for extensive commercial purposes. 

There is another point which should receive the attention of the law, and that is 
thc inspection of the product put in the cans and of the labeling. Compared with 
thc large amount of salmon that reaches the market, the quantity that might be called 
unfit bears a very small proportion. Yet salmon that should not be consumed are 
packed under misleading labels, and the law should prohibit it. The law also should 
require the canner to plainly label every can he produces with the species of fish 
in the can, the quality, and the location of the cannery packing. The number of 
different labels now used on the Pacific coast is very large; a list before me from 
one lithographic company represents 702. From this i t  may be inferred that even 
an cxpert finds difficulty in telling the quality of the goods covered by a label. It 
was noticed in some of the new canneries that frequently a low grade of fish was 
covcred by the most brilliant of labels, and in one instance--though doubtless there 
:we others-dog salmon were covered by “ Fresh Columbia River salmon.” Such 
practices must throw discredit upon all goods, and one would fancy that reputable 
canneries would ask protection against it. 

It is my opinion that a section of the law should provide for a certain time when 
fishing for redfish may commence, and prohibit their capture before that time. The 
ohject of this close season is to permit all the earliest arrivds to ascend to the lakes, 
where they may spawn early and have the eggs hatched before the co!d weather sets 
in. It is probable that many of the feeders, used as spawning-bedv, freeze to the 
bottom during the winter, and the late eggs must necessarily be destroyed. No one 
appreciates the difficulty in framing such a law more than the writer; but it is not 
impracticable, and with the data now at hand it is entirely feasible. Take, for 
example, southeastern Alaska. We know that all redfish packed from the earliest 
arrivals to about July 4 hardly pay cannery expenses. This does not take into account 
the small pack of king salmon, made by a few canneries, fro111 the Chilkat, Taku, 
Stikine, and Unuk. A law, therefore, prohibiting the capture of redtish in southeast- 
ern Alaska before July 4 would be an excellent provision, tmd other districts could 
be treated in a similar manner. In  order to execute the law, might it not be wcll to 
p y  informers one-half of all fines collected? 

With the large access\ons of canneries in AIaska the struggle in the fisheries is sure 
to increase, and every means will be employed for the capture of fish regardless of 
the law, unless the Government onforces it by an efficient and intelligent inspection. 
The future, even inore than thc past, requires efficient inspection, which, however 
can not be realized under the prevent conditions. 
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Year . Alaska . 
1866 ....................... I- 
1867 ....................... 
18 68 ...................... 
1869 ...................... 
1870 ...................... 
1871 ...................... 
1872 ...................... 
1873 ....................... 
1874 ...................... 
1875 ...................... 
1876 ...................... 
1877 ...................... 
1878 ........... 8, 159 
1879 ........... 12, 680 
1880 ...........I 6, 539 
1881 ........... 8 977 
1882 ........... 21'745 
1883 ........... 48: 387 
1884 ........... 63 886 
1886 ........... 83: 415 
1886 ........... 142 065 
1887 ........... 206: 677 
1888 ........... 412 116 
1889 ........... I 719:196 
1890 ........... 682 591 
1891 ........... 801:400 
1892 ........... 474 717 
1893 ........... 643: 654 
1894 ........... 686 440 
1895 ........... 626: 530 
1896 ........... 966, 707 
1897 ........... 909, 078 
1898 ........... 965, 097 
1899 ........... 1 078 146 
1900 ........... 1: 548: 139 

I Total .... 11,116, 140 
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........... .......... ................................. ................................. 

...........I 
9, 847 1 .......... 
67, 387 i .......... 
113, 601 ........... 
57, 394 .......... 
61, 300 .......... 
175, 675 .......... 
255, 061 .......... 
243, OOO .......... 
138 945 .......... 
106' 865 .......... 
163: 004 .......... 
201, 990 / .......... 
136 600 j .......... 
414: 400 .......... 
314: 813 .......... 
236, 997 1 .......... 
409 464 1 .......... 
637, 120 .......... 
662, 371 .......... 
564, 877 .......... 
698 300 248, 200 

1, 015. 477 423, 500 
454 500 417 700 
711:600 871:600 

7,176, 869 2,439, 642 
627, 281 478, 742 

ST A T  I ST I C S  . 
Comparhon table of the salmon packing industry of the Pac@c coast. from its $rat inception in 1866 to 1900 . 

........... 

...................... 
2.5, 600 
24, 800 
30, OOO 
30, OOO 
37, 200 
48, 500 
49 OOO 
38' OOO 
41'350 
51' 750 
131: 100 
195, 400 
154 000 
199: 068 
67 117 
78: 306 
129, 000 
106, 309 
103 340 
205' 600 
115: 400 
68, 683 
78, 600 
82, 432 
106, e 1 0 0  

2,195, 754 

[Compiled from various ~onrces.1 

Year . 

1878 ...................... 
1879 ...................... 
1880 ...................... 
1881 ...................... 
1832 ...................... 
1883 ...................... 
1884 ...................... 
1885 ...................... 
1886 ...................... 
1887 ...................... 
1888 ...................... 
1889 ...................... 
1890 ....................... 
1891 ..................... 
1892 ...................... 
1893 ...................... 
1894 ...................... 
1895 ...................... 
1896 ...................... 
1897 ....................... 
1898 ...................... 
1899 ...................... 
1900 ...................... 

Percentage of gross 
puck for 23 ycars 

. 
No . of 
cap- 

nenes 

.__ 
2 
2 
1 
1 
1 
4 
4 
3 
4 
5 
6 
12 
12 
11 
7 
8 
7 
7 
9 
9 
9 
9 
16 - 

........ 

- .......... . 
British I'uget 1 O!ltside 

:olunilritr . Sound . ' rivers . .___ --. 

100 
100 
100 
100 
62.9 
39 
31.5 
14 
12.8 
15.2 
19.7 
19.1 
20.9 
19.6 
24.4 
21.1 
20.8 
23.7 
27.1 
29.9 
26.1 
28.8 
29.5 

... 
.............. , .............. , ............... .............. ....... ......., 
.............. .............. .............. .............. .............. 

4 3.4 
3 6.2 
3 8.6 

3 11.4 
3 9.6 
3 9.6 
2 5.7 
2 6.3 
2 5.7 
2 4.5 

............. ., 

....... 0 . 3 12 

--- 

___ 
:ohmbin 
River . 

1 
I 
1 
1 
1' 
4 
15 
14 
8 
5 
7 
G 
6 
8 

10 
10 
10 
9 

4. 000 
18. OOO 
28. OOO 
100. 000 
150 000 

250. OOO 
200: ooo 

376. OOO 
450. 000 
460. OOO 
460. 480 
480 OOO 
630: 000 
651. ooo 
541. 360 
629. 400 
656 179 
524: 580 
454. 943 
378. 800 
367 750 
325' 600 
433: 500 
390. 185 

511' OOO 
G27: WO 
463 621 
652' 721 

313: 417 
13.613. 741 

3% 

473' 230 
340' 126 

33.1 
43.2 
32.6 
34.7 
48.2 
64.2 
61.3 
48 
57.9 
45.2 
47 
37.1 
37.1 
32.8 
28.7 
22.5 
23.2 -___ 

Sacramento 
River . 

............. 

............. 

............. ............. ............. ............. ............. ............. 
2. m 
3. 000 

21. 500 
8. 300 

36. 500 
31 W 
51: 000 
181 200 

160. ooo 
81. 450 
48. 500 
39 300 
36' 600 
61' 200 
66' 666 
26: 065 
10 353 

23. 3% 
28 463 
26: 185 
13. 387 
38. .54 3 
29 731 

39. 304 
1.296. 791 

200: 800 

2: 281 

33: 227 

Total . 

4. OOO 
18. 000 
8. ooo 
100. OOO 
150. 000 
200. 000 
Z50. 000 
250 000 
362: 600 
378. OOO 
493 747 

648 740 
610: 924 
786 039 
965: 352 

1067 466 

981. 810 
815. 060 
930 412 

1 014'367 
1: 130: 665 
1.724. 830 
1 617 737 
1' 695' 066 

1: 2.049. 891: 614 592 

2.405. 615 
3 008 002 
2: 418: 858 
3.117. 030 
3.013. 183 
38.839. 937 

573: 687 

1: 115: 737 

1' 845' 795 
1' 785' 119 

NoTE.-Prior to 1896 the Pugct Sound pack is included under "Outaide rivers." The pack iflgiven 
in cares of 48 one-pound tins . 

Table shounng by years the number of salmon canneries operated in each district of Alaska. from 16Y8 to 1900. 
with the unnualper cent value of total salmon pack (canned) for each district . 1 Prince William 

Sound and 1 Copper River . 
nnuall \Annun: 

24.9 I ....... I 6.2 

Cook Inlet . 
. 

No . of 
can- 
ieries 

. 
..... ..... ..... ..... 

1 
1 
1 
1 
1 
1 
2 
2 
2 
3 
1 
1 
1 
1 
1 
1 
2 
2 
3 - 

..... 
.. 

. 
nnual 
Per 

ent of 
total 
slmori 
pack . 
....... ....... ....... ....... 
27 . 8 
32 
34.7 
24.8 
20.1 
14.9 
10.3 
7.1 
4.2 
7.4 
4.3 
4.9 
6 
5.7 
3.6 
3.6 
5.8 
4.8 
4.1 

G 
- 

Kadiak and 
Chignik . 

1 pack . 
.......... ..... I::: .... ..... 1 ....... 

......I 37.6 

Bering Sen . 
!Annual 

-.I- .............. ...... 1 ........ 
...... 1::: ..... ........... 
.............. ..... 

1 
1 
3 
3 
4 
4 
4 
5 
2 
3 
4 
6 
8 
7 

...... 1 25.4 

. 

ota 

ier 
of 
'an 
1er. 
ley . 
- 
2 
2 
1 
1 
3 
6 
7 
6 
9 

10 
16 
37 
35 
30 
16 
22 
21 
23 
29 
29 
30 
32 
42 _- 
. 



Complete table qf A h k a  salmon (canned) pack, by canneries and dhtricts, from its ea,rZiest inception in 1878 to close qf seasov of 1900. 

38,781 

[One ease contains 48 pounds of salmon, net weight.] 

..................................................................................... 

..................................................................................... ..................................................................................... ..................................................................................... 
35,373 47,466 37,456 39.669 53,237 56,601 ..................................................................................... 

Kame of compnny nnd loention of ennncry. I Owned in1900by- 11878.1 1879. 1 1880.1 1881.1 1882. I 1883. I 1884. 

............................................................................ ............................................................................ ............................................................................ ............................................................................ ............................................................................ ............................................................................ ............................................................................ 
142,644 - ---- 

1 Burnt September 18 1899' rebuilt spring of 1900 on new site 
SMachinery moved to Arc'&! Packing Co., Kussilof River. 
8Burnt in August. 1889. 
+Burnt and rebuilt In spring. 

--- --- 
148,476 262,861 271,867 261,385 310,219 456,059 ~ - -  --- 

..................................................................................... 

1886. I 1886. 1887. 1888. 1889. 
____ ___--- 

Caeca. Caxea. Casen. Cases. &a. 
8,428 7,860 9,662 12,325 11,370 ................................................ 

15, 000 

28,378 
!j5,286 

78, 603 

................ 
--_I__ 

.......... 

..................................................................................... 
'20,672 Closed. lOAban- ................... 

doned. 
15,000 

21,453 39,873 23,301 32,168 31,931 39,410 

23,041 

59,494 

{ Moved. ....................................................... 32,821 28,756 28,668 29,864 30,588 
--- 

92,866 52,067 60,826 Gl,795 69,998 ---- -_I_-. -___________ 

................... 

....................................... 13,800 ............................. 18.771 '28,862 

........./ ......... .................... 5,782 10 574 .................... 4'm 
4:464 ......... 1:::::::::: .......... , .......... 

............................ Peninsula Trading and Fishfllg Co., Coqucnhena.. 

Pacific Packing Co Odiak ................................................ 
PnciHc Steam Whaiing c o  Odiak.. ....................................... 
Paeiflc Steam Whaling co:: Orca .......................................... 

, Total Of annual packi? in Prince William Sound and Copper River 

Cook Inkl. 
Alaska Packing Co., K u ~ s i l o f  River.. ..................................... 
Arctic Fishin Co KUHsilof River.. ...................................... 

Pacific Steam Whnling co., Kenai. Knknu River ........................ 
Alaska Salmon Aweintion, Chuitna River .................................... 

Northern Pactin$Co Kenai Kakuu River.. ................................. 
George W. Hume, Ku&ilof River ......................................... 

Total of annual packs in Cook Inlet .......... _(. 

C d .  

do 

Alaska Packers Association ........................................................ 
Defunct ............................................................................ 
Same company.. ................................................................... --__---- - 

........................................................................................ 
--..__-p-- ----____--- 

Defunct.. ............................................. 6,044 14,818 21,141 

Alaska Packers Association ........................................................ 
do .................... .i.. ...................................................... 

Dpfunct ............................................................................ 
Same company ..................................................................... 

do .............................................................................. 
............................................................................. 6,044 14,818 21, I41 

---______-- 

'28,862 I 10,574 -3 ......... i .......... I .......... I 0, IW 

rransf. to 

I 4,404 .........I 1 I...... .... .......... ........... 

......................................... 6,064 ....................................... 15,000 

...................................... 24,204 

................................................ - -~--- 
_ _ _ _ _ _ - _ _ _ ~ -  - 

...................................... 

................................................. 
5 ,  ....................................... i 

................................................. ....................................... 04,300 ....................................... 19,000 ................................................. ................................................ ................................................. ................................................ ................................................. ................................................ ................................................ ................................................ ................................................ ................................................ ................................................ 

Closed. 
14,278 2-232: 797 Closed. 
13,716 27 209 

.................................................. 
42,194 68,091 None. --___ 

.................................................. 

28,999 
82,729 

-- 
76,998 

nt$2??1 28,433 I 30,765 I :tg I 31,781 ............................. 18,712 

19,217 

................................................ 

................................................ ................................................ ----- 
28,433 30,706 42,451 50,494 

1890. 1891. 1892. im. 
-___ 

&en. Cases. &CS. Cases. 
10,188 9,256 10,194 12,595 .................................................. 

.................................................. 

.................................................. 
15, 000 13,369 Burnt. ........... 

12,300 18,300 28,904 13,608 

.................................................. 

.................................................. 
16 876 I Closed. I 22,728 

21,446 25,153 23,024 22: 786 
10,823 Closed. 
9,343 17,365 13,734 15,lM ........................... 

10,269 9,889 

16,200 Burnt May 1. 

......... 
Moved. ......................................... 

2$%:' 24,418 

........... 
7600 

8, 000 
12, 000 
17, 000 20: 914 

8 5 0 0  7, 000 11,126 12,500 .................................................. .................................................. .................................................. .................................................. .................................................. .................................................. ....................................... ...,....... ................................................... .................................................. 
-- 

115,722 1SG,053 -- 142,901 

IClosed./ 19 157 I Closed. 31,665 

12,750 21,586 20,741 I 
15,905 18: 25.1 ........................... 

I 

1894. 1 1895. 1 1896. 1 1897. 1 1898. 1 1899. I 1900. 
_____-_.__ ~~- 

&ea. 1 b e s .  1 ma. 1 fiuea. I &a. 1 &ea. 
14,455 12,228 16,675 16,706 16,2007 19,100 '!?7,752 ................ j .......................................................................... 

25,250 27,416 44 233 45,918 49,332 50,201 h6,518 
' 26,869 1 '32,664 1 61:467 1 W2.040 I 69,343 1 63,390 1 67,158 

Dismau tled. ..................................................................... 
12, 000 14,100 24,100 22,300 15,174 26,604 33,623 ..................................................................................... ........ 

15,358 I 14,070 1 12,681 1 6Abnn- I. 
doned. 

11,189 1 1 4 , m  I 
........................................................................... 
TDismantled. I ............. _I. ......... ..__I__. ......... 1: ......... 1:: ........I.. 

Closed: in rmerve. 
14, 000 12, 000 17 6L- ................ I .............. I 81000 I 

~ . . i  ... .~ ... 
18,490 11,671 12,322 

16 OOO 37 000 I 3l:W I 58'266 1 ............................ ................I.. ............ ........ .... ..................... 11:m 

........ ........ 
17 660 
13: 600 
43 607 
27 266 
26: 640 

1: 660 
29,941 
9,466 
16,722 
13 799 
14: 850 

..................................................................................... 
34,053 I 56,188 1 34,767 I 32,652 1 39,566 1 28,818 1 95,781 ................ Closed; 111 reserve. .................................... 

osed. 19 D i Rman . I . .  ........... .I : 1:. ................................... 
tled. ........................................................................................................... 16,876 23,300 26,089 ............................................................................................................................... 4 , m  -1 28, G55 68,997 1 20,741 1 31,665 1 34,053 I 36,188 1 34,767 1 32,532 i-1-1- 

Total. 

&en. 
267,623 

8,612 

11,400 

E% 
'23,400 

413 606 
17:400 

367 872 
512: 663 

14,577 

n im 
m: 845 

96, m 
6, 000 

24 200 
23'900 

101' 952 
131: 818 
99, loo 

174,910 
36. 
27 266 

29 941 

16 722 

14,860 

1: 660 
9: 468 

13: 793 

2,774,476 

1,600 
84,027 
16,740 

687,186 

42,003 

430,156 

55,077 
lib, 807 

QMoved to Thin Point. Alaskn Peninsula. 
loMachincry moved to Pacific Steam Whaling Co., Kenai. 
11Trnns rt vessel wrecked and outflt lost. 
l*Conso&ated with Arctic Fishiug Co,, Kudlof River. 

F. C. 13. 1901. Faces page 312-1 [For remaining districts see next sheet, 312-2.1 



Complete table qf Alaska sulnaon (canned) pack, 6y canmries nnd districts, .from its earliest .i+tc,yition i n  IS78 to close of seu,s(m of 1900-Continued. 

Name of rompany unil location of cannery. 
-. ._____- 

Iiadiab aiitl Cliignib. 

Karluk Packing Co Karluk Kadiak Island. ............................. 

Humc-Aleutian Packing Co Karluk, Kadiak Island.. ................... 
Royal Packing Co Afognak Bay Afognak Island.. ...................... 

Kodiak Packing Cd’ Karluk’ Kadiak Island .................................. 
Aleutian Islands Filhing and Mining Co., Karluk.. ...................... 
Arctic Packins Co., Larscn %ovc, Uyak Bay, Kadiak Ialund.. ............ 
Russiaii-American’Packing Co Afognak Bny Afognuk ....................... 
Humc Packing Co., Kurluk, Kidink Island. . . I . .  ............................... 
Alaska Im rovcment Co., Karluk, Kadiak Island.. .......................... 
Kodiak Packing Cd., Snug HLrbor, Aiitak, Kadink Island.. ................. 
Chignik Bay Co Chignik Lagoon Alaska Peninsula.. ........................ 

Western Alaska I’acking bo., Ozcnoi titcpovak Bay. ;. .................. 
Thin Point Packing Co., Thin Point klarrka IJcninsuls.. ...................... 
Central Alaska Co., Thin Point, Alakka PeninHola.. .............. 
Hume Canning and Trading Co., Tnnglefoot Buy ncar Knrlnk . . 
Uganuk Fishing Station, Uganuk Hay, Kadiak Is\and.. .......... 
Pacific Steam Whaling Co., Anchornge Bay, Chignik.. ................... 
Humc Broq & Humc Anchornge Bay, Chi mik ................................ 
Hume Bros. B Humc, Uyai; Bny, Ka&iik Island.. ............................ 

Arctic Pac!ing Co. Olga Bay Alitak Kndiitk Island.. ........................ 

Sliiima in 1’acki;i Co Chi nik dagoon .................................. 
Chignif Bay I n  ’ ck 7 ng Co ’’ . Liignik 9 ’ Lagoon ............................... 

.... ........ 

...................... Pacific St&n Whali& Co Uyak Ba K a h k  181and.-. 

Total of nnnnal packs in Kadiak and Chignik. 

’ Bristol Bay, Ikriirg Sca. 
Arctic Packing Co., Nnshagak Bay.. ...................................... 
Alaska I’ticking Co Nushngak BIL ........................................ 
Bristol Bay Canni i i  Co. Nuxhnga%.fiy.. ......................... .:. ........ 
Nushagak Canning Co., k m h a  ak Ray.. ...................................... 
Bering Sou Packing Co., Ugashfk Rivcr.. ................................. 

[Onc rnse roiitains 48 pounds of snlmon, net weight.] 

Owned in  1900 by- 1878. 

Alaska Packers Association ........................... 4,200 13,479 20,156 33,470 46,150 71,750 101,30.1 
do ........... .’. ........... ......I... ............................................................................ 26,146 

Defunct ............................ I.. ............................................................................ 33, 700 
Alaska Packers Association ........ 1.. ....................................................................................... 
Alaska Packers Association ................................................................................................. 

do ....................................................................................................................... 
do ....................................................................................................................... 

.do ....................................................................................................................... 
do ....................................................................................................................... 

..do ...................................................................................................................... 
do.. ..................................................................................................................... 

Defunct ..................................................................................................................... 
Alaska I’itckers Associatioil ................................................................................................. 
Defunct ..................................................................................................................... 

do.. ..................................................................................................................... ......... do ........................................................................................................................ 
Alaska Packers Association , 

.do ....................................................................................................................... 
Same company ............................................................................................................... 

do.. ..................................................................................................................... 
do.. I 

Defunct ............................ 1.. ............................................................................. 37,500 

................................ ................................................................ 

........................................................................................................... ..... 
.do ............................................................................................................ .I:::::. .... ---- ---_______-__. 

.............................................................................. 4,200 13,479 20,151i 33,450 46, 150 71.750 l!%, Fi50 

Alaska I’nckcrs Association ............................................... 10400 14,000 19,oM) 24,000 26, 000 
do ......................................................................................... 16, 500 27,500 19, OOo 

.do ................................................. ;. ...................................... 13,322 21,200 30, oor) 
do ............................................................................................................. 16,886 

Defunct ..................................................................................................................... 

-__- ._____ _--- ~ -__-__--- - _.__-- 

1x89. 
__- 

Cas&?. 
62,067 
30,287 
53, 551 

4‘4,200 
16,412 
26,500 
28,000 
25, 600 

“ I S ,  $50 
12,535 

21, ,500 
11,200 
10,5(W 

25,161 

....... 

l i ,4 (W 

....... ....... 

....... 

....... ....... ....... ....... 

189% I 1894. I 1895. I 18%. I 1897. 1 1898. 1 1X!l9. 1W. Total. 1X“. 
__-- 

G~WCE. 
40, 30ti 
43 060 

57 600 
9: V2G 

2tl, 600 
37, GI3 
20, 000 
17 800 

40: 335 ........ 

10: 347 

14,455 
1114,455 
I? 14, ’I65 

2,198 
2, ‘101 
7, 000 

........ 

........ ........ ........ 

........ ........ 

(’nsm. LkZSC8. 
W,4M 75,416 
41 000 Closcd. 

139: 312 consolidated 

~‘41, 000 
............. 7 76,233 

79, ooo 48, 379 (18 495 
30,138 Closdd; in  reserve. ........... ................ ......................................................... 
5‘3,959 1 4Dismsntled. .......................................... 

4Dismnntled. .......................................... 6 Cloaed. 
6ClOHed. I: Disninntled. 8Abandoned. .......................................... 

70,320 j 49,(?33 ~ 24,398 i 18.987 1 Closed. 
Closcd. 

025,000 
36, 247 u Consolidrited. 

26, 600 21,077 
26, OOO 52, 098 

Closcd. 

.......... 
26 777 15,331 

Partl;dia- In reservc. 
mantled. 

67, W3 M 352 70, a50 48, 361 38, 169 5n,4 is  31, 074 40, 396 
}consolictitcd. I.. ......... .._I_. ............ 1.. ....... ...I.. ........ I.. ....... .I.. ........ 

Closed: in  reserve. 
24,730 49,931 

IS24,XY2 I CbSc 
’“4.750 ........ I. ................... ............................. 

......... / .................... 
n rcwrsc. 

................ 
-- 
277,741 I 242,185 

-8- 

:w,TR: I  

26, Wl 
30,000 
83,221 

-- -- 

27,764 ....... 
........ ........ 
........ 
........ 
....... 
........ 
........ 
........ 
........ 

:WJ, 161 

93,000 

J0, 400 
23,990 

___ -- 

~1,000 

........ 

........ ........ ........ 

........ 

........ 

........ 

........ 

........ 

........ 

493,070 
515,656 
514.6“ 
98; 003 
53,400 .................. 

Arctic Packing Co Naknck River.. ..................................... ./ Alaska Packers Association . ............................. 
Point Roberta Parking Co. Koiyung y Alarkn Packer8 Amociation ............................. .............. Naknek Packing db., Naknck Rivcr . . 
Ugashik Fishin Station, dgw k Rider.. .................................... do..  ..................... ............................... 
Pacific Steam $haling Co Nushagak Bnv.. ............. 
Alaska Fishermen’s PackiA Co., Nushiighk I h y  ......... 
Kvichak Packing Co., Kvicfak Bay ..................... 
ICgegak Parking Co., IEgcfak ltivcr ...................... .... .do ....................... ............................. 

....................... Same company ............................. ...................... . 
............. samc rompnny.. ............ .................. do ....................... 

Alaska 1’1wkcr8 Association . 
................................ ................................ ...................................... , 

.............. Bristol Packing Co., Ugus lik River .......................... Same rompany ............................. 
14,000 48,822 

Southeaht Almkn ......................... ............................................................ =,is9 16,728 is ,m 
I’rinrc William Sound and Copper River ................................................................. 
Cook Inlet ........................................... .......................................... 
Kadiak urid Chignik ................................. ......................................... 20.16li 3% 470 46,150 ............................................................... 400 14,000 48,X22 Bristol Bay, 13cring Son.. 

142,0(W 

~ - - -  
Total of annual parks in Bristol nny, ncrillg Act~.. ................................................ 

4 0 0  - ___-- ----___ 
Rernpitulalion. 

_______-_---- 
Grand total of annual parks in Alasku ............................................................. 6%M6 83,415 I 

.................... .................... .................... 

.................... .................... .................... .................... 

.................... .................... 

......... 18,228 
... ....., 21,455 
.................. .................. 
......... 1 ......... -- 
_-I__ ____I__ 318.7OY 1 411,VU 115, 985 ___ -- 

1?1, 7(i0 
24,204 

:%(I, 763 
115, 986 

719,190 

N?, 494 

-- 

599,277 

4Mt, 139 
F i ,  !Bn 
f;i, 775 

a x .  4\50 
599.277 

-- 2, X26, 325 

251. 3&5 ‘ 310,219 
(io, *a; lil,7‘J;i 
5R,142 ,\2, 115 

277,741 242,1&r~ 
318,708 411, 832 

‘116,722 1 136,053 142,644 148,476 21;2,3S1 271,867 156,615 
68, 091 Nom.  7(i,9’JN 78, 618 p, 494 92,xai 52,05i 

34,033 .ui, 1% Y4.767 32, 5x2 
384,279 274,755 291,IhZ 322, tmi w2,2:17 :m, 857 298, 310 

20,741 31,665 

63,499 107,786 108, 844 150,13:, 218,336 2M,:312 

68,997 

965,097 1,078, 1.11; I , 548, I39 

7 Machinrry movcd to Ugnshik Fiflhing Stntion Ugnshik River. 
RBuildin s movcd to Uganuk Fishing Station bgannk Bar. 

Consoli8aicd with Alcutinn Islands Fishing’niwl Minini Co., to form IIrimc-Aleutian I’acking 

1~Marhincrr movcd to Rrring Scn Packing Co., Ugnshik Hivcr. 
14 Novcd to’Arctic Packillh. Co., Naknck River. 
I~Marhincry movcd to Point I<oherts l’nrking Co.. Kvirhwk Ray. 
1“ 17 Nxpcriincntal Novcd to new pack. Ritc on snmc rivrr. 

18Avaiiablc propcrty movcd to Ugalihik Fishing Station, Ugashik Iiivcr. 
4 Murhinery moved to Uganiik EYshingStation Ugimnk Bay. 
0 Itendercd inopcrutivc by I’rcsident’s proclamhtion creating a Fish Commission reservation on 

ol’ackcd in rnnncry of AlaRka Improvement Co., Karluk. 
Afognak Island. 

Co., Karluk. 
1”Moved to now site on snmc hw. 
11 Part of machincry movcd tq Karluk. 
1sPacked in  canuery of Chignik Bay Co., Chignik. 

F. C. B. 1901. Faces page 312-2 



Alaska puck of carmzed salmon--1898. 
[Casca = 48 one-pound or 96 half-pound tins. Ticrccs = 400 pounds not. Barrels = 200 Bounds net. Half-barrels = 100 pounds net. OaRks = ROO ponnds ne t ]  

1,132 

702 
1,3?;1 

79 

1,721 
1,424 

-- 
............................. 13 June 20 June 29 41 011 11 July 18 Jul 24 ..'....... 1 888 3 June 16 June29 128 

13 June22 June24 42'506 
11 July 21 July 28 :. I:09S 3 June 19 July 1 167 13 June 20 June 29 39:962 ............................................................................... 90 3 June 18 July 18 ........................................ ............................................................................... 25 5 . .__do ... Junc 29 .................... , ................... 2% .............................................................................................................................................................. 28 000 

.............................................................................................................................................................. 50,418 
10 'July 20 July 26 90 001 

11 July 22 .... i o  ........................................... d265 3 Junc 6 June80 182 .................. .................... 

................................................................................................................................................................ 38: 601 

.......................................................................................................................................................... !27:400 
................................................................................ 86 10 Aug. 1 Aug. 15 

..................................................................................................................................................... 1:::: ...... ............................................................................................................................................ '- ................... 
8.5 Scpt. 1 Bept. 17 ........................................................................................................................ 
8.5 Sept 7 SCIJt. 9 ....................................................................................................+......... I .......... 1 24,398 ............................................................................................................................................................... 6 643 

12 

.................. .................. .................. .................. 
July 24 .................. .................. .................. .................. 

7.6 
8 
7.5 
9.15 
7.5 
7.5 
8 
6 
9 

.................. .................. 
Aug. 24 
July 10 
Aug. 1 
Aug. 22 
Ang. 29 
Aug. 25 
Aug. 8 
Ang. I6 
Aug. 17 

.................. 

~ 

Rcdflah. Dcg- I King. I Cohoca. Humpbacks. 
_____ 

ing. Total num 
of Average I Packing. Number AVomge Packing. 

ofcases number packed. 
packed. "E::,, Began. 1 Ccuacd. 1 PCked. I "&:? 1 Began. I Censod. 
~~$~~~ 1 number , Dail 

in cascs. 
capacrty Average 

number 
flah per 

case. 

13 
13 
13 
12 
12.5 
12 
13 
10.5 
10.5 
10.6 
13.5 
13 
13 
13 
11 
12.5 
12.5 
12.8 
13 
10.5 
9. 5 

11 
11 
11.5 
8.5 

11 
13.4 
11 
11.8 
11.5 

Pa( 

Began. 

June 16 
June 21 
June 20 
June 18 
June 1 4  
June 20 
June 19 
June 9 .. .do.. 
June 4 ... do.. 
June 2 
June 8 
July 21 
June 8 
Nay 25 
June 4 
July 1 
May 26 

May 17 
July ti 
June 26 
June 22 
July 14 
July 16 
June 16 
June 21 
June 20 
June 22 

May 10 

........ 

Namc of company and loration of cannery. Numbex 
of cases 
packed. 

Salt park8 of cwining plant\. 

Ceased. 

July 23 
July 2G 
July 24 
July 18 
July 16 
July 23 
July 21 
Aug. 9 
Aug. 12 
Aug. 10 
Aug. 20 
Sept. 24 
Scpt. 17 
sept. 9 
June 17 
sept. 10 
Scpt. 14 
Aug. 20 
Aug. 10 
Aug. 5 
July 28 
Sept. 20 
Aug. 5 
Aug. 26 
Sept. 6 
Aug. 25 
sept. 3 
Aug. 28 
Aug. 23 
Aug. 90 

......... 

1600 
1' 600 
1: 600 
4,800 
1,600 
1500 

1,600 
900 
800 

1, OOo 
1,800 
1,800 
1,800 
1, 

900 
800 

1,600 
1,600 
800 

1: ti00 

38,965 
38588 
37: 950 
93, Wi3 
34,345 
28OOO 
38'601 
50' 418 
29' 897 
'27'400 
34' 168 
28: 898 
27,734 
22 974 

6: 643 
29 800 
16: 600 
11,736 
28 810 
17: 541 
23,338 
34,851 
10,888 
16,416 
4,919 

10 000 

12 681 

10,147 

7: 850 

9: 112 

900 bnrrcls redfish. 

787 barrcls and 362 half barrels rcdfi~h. 
907 barrels redfish. 
2 OOo barrels rcxlfi4i 
2j7 barrels and 4& iialf barrels rednsh. 

90 barrcls humpback bellies. 
90 barrels and 1 half barrels rcdtiah. 
59 barrels and 71 half barrels redfish. 

Arctic Packine Co. (A. P. A.) . N Arctic Packing Co. (A. P. A.),Nushagak Bay. ................ 
Alasku Packing Co. (A. P.A. Nushagak Bay ................ 
Bristol Bay Cnnnin Co (A !;.A ) Kushagak Bay ........... 
Point Roberta Packfng Co. (A P'A ) Kvichak Bay.. ........ 
Arctic Pucklng Co. (A. P. A.), Naknek Hivcr ................. 

A h k u  I'ackin-gCo.'(A. P. A: ' Nus11 
Bristol Bay Cnnnin Co (A !;.A ) Kush 
I'Oillt RObCrta Packfng CO. (A. P:A. 
Arctic Pucklng Co. (A. P. A.).Naknek Hivcr ................. 
Nnknek Packing Co Naknek River.. ....................... 
U nshik Fishing Stayion (A P A Ugashik Rivcr ........... 
Chgnik Bay Co (A P A ) dhigdk Lagon.  ................. 
Pacific Steam Whaling Cb' Anchorage ay Chlgnik ......... 
'Hume Bro8 & Hume AncGora e Bay Ch h k  ............... 
Arctic Packing Co. (A. P. A,), 07 a Biy, A%tak.. ............. 
Karluk Packing Co A. P.A.) &luk ....................... 
Alaska Improvcmc~k Co. A. P. A.) Karluk .................. 
Hume-Aleutian Packine do. (A. P. k.1, Karluk.. ............. 
Ueanuk Fishinn Statioc(ALP. A ) Uganuk Bay.. ........... 

y .............................. 
., Keuai.. .......................... 

li $ay ........................ I'ricific steam \ifhalln co uyal 
Hume Bros.Br Humc byagBa: 
i'ncinc Steam WhaliAg co 
Arctic FiRhing Co (A P A ) Kuwilof River .................. 
Padfie PackinK Ch. ( t i .  P,A.\, Odiak ......................... 

.....,.....I ................................................ ...................... ' 16;600 .......... 2 065 3 June 5 July 1 ..........I.... ................ I .......... 1 16 876 
3 May 26 July 25 ........................................ 39'666 
48 M ~ Y  io June 9 32:is ........................................ . 
4 Nay 17 June 16 .......... I .................... 1 .......... 1 28,668 "%I  1 1 ' 1  1 Paciflc Steam Whaling Co., Orca ............................. 

Pyramid Harbor Packing Co. (A. P. A,), Pyramid Harbor.. .. ........................................ 19 .......... 
.......... .......... .................... .......... .... ............. .......... .......... 

-- -- 
54,711 .............................. 109,399 5,184 

660 barrcls redflsh. 3M) hulf hurrclu bellies (Hctta). 
110 barrel8 cohw.' 
70 tierccs full king: 12 barrels whitc king bellies. 

2M cascs clams 226 rnscs rlam juice. 
680 half barrelsbclliex (Nutqna). 

Baranoff Packing Co Redflsh Bay ........................... 
North Pacific Trading and Packing Co Klawak ............. 
Pacific Stcam Whaling Co.,Huntcr B$ ..................... 

Total ................................................... ......... 782,941 ......... 

Alaska pack of cunn ed sulm on., 1899. 

Redfish. Cohoes. Ihmpbacks. King. nc$- 
___I_ -_-- 

Packing- ;;&If :;I 

pncked. Number ~~~~~~ 

packing- Number 
of clues 1 Ccascd. packcd. $I%% 1 "$:$, I Bcgan. 1 Ceased. . 

AVCIWRC I Packing- Packing- Numbex 

packcd. 
Of CBBW 

Daily cn 
pacity ir 

cascs. 

- 

Salt packs o f  canning plunts. Name of company and location of cannery. Avcrage 
number 
Ash per 
cwe. 

13 
13 
13 
13 
12.5 
12 
12.6 
12 
13 
10.6 
10.6 
10.5 
13.5 
13 
13 
13 
11 
12. G 
12 6 
12.8 1s 

11 
12 
11.5 
11.76 
8.6 

11 
IS. 4 
14 
12 

: 

Numbci 
of cascs 
packed. 

42,932 
44 044 
41: 662 
'6 978 

110,886 
48,744 
31 OOO 
38,501 
31 Goo 
21'246 

31' 143 
27: 786 
17 366 
11: 912 
19 OOO 
14' 919 
17' 582 

25: 279 
24 932 

10 081 

19 218 

12,500 

i1: 165 

44: 984 

28'041 

23'342 

48: 495 

2: 760 

7: 905 

6 ,  373 
14 600 
12: 770 

oumb7rr - "&$: "Bcgan. I Ccnsed. Bcgan. 

Junc 16 
June 24 
June 20 
Junc 26 
June 25 
June 13 
June 16 
June 22 
June 19 
June 10 
Junc 7 
June 8 
Junc 15 
June 1 
June 12 
July 24 
June 7 
May 24 
Nay 31 
May 30 
May 20 
May 13 
May 10 
July 9 
June 25 
July 6 
June 18 
July 14 
July 4 
July 1 
June 20 
June 14 

......... 

-I- July 20 
July 28 
July 18 
July 14 
July 25 
July 23 
July 19 
July 24 
July 24 
Aug. 23 
Aug. 12 
Aug. 13 
Aug. 80 
Scpt. 26 
scpt. 2 

Bcpt. 10 
sept. 1 
AUg. 12 
Aug. 11 
Aug. 12 
July 24 
Aug. 31 
Aug. 1 
Aug. 1 

scpt. 11 
Ang. 25 
Scpt. 2 

sept. 4 

El!; 2; 

AIR. 29 

Aug. 24 

........ 

........ 
36 

290 

........ ........ 

........ ........ ........ ........ 
1,113 

2s 
25s 

1,444 
1,621 

........ 

........ 

........ ........ ........ 
3,314 
2,489 

m 
6 950 
4' 650 
8' 681 

-1:540 
2, 600 

987 
2000 
5: 796 

........ ........ 

I I I I I I I I I I I I I 
45,9&! 
46,775 
43, 660 
18 228 
21: 455 

116 651 

31,OOO 
44,934 

43: 790 

i1: 500 
31: 210 

31, G74 
91 Goo 

28% 

'29,439 
18 987 
111912 
19 OOO 
15' 669 

28 81.5 

29,864 
53 237 

cs, 390 
25,504 
37, OOO 
12,322 

2s: 3M) 

31: 931 

Go' 201 
11: 200 

19 100 
38: 265 

l,ti95 barrels nnd 86 half barrels redfish. 
June13 Juno26 222 13 June 20 June 24 

._._do .._I Junc 24 1 !$ I .__.do _ _ _  Junc 25 13 June23 Junc24 
13 1 Junc !2!2 1 Junc 26 1 Arctic Packing Co. (A. P. A.).Nushaeak Bav.. ............... 

.................................................. .................................................. 2,250 
July 25 .................................................. 8 .  

............................................................ 1 ......... 
Aug. 20 ................................................ ...I.. ....... ........................................................... 1 ......... 
Aug. 12 ........................................................... 

I . . . . . . . . . . . . . . . . . . . .  .................................................. ti7 j 5 
scpt. 2 ........................................ 209 5 

.................................................. ..................................................................... 

.................................................. 

scpt. 7 ........................................ ..........I ......... 

.......... G50 21 July 30 AUg. 26 .......... 1 ......... 

..................................................................... ..................................................................... 
Aug. 20 ........................................ 2,404 2. Y 
+us. 12 ........................................ 2,934 .......... 6 8434 25.5 July 10 AUg. 12 ........... 4:31ti 20 July 31 Aug. 7 

................... .......... i ......... 
Bcpt. 20 21,000 . ......... j ......... 

....... ... ........ Juuc 10 I July 1 !..........I.. _I  ,... ...I.. I .......... 
Juiic I8 
Junc lti 

. ..................... .......... 8 .................... .................... .................................... .................... ................... 
.......... .................... ....... ....... ................... 

' L - j  ..... 
......... .......... .......... 2 876 barrels and 1 006 lialI barrels redfish. 

S ~ N  bnrrcls and I.& lialf barrels redfish. 
998 barrels and WO half barrels redfish. .......... 

......... .............. 

............... ......................... ............................. 
.................. .......................... 

.... ............... 
...... .............. 

Quadra Packing Co.,Mink Arm, BoCa de Quadra ............. 
Mctlakahtla Indu~trtal  Co. Mctlakahtla. .................... 
North Pacific Trading and Packing Co., Klnwak.. ........... 
Pacillc Stcam Whaling Co.,Huntcr Bay ....................... 

60 barrels humpback bellies. 

I burrela und 75 half barrels redflsb. 

.................. 
9 ' Aug. 1'2 .................. I ....................................... ..................... 

June 17 . Junc 18 ................... 1 %  .................. 
Jullc 14 1 JUtlc 21 1: ......... I: ......... ..................... ....~,.~..I .Aig* .ii 

8.5 I Aug. 29 ................... .................. .......... 1 : ........ ................. .........I :... ..... .................. 
1; 1 ?% ;: 

.... ao ...I J u l i  29 .................... .......... ......................................... .................... , ................... 
I 

7 I July 28 1 AUg. 20 I 
..........I 

1,OOo 

so0 hnrrcls redflah; 350 half barrel8 bcllies (Hctta). .......... I. ........ 
I 

................... 
130 rusks full king- 12 barrels white king bellies; 200 barrels 

full rcdfish; 1,5& bHrrclcl rlcan herring. .......... I ......... 
July 19 Aug. 26 ..........I. :. ................ 1. ............................. ..........I. ......... ::$: 

i: 1 Scpt. 13 19:700 1 I July July 24 25 1 Sepl. Aug. 20 12 1 ..........I.. .......... 1: ......I .........,...__._... 1 .......... 1 .......... i ..................... .................................................................. ~- -- -- -- .......... 149,189 .............................. 23,400 I.. ............................ I, 931 ..........I.. .................. 1,078,14(1 

900 half barrels full humpbacks. 

Total .................................................... 1.. ....... 
I 

864,254 ......... 39,402 

F. C. B. 1901. Face8 page 312-3 L 



Yumber 
of cnses 
packed. 

Average 
number 

':;$fr Began. 

July 15 

July 26 
July 23 

Ccimed. 
.. ... 

................... ................... ................... ................... ................... 
July 25 

July 25 
July 28 

................... 
3 
4.8 

.................. 
June 18 
Setitteri { parto 

120 

12 

.................. .................. .................. 

.................. 

.................. .................. .................. .................. 
10 .................. .................. .................. .................. .................. .................. .................. 

......... 

July 20 

.................. .................. .................. 

.................. 

.................. .................. .................. .................. 

.................. July 28 .................. .................. .................. .................. .................. .................. 

62 

.................. .................. .................. 
10 .................. .................. 

3 

......... 

5 
4.9 

3.5 
3.6 
3' 
4$ 
4.2 4.5 
3.5 

2.7 

3 

.................. 
June 18 .................. .................. ...,..... .................. .................. 
June 9 
Jiinc 6 .................. .................. .................. 
June 10 
May 29 
May 27 
Muy 9 

Sept. May 7 1 
May 29 

May 17 

June 1 

.................. 

.................. 

July 2 

................... 101 ............................. ............................. ............................. 
Aug. 19 ........... 

................... 475 ................... 612 

............................. 
1898. 

Redfish ............................. 
Cohoes ............................. 
Humpbacks.. ...................... 
King ............................... 
Dog ................................ 

782,941 81. I!! 
54 711 5. 67 

109:SW 11.34 
12,W' 1. &? 
5,184 . .54 ......... 1 

July 20 Aug. 26 
July 5 Sept. 20 
Latter pnrt of sea- 

.......... .......... 
Aug. 2 
July 25 
Aug. 10 .......... 

.................... .......... .......... 
{ 2% 

2,400 
6,169 

473 
369 

GO 
3,232 

.................. .................. .................. 

.................. 
Total ......................... 965 097 

COllOes Redfish 864,254 39,402 
Humpbacks.. ...................... I!?, 159 
King ............................... 23,400 
Dog ................................ 1,931 

Total ........................ 1,078,146 

ILL...--__ 

............................. ............................. r--- 1899. 

--- 
= 

1900. 
Redfibh Cohoes ............................. ............................. 1,197,406 50,984 

Humpbacks ........................ 232,022 
King .............................. 1 37,715 
Dog ................................ SO, 012 

.......... 

3. G.5 
80.16 

13.84 
2.17 
.1x 

.......... 

77.34 
3.29 

14.99 
2.44 
1.94 

i- 

4,760 

.................. .................. .................. .................. 
6.5 July 15 

Scpt. 16 

Aug. 15 

July 9 

.................. .................. .................. .................. 
Sept. 20 

Scpt. 25 

... .do .. 
Sept. 24 

.................. 

Totnl ......................... 1,548,139 '. ......... 

8,227 

766 
1,600 
1, 
9,401 
2,849 

852 
3,825 
2 , m  

600 
610 

3,973 
4,070 

7 

- 7 
7 
7.5 
7.4 
7.5 
IO 
9 
7.5 
7.6 
8 
8 
9 

2,472 

2,016 
8,500 

20 

6.5 

7 
8.5 
7.8 

Aug. '22 
AUK. 31 

.................... 
1,837 
2,049 

Scpt. 8 
Sept. 6 
Sept. 13 
Aug. 31 
Sept. 4 

Aug. Aug. 27 28 

.......... 

.......... .......... 
713 .......... .......... 

.......... .......... 
37,715 

2.5 

.................. .................. 
June 26 .................. .................. .................. .................. 

.................. 

AZa..dmpack of canned saZm,on, 1900. 
[For sult output of canning companies, scc pagc 313.1 

Cohocs. Humpbacks. I King. 
____ _____ 
iverage I Packing. 

Dog. Redfish. 
rota1 num 
)cr of case 
pirckcd. 

Packing. Number 
of cases 
packed. 

Packing. I Number 
of cases 
packed. 

Daily 
capaclt) 
in cnses. 

_.__ 
2,400 

1,600 
1,600 
4,300 
2,400 
2,400 
1,500 
1, 600 
2,400 

500 
1, Goo 

900 
800 

1, a00 
1,800 
1,800 
1,000 

900 
900 
500 
800 

800 
300 

1,600 
300 

250 

w 
1, 000 

20 
1,500 

800 
1,000 
1,800 

800 
800 
700 
800 

1,600 

3: :E 

::E 

4vcrage 
number 
fish per 

CdSC. 

Packing. Average 
number 
fish per 

CILSC. 

........ ........ ........ 

......I. ........ ........ ........ 
20 
22 

........ ........ 

Name of company and location of cannery. Number 
of cases 
packed. 

___ 
Cenaed. Ceased. Began. Ceased. 

June 25 
... .do ... 
June 28 
Jill 22 

July 25 

June 24 
g latter1 
ieason. J 

June 29 

.... $0 ... 
......... 

......... 

......... ......... ......... ......... ......... 
June 24 
Junc 28 ......... ......... ......... 
July 2 
July 10 
July 22 
June 12 
June 7 
Sept. 30 
June 30 

June 26 

June 20 

......... 

......... 

......... 
July 1 
June 28 

July 10 

......... ......... 

......... ......... .......... .......... 
.......... 

Began. 
I- ~- 

3,530 
2,543 
2,256 
2,291 
1,990 

341 

69 
31 

.......... 

I 
G3,935 
GO, 797 
62,597 
43,387 
40,090 

101,892 
45,200 
02,334 

Arctic Packing Co. (A. P. A.), Nushngak Bay. ................. 
Alnsku Packing Co. (A P.A. Nushagnk Bai  . ...- :. .......... 
Urlstol Bay Canning Co. (A.  b. A.),Nushagn B i )  ........... 
Pacific Steam Whaling Co..Nushagak Hiis .................... 

57,230 
66,228 
57,079 
39 223 

99,578 
45,200 

ss: 100 

61, 816 
35,675 
21,652 
54,681 
6, fm 

40,354 
32 966 

32,342 
77,568 
69 712 
13: 370 
29,384 
27,BsG 
3,640 

20 924 
22: 185 
36,049 
28,501 
6,130 

51 856 
13: 948 

6,648 

23: 003 

2,542 
9,941 

480 
10,848 

16.219 
9,825 
6 ,  a00 
6,930 
8,228 
7,828 

2 3 

13 
13 
13 
13 
12.5 
12.5 
12.5 
12.5 
12 
12.5 
13 
12 
10.5 
10.5 
10.5 
13.5 
13.6 
13.9 
12.8 
12.5 
12.5 
12 
13 
13 
11.5 
12 
12 
11 
8.3 

9 

9 
15 
12 
10.1 
11 
11.5 
11. 6 
8.5 

10.7 
13.7 
14.3 
12.8 

June 23 
June 26 
June 20 
June 22 
June 25 
June 23 
June 28 
June 18 
June 23 
July 1 
June 21 
July 9 
June 10 
June 9 
June 6 
June 8 
June 9 
June 4 
June 9 
May 28 
June 5 
July 1 
June 1 
May 27 
May 9 
May 7 
June 28 
July 9 
June 30 

July 5 

July 9 
June 20 
July 1 
June 18 
June 28 
July 10 
June 17 
July 13 
July 14 
June 20 
June 17 
Junc 18 

........ 

July 23 
July 21 
July 25 
Jul 22 

July 25 
Aug. 1 
July 28 
July 23 
July 28 
July 29 
... .do.. 
Aug. 12 
Aug. 6 
Aug. 19 
Aug. IS 
Sept. 1 4  
s c  t. 21 
Juyy 17 
Aug. 25 
scpt. 20 
Aug. 9 
Aug. 10 
Aug. 12 
Aug. 4 
-July 22 
Aug. 25 
Sept. 1 
Sept. 7 

Aug. 12 

July 27 
Ang. 20 
Aug. 10 
... do .. 
Aug. 16 
Aug. 31 
Aug. 29 
Sept. 7 
Aug. 25 
sept. 5 
Aug. 25 
Aug. 10 

.... $0.. 

......... 

July 22 
July 21 
July 23 

July 20 

......... .......... 

......... ......... 

July 23 
July 24 
July 25 

July 25 

........ ........ 

........ ........ 

........ 

........ ........ ........ 
Aiig. 12 

........ ........ ........ 
1,254 10 

332 1 10 
931 10 

3 June 15 
3 June 17 
3 .... do.. 
3.6 June 12 
3 June 15 
3 June 23 

The following recapitulation shows 
the total packs for 1898,1899, and 1900, 
and the percentu e the different species 
contribute to eac K; pack: 

Species. 1 Cases. I Per cent. 

.................. .................. 
297 1 10 .................. .................. 

Alaska Fishermen's Piicking Co., Nusha ak Bay.. ............ 
Point Roberts Packine Co. (A.  P. A.1. Kv?chsk Buv ........... 

........ 
1,676 

449 
352 

........ 

........ ........ 

Kvichak Packin Co.7A. P.'A.), Kvfchak Bay ................. 
Arctic Packing 80. (A. P. A.), Naknek River .................. 

36,058 Naknek Packing Co., Naknck River. ......................... .........I ......... 
.......... ......... .......... 
Aug. 3 .......... .......... .......... 
Ang. 25 .. .do .... .......... .......... 

21,652 
54, 682 
6,653 

.40,396 
83,086 
26,617 
sa, 342 
79,415 
73,115 
13,370 
80,409 
29,700 

Egegak Packing Co. (A.P.A. Egegak River ................. 
Ugashik Fishing Station (A. k. A.), Ugashik River. ........... 
Bfistol Packing-Co Ugashik River ..I ........................ 
Cbignik Bay Co. (Alp. A.) Chigiiik Lagoon ................... 
Pacific Steam Whaling Co' Anchorage Bay Chignik ......... 
Hume Bros. & Hume An&ora e Bay Chighik.. ............. 
Arctic Packing Co. (A. P.A.),Oyga Bajr, Alitak ................ 
Karluk Packing Co. (A.P.A.),Karluk ........................ 
Ainaka Im rovement Co. (A. P. A.), Karluk ................... 
Uganuk d h i n g  Station (A. P. A.), Uganuk Bay .............. 
Paciflc Steam Whaling Co., Uyak Bay.. ....................... 
Alaska Salmon Association, Chuitna River.. ................. 
Hume Bros.& Hume, Uyak Bay. .............................. 

I I ........ ........ ......... ......... ......... ......... ......... ......... 
21 
21 

......... 

......... ......... 
$8 
18 ......... 

........ 
1 3,614 ........ ........ ........ ........ 
1, cQ5 
2, Mi4 

5 
........ ........ 

3,888 
1,718 
1,866 

........ ........ 
Sept. 14 
Sept. 21 ........ 

.................. 
1,382 I 7.2 
2,791 8 

........ 
........ 
July 1 
July 16 ......... 

;;l.~. .so. 
Aug. 20 

Aug. I 

Sept. 1 

July 25 
July 10 
Aug. 2 
July 13 
Aug. 29 
Aug. 20 
Aug. 25 
July 27 
AUK. 17 
July 31 

sept. 7 

Aug. 20 

......... 

........ 
Aug. 10 
Auy. 12 

Sept. 20 
Sept. 1 
Sept. 15 

..do ... 
Sept. 24 
Oct. 10 
Sept. 1 
Sept. 18 
Sept. 21 
Scpt. 8 
Sept. 18 
sept. 27 
Sept. 20 
Sept. 12 
Sept. 25 s e q .  10 

........ ........ 

........ 

4,905 son. ........ Pacific Steam Whaling Co., Keno1 ............................ 
Pitcific Pucking Co. ( A .  P.A.).Odluk .......................... 
Arctic Ylshing Co. (A.  1'. A.) ,  Kulisllof River. .................. 1,765 8.1 

5,427 I 12 ........ 
July 6 
July 20 
July 10 

.........I ......... 
Pacific Steam Whaling Co Orca. ............................. 
Western Fisheries Co Du;;das Bay ........................... 
P ramid Harbor Pacging Co. (A. P. A.), Pyramid Harbor.. ... 
Taku Packing Co., Taku Inlet ................................ 
Taku Fishing Co., Port Snettisham.. .......................... 
Icy Strait Packing Co., Petcrsburg, Wrangell Narrows.. ..... 

Ciilkoot Packing Co.. Chilkoot Inlet ......................... 

Royer-Warnock Packing Co., Beccher Pass.. .................. 

..... gii.l ...... i:5 
513 7.5 
744 I 8 

.................. 
1 5 4  8 ........ 

16, 722 

9,468 
29,941 
1,560 

........ 
3,593 

10, OOO 
........ 

86,432 
15,540 
19,685 
4i ,  114 
20,051 
6, OOO 
9 690 

15: 551 
31,709 

'232,022 

......... 
21 
20 

15.8 
18 
19.2: 
19 
15 
20 
19.9 
17 
18. 6 

......... 

......... 

July 25 
Jiily 15 
........ .........I ......... 

?lacier Packlng Co (A P A ) Point Highfleld.. .............. 
Fidalgo Island Canning Co Ketchikan ...................... 
Alavka Salmon Packing and Fur Co. (A. P. A.), Loring.. ...... 
Qnndra Packing Co Wink Arm Bocn de Quadra.. ........... 
Metlakahtla Indust&& Co Metiakahtla ...................... 
North Pacific Trading andkacking Co., Klawak ............. 
Paciflc Stcam Whaling Co., Hunter Bay.. ..................... 

Totnl .................................................... 

rhlinket Packing do., Q&ad Point. .......................... 

Boston Fishing and Trading Co., Yes Bay.. ................... 

July 2 
July 12 
July 13 
July 17 
July 18 
July 17 
July 18 
Julv 17 ... do.. 

3.8 May 15 
3 I May 14 

................... 
1,737 ......... 

340 1 ' 8.6 

I ................... 
AUg. 1 ' Sept. 15 
Ang. 24 I Sept. 8 .................. 
July 10 Scpt. 27 
July 17 Aug. 31 
Aug. 25 Sept. 10 8.5 ................. .,....... I ......... .................. ................... 

30,012 I.. ....... 
4 Pink. 

1,548,139 ........ ,197,406 ......... 50,934 I ......... .........I ......... ........ 

a Red. 8 White. 1 Humpbacks and dog mixed-under "pink" label. 
F. C. B. 1901. Faces page 312--4 
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- 

Alaska Packing Co (A.P A Nushagak Bay .......................................... 
Pacific Steam Whaiing Cd., dhshagak Bay.. ........................................................ 

Salt aalmm pack qf Alatqka, 1900. 

Hnrrelx. 1 Barreln. ~ a r n r ~ s .  I I ~ V  t ~ a .  ,...... ...... 1,420 098 
415 ............ 

Name of concern and location of stiltcry. 

Alaska Fishermen's Packing Co., Nushagak Bay ................................. ....... 
............ ................................................ ......................................... .......... 

22 ........... 
...................... .............. ...... .I.. ................................................................ 

Humc Bros. and Hume Uyak Bay .................................... .....I.. ...................... 
Alaska Salmon Association, Chuitna River ......................................................... 
Perry IIinklc. Port Althorp Surge Bay ........................... ..........I ....................... 
Icy Strait Packing Co., Bartiett Bay,Icy Strait .................................................... 
Icy Strait Packing Co.,Taku Inlet .......................................... 1. 400 12 

Hinkle, Freshwater Bay and Basket Bay ..................................................... I'err 

4G5 I 05 
7,186 ........... 

92 115 
1,141 1,356 

1,150 ............ 
852 1,613 
003 GOB 

1,150 ............ 
26 ............ 
44 ............ 

<m ............ 
530 ............ 
900 ............ ........................ 

' 
Hum bucks. Name of concern and locatioil of mltery. 1 Cohoes, wholc. bcylien. 1 ,$%e, 1 Remarks. 

shik River. 

Bay Chignik. 

Strait. 

I'aciflc Steam Whaling Co., Anchorage 

Alas& Salmon Association, Chiiitna River 
Iry Strait Packing Co., Bartlctt Bay, Iry 

Alaska Oil and Guano Co., Killisnoo. 

.......................... 89 .................. 

.................. 3 .......................... 
120 ............................................ 

....................................... W23 ........ 
Zip Moon Point Barrio.. 

Fred. Brockman,Sarcar 
IC Strait Packing Co., hulk Blanche, 

h a n g e l l  Narrows. 
Pacific Coast and Norway Packing Co., 

Wrnnmll NarrowR. 

Finn & Ybung, Shakan ...................................... 

_ _ _ _ _  _____-._", .. - .......... 
I _ _  

John Frey Zimovia Strait.. 
Great Nordhern Fish Co., Union Bay ...... 

.................................... 16 ....... .'. ................. 
2600 .......................... 

..................................................... 225 ........ 
100 ............................................ 
8 .......... ........I .......................... 

. ~~~~~ 

'Pnm nfrclmlpv. Whnlr. I'aswec* ........... ................................... 900 I ........ I 
200 .........I :300 ......... 

... .................. .I I ....... .~,m 

Robert Bell, Thorne Bay.. ................. 
Alex. Miller 'Cholmondeley Sound.. 
Z. Doty, Mink Arm,Booa de Quadra.. 
Alaeka Packen Association, Hetta Inlet 
Craig Miller, Copper Mountain Bay 
Banter & West, Sukkwan Inlet 

Great Northern Fish Co., Karta Bay. 
John E. Rice Karta Bay.. ................ 

.................... 

1.10 .................. 1 280 1 500 ........ ........................ ........I.. ................ '1,200 
50 .......................... '1,207 ........................ 700 ........ 800 ................................................. 6 1 6 0  ............................ 61 84 ........ ............... 4OO ........ 450 ........ 

76 ........ 

.......... .................................... I. , I ....... 

Also 100 barrcls and 186 

2 Includes some redfish inid 

Also 1,000 barrcls hcrring. 

Also 250 11arrt.k herrinu. 

lid1 barrels hcrring. 

cohocs. 

1 Barrels. 
________I 

Speclca. Description. 

{Whole ................................................ 9G3 ....................................... King Bellies.. .............................................. 12 ................................................ Rcdflsli .................................... Whole 19,(M1 
848 
10 

Whole 
Bellies ................................................. 
Whole.. .............................................. 0,518 
Bellies.. .............................................. 410 

Total ........................................... 30,164 
Half barrels rcdiiccd at  2 for 1 to barrels.. 

CohoeR 

Humpbacks.. 
Dog Whole 2,657 

................................................ ..................................... 
.............................. 

........................................ ................................................ 
4,021 ..... 

Grand total.. ................................... 1 34,176 
__ ____ 

3Includcs some briglit- 
fleshed do salmon 
packed QS coiocs. 

4 Dry .salted. 
*Dry salted. 

6 Dry salted; cstimatcd. 

Half hnrrclx. 

.............. .............. 
4,211 

bo 

5,78!! 

8,043 

.............. .............. 

.............. 

Sold fresh to canneriex; 
saltcd Icw for lociil iisc. ---- ................................ 

_I 

Total 1 853 i 50 1 (3,315 i 410 i13,782/2,6h?/ 
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TTetdu  employed, 1898. 

Steani vessels. 
xirme of company and lortition I 

of oinnery. 

........... .......... ............. .......... 
1 Stcnmer 

_ i  Ltrunclr ............... -1.. .. .do ............ 
................. .do ............ 
.......... Steanicr .......... .............. Launch .......... 

Northern Light ........... do.. .......... 
.............. Launch .......... 
............. G a s  lnunch.. ..... 
............. Lannch .......... 

Afognak .............. Stenmer .......... 
{Baby, ltuth ........... Stern-wheel ...... 

{Flor$!nrc Iiume ......  do.. 

.............. ......... 
A)., Kvicliak Bay. 

Steamer. 

Chignik Bay Co. (A. 1’. A), Chip- 
I nik Lagoon. 

age Btry, Chignik. 

Hay Chi mk. 

Hay Alitrrk 

Kurluk. 

Karluk. 

A , )  Kiirluk. 

Pacific Steam Whaling Co., A i ~ l i 0 1 -  L’*qnirnaux.. ......... Laniich .......... 
......... ............ i .......... Hnme Hr!x & Humo, Anchoriig? Ethel rind hliirian do 

Arctic! l%c%ng Co. (A. P. A), Olgii 

K M I U ~  iJaciing co. (A. 1’. A.) ,  

Aluskir Improvemelit Co. (A .  1’. A),  Gertie Story.. do.. 

IIume-Aleutian Parking Co. (A. 1’. I Auroni 

Hrittle Gngc .......... Steamer. ......... 

Karl i 11 k ................... .do ............ 
Delplnnc ............. 1,1iunch . 
IAlL ........................ do ............ 

~ 

............. . 
.................... ............ I do 

UK&k Fiqhiiir Sltitioii (A .  )’,A,), 1 J n l i i i  31.. .................. (lo.. .......... 
‘Ugiinuk Bay. I 
I h V .  I IKciiiii ................ ~ IIir~incI~ .......... 

Pacitlc Steam FVIiiiling Co., 1:yak .JGoldcn Gatc.. ....... .! Stcnmcr .......... 
- ~ - - “  - 

Hllme Hr()ri, & lIl,me, UYILk 131Ly.. .. 
pa[5ifi(; RhalingCo,, K(*nrli.. 

Arctic Fishing Co. (A.  1’. A , ) ,  Kns- 
silof River. 

Odiak. 
Pacific (;(). (,L, ]’. ,<.), 

I’trciflc Steam Whaling Co., Orrii.. . 
I’yrnmitl Hrirbor Packing Co. (A.  

G I  icier Packing CO. (A. 1’. A.) ,  

Altiskti Salnion Packing and I k r  

iimtOn Fishing irud Trailing Co., 

1’. A , ) ,  I’sramid Harbor. 

h i t i t  Higlilielil. 

Co. (A.P.A.),Loring. 

Yon Rnv. ._ . _ *  
Qiiadm Packing Co., Mink Arm,  

.\letltLkahtla Ind~iqtrinl Co.. Xct- 
HO(’IL de Qundra. 

lakalitln. 

ing Co., Klawak. 

tcr Bay. 

13aranoff l’acking Co., Iledfirli Btiy 
North Puciflc Trading rind Puck- 

Piiciflc Steam Wlmling Co., I I n n -  

....... Stenmcr .......... 
(I-lcriiltl ...... . . . . . . . . . I  ::: ::do.. .......... 
IAIiirir G. Iltuiven .......... do ............ 

.; ~vigiviiiii .......... ...I.. ... do ............ 
KIirwsok ................. .do.. .......... 

;{cortr .................. ~ m i n c t i  
Alice ................ .I Stwrner .......... 

...... ............. 

- -  - 

26 
5 
5 
5 

238 
5 
4 

56 
5 
5 
3 

37 
10 
5 

G 
5 
42 

.sb 
aG 
5 

% 5  
5 
5 

69 
5 

42 
5 

28 
5 

G9 
5 

1 (i4 
31 
18 

I04 
YO 
a7 
19 
36 
19 
3 3  
21 
x 

34 
18 
17 
12 
24 
10 
5 

19 

Crew. 

5 
2 
2 
2 
Y 
2 
2 
5 
2 
2 
2 

5 
4 
2 

3 
2 
5 

9 
7 
2 
2 
2 
2 

X 

‘t 
4 
G 
2 
(i 
2 
G 
G 
4 
4 
4 
4 
3 
5 
5 
5 
5 
2 

G 
G 
5 
5 
5 
4 
2 
5 

Value. 

$12,000 
3, 000 
4,500 
1,600 

40,000 
4, 000 
3,000 

26 000 

1,200 
2,500 

4: 500 

lG, 000 
4,500 
2,500 

2,800 
3, 
17,000 

20, wo 
10,000 

3, €40 

2, ooo 

2,600 

2,700 

25,000 
7 000 

3,600 
10, 000 
1,000 

26,000 
2 000 

14’000 
14:M)O 
8,000 
10 ooo 
10: 000 
16, 000 
9, ow 

14,000 
10 000 
12: 000 
8, w0 
2, 

7,000 
(i, 000 
7,000 
4 000 

5, 000 
1,600 

10,000 

10: 000 

10:000 

Ownership. 

Owned. 
Do. 
Do. 
DO. 
D O .  
Do. 
1) 0.  
1)O. 
Do. 
Do. 

D O .  
Do. 
Do. 

DO. 
Do. 
D O .  

m. 

I)o. 
DO. 
DO. 
Do. 
DO. 
IJO.  
1)0. 
Do. 
110. 
110. 
IJO. 
Do. 
Do. 
DO. 
110. 
Do. 
Do, 
uo. 
110. 
Do. 

Do. 
DO. 
DO. 
Do. 
110. 
Do. 
DO. 
DO. 

1 Also sttciidc!ci lignshik Sttition. ZLOSt, fllll of  1898. 
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Fishermen 

Fishermen 
Fishermen 

Fishermen 

Fi8hcrmcn 

Vessels employed, 1898-Continued. 

12, OOO 
40,000 
26, OOO 

20,000 

26,000 

- ~ _ _  -.- 

Sail vossels. 
Name of company and location .___Name. , Rig. , TonR. 

of cannery. 

Odiiik. 
IwAflc Steam Whalin Co’, Orca. .. 
I ?J. A,),  Pyramid Harbor. 
Glacier Ihckin Co. (A. 1’. A , ) ,  

Point Hi hflels. 

Co. (A. P. A.), Loring. 

Yes Bay. 

Boca de Quadrn. 

laknhtla. 

ingCo Klawak 

ter Bay. 

’ ramid Harbor Pacfin$ CO. (A. 

Alaska Yakon Packing and Fur 

Boston ITishing and Trading GO., 

Qnadra Packing Co., Mink Arm, 

Motlakahtlu Industrial Co., Mct- 

Baranoff Packing Co. Redflsh Bay- 
North Pac$flo Tradi& and I’ack- 

Pacific dtenrn Whaling CO., Hun- 

..... ... .. I-- . .  / _ _  

America.. ............ Ship ............. 1,908 
Invincible ............... 110 .......... 1,593 

Georgc Skolficlil.. ......... & I  .......... 1,275 

Hecla.. .................... d o . .  .......... i, 435 

(Trunsport\ by rcanlar linc 

(Transport8 by regnlur linc of 8tcumcr8.) 

(Tramport8 by regular linc id 8tcvimerR.) 

(Transports by regular line o f  sleamers.) 
(‘l’ransporLq by special sui1 cbharter.) 

(TmnRpOrtb by calling vesqcl of company.) 

Hume Bros. & Hume, Uyak Bay.. .. Hnrventcrz ........... I Bark .......... 1 716 
(Trunsportq by ralling vesse 

Bay. 

J’ucitie Steam Whaling Co Kenai.. 
Arctic Fishing Co. (A. P,x,),Kns- ........... Ship ............. I ,  188 

l’ucific Packina co. ( A .  1’. A, ) ,  1 Electrn. ............. Burk ............ 939 
silof River 

Crew. Vulue. 

Fishermen $40, Mx) 
Fishermen 40,000 
Fishermen 25, Mx) 

_.I__ __ 

Fisliermen 16, OOO 
Fishermen 7,000 
Fishermen 15,000 
Fishermen 12, Mx) 
Fishermen 12, OOO 
Fishermen 55,000 

of company.) 

11 9,000 

Fishermen 10,000 

Fishermen 40, OOO 

Fishermen 56, OOO 

Owneruhip. 

Chiwtered. 
Owned. 
Chartered. 

Do. 
owned. 

Do. 
no. 
DO. 

Chnrtoreil. 
Owned. 

DO. 
DO. 
DO. 

___- - 

OWICCI. 

Chartered. 

no. 
olvllea. 

Owned. 

I)n. 

no. 
Chartered. 

I)O. 

O\VllCd. 

Clwtcrod 

Steam 51 1,515 $440,700 I 1 Sail ... ......................................... 1 24 I 26,971 577,000 

Total ..................................... I- __ 
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Nnnic of  company and location of 
cannery. 

ve88eh employed, 1899. 

Steam vessels. 

Name. I Class. 1 TOIls. 

Polnr Bear.. ......... 
Arctic Packing Co ...... .................. 
Alaska Packing Co ..... ............. 
Bristol Bay Canning Co. .................... 
Pacific Steam Whaling Co., Nush- Jeanie ................ 
Alaska Fishermen% Pneking Co., North Stnr.. .......... 

.................. 
agnk Bay. {mttler ............... 
Nuslingak Bay. 

Steamer .......... 
do.. .......... 

Lnunch .......... 
.do ............ 
do ............ 

Steamer .......... 
Steamer .......... Lnnncli .......... 

PointRobertsPackiIlgCo. (A.P.A.), 

Arctic Packing Co. (A.P. A.), Nak- 

Naknek Packing Co., Naknek 

Kvichak Bay. 

nek River. 

Yex Bay. 

Bocn de Qundra. 
Qriadra Packing Co., Mink Arm, 

................ do ............ .............. Launch .......... .......... do.. .......... 
.............. Liiunch .......... ............. Gas launch. ...... 
.............. .......... Steamer 

Metlnkahtla Industrial Co., Metla- 

North Pacific Trnding and Pack- 

Ptiniflc Steam Whnling Co., Hunter 

knhtla. 

ing Co., Khwnk. 

Ijay. 

River. 

Ugnshik River. 

n& Lagoon. 

chorage Bay, Chignik. 

Ba ,Chi nik 

Buy Alitak. 

Knrluk. 

Knrluk. 

(A.P.A.), Karliik. 

U anukBay. 

Ugnshik Fishing Station (A, P. A.), 

Chi nik Bay Co. (A. P. A.), Chig- 

Pacific Steam Whaling Co., An- 

Hume Brox. & Hume, Anchornge 

Karliik Packing Co. (A. 1'. A , ) ,  

A r r t L  1 d L i g . c o .  (A. p. A.), Olga 

Alaska Improvement Co. (A.P.A.), 

Hume- Aleutian l'acking Co. 

Uganuk Fishing Station (A. P. A.), 

......... Btcm-rr.hc.el ...... 

......... Slcnincr .......... ........... do ............ 

Lnunch .......... ................. .do ............ 
........... Stern-whecl ...... 

Stenmer .......... 
.......... 

.... ...... .......... steamer .......... 

Kndink ................... .do 
Gertie Story .............. .do ............ 
Knrluk ............... Lnunch .......... 
'Delphine .................. do.. .......... 
Aurora ................... .do ............ 
Ida. ....................... do.. .......... 

IjHerald ............... ' .... .do ............ I I Marie G. Hunven ..... :. ... .do ............ ................. .do ............ ................. Luunch .......... 
....... .: Stcunivr .......... ..................... ............ I .do 

.- 

28 
23 

5 
6 
6 

862 
6 
34 

238 
6 
4 

ha 
6 
5 
5 
3 

37 
10 
37 
5 
G 
5 

42 

;icl 
3G 

5 
5 
5 

92 
6 

$2 
h9 
5 

80 
28 
C9 
5 

164 
31 
18 

104 
90 
37 
I9 
36 
19 
ti 
33 
21 
8 

58 
34 
18 
17 
12 
10 
5 

69 
19 

n 

Crew. 

6 
3 
2 
2 
2 

12 
2 
4 

9 
2 
2 
5 
2 
2 

2 
2 
5 
4 
ti 
2 
3 
2 
5 

9 
7 
2 
2 
2 
2 

10 
2 
7 
8 
2 
5 
G 
ti 
2 

0 
4 
4 
4 
4 
Y 

a 

: 
2 
6 
5 
2 

None. 
G 
0 
5 
5 
4 
2 
9 
h 

Vnlnc. 

$12, OM. 
10, 00( 
4, 
5, 
1, 

75 Mx 

15, Mx 

40,W 
4, 00( 
3, C4n 

25 Mx 

1, 

7, ea 
2,501 

17, OOC 
4 6oC 

15: oo(. 
2, 6OC 
2, 
3, o0C 
17, OW 

20, oou 
11, oou 
8, 000 
2,5w 

4: M)( 

4: 501 

2 E 
12,600 

11,000 
10 000 
3: 500 

10, ooo 
10,000 
28,000 
1,800 
14, OOo 
14, OOo 
8OOO 

10, ooo 
16, ooo 
9,000 
14, OOO 
10, 000 
1, 

12, 000 
a, ooo 
2, 

7, 

lo: ooo 

?E 
6,  000 
8, 000 

1: 500 
25,000 
11,000 

Ownertihip. 

Owned. 
Do. 
DO. 
Do. 
110. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
DO. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

DO. 
DO. 
Do. 
Do. 
DO. 
DO. 

:hnrtered. 
Iwned. 

DO. 
Do. 
DO. 
Do. 
Do. 
DO. 
Do. 
Do. 
Do. 
Do. 
Do. 
EO. 
Do. no. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
DO. 
Do. 
Do. 
Do. 
DO. 
Do. 
Do. 
Do. 

1 Also ntteiidcd Uganuk. 
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Invincible.. .............. 
Willie R. Hnmc.. ..... 
R. W. Bartlett.. ....... 
Harry Morse.. ........ 
Hohcmiti ............. 
Prosper.. ............. 
Merom 

H. 1’. Cheney .............. 
............... 

Name of company and location of 
cannery. 

~ __ 

.do ............ 
4-mnstbarkentinc 
3-must schooner .. 
Bark ............. 
Ship .............. 
:i-nirist whooiler .. 
Bnrk 

.do ............ 
............. 

Arctic PackingCo ...... 
Altiskn Packing Co.. ... 
Bristol Rav Canning Co. 

473 

1,241 

229 
1,154 

1,200 

1,528 

I’acifio Steam Whaling Co., Nush- 

Alasktt Fishermen’s Packing Co., 

I’oint noaertsl’ackingCo.(A.P.A.), 

Arctic I’mkingCo. (A.P.A.), Nuk- 

Ntiknck I’acking Co., Naknek 

rigak Bq’. 

Nnsha ak Bay. 

Kvichak Bay. 

nek ILiver. 

River. 
Ugavhik FiflhiIig StlLtiori (A. 1’. A . )  

IJgahhik ItiVOr. 
Chirrnik Bay Co. (A. 1’. A), Chig- 

.... .do .... 

.... .do .... 

.... .do.. .. ..... do .... .... .do .... 
-.-.I do ..... 

d k  Lagoon. 

chorage Bay, Chigmk. 

~ n y ,  Cliipik. 

Bay, Alitak. 

Karluk. 

Karluk. 

(A. I’ AI Kurluk. 

Uganuk Bar. 

I’acific Stcnm Whaling Co., An- 

IIume Bros. & Hume, Anchorage 

Arctic Pac lng Co. (A. 1’. A),  Olgn 

Karluk Packing Co. (A. 1’. A.),  

Alaska Improvcmeilt Co. (A.P.A.), 

Hume - Aleutian l’ucking Co. 

Ug muk dsbing Station (A. I’. A), 

Pacifle Steam Whalinz Co.. Urak 

Ferrix S. Tliompboii.. . Rnrk ............ ./ 480 
MtLid of Orlcnrrr Schooner. 171 
Electra ............... Burk. ............ 939 

...... ........ 

............. St. Nicholiis .......... Ship. 1, (i87 
Satita Clura .............. .do ............ 1,463 

Bay. 
Hume Bros & Hume Uvak Hny . . 
Pnrific Steim Whalidg eo., Kenai. 
Aretic FishingCo. (A. P.A.),  K u s d  

I’ticiflc Packing Co. (A. P. I\.)% 

Psdfic Steam Whaling Co., Orca.. 
Pyramid Harbor l’acking Co. 

Glacier Packfng Co. (A. 1’. A.) ,  

Thlinket I’aekingCo., Point Oeninl  
Alarka Salmon Packing and Pur 

Boston nshing and Trnding C~J. ,  

Quadra Paeking C?, Mink Arm, 

Metlakahtla Industrinl CIJ , Nctlti- 

lof River. 
OdiRk. 

(A. P. A), I’ ramid Harbor. 

Point Highfield. 

Co. (A.P.A.) ,  Loritig. 

Yes Bay. 

Rwa do Qnadm. 

11 10 OOO 
8 7:000 

Fishormen. 12,ooO 

..... .. do.. 40,000 .... .do .... 3G, 000 

kali tla. 

ing Co Klawak. 

Bay. 

North Pacifle Trnding and Pack- 

pacific S&am Whaliug Uo., IIuntcr 

Charles R. Keniiey ... 
America.. ............ 
Two Brothers.. ............ 
George Skolflcld.. 

kali tla. 

ing Co Klawak. 

Bay. 

North Pacifle Trnding and Pack- 

pacific S&am Whaliug Uo., IIuntcr 

Bnrk ............. 1,014 ..... do .... 26, Mx) 

Ship .............. 1,908 ..... do .... 60 Mx) 

......... do ............ 1,275 ..... do .... 20,Mx) 

do ............ 1,263 ..... do .... 36:OOO 

Sail vewels. 

Stetmi ........................................... 
sail .............................................. 

Totul ..................................... 

Tons. 1 Crews. 1 

.- .._ .- _- 
(io 2,700 a 1 8  6W 
27 26,998 067:500 

87 29,698 1,286,100 1 

Value. 

783 .... .do .... 
6M ..... do .... 

1,271 .... .do .... 

25 000 
2.5: W0 
20, Mx) 

20, 000 

45,000 

18,000 

18, OM) 

16, Mx) 
12,000 
%, Mx) 

Ih, 000 

131ILtIdle .............. Schoonur, hulk ... 107 Fishermen. 4 600 
Elliott ............... _! Barge ....... .....I 43 I.. .. .do ....I 1: OOO 

(Trailsports hy regu nr line of steamers. 

Ownership. 

Cliartcrcd. 
Owned. 
Chnrtercd. 

DO. 
no. 
Do. 

0w11ed. 
Do. 
Do. 

Do. 

Chartered. 
Owncd. 

Do. 

Owned. 
Do. 
DO. 

Chartered. 
Owned. 

Owncd. 

Owned. 

Chartered. 

Do. 
Owned. 

Do. 

Chartered. 

Oibncd. 
Do. 

(TriinsporH by spccitil sail charter.) 

(Transport8 by calling vcs.scl of aompany.) 

’ 1Also called a t  Karluk. 

ItlECAPITULATION. 

I 
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...... ................. 
........... 

Tyone ................. 
North Star.. ...... .. ................ 

Arctic Packing Co. 
Alaska Packing Co. 
Bristol Bay Canning Co. 
Pacific Steam Whaling C o  Nmhaguk Bay Ruttler 
Alaska Fishermen's l'ack&g Co., Nuuhagak 

Bay. 

BULLETIN O F  THE: U N I T E D  STATES FISH UOMMISSION. 

Vewb employed, 1300. 

Steamer.. ........ 
do.  ........... 

Launch ........... 
do ............ 
do 

Steamer .......... ............ 

Steam vessels. 
Name of company tirid locutioii of caniiery. - ~ -  ___--- -- 

Name. I Class. 1 Tons 
- 

............ 
qstclla ................ 
I. 1%. Roberts.. .... 

.......... ........... Pescudero ........ 
... 

Chilkoot Packing CO., Chilkoot Inlet {*I' 
Taku Packing Co., Taku Inlet Pawn.. 
Takn Fishing Co., Port Snettirhaiu 

........ 
.............. ................ 

Pyramid Harbor. 

..... Narrows. 
.......... 

................. 
Thlinket Packing Co., Gerard Point ......... g$:if:::::::::: 
Fidalgo Island Canning Co., Ketchikan ..... Delta ............. 
Alaska Salmon Packing and Pur Co. (A. Novelty ............. 

l{Arctie ................. 
BOS~OII l s h i n g  and Trading Co., Yes Baj ... Rosie ............. 
Quadra Packing Co., Mink Arm, Boca de 1 Slowlg .............. 

Metlakahtla Industrial Co., Metlakahtlu.. ... $2;:: g;;;;;. 
North Pacific Trading and Packing Co., K1awac.k .............. 

Cora. ............. 
Golden Gate.. .... 

, 4 Alphonso XI11 ... 
Pacific Steam Whaling Co., Hunter Buy Alice 

...... 

P. A.) , @Sing. 

Quadra. 

..... .................. 
Klawak. 

- 1  -I ___-I_ I - 

........ 
do.. .......... 

Launch.. ......... 

Launch. .......... 
Stern-whceI 
Steamer 

do. 
Steamer 

do 
Gasoline launch .. 
fmflmcr .......... 

.do ............ 
-i;d;E~::::::::::: 
steamer .......... 

do ............ 
do ............ 

Launch.. ......... 
do.  ........... 

........... .......... 
...... .......... 

....... ............ 

.s!'"aAy.r- 1: : : : 
do ............ 

Luunrh ........... 
Steamer .......... 
Gasoline launch ._I do ............ 

2t 
1; 

t 
34 

BlC 
9( 
1s 

F 

"s 

s; 

3; 

3; 

4 

1; 

f 
I 

1 C  

C 
f 

.ti 
E 

3c 
58 
f 

5 
101 
6 

59 
42 

6 
7 

30 
28 
G9 
26 
6 

164 
31 
18 

104 
90 
19 
7 

37 

20 
9 
5 

10 
4 

68 
34 
18 
4 

36 
19 
10 
6 

59 
33 
21 
8 
5 

17 
12 
10 
6 

59 
19 
5 

I I . I -. - - I 

1 Also attended Egegak. 

rew 

5 
3 
2 
2 
L 
4 

13 
4 
3 
2 
9 
2 
2 
3 

'om 
2 
5 

2 
2 
5 
4 
6 
2 
3 
L 
5 

onc 
7 
9 
L 
2 
2 
2 

10 
2 

7 
2 
3 
5 
G 
c 
3 
2 
G 
6 
4 
4 
4 
5 
3 
4 

3 
2 
2 
2 
1 

one 
G 
6 
2 
5 
6 
5 
2 
G 
5 
5 
2 
2 

5 
5 
4 
2 
9 
5 
2 

- 

9 

8 

- 

VUlUC. 

$E, oo( 
io, OO( 
4, oo( 
G ,  OM 
4,50( 
15,W 

200, m 
8,OOC 

%E 
40: oo( 
4,50[ 
3MU 

1,OM 
2, oo( 

25, ooi 
7 OM 
2: 50( 
2, oo( 

18, OM 
5, ooc 

15, WC 
2 5oC 
2: 881 
3,20c 

17 oo( 
2: 5oC 

12 OM 

10, ooc 
10 001 
2: 7oC 
2,5w 

36 ow 
7: ow 

io  ooa 
12' 000 
3: 50(; 
5,5w 

10, 00c 
10 ow 
30' ooc 
10: ow 
18W 

14'000 
15: Ow 
8,000 

10 000 
10' 000 
5' sw 
2: 000 

3' 000 
1'000 
1: 800 

GOO 
G O O 0  
7' 000 
6: OOO 

800 
15,000 
10 000 
6' OOO 
1: MI0 
G ,  000 
12, OOO 
4 000 
2: 600 
1,000 

9000 
6' OOO 
7: OOO 
1500 

25: 000 
12, OOO 
3, OOO 

8: ooi 

20: 001 

16,OO 

s s w  

- 

Ownership. 

Owned. 
Do. 
DO. 
DO. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
DO. 

UO. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
DO. 
DO. 
DO. 
Do. 
Do. 
I h  
Do. 
DO. 
DO. 
Do. 
Do 
Do: 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
D O .  
Do. 

:harkred. 
Iwned. 

Do. ' 
2hartered. 
lwned. 

Do. 
Do. 
Do. 
D O .  
Do. 
Do. 
DO. 
DO. 

Jhartercd. ?wried. 
.bartered. 
Iwned 

Ikl. . _. 
Do. 

:hiirterc(l. 

)wncd. 
Do. 
Do. 
DO. 
Do. 
Do. 
Do. 
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.Sail vessels. 
Name of company atid location I_ -_ ~ 

1 
- . .- ........... _. ~, .. 

Nan1e. oE cunnery. 

Orientril .............. Ship .............. 
................... .do. .  .......... 

.do ............ ......... Unrk ............. 
agak Bay. 

Nushalruk BUY. 
Alaska Fishermen’s I’ncking Co., 

, 
Herry IIorbe.. ............ .d(i ............ 

.! Ship.. ............ ......... _’. . . . : d o . .  .......... Point Roberta I’ncking Co. 
Kvichak Packing Co. 

.......... ..... 
.......... ... ............ ............ ....... ............ 

.......... 
do ............ .............. 

............. .... .............. 
(’l’rllnsports by (’llllillfi 

Burk 
Ship 

La oon. 

age Bay, Chignik. 

Bay, Chi nik. 

Buy, Alitak. 

Karluk. 

Puci8cSteam Whuling Co., Anchor- 

Hume Rros. & Hnme, Aiichornge I W r h  S. Tlioni~ron.. . Btwk ............. 
{Maid of Orleans. ..... Schooner.. ....... 

Arctic Pacfing Co. (A. 1’. A.), Olgu lclectra ............... Bark ............. 
Karluk Packing Co. (A. 1’. A , ) ,  

......... .............. 

(Trunspor0s by culling 

sliip 
Uganuk Fishing Station (A. 1’. A), 

Paciflc Steum IThriling Co., Uyuk 
Uganiik Bay. 

Bay. 

itna River. 

Hum0 Bros. C Hume Uyak Bar.. . 
Alasku Salmon Ass;ciation. Chu- 

Paeiflc Steam Whaling Co. Kciiai. 
Arctic Fishing Co. (A. P. .<.), Kns- 

v i l n f  River  I __-_ 
PaciflcPaclting Co.(A. P. A), Odiah 
Pacific Steam Whaling Co Orcn.. 
Western Ii’ivheries Co.. Dur;hns Buv 
Pyramid Harbor Packing Cd. 
Chilkoot ’&;king Co., Chllkoot 

(A I’ A ) Pvramid Harbor. 

Rover - War 
am. Becchcr P 

Point Hiahfleld. 
Qlncier Pucking Co. (A.  1’. A.),  

T6linkct Phking  Co Gerard Point 
FidalgoIsland Caniiiiig Co., Ketch- 

Alaskb Salmon I’ncking iind Fur 
Boston wishin2 and Trading ~ o . ,  

~uacint iiacltiiig CO., Mink Ann. 

ikun. 

Go. (A. 1’. A. )  Lonng. 

Yer BUY. 
~ o c u  de Qiiiidru. 

Mctlakiihtltl Industriiil CO., hlcl- 

1, hS5O 
1,469 
1,671 
I ,  F47 Fishcrmcnl 

1 413 Fishermen 
1: 184 I I~ishermeii/ 

Irarvcvtcr ............ Bark ............. 
Prussiu .................... do ............ 

Cciiteii~iiul ........... Ship .............. 
I i~i tc  Davenport. ..... Burk ............. 
Aincrictr .............. 
l \ % o  Brollicr% ........ ............ I ,  . 

( ~ r ~ i n r p o r t \  rcgu~ar line h atctimcrs.) 

\lClliot.. ............ ...I Barge.. ........... 43 1 Fi‘isliermcnr 

1,lcwcllyn J. Morse.. _ I  Ship.. ........... . j  1,271 1 Fislicrincnl 

(l’ransports by rcgiljar line of steirmcrs.) 

Siiitrum ............... 1 Ship.. .......... . _ I  I ,  406 Fivlicrmcii I 
(Tn+ii8piirtri l ~ y  rcgnlsr line of steamers. 
(Transports I J ~  rcgulsr line of Htcctmew.) 

(Triinsportr by rcgnlur line of rteiinicra.) 

(l’ransporls by qicriul m i l  churlor.) 

(‘l‘runsportfi by cntillirig vcaxcl of coinl~iny.) 

$56 000 
36: OOO 
GO, 000 
35, OM) 

20,ooO 

55,000 <w, 000 
65,000 
15,000 
so, 000 
io, 000 
20,000 
30,000 
18,000 

15,000 

10,000 
20,000 

16,000 

15,000 

12,000 
8,000 
16,000 

40,000 

12, ow 
25,000 

30, ooo 
10,000 

35,000 

65,000 

.l,T%NI 
1,000 

36,000 

50,000 

___._ - .  
Ownership. 

~- 

Chartered. 
Do. 

Owned. 
Chartered. 

Do. 

Do. 
DO. 

Owned. 
Do. 
DO. 
DO. 

Owned. 
Churtcrcd. 
Owncd. 
Churtcrcd. 
Ownerl. 

110. 
no. 
no. 

O W I J ~ ~ .  
Do. 
Do. 

Do. 

O\vnect. 

Chtutercd 
DO. 

Owned. 

Owned. 
D O .  

0 w lied . 

Cliurtcrcd. 

1 Albo rttllcd 111 Kurluk. 2 Lost Ortober 1900, at Karluk. 

RECAP1 T ULATI ON. 

Steam ........................................... 78 2,757 ‘ $856,280 1 $ail .............................................. I ‘ 3 3  1 34,813 1 926,MH) ---- I Total ...................................... IT/ 37,570 1 1,781,780 I 
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Humc Bros. & Hume, Anchorage Bay, Chipilk.. ............. 

Hume-Aleutiai1 Packing Co. (A.  P. A.) Karlnk ............... 

Pacific Steam Whaling Co. Kenai.. .......................... 

Arctic Packing Co. (A P. A.) 01 a Bay, Alitak.. ............. 
Karluk Packing Co. (A. P. A.j, A r l u k  
Alaska Improvement Co. (A. P. A.),  Karluk 

Uganuk Fishing Station (A. P. A.), Ugdnnk Bay.. ............ 
Pacific Steam Whalin Co., Uyak Bay ........................ 

Arctic Finhing Co. (A. P. A.’) Kimilof River. 

Pacific Steam Whrtlin Co., &ea ............................. 
Glacier Packing Co. (A. P. A.) Point Highfield ............... 
Alaska Salmon Packing and hur Go. A I’ A ), Loring ....... 
Boston Fishing and Trading Co., Yesky:.  .:. ............... 
Quadra Packing Co Mink Arm Bocrt de Qnadra ............ 
Baranoff Packing Co Redzsh Bav.. ........................ ., 

....................... .................. 

Hume Bros. & Hume, 8yakBay .............................. 

Paciflc Packing Co. (A. P. A.’ , Odiak ......................... 
Pvramid Harbor Packfng Co. (A. P. A),, Pyramid Harbor.. .. 

................. 

Metlakahtla I n d u s i h l  Co Methakahtla.. .................. ., 

Labor emplmjed, 1898. 

t 
I 

......... 

......... 

Name of company and location of cannery. 

_ _ ~ _ _  - - - 

......... 
2 12 
160 
100 
13 
30 

0 23 
17 
30 

454 
(8) 

......... 
3 

17 
10 

400 
--- 

160 

76 
40 
58 
<50 
70 
60 
52 
29 

171 

52 
50 
32 
40 
GO 
GO 
88 
24 
90 
12 

1 24 

Total em- 
:hinese. -I ployees. 

1 Other employees. 

Native. I White. 

Total employees.. ...................................... I ,  314 
~ . . .  ~ . _ _ - . _ _ _ _ I _ _  

Labor employed, 1899. 

......... 

......... ......... ......... ......... ......... ......... ......... ......... 
34 

13 
6 

10 
10 
6 

IGO 

38 
34 
91 
48 
62 
.bo 
70 
M 
6‘2 
30 

176 

Go 
60 
32 
42 
(0 
60 
%3 
24 
12 

100 
16 
26 

17 
18 

..... 

................................... 

1 Includes 3 coal miners. 
2 Purchased fish from 192 natives. 
8 Ulnntphmon ................. 
4 Labor figure3 approximale. 
b Includrs ‘2.5 Klootchmen. 
8Purchrised f h h  from 32 natives. 
7 Includes 12 men, 25 women, 20 children. 

........ 

........ ........ ........ ........ ........ ........ ........ ........ ........ ........ 
34 

26 
6 
io 
i o  
6 

@ 12 
150 
19 

160 
16 
40 

11 24 

........ 

....... 
( ‘8)  

502 

61 

26 
36 
11 
18 

123 
10 
10 
9 

57 

6 
12 
6 

10 
30 
13 
12 
7 

16 
4 
6 

Native. 

75 

25 
30 

R 
30 

4 
6 

16 

......... 

........ 
4 

6 

6 

16 
4 

26 
13 
630 
162 

6 
7 67 

........ 

........ 

........ 

........ 
621 

306 

300 
102 
96 
100 
100 
60 
60 
69 

308 

62 
60 
60 

100 
60 
60 
86 
86 

130 
31 
46 ......... 

602 

426 
208 
170 
19H 
I 93 

, 154 
1% 
112 

666 

127 
1% 
114 
160 
162 
133 
213 
271 
360 
73 

134 
18E 
67 

118 
88 

2,450 I 6,139 

.. 

336 

60 
63 
300 
102 
95 

100 
102 
60 
66 
69 

393 

62 
60 
60 

100 
60 
60 
8F 
86 
16 

130 
40 
46 

20 
60 

..... 

436 1 446 I 2,600 

8 Purchased flsh from 60 natives. 
9 Purchased fish from 196 natives. 

loIncludev 1 woman cookin 
11 Purchased flsh from 35 nat8;es. 
lzIncludes 12 men 26 women 20 children. 
18 Purchased flah fiom 160 natives. 

622 

117 
137 
441 
222 
180 
193 
195 
134 
133 
113 

660 

148 
128 
114 
162 
162 
133 
21 6 
271 
73 

425 
9 0 .  

146 
41 

111 
88 

5,468 



ALASKA SALMON INVESTIGATIONS IN  1900. 

Lubor employed, 1900. 

14 
20 
28 

('160 
30 

12 41 
150 
16 
40 

1 4  24 

Name of company and location of canncry. 

__ _I - 

........ 
10 

HumeBros &Humc Anchora eBay Chi nik ............. 

215 

66 
55 
154 

. m  
Go 
39 
F1 
27 
G8 
GO 
52 
40 

171 

64 
52 
89 
40 
46 
GO 
GO 
9 

102 
24 
30 
18 
26 

24 
35 
84 
100 
16 
24 

pacific Steam Whalin Co Uyak bay.. ...................... 
Humc Bros. & Hume,% ak Bay.. ........................... 
Alaska Salmon Associatron, Chuitna River.. ................ 

Pacific Steam Whaling Co., &ha.. ........................... 

Pacific Steam Whaling Co., Kenai ........................... 
Arctic Fishing Co. (A. P. A.), Kussilof River.. ............... 
Pacific Packing Co. SA. P. A. Odiak.. ....................... 
Wcstern Fisheries Co Dundas Bay.. ........................ 
P ramid Harbor Pacging Co. (A. 1'. A.), Pyramid Harbor ... 
C h k o o t  Packing Co., Chilkoot Inlet ........................ 
Taku Packing Co Taku Inlet ............................... 
Icy Strait Packin; Co., Petersburg Wrangell Narrows.. ..... 
Royer-Warnock Packing Co Beecher I'fiss ................... 

Point Highfield.. ............ 
Thlinket Packing Co., Qerard'Point ......................... 
Boston Fishing and Trading Co., E os (Bay : .... 1.. ............. 

Taku Fishing Co "Port Snettisham .......................... 

Glacier Packinp Co. (A, P. A.' 
Fidalgo Idand Canning Co. Ketchikan .......... .*. ......... 
Alaska Salmon Packing and Fur Cp. A P A ) Loring ..... 
Quadra Packin Co Mink Arm, Boca do Quadm ........... 
Metlakahtla I n % u s h l  Co Metlakahtla ............................. 
North Paciflc Trading andbacking Co., Klawak ..................... 
Paciflc Steam Whaling Co., Hunter Bay ..................... 

Total employees. ....................................... 

1 IncludcH a few Jnpancso. 
2Chine~c and Japanese. 
sInclude8 3 coal minors. 
~Includen 6 Klootchmen. 
6 Puruhnscd Aah from 221 nntivcs. 

21 

1,934 

0 Klootchmen. 
7 Purchased fish from 16 natives in addition. 
8Includes 28 Klootchmen. 

Natirc. 

......... 

......... ......... 

......... 

......... ......... ......... ......... ......... ......... ......... ......... ........ 
13 

26 
9 

10 
10 
G 

26 

......... 

........ 

321 

Othcr employoes. 

Whitc. 

GG 

10 
7 
'25 
18 
54 
12 
1 G  
21 

G 
33 20 
10 
10 
9 

43 

G 
12 
1D 

G 
10 
30 
13 
5 
12 
9 
7 
4 
7 
2 
4 
7 
20 
5 
5 

Native. - 
75 

55 
35 
2b 
8 
20 
11 
10 
20 
10 
2 
4 
5 
10 

8 

4 

6 

G 
2 

8 16 
17 
2 

842 

4 
11 7 

18 60 
40 
15 

Q 26 
174 
'618 

,72e 

._,.... ....... 

....... 
4 26 

........ 

........ 

........ - 

Ihinese. - 
450 

100 
93 

1800 
2 147 
140 
131 
80 
140 
48 
90 
GO 
68 
59 

263 

56 
66 
E1 
Go 
100 
Go 
GO 
80 
86 
28 
19 
25 
60 

10 11 
86 
49 
50 
120 
61 
43 
174 
46 
90 

3,670 
- 
- 

rota1 em- 
p1oyces. 

806 

201 
190 
672 
272 
214 
146 
248 
91 

175 -.I 
134 
126 
118 

498 

OPurchmed all fish. 
1010 Japanese; 1 Chinaman. 
11 Includes 6 Klootchmen. 
12Includes 8 Ja ancee. 
1aIncludes 40 dootchmen. 
14Purchased Ash from 38 natives in addition. 
163 Buckw 10 Klootchmen. 
IaPurchrtded Ash from 121 natives. 

F. C. B. 1901-21 
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Name of company and 
location of cannery. 

Arctic Packing Co. (A. P. 
A Nunhagak. 

AI&ka Packin Co. (A. P. 
A.), Nushagas. 

(A. P. A.), Nushagak. 
Bristol Bay Canning Co. 

Point Roberts Packing Go. 
(A. P. A,), Kvlchak Bay. 

Arctic Packing Co. (A.  1’. 
A.), Naknek RiVW. 

Nuknek l’acki1lg Co., 
Nak!iek River. 

Ugrwhlk FiPhlng StUtiOIl 
(A. PA. ) ,  UgashikRiver 

Chignik Bay Cb. (A. 1’. A.j 
Chignik Lagoon. 

pavific Steam Wliuling Co. 
Aiichorage Bay,Chignik 

Hume Broa.& Hume, AIl- 
chorage Bay, Chignik. 

Aretie Packing Co. (A. P. 
A ),Olga Bay, i l i tak.  

pacific Steam Whaling 
Co., Uyak Bay. 

Hume Broa. & Humc, 
Uyalc Bay. 

pacific Steam Whaling 
Co., Kenai. 

Arctic! Fishin Co. (A. 1’. 
A.) ,  Kussilof River. 

Pacific Packing Co. (A. I’ 
A ) Odiak. 

I’acifb Steam Whaling Co 
Orea. 

Pyramid Harbor Packiw 
Co. (A. P. A.) , Pyramic 
Harbor. 

(;lacier Packing Co. A. P 
A.). Point Highfieid. 

Net equipment, 1898. 

Gill nets. 

Value 

-- 
I 

Redfish 75 fms. $0.65 

King, 125 f l y .  by .65 
by 24 hi by 6 t  in. 

24 m. by 9$ in. 

Redfish, 55 fms. by .65 

Rydfiuh, 65fms. by .65 

20 m. by 6+ in. 

Lorn. by 6: in. 

Ilcdfieh, 135 flns. .65 
by 30 m. by 6kill. 

Redfish, 150 fms. .65 
by 26 tind 40 m. 
by 6 in. 

........................ 

......................... 

................... ...... 

........................ 

King,GOfms.byZZ , .61 
m b 9Ain 

Redfist, 60 fms. by . 6 
30 m. by 6 in. 

Redfish 60 fms. by . G 

King, 60 f&s. by .6 

Redfish, 350 fms. .6 

Rei+fish 400 fms. .6 

Re&h 300 fms. .6 

King 180 fms by .6 

King 250 fuu. by .6  

Redfish, wo’ fms .(i 

28 m. i y  61 in. 

22 m. by 9& in. 

b 30m by6tin. 

by 28 k b y  6 to 
6” in. 

by28m.by6:in. 

30 m. by 8t  in. 

28 A. by 81 in. 

by a m .  by O t  in. 

Seines. -1- 
Description. 

.................. 

.................. 

.................. 

................... 

................... 

Drag 75 to 1x0 fma. 
by i20 to 180 m. 
by 3 to 3: in. 

Drag 300 fmn.tiy 
22 fi. by 3 in. 

Drag ‘200 fms. by 
22 it. by 3 in. 

Drag 150 fms. by 
25 ft. by3 in. 

Drag average 200 
fm;. by 80 to 
1’20 m. bv 3 in. 

f 6 4  bv 120 to 
ifin m. bv 3 in. 

18Trn. by3in. 
Drag 550 fms. by 

1AO’m. bv3 in. 
Drag 350 ?ma. by 

180’m. by 3 in. 
( A M  10 s p a r e  

seineuof variour 
sizes in reserve.’ 

Drag, 150 to 35d 
fms. by 100 to 
160 m. by 3 in. 

Drag, 160fme. 3in 

................. 

])rag, 250 fmn. by 
120 m. by 2t in. 

Drag, 120 fms. by 
140 m. by 3 in. 

................... 

................... 
Drag 120 fme. bq 

200’m. by 3 in. 
Purse 120 fms. 
by 2 h m .  by 3 in. 

d u e  

,m. 
K O  

~ 

..... 2 

..... 2 

........ 

..... 2 

:1.50 10 

1.m 
1.50 7 

1.50 1.- 

......... 
1.50 * 

1.50 
1 

1.50 

1.50 .. 

1.50 .. 

Traps 

Descriptibn. 

Double. t o  t a 1 
leads’ 2.700 ft.: 

squire. 
1 double, 1 single; 

leads vary; pots 
40 ft. square. 

Single. inshore 
leadk are775 ft.; 
channel 1,500 
ft.; pot; 40 It. 
uquaye. .................... 

single. inshore 
lead; are 600 
ft.; pots 40 ft. 
nquarc. 

Single; avera e 
shore l e a i s  
1,ooO ft.; pots40 
ft. square. 

?ingle; average 
shore leads 600 
it.; pote 40 ft. 1 square. 

Bsingle, 2 double; 
average’ nbore 
a n d  channel 
leads 800 f t .  
each; pots 40 ft. 
square. ................... 

Floating. nhore 
leads 1:200 and I 1.800 ft. a t  Uga- 

I. nuk. 

................... 

................... 

Single. leads 6lN 
ft.; iots 30 ft. 
square. 

Single. lcada lo( 
’ to 764 ft.; pot 

30 ft. square. 
...... 

1.50 I .... .................. 

__ 

,verugc 
value. 

1,200 

1,000 

1,200 

......... 
1,000 

1,500 

1,500 

1,600 

......... 

1,500 

......... 

.......... 

800 

1 
.......... 

1.50 .................................. 
I ........................................ 

........................................ i 1.50 .................................. 
2.00 .................................. 
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Packing Co., Klawak. 
puciflcSteam WhalingCo., 

Hunter Bay. 

Net equipment, 1898-Continued. 
__ 

I Gill ncts. 

... 

- 
Name of company and 

location of cannery. xo, 

_ _ ~ _ _  - 

........................... 

und Fur Co. (A.l’.A.), ... I’ Alasku Salmou Pitoking 

Loring. 

1E 

Boston Fishing and TrILd- }- -, ing Co.,Yes Bay. 

(86 

1.60 

QpaAraI’nckingCo., Mink 
Arm, Boca de Quaara. 

.................................. 

Metlakahtlu. Indus t r ia l  
GO., Metlakahtla. 

-- 
qaluc 
per 
filth. -- 

~ No. 

I Value I 

.......................... 

Seines. 

1; 

.......................... 1’. 

Doublw totul leads 
2,700 it.; pots 75 ft. 
square. 

Single; inshoreleads 
300 to 500 ft.; PO@ 
40 ft. square. 

Redfish,W fms.by . W.65 

Coho 75 fmH. by .G5 

King,$O&1s,by25 .G5 

40 m. by 6t to G 
in. 
30 m b 7 ill. 

m. by 0 in. 

$4,ooO 
, 
1,200 

ltedflsh average 
172 fm”. by 4 fms. 
by &in .  

.65 11 

.66 

.G5 

.75 

.75 

.G 

.Ob 

.65 

.G5 

.G6 

} .G5 

.(i5 

....................I....... I r? 

_._. 
.._. 
__ . . 
.... 
.... 

._.. 

.... 

.... 
4 

{ 
1 

............................. 

............................. 
1 double 1 single; 

leads d r y ;  pots 40 
ft. square. 

Single; inshoreleads 
800 ft: channel 
1,600 it.: pots4Oft. 
square. 

Single; inshoreleads 
average 500 ft.; 
pots 40 ft. square. 

Single; aver. shore 
leads1,OM) ft.; pots 
40 ft. square. 

...................... 

Description. 

l,W 

1,200 

,...... 
1, OOo 

1,600 

Purse 136 to 180 
fms: by 12 to 15 
fms. by 3 in. 

Dra ,116 fma. hy 
8 fms. by 3 in. 

.............................. 

.......................... 

.......................... 

............................. 

.......................... 

Drag 75to180fms. 
by i20 to 180 m. 
by3 to3tin. 

Drag 200 fms. by 
22 f‘t. by3in. 

Drug, 300 fms. by 
22ft. b 3111. 

Drug. ldfms.  by 
25ft. bysin. 

P;&e.1:5 fma. by 
2dO m. by Sin. 

C o m b i n a t i o n  
pune and drag, 
average 196 by 
6 fms. by 3 in. 
mesh. 

2 

3 

3 

$1.60 10 

1.60 

1.60 } 
1.60 7 

Net equipment, 1899. 

NaknckI’ucki~lgCO., Nak- 
nek River. 

(A. P.A.), Ugwhik. 
Ugashik Rshing Station 

naps .  - I 

20 

42 

Description. A:zFr 
Jm. -- 
a.60 .................................. 

1.60 ................................... 

3.00 .... 1 ............................. 

2.00 ................................. 
3.00 .................................. 
1.60 .................................. 
1.60 .:.. .............................. 
1.60 .................................. 

I 

I Gill nets. 

Arctic Packing Co. - (A. - - - I  1’. I I 

Bay. 

Pacific Steam Whaling 
Co., Nushagak. 

Alaska Fishermcn’u l’uek- 
ing Co., Nushagak. 

Point Roberts Packing 

nnp, Kvichuk River. 
Arctic Packing Co. (A. 1’. 

A.) ,  Naknck River. 

Co. (A .  f. A.), Koggi- 

Redfish 75 fms. 
by24A. bysfin. 

King 125 fms. by 
24 I$. by 9+ in. 

Redflsh 70 fmu. 
by30m. bystin. 

King 70fms. by 
22 m. by 10 in. 

Rcdflsh 75 fmS. 
by20m.by6:in. 

Redfish, 75 fms. 
by20m. by  a$ in 

Redfish. 7hfms. b\ 

Chi nik Bay Co. (A.P.A.), 10 Redfish 135 fmS. 
Cffignik Lagoon. 1 1 by30m.byGtin 

IIume Bros. B Hume An- 11 ltedflsh l E 4  fms. 
cliorage Bay, Chighlk. I 1 ;3;1tj io40m. b) 

Seines. I ~- 
Value 

Description. I 1. 
_- - 

.............................. 

.............................. I /  .............................. I I  

Traps. 

Description. 2%’ 
I- - 

........................... I- ............................. I 

40 ft. square. 
6 single. 2 double. 1,600 

aver. khore and 1 
channel leads EM) 
ft. each; pota 40 ft.  
square. 
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Net equipment, 1899-Continued. 

................................ 

Name of company and 
location of cannery. 

.............................. 

.............................. 

.............................. 

.............................. 

Arctic Packing Go. (A. P. 
A ), Olga Bay, Alitak. 7 

.............................. 

.............................. 

Karluk Packing Co. (A. 

Alaska improvement CO. 
P. A.) Karluk. 

( A .  P.A.). Karluk. 
Hh-me-Aleutian Packing 

Co. (A. P. A.), Karluk. 
Uganuk Fishing Statlon 

(A. P. A.), Uganuk Bay. 

Pacific Steam Whaling 
Co., Uyak Bay. 

Hume Bros. B Hume, 
Uyak Bay. 

Pacific Steam Whalillg 
Co.. Kenai. 

Arctic Fishin Co. (A. P. 
A.), Kussilo! River. 

Pacific Packing Co. (A. P. 
A!), Odiak. 

Pacific Steam Whaling 
Co.. Orca. 

Pyramid Harbor Packin 
co. A. P. A.), pyramii 
HarLor. 

Glacier Packing Co. A. 
P A ) Wrangell, P o L  
Highheld. 

Thlinket Packing Co., 
Gerard Point. 

Alaska Salmon Packing 
and Fur Co., (A. P. A.) .  
Loring. 

Boston Fishing and Trad- 
ing Co., Yes Bay. 

Quadra P a c k i n g  Co., 
Mink Arm, Boca de 
Quadra. 

Metlakahtla Industrial 
Co., Mctlakahtla. 

- 

D. 

- 

0 

0 

0 

0 

8 

0 

0 

4 

2 

2 

0 

4 

16 

16 

16 

1 

- 

Gill nets. 

Description. 

................... 

................... 

................... 

................... 

.................. 

.................. 

Redflsh 50fms. by 
40m.’bv 51 to 
Gin. 

Coho 75 fms. by 
30 m. by 7 in. 

King 60 fms. by 
Wm. by gin. 

Redfish, average 
172 by 4 fms. by 
6t in. 

.................. 

.................. 

- 
‘alu 

ath 
per 
- 

... 

... 

... 

.... 

bo. GI 

.GI 

.a 

.61 

.61 

.& 

. G  

. 6  

. G  

. G  

. G  

.(i 

.... 

.... 

. G  

. G  

.6 

. 6  

.... 

.._. 

__ 

- 

0. 

- 
G 

1 

.O 

G 

3 

1 

1 

3 

8 

1 

1 

2 

5 

2 

2 

1 

15 

LO 

1 

3 

3 

3 

9 

2 

2 

7 

7 

3 

15 

- 

Seines. 

Description. 

Drag average 200 
fmi. bv 100 to 

f 6 .  by 120 to 
164m.bv3in. 

l8Tm b 3111 
Drag 3% h s .  dy 

1SO’m. by3in. 
Drag, 150 to 360 

fms. by 100 to 
1GO m. by 3 in. 

Dra 160fms. by 
3 k. 

Drag 250fmS. by 
120’m. b 2616. 

Drag, 120 he. by 
140 m. by 3 in. 

.................. 
Purse 120fms by 

Drag 120 fms. by 
200’m. by3in. 

Drag YO fms. by 
19O’m. by 3111. 

Drag 65 fms. by 
140’m. by 3 in. 

Purse 150 to2W 
fms: by 7 to 12 
fms. b 3111. 

Drag dl to 200 
fmi. by 4 to 6 
fms. by 3 in. 

Purse 230 fms. by 
20 fms. by 3 in. 

Drag 175 fma. by 
10fms.b 3in. 

Dra 150fy,s by 
8 fms. by 3 ih. 

Dra 120fms by 
6ks. b 3ih. 

Purse 13i to 2oc 
fms: by 12 to 1E 
fms. by 3 in. 

Purae 180 fms. by 
15 f h .  by 2 in. 
(herring). 

Dra , 115 fms. by 
8 &IS. by 3 in. 

Purse, averagc 
168 frns. by 81 
fms. by 3 in. 

Drag average 162 
fmi. byGfms. b! 
3 in. 

Pursc 175 fms. b j  
240 m. by 3 in. 

C o m b i n a t i o n  
pursc and drag 
average195fms 
by5fms.by3in 

250h. by3i;l. 

- 
aluc 

ath. 

1. ,50 

3.00 

1. 60 

1.60 

1.50 

1.50 

1. *50 

1.50 

1. 50 

per 
-. 

1.50 

.... 

1.50 

1.50 

.... 

.... 
2.00 

1.60 

1.60 

1.50 

2.60 

1. 6U 

2.60 

1.60 

1.6C 

1.60 

3. oc 

2.K 

2. (H 

3. (H 

1. M 

1. M 

1.5( 

- 

Traps. 

VILlue 
0.1 Dewriptioil. 1 pcr 

fath. 
I I 

square. 
....................... I ....... 

.................................. I ’  
Double: shore lead 

ft. square. 

.............................. 
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Redflsh 76 fms. 
by24m. byG:in. 

King, 126 fms. by 
24 m. by 9$ in. 

Nam6 of company and 
location of cannery. 

$0.131 

.GI  

Arctic Packing Co. (A. P. 

Ala& Packin Co. (A. P. 

Briddl (h.P.A.),Nu8hagatRnjj nay 8annin co 

A Nushagak Bay. 

A ) Nusha &Bay. 

Redflsh 76 fms. 
by%&. bywin.  

King 125 fm.+by 
24 I$. by 9t in. 

Redfluh 70 fms. 
by30m.byGjin. 

King, 70 fms. by 
22 m. by 10 in. 

Paciflc Steam Whaling! 
Co., Nnshaguk Bay. 

.G! 

.G( 

.71 

.71 
Alaska Fishermen's Pack-' 

ing Co., Nmhagak Bay.: 

'Redflsh 76 fms 
, byZom.hyGfi&} 

Redflsh 75 fms. 
by22m. byGtin. 

Point RobertsPackin Co.' 
(A P A.) Kvwhaksa I 

Kviihhak PApking Co. (1: 
P. A.) Kvichak Bay. 1 

Arctic hekinK Co. (A. P. . N  
A.), Nakne%Rivef. 

Naknek Packing Co., 

Egcgak I'uckingCo. (A. P. 

Ugashik Fishing Station 
A. 1'. A.), UgiLHhik 

Bristol Packing Co., Uge- 

Naknek River. 

A,), Egegak River. 

Liver. 

nhik River. 

Redflsh, 260 fmx. 
by301n.byGln. 

ChignikBayCo.(A.P. A.),I 
Chiguik Lt~goon. J 

} 
PaciAe Steam Whaling) 

Co Anchorage Bay, 
Ch&nik. 

A. Karluk. 

(A.P.A.), Karluk. 
Al&ti Improvement co. 

TJganuk Fishing Station 

Hume Bros. & Humc An- 
chorage Ray, Chighk. ) 

......................... 

Arctic Packing Co. (A. P. 
A.), Olga Bay, Alitak. ] 

......................... 

......................... 

I'adfir: Steam Whaling 
C o . ,  IJyak Ray. } 

ISunlc Bros. & ~Hiime, 
Uyak Bay. 

I Alaska Salmon Amcia- 
tion, Chuitna River. 

Paciflc Steam 
Co., Kenai. 

Net equipment, 1900. 

- 

No 

- 
W 
20 

50 

44 

30 

25 

00 

76 

21 

20 

48 

8 

10 

10 

16 

... 

... 

... 

... 

20 

29 

20 

20 

20 

Qill nets. 

Description. per I E 
I- 

Rcdflsh, 7G fms. 1 .Gf  

Redfish '80 fms.' .@ 
by22m byGlin 

by2G &. by @in. I 
Redfish, 86 fms. 1 . G l  

Rcdflsh 78 fms. .GI 

by26m. byciin. 

by23m. by Gtin. 

Redflsh 1GO fms. 
by 26 6 40 m. by 
0 in. 

. GE 

......................... 

\ 

Redfish, 65 fm8. 
b 30m byG#in 

Rerhsh k d  00- 
hoes, 65 fms. by 
80 m. by G t  in. 

King, fL5 fms. by 
30 m. by 9 in. 

Redfish 00 fms. 
by 30 in. by G in. 

King 00 f m s  by 
22 I$. by 9+ in. 

.a 

.a 

. BE 

. BE 

.G6 

- 

rc 

- 

4 

2 

1 

2 

1 

G 

0 

0 

3 

1 

1 

3 

0 

1 

1 

Seines. 

Description. 

................... 

................... 

................... 

................... 

................... 

................... 

.................... 

.................... 

.................... 

/Drag, 7Gto1801ms. 
by 120 to 180 in. 
by 3 and 3t ill. 

Drag 200 fms by 
22 it. deep 6y 3 
in. 

Drag 300 fms. by 
!22 it. deep by 3 
ill. 

[Drag 150 fms by 
25 it. deep i y  3 I in. 

by 3 in; 

160 fms. by 
ID\%s. by 3 in. 

IDrag, 160 frns., 3 . in. 

- 
ralm 

lath. 
per 
I 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

$1.60 

1. M1 

1.50 

1.60 

3.00 

1. w 

1. Gc 

1.w 

1. GO 

1.50 

1. rN 

1. a 

1. bo 

- 

?O 

1 

3 

1 

'3  

' 2  

3 

G 
2 

2 

2 

G 
2 

1 

2 

4 

6 

Traps. 

Description. 

Double: total leads, 
2.700 ft.: ~0t8 .  7h ft. . .  square. 

Single. inshore leads 
300  6 500 ft.; pots: 
40 ft. flquare. ....................... 

....................... 

...................... 

'Double: inshore leads, 
GO ft.; clianricl 
leads. 300 It.: potu. 
40 ft.  square. 

Bingle. inshore leads 
760 'ft.: channei 
leads, 1,400ft.; pots, 
40 ft.  square. ....................... 

Single. inshoreleads 
200ahd260ft. pots: 
40 ft. squarc." 

Single; in8hore leads, 
500 It., average; 
pots, 40 ft. square. 

Aver. inshorb 

....................... 

Aver. insbore 
and channcl sing. 

40 ft. square. 
Aver. inshore 

40 ft. square. 

Floating: i n 8 h or e 
lead, 100 fms,; pot, 
40 by 90 ft. 

Floating: 

. niik. 

i n 8 b o  re  
lead8 1,200 and 
1 , m ' f t . ;  a t  uw 

(Also 10 spare seines 
of various sizar, in 
reserve.) 

............... ? ' . . . I . . .  

Single. inshore leads 
800 it.; potu, 40 ft: 
sqllare. 

Single. inshore leads 
averi e 1000 i t  * 
pota, & f t .  ;quare:' 

4ver. 
.due. 

.I, OCMJ 

1,200 

_- 

1 47 of these nets not in use: reserve. 8 Traps on hand but not in use; rese rve. 6 1 seine not used; reserve. 
* I  01 them traps not cquipped With web; reserve. 4Only 1 gill net in use; 9 in reserve. 
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Net epipment, 1900-Continued. 

p {  

I Gill nets. 

Single; leadsfrom 1OC 
to 700 ft.; pota, 30 
ft. rqiiare. 

.......................... 

.......................... 

Name of company and 
location Of jliy/ Description. 

Paciflc Packing Co. (A. P. 

Pacific Steam Whaling 
A.) Odiak 

Co., Orca. 

b 30m.byGiin 

by28m. by6tin 

36 Rcdflsh 350 fms. 

30 ReXfish 400 fms. 

I Harbor. 

Cbilkoot Inlet. 

Inlet. 

Chilkoot Packing Co., I6 

Takn Packing Co., Taku 

Tnkn Fishing Co., Port 
Sncttisham. 

Petemburg, Wrangell 
1r.v Strait Packing Co., 

Narrows. 

Roycr-Warnock Packing 1 
Co., Beecher Pass. . - -  

.......................... 

.......................... 

A.) ,  Polnt Highfield. 
Glacier Packing Co. (A. P. 

.......................... 

.......................... 

.......................... 

.......................... 

.......................... 

.......................... 

.......................... 

.......................... 

Redflsh. 300 fms. 

......................... 

.......................... 

22-i. bv 94 in.. 

4i 12 Redflsh 200 fms. 
by24 m. byG)ln 

13 King, 200 fms. by 
22 m. by 9t in. 

Thlinket Packing Co., 
Point Gerard. 

.......................... 

Single; inHhorc lend6 
avcrngt? 7 5 0  ft.; 
p O b ,  It. HqllflrC. 

.......................... 

.......................... 

and Fur Co. (A. P. A.), ....................... Alaska Salmon Packing 

Loring. 

.......................... 

.......................... 

2 Redflsh 100 fms. 
by 35 A. by G t  in. 

2 King, 100 fms. by 
32 m. by lot in. 

...................... 

.......................... 

(Average) 172fms. 
Metlakahtla Co., Metlakahtla. Industrial) 1 by in. 4 fms. by 5& 

.......................... 

.......................... 
......................... 

North Pacific Trading and 
Packing Co Klawak. 

Paciflc Steam Whaling 
Co., Hunter BEY. 

_. 

Ialue 

fath. 

Bo. 65 

.65 

.65 

.65 

per 
- 

. e5 

.G5 

.65 

. G5 

. 65 

.G5 

. G5 

. Gf, 

. G5 

.G5 

. G5 

.G5 

.65 

.65 

.G5 

. G5 

..... 

..__. 

. G5 

.65 

..... 

.66 

._.-.. 

...... 
........................ i ........................ 

- 
?o 

- 
.. 
1 

2 

1 

6 

.. 

.. 
1 

.. 

.. 
1 

3 

5 

5 

2 

2 

6 

2 

I 

1 
4 

8 

14 2 

16 

1 

3 

8 

I 

8 

4 

!2 9 

- 

......................... 

......................... 

- 

Seines. 

Description. 

.................... 

long. 
Drag uvcrngc 100 

fmi. in length. 
................... 
................... 
Purse I60 fms. by 

20 f&s. by 3t in'. ................... 
................... 
Pursc,lG5 fmq. by 

300 m. bf 3b. in. 
Dra , 100 ms by 

5 fmr. by 3; in. 
Purse 120 fms. by 
IO fks. by 3 in. 

Dra 120 fmr. by 
6 &. by 3 in. 

Comblnt~tion, 180 
by 16 fms. by 2 
in. (herring). 

Dra 100fms.by 
5 !As. by 3 in. 

Purse, 120 fms. by 
250 m. b 3 in 

Drag 120 h s .  by 
200'm. by 3 in. 

Purse 185 fmn. by 
220 in. by 3 in. 

Purse, 100 fms. by 
160 m. by 3 in. 

Drag 100 fms. by 
178'm. by 3 in .  

Purse 176 fms. by 
10 t6 12 fm#. by 
3 in. 

Dra 160 fms by 
G ks. by 3fr'in. 

Purse, 150 to 200 
fms. by 7 to 12 
fms. by 3 in. 

Drag 150 to 200 
fmk by 4 to 6 
fms. by 8 in. 

Pnrhe 280 fms. by 
20 fms. by 3 in. 

Drag, 175 fms..by 
IO fms. by 3 In. 

Dra 1W fms.by 
8 fms; by 3 in. 

Dra 120 fmr. by 
6 fms. by 3 in. 

Purse 180 fms. by 
15 fmr. by 3 in., 
average. 

Dra 115 fms. by 
8 !&s. by 3 in. 

Purse (average), 
158 fmq. by ad. 
fms. by 3 in. 

Drag (average), 
165 fmn. by 6 
fms. by 3 in. 

Purse 175 fmr. by 
%om. 11 3 in 

Gombinatfon (iv- 
ernfie), 195 fma. 
by5fms. byt in .  

Talue 

lath. 
per  

...... 
Bl. 50 

1.50 

3. 00 

1.50 

..... 

..... 
(1)  

..... 
(2) 

1. <MI 

3.00 

1. .bo 
3.00 

1. .w 
2.00 

1. 50 

(9 
1.60 

3.00 

1.75 

2. M 

1. M) 

2. .%I 

1.60 

3.00 

2.00 

3.00 

1.50 

(') 

1.50 

-- 

Traps. - 

Ir3.1 Description. 

...I ....................... 

.......................... 

Double; inshorc lead 
300 ft: cliannei 
lead, lob rt.; 1 pot, 
30 rt. S ( I I I ~ C C ,  I pot, 
28 It. squnrc. 

......................... 1. 

- 
4vcr. 
~aluc.. 
__ 

i1,oOo 

..... 

.._.. 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

..... 

1,zi . i  

..... 

..... 

..... 

..... 

..... 

1,000 

..... 

..... 

..... 

..... 

..... 

..... 

1 Wholo cost, $1,400. 1 Whole coat, 8400. a W 0  each, 
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~~$"p" ,$~g~; : : : : : :  . P . A:) Nu- 
Bristol Bay Canning co .. 
PointRobert8 Packing Co . (A.P.A.), Kog- 

giung, Kvichak River . 
Arctic Packing Co (A P A), Naknek 

River . 

shagak . 

. . . 

Boat equipment. 1898 . 

18 Li hters .............. $so0 
( 2 Pifedrivers .......... 1, 200 

2 Pile-drivcru 1, 6Oi& 
$$$:&&::::::::::: E 

6 L hters 
.......... .............. i 1 P@c-driver ........... 1 1, 200 

UnriggCd vessels . I 

2 
1 

10 
3 
4 
1 
10 
3 

13 
1 
1 
2 
1 
2 
2 
1 

. _-I_ 
Name of company and location of cannery . ! Xo . 1 Description . 12;:; 

..... do.. .............. 
Pile-drivers .......... 
Cargo lighter ......... 
Fish lighters ......... 
Flshscow 8 ............ 
Hand Dilc-driver ..... 

1 
i i  l- 

Skiffs ..................... 
Seine borrts ............... 
Columbia River boats .... 
Gill-net bmta, F . B ....... 
Skiffs ..................... 
Seine boiits, F.B ......... 
Otter boiit ............... 
Dories .................... 
Skiffs ..................... 
Seine boiits, F.B .......... 
Dories .................... 
Launch tenders .......... 
Hatchery cars ............ 
Seiiie boats, F.B .......... 
Sail booty ................. 
Dories .................... 
seine boll ............... 
Whitehall boat ........... 
Dorier .................... 
Skiff# ..................... 
Seine boat ................ 
Gill-net boats, F . B ....... 
Skiffs ..................... 
Qill-net boats, F.B ........ 
Skiffs ..................... 
Seine boats ............... 
Columbia River boats .... 
Skiffs ..................... 
Seine boats ................ 
Columbia River boats .... 
Skiffs ..................... 
Columbia River boats .... 
Skiffs ..................... 
Seine boats ............... 
Columbia River boats .... 
Old River boats ........... 
Skiffs ..................... 
Seine boab ............... 
Whitehall boat ............ 
Skiffs ..................... 
Seinc bo@ ............... 
Skiffs ..................... 
Gill-not boats, F . B ........ 
Seine boats ............... 
Scine-boat tenders ........ 
Skiff4 ..................... 
Seine bouts ............... 
Sailbocits ................. 
Dories .................... 
Seine bouts ............... 
Scine boats ............... 
Skiffs ..................... 
Seine boats ............... 
Skiffs ..................... 

. ~ 

PacifleSteam WlialingCo .. UyRkBnS ...... { :$:%$;::::::::::: 
.............. . ........... Humc Bras L Huime. Uynk Ray 

Paciflc Bteam Whaling Co., Kenai 

........... 
.............. .......... ............ 

Naknek Packing Co., Nnknek River __._._.I . 7 1 Lighters .............. 

1. 

400 
1. 000 

400 
1. 600 

IJgashik Fishing Station (A . P.A.),  Uga- 

Chignik Bay Co . (A.P.A.), Chignik La- 
shik . 
goon . 

. ....... Paeiflc Packing Co (A.P.A.), Odiak 

........... Paeiflc Steam Whaling Co., Oren 

Pyramid Harbor Packing Co . (A . P . A.), 

Glacier Packing Co . (A.P. A.), Point High- 

Alaska Salmon Packing and Fix Co . 

Pyramid Harbor . 
fleld . 

(A.P.A.), Loring . 

Pacific Steam Whaling Co., Anchorage 
m y .  Chignik . 

I Humc Bros . L Hume. Anchnrngc Bay. 
Chignlk . 

Arctic Packing Co . (A.P.A.), Olgrl Bay. 
Alihk . 

2 Lighters .............. 400 

4 House scows .......... 400 { 1 Piledriver 200 
3 Liglite rs .............. 700 

} 2 Lighters .............. 600 

2 Cargolighters ........ 160 
76 

{ 3 scows ................ 400 

{ 1 Pile-driver ........... 1. WO 

.( 20 Fish lighters ......... 

........... 

.............. Boston Fishing and Trading Co., YCN Bay .., 6 

..... do ................ 
Pile-driver 
Sail lightcrs 

do 
Trap scows ........... 
Pile-d ri vcm ........... 
Lighters .............. 
sa11 scow .............. 
Trap HCOWS ........... 
Pile-drivers .......... 
Li hters .............. 

........... .......... ..... ................ 

Slli HCOW ............. I 

I 6o Lighters 

...... .............. 500 

....... 160 
& ~ ' ~ ~ ~ $ ~ ~ ~ ~ ~ ~ : :  ............ I 160 
Upaniik F i s h i n ~ S l t i o n  .. 

Karluk Packing Co 

.......... 
Qnadm Packing Co., Boca de Qimdra ...... .............. ........... 

76 
25 

Mw) 

.......... 4w ........... 60 ........... 1. 600 
Arctic FiHhing Co.( A . P . A.), Kiifwilnf River . 

Mctlakahtl+ Indnstrial Go., Metlakahtla ... 
Baranoff Packing Co., Redflsh Bay ......... 
North Pacific Trading and Packing co., 

Pacific steam Whaling Go., Hunter Bay .... 
Klawak . 

2 Lighters .............. 100 

I scow ................. 
4 Lighters .............. 100 
2 FiNh scowa ............ 60 
1 Piledriver ........... 800 

[.....!................ .............. 

. 
lo . 

GO 

25 
20 
10 
19 
10 
23 
6 

24 
30 
3 
7 
8 

12 
3 
9 
3 

10 
2 
8 

30 
14 
0 
1 
18 
3 

18 
33 
3 
G 
11 
8 

so 
9 
1 
17 
2 
1 
10 
9 
16 
4 
2 

33 
G 
2 

80 
8 

60 
8 
7 

14 
8 
6 

17 
1 

12 
4 
6 

12 
12 
12 
4 
G 
7 
8 
4 
4 
6 
16 
8 

. 

I 

Boats . etc . 

Columbiib River gill-net 

Skiffs ..................... 
Gill-net boats. F.lf1.. .... 
Skiffs ..................... 
Gill-net boats . F.B ....... 

boats . 

Skiffs ..................... 
Seine boats,P.B. ......... 
Columbia River boats .... 
Gill-nct boats. F . B ....... 
Skiffs ..................... ............... I .... Seine boa& 
Colnmbia River bo& 
Gill-net boats. F.B ....... 

$200 

30 
300 
30 
85 
40 
100 
26 
200 
26 
100 
200 
100 
26 
76 

200 
100 
26 
70 

2M) 
100 
26 
60 

100 
So' 
16 
160 
26 
90 
30 
70 
90 
30 

120 
76 
20 
25 

100 
40 
26 
40 
30 

200 
200 
25 

200 
2w 
26 

200 
25 
GO 

200 
26 
26 
60 
60 
20 
60 
26 
60 

100 
30 
20 
60 
100 
26 
76 
25 
26 
60 
26 
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Arctic Packing Co ........ 
Alaska Packing Co ...... .J(%h&k$ 2. 
Bristol Bay Canning Co .. 
Paciflc Steam Whaling Co., NushagakBay . 
Alaska Fishermen's Packing Co., Nusha- 

Point Robert8 Packing Co . (A . P . A.), Kvi- 

Arctic Packing Co . (A . P . A.), Naknek 

Naknek Packing Co., Naknek River ....... 
Ugashik Fishing Station (A.P.A.), Ugn- 

ChignikBayCo . (A.P.A.).ChignikLagoon .. 

gak Bay . 
chak Bay . 
River . 

shik River . 

PaciflcElream Whaling Co., AnchorageBay. 
Chignik . 

Boat equipment. 1899 . 

{ 'i 
4 I :  7 

H 
9 
1 . 2 

1i 
3 . 4 

. 
10 
3 

. I No . Name of company and location of cannery . 

Lighters .............. 
Pile-drivers ........... 
Lighters .............. 
.... do ................. 
_ .__do  ................ 
Trap scows ........... 
Pile.driven ........... 
Li htcrs .............. 
Lighters .............. 
.... do ................ 
Pile.driver ............ 
Sail lighters .......... .... do ................ 
Trap scows .......... 
Pile-drivers ........... 
Li htrrs .............. 
.... do ................ 
Trap scows ........... 
Pile.drivers ........... 
Lightcrs .............. 
Sail scow ............. .... do ................ 
Pile.drivers ........... 
Cargo lighter ......... 
Fish lighters .......... 
Fish scows ............ 
Hand pile-driver ...... 

Pife.driver ............ 

sa% scow ............. 

rsC; M. 

1,2 M. 
3 M. 

70( 
8 M. 
10( 

1, €@( 
80( 

1, 20( 
60( 

80( 
1 6 M. 
1: bo( 

7M 
2M 
7M 
4 M. 
@( 
20( 

G( 
1, OO( 
14( 
GM 
30( 

1, 064 
60( 
264 
lo( 
lo( 

I; 78  

Lighters .............. 
Fish scows ............ 
Hatchery scow ....... 

' Hume Broa . B Hume. Anchorage Bay. 
Chignik . 

.%N 
1FX 
1M 

Arctic Packing Co . (A . P . A.), Olga Bay. 
Alitak . 

Li hters ............. 
Pife-drivkr ........... 
Li htcrs .............. 
Pifc-driver ........... 

Karluk Packing Co ....... 
AlaskaImprovementCo .. (A . P . A Kar 9 
Hume-Aleutian Packing luk a~;d Ug, 13 } T k B u y  . /i 1 
Ugnnuk Fishing Station .. c o  . 

4FX 
1, 00C 

40C 
I, OOC 

Pacific Steam Whaling Co., Uyak Bay ...... 

Pacific Steam Whaling Company. Kenaf ... 

Arctic Fishing Co . (A . i.. A.), Kurcsilof Rivcr 

Paciflc Packing Co . (A.P.A.),Odiak ....... 

Pacific Steam Whaling Co., Orca ........... 
Pyramid Harbor Packing Co . (A . P . A.), 

Pyramid Harbor . 

{ 

{ $ 

G 

6 { :  
{ 

Li hters .............. 
Pife.drivers ........... 
pail lightern .......... 
rrap scow8 ........... 
Pile.drivcrs ........... 
Lighters .............. 
scows ................ 
House scows .......... 
Pile-driver ........... ;; pg", ;. .......... f -  ........... 
LightCrH .............. , 

Unriggcd vessels . 

3W 
1, 600 
4W w 

1, MM 
400 
4w 

4W 
2W 

1, 100 
1, OOO 

GOO 

.. 

Thlinket Packing Co.,Gerard Point ............. 
Alaska Salmon Packing and Pur Co . 
Boston Fishing and Trading Co., Yes Bay .. 
Quadra Packing Co., Mink Arm. Boea de 

(A . P . A.), Loring . 

Quadra . 

Description . I :::if 

{ 2: 

6 

Car o l i  htcrs ........ 
Fisf liggtera ......... 
Lightera .............. 

160 
76 
60 

Lighters .............. 
3COW ................. 
Lighters .............. 
Fish scows ........... 
Pile-driver ........... 

100 

100 
100 
50 
800 

.............................. I 

Metlakahtla Industrial Co., Metlakahtla ... 
North Paciflc T'rading and Packing Co., 

Klawak . 
Paciflc Stoam Whaling Co., Hunter Bay .... 

2 

2 
1 

House scows .......... 76 
Irish raft .............. '26 
Pilc-drivcr ........... 600 

. 
Yo . 
.. 

GO 

25 
16 
4 
17 
3 
30 
10 
24 
1C 
25 
6 
24 
10 
3 
I 
8 
15 
3 
10 
3 
10 
2 
8 
10 
14 

G 
1 
18 
3 

20 
33 
3 
G 

12 
3 
10 
10 
1 
17 
2 
1 
20 
3 
16 
4 
2 

33 
6 
2 

30 
8 
60 
3 
7 
14 
8 
6 
10 
3 

26 
1 
12 
4 
G 
12 
12 
12 
4 
0 
G 
9 
4 
6 

16 
3 

a 

. 

Boats. ctc . 
Ucscription . Value 

cach . 
Columbia River. gill-net 

boat8 . 
Skiffs ..................... 
Columbia Rivcr boats .... 
Skiffs ..................... 
Colitmbia Itiver boats .... 
Skiffs ..................... 
Gill-net boats. F . B ........ 
Skiffs ..................... 
Gill-nets bouts, F . B ....... 
Skiffs ..................... 
Gill-net boats, F . B ....... 
Skiffs ..................... 
Columbiu Kivcr boats .... 
Skiffs ..................... 
Seine bo&., F . B .......... 
Columbia River boats .... 
Gill-net bouts, F . B ....... 
Skiffs ..................... 
Seine boats ............... 
Columbia River bouts .... 
Gill-net boats, F . B ........ 
Skiffs ..................... 
Columbia River boats .... 
Gill-net boats, F . B ........ 
Skiffs ..................... 
Seine boats ............... 
Otter boat ............... 
Uories .................... 
Skiff8 ..................... 

Seine boats ............... 

Seine bonts,F.B .......... 
Doric8 .................... 
Launch tender8 .......... 
Hatchery cars ............. 

I 'Seine boats. F . B .......... 
Sailboat8 ........ :- ........ 
Dories ............... ... ... 
Seine boats ............... 
Whitehall bout ........... / 
Dories .................... 
Skiffs ..................... 
Seine boat ................ 
Gill-net boatn, F . B ........ 
Skiffs ..................... 
Gill-net boats. F . B ........ 
Skiff8 ..................... 
Seine boats ............... 
Columbia River boats .... 
Skiffs ..................... 
Seine boats ............... 
Columbia Rivcr boats .... 
Skiffs ..................... 
Columbia River bouts .... 
Skiffs ..................... 
Seine boats ............... 
Columbia River boats .... / 
Old river asociation ..... 
Gill-net bo&, F . B ........ 1 
Seine boats ............... 
Skiffs ..................... 
Seine bouts ............... 
Whitehall boat ........... 
Skiffs ..................... 
Seine boats ............... 
Skiffs ..................... 
Qi1l.net bouts, F . B ........ 
Seine boat8 ............... 
Seine-bout tendcrs ....... 
Skiffs ..................... 
Seinc bouts ............ ' ... 
Sailboats ................. 
Dories .................... 
Seine boats ............... 
SklffH ..................... 
Seine boats ............... 
Skiffs ..................... 

Skiffs .................... _ i  

$200 

30 
200 
30 

1200 
so 
100 
30 
86 
40 
100 
26 

200 
26 
100 
200 
100 
26 
75 

200 
100 
26 
70 
200 
100 
2.5 
GO 
100 
30 
16 
160 
25 
DO 
80 
70 
90 
30 
120 
16 
20 
26 
100 
40 
26 
40 
80 
200 
200 
26 
200 
200 
25 

200 
25 
60 
200 
26 
26 
G6 
60 
20 
lio 
M) 
20 
60 
26 
M) 
100 
80 
20 
60 
100 
26 
25 
26 
60 
25 
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Lighters .............. 
Piledrivers ........... 
Lightem .............. 
..... do ................ 

.do ................ 
Trap scowe ........... 
1’ile.drivers ........... 
Fife-driver ........... 
Lighter8 .............. 
... .do ................ 
Pile-driver ........... 
Li hters .............. 
Pife-driver ........... 
Lighter ............... 

... 

Li hterH .............. 

Boat equipment. 1900 . 
I 

$640 a’ 
I, 200 26 

700 17 
300 2: i . 
800 84 

1, 200 10 

19 
7 

GOO { 2: 

Unrlgged vesuels . I 

I’aciflc Steam Whaling Co., Nushagak Bay . 
AlaskaFishcrmen’s Packing Co., Nushagak 

Point Roberts Packing Co . ( A  P . A.) Kvi- 

ArcticPackingCo.(A. P . A.),NaknekRiver. 

Kvichak Packing Co 

Naknek racking Go., Naknek River ....... 

BUY . 
...... . } c’hak Biy  

Boats. etc . 

6 
4 

l 2  
7 

Name of company and location of 
cannery . . I No . 

Pwifle Sterim Whaling Co., IJyak Buy ...... 
Hume Hros . B Hnmc, Uyak llay ........... 

moiation. Chuitna River . 

I’aoiflc Steam Whaling Co., Kenibi .......... 

ArctieFiHh~ngCo.(A.P. A.), KuR~ilof River . 

Iiiioiflc Packing Co . (A . 1’. A.),OdIak ....... 
Piiritic Steam Whaling Co., Orra ........... 

Wentern FiHhCriCN Co., Dnndas Bay ........ 
Pyramid Harbor Purking Co . (A . P . A.) .  

Chilkoot Packing Co., Chilkoot Inlet ............. 
Pyramid Barbor . 

.............. 

...... 
Alurika Packing Co ..... Arctic Packing Co 

2 Bristol Bay Canning Co . 

2 

1 r&h ter ............... 

IWe-drivcr ............ 

Ligh tars .............. 
Lighter ............... 

Cargo lighter ......... 

LiKhtel‘8 .............. 
........................ 
FlHh SCOW ............ 

Piledriver ........... 
R c W v  ................. 

PacificStcani Whaling Co., AnohoragoRay. 
Chlgnik . 

13 
Hume Bros . B IIumr. Anrhoragc Bay. 

CIilgnlk . 
Arctic Packlng On . (A . 1’. A.),  Olga Bey. 

Alitak . 

... 

Schooner lighters ... 
Sloop lighter ......... 
Trnp scow6 ........... 
Pilc.driver6 ........... 
Liuh rem .............. 
Sail scow ............. ... .do ................ 
Trap scows ........... 
Pilo-drivers .......... 
Li htern .............. 
.... do ................ 
1’ilc.drivers ........... 
Cargo 11 hter ......... 
F1Hh ligf!teFs ......... 
Fish BCOWH ........... 
Hand pile-driver ..... 
Lighters .............. 
Fish HCOWH ........... 
Hatchery 8CoW ....... 
Li htera .............. 
d o - d  rl ver ............ 

sa71 RCOW ............. 

Li htern .............. 
Pi6.driver ............ 1 
Lighters .............. 
SCOWH ................ 
Ll hter ............... 
Pig-driver ............ 
Lifh tom .............. 
Pi e driVCrE ........... 
Sail lighter8 .......... 
Trap scows ........... 
Pile.drivers ........... 
Lighters ................ 
HOUS’C HCOWR .......... 
HouHe mown .......... 
Pilo-driver ............ 

I. 600 
7M) 
260 
760 
400 
800 
200 
60 

1. 000 
140 
600 
300 

1. OM) 
600 
Z50 
100 
100 
600 
160 
160 

460 
I .  

400 

160 
250 
60 

1. 160 
360 

1. 600 
460’ 
60 

1. 600 
400 
400 

400 
200 

260 

400 
1. OOo 

226 
160 

Mx) 

#50 
600 

!10 

I. 

...... 

Columbia River gill-net 

Skiffs .................... 
Columbia River boats .... 
Skiffs ..................... 
Columbia River boats ... 
Skiff8 ..................... 
Gill-net boa@ F . B ....... 
Skiffn ..................... 
Qill-net boats, F . B ....... 
Skiffs ..................... 
Gill-net boats, F . B ....... 
Skiffs .................... 
Gill-net boats. F . B ....... 
Skiffs ..................... 
Columbiu River boatq .... 
Skiffs ..................... 
Gill-net boats ............. 
Skiff ..................... 
Seine bouts F . B .......... 
Columbia diver boats .... 
W h e t  boats. F . B ....... 
Skiffs ..................... 
Seine boats ............... 
Columbiih River boat8 .... 
Gill-net boutN. P . H ....... 
Skiff8 ..................... 
Seine bonk ............... 
Columbia Rivcr boat? .... 
Gill-net boats. 1p.B ....... 
fikiff# ..................... 
Sotne boats. F . H .......... 
Ottqr boat ................ 
Dorm .................... I 
Skiffs ..................... 
Seine bolltR. 3 .. B .......... 
Dories- 
Laulleh telidcm .......... 
Hatchery c i m  ............ 
Seine boats. F . B .......... 
Sail boibt8 ................. 1 
Dories ..................... 
Seine boats ............... 
Whitehall boat ........... 
Dories and skiffs .......... 1 

Gill-net bo1it.q. k. B ......... 
Skiffs ..................... I 
Yawl ..................... 

boats . 

~ 

.................... 

Seine boat ................ I 
Gill-net boats. F . B ........ 1 

Skiffs ..................... 1 

Columbia River bon ts .... 
Gi1l.net boats,F . B ......... 
Skiff8 .................... 
Seine boats ............... 
Columbia River boiittn .... 
Skiffs ..................... 
Seine boats ............... 
Columbia River boats .... 
Skiffs ..................... 
Seine boats ............... 
Colnmbiib River bouts .... I 
Gill-net boat% ............ 
Dories and ekiftk .......... 
Columbia River bents .... 
Skiffs ..................... 
Columbia River ~ o R L C I  .... 
Skiff ...................... 
Gl1l.net boats ............. 
Dories .................... 
Seine boats ............... 
Columbia River boats .... 
Seino boat3 ............... 
Qil1.net boa% F . B ........ 
Seine-boat tendem ....... 
Ski& ..................... 
Seine boat ................ 
Dory ..................... 

Qill-net boat8. F . B ........ 

8200 

30 
200 
30 
200 

YO 
100 

YO 
100 
40 
100 
26 

100 so 
200 
26 
100 
2.5 

100 
200 
100 
26 
‘76 
200 
100 
‘25 
70 

200 
100 
25 
GO 

100 
YO 
15 
150 
26 
90 
30 
70 
‘90 
30 
1‘20 
76 
20 
40 
so 
40 
100 
40 
26 
200 
40 
30 
200 
200 
26 

200 
200 
26 
76 
100 
60 
60 
200 
26 
80 
26 
GO 
26 
60 
160 
60 
110 
60 
36 
20 

’ 3 0  
10 
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Description . 

Lighters .............. 

Hoi!sescow ........... 
Fish scow ............ 

... .do ................ Lighters 

scows ................ 
Cargo lighters ........ 
Fish lighters ......... 
Lighters ............. 

.............. 

Boat equipment. 1900-Continued . 
I Unrigged vessels . I 

.-.__ 

5 
6 

3 
2% 1 12 
20 I 
150 

Boats. ete . 

Seine boat8 ............... 
Colombia River boats .... 
Old river boats ........... 
Skiffs ..................... 
Seine boats ............... 
Columbia River boatv .... 
Gill-net boats, F . B ....... 
Whitehall boats .......... 
Skiffs ..................... 
Seine boats ............... 
Dories rind skiffs ......... 
Seine boats ............... 
Whitehall boat ........... 
Skiff8 ..................... 
Seine boats ............... 
Skiffs ..................... 
Seine boats ............... 
Striffs ...................... 
Seine boats ............... 
Sailboats ................. 
Dories .................... 
Seine boats ............... 
Skiffs ..................... 
Seine boats ............... 
Skilfs ..................... 

Name of company and location of 
cannery . 

... ..__ - ......... 

100 
25 
25 
fll 

200 
60 
tV5 
20 
70 
30 
50 
60 
20 
50 
26 
100 
30 
60 
100 
25 
80 
25 
M? 
26 

Glacier Packing Co . (A . P . A.), Point High- 
field . 

Thlinket Parking Co.,Gcrard Point ........ 

Fidalgo Inland Canning Co., Ketchikan .... 
Alaska Sa!nion Pncking and Fnr Co . (A . P . 
Boston Fishing and Trading Co.,Yes Bay .. 
Quadra Packing Co., Mink Arm. Bora de 

Metlakahtla Industrial Co., Metlaknhtln ... 
North Pacific Trading and Packing Co . 
Pacific Steam Whaling Co., Hnnter Bny .... 

A.), Lonng . 

Qiiadra . 

Klawak . 

2 

{ 
3 [ :  

{ 29 

> l  

5 

2 .............. 
scow ................. 
Lighters 

Lighters .............. 
Fish H(WWS ............ 
Pile-driver ............ 

Description . j each . 

100 't 
loo i 
100 

800 50 } *: 
......... _- .. . 



PLATE XXX. Bull. U. S. F. C. 1901. (To fact? page 330.) 

a 

M O U T H  O F  K A R L U K  R I V E R  W H E R E  I T  E M P T I E S  I N T O  K A R L U K  LAGOON 

CALLEREATH.'S HATCHERY,  M c H E N R Y  I N L E T ,  E T O L I N  ISLANU 
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The following notes concerning the salmon hatchery maintained by the Alaska 
Packers Association near Karluk, Kadiak Island, Alaska, are based upon an inspec- 
tion made in accordance with instructions of Captain Moser August 8, 1900. 

It is located on the southern shore, a t  the eastern end 
of the Karluk Lagoon, near the outlet of Karluk River, where a streamlet, called by 
the hatchery people Shasta Creek, enters the lagoon from the hills to the southward. 
From the rising ground immediately back of the hatchery Karluk Head, 3 miles west 
(magnetic), may be seen over the intervening low points, with the cannery buildings 
of Karluk Spit showing to the right of it. Here ground was broken for the hatchery 
May 28,1896, and on August 29, the same year, construction work was so far advanced 
that stripping was begun. The actual cost of the present plant is said to be fully 
$20,000, and the annual expenditure about$10,000 for maintenance, mpairs, and labor. 
Considering the extent of the establishment, the rate of wages necessarily demanded 
from its isolation, the long period of incubation, and expensive methods of securing 
stock fish, this hardly seems excessive. 

I n  1897 a party from this vessel visited this hatchery, the results of whose obser- 
vations are contained in Captain Moser’s report upon “Alaska Salmon and Salmon 
Fisheries, 1897,” pages 155-157, to  which attention is invited. 

Since then the establishment has been considerably improved, without, however, 
increasing the egg capacity of the hatching-house; in fact, this has been reduced by 
one trough, which was removed to make room for the hot-water drum of the heating 
system. A number of new ripening ponds have been made, the rearing or  nursery 
pond enlarged, and the original ponds remodeled. In  the main building the dining 
room and kitchen have been moved upstairs, an additional room built out in front, 
the basement enlarged and partly cemented, heating system enlarged and improved, 
and an electric-light plant installed. The latter has a capacity of about 40 lights, 
with 25 outlets at present, and the power is generated by a small Pelton wheel fed 
by a 6-inch pipe under a head of about 60 feet. 

The main building, 32 feet by 100 feet, faces to the northward (see sketch). Imme- 
diately west of it are a tramway and line of ponds, the latter extending down the 
slope along the original bed of Shasta Creek northward to the beach. Abutting the 
eastern end of the hatching-house is a covered pond known as the “ reservoir,” and 
beyond, in the same directlon, a narrow ditch leads to the nursery pond. A plank 
walk extends from the hatchery steps across the narrow beach flat to a short wooden 
pier which ends at  a condemned lighter weighted with stones, forming the landing 
place. On either flank of 

The plant is a model one. 

Immediately westward of the landing are the corrals. 
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the main building are small outhouses, sheds, ctc., and close to the rear entrance is a 
small shed where the thermometers are kept. South of the hatching-house, a t  the 
head of a small ravinc and on the edge of a narrow undulating terrace in the hills, 
the present sources of the watcr supply are brought together. 

Shasta Creek is a tiny rill draining the low hills to the southward and mest- 
ward, and has an average volume of about 10 miner’s inches of clear water. of 
excellent quality; it is about a mile in length from its source to the lagoon. “The 
Ditch” comes in from the eastward, and mrries the waters of a small creek flowing 
down the side of a mountain, about a mile distant, which is locally known as Sugar- 
loaf Peak. The bed of the ditch is now well settled and ballasted, smooth, free from 
sudden drops, falls, or riffles, of a very gradual pitch, and carries an average of 
between 25 and 30 miner’s inches of clear, colorless water of excellent quality; it is 
about 19 miles long. At  the end of the ditch its waters are rcceivcd by a shed- 
covered tank (the “ tank house”), in the bottom of which is the connection to a line of 
&inch piping leading to the hatchery below; a branch of this system supplies the 
Pelton wheel. The escape or waste from the tank-house finds its way into Shasta 
Creek, close by. From this point to the lagoon beach is about 200 yards in a straight 
line. 

The waters of Shasta Creek are first tapped by a line of iron pipe a short distance 
above the tank-house; this pipe is used for filling a car a t  the upper end of the gravity 
tramway, which is close to the tanlr-house. The crock passes to northward and west- 
ward of the tank-house and plungcs down the srnall ravine previously mentioned, 
and about one-fourth the distance to the bcach ends in the highest pond.‘ From this 
pond, called No. 10, or the “settling” pond, a wooden flume carries part of the water 
into the upper part of the hatching-house, while the overflow escapes via the old creek 
bed to the next pond below. The settling-pond also receives, in its northeastern 
corner, the waters of a small spring running the year round; this corner of the pond 
never freezes. The escape of pond No. 10 is tapped to supply another short line of 
piping which leads northward to the next pond, where it is uscd in connection with the 
tramway. This pond, No. 9, is the upper ripening pond and located about midway 
between the tank-house and the beach. I n  close ordcr, terraced northward down the 
gentle slope, are ripening-ponds No. 8, No. 7, and No. 6, the latter housed in. From 
No. 6 the waste water escapes through open ponds No. 12 and No. 11 into No. 1, and, 
by another outlet, to pond NO. 13 and thence to No. 1. P ~ O J I ~  pond No. 1 the water 
passes in turn through No. 2, No. 3, and No. 4, and thence into the East Corral. 
Pond No. 5 is out of the direct line of the systeni, and was not in use in 1900. No. 13 
was built this season, but had not been placed in use at  the time of my visit. None 
of the wster used in the ripening-ponds goes into the hatching-house. 

The supply for the hatching-house is first by the’pipe-line which leads from the 
ditch (via the tank-house), and next by flume froni the settling-pond. The settling- 
pond is quite deep, much more so than any other, arid receives its feed so gently as 
not to stir the sediment from the bottom and roil the water. As its name implies, 
it9 function is to allow the sinal1 dObris carried by the creek to settle before passing 
on into the flume or to the lower ponds. The discharge, whether from the pipe line 
or  the flume passes into a filter in the upper story of the hatching-house, thence into 
a tank, from which it is piped to the troughs. The waste water discharges into the 



PLATE XXXI. 

SKETCH PLAN'OF SALMON-HATCH!NG PLANT, OPERATED BY ALASKA PACKERS ASSOCIATION AT SHASTA CREEK, KARLUK LAGOON, KADIAK ISLAND. 

Soale and dimensions arbltrary. 
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reservoir, and from it escapes through tho nf~rrow ditch drcudy mcntioned into the 
nursery, or rearing-pond, whence it passes through a short flume into the lagoon. 

As far as the circumstanccs have permitted, the ripening-ponds have been dug 
rectangular in shape, and as opportunity affords thcy are walled up with rubble and 
cement. The floors are of broken rock and gravel, but it is the intention to cover 
these with cement also as soon as time permits. The fish do not ripen well in dirty 
water, and their frequent violent movements stir up any mud which may be on the 
bottom or in the interstices of the sides. The same niovenicnts of the fish tend to 
keep in suspension any slime or other foreign material, which thus passes out 
through the wasteway, and this is so slight whcre thc ponds tire walled solidly that 
no deleterious effects are apparent, even after thc water has passcd through acvcral 
ponds full of ripening fish. 

All the upper ponds have sufficient fall ktwecn one and another for excellent 
acration, a most important consideration where iiiany fish arc impounded. Covered 
pond No. 6 has the best arrangement for aeration, which may be described as follows: 
The feed water passes through a wooden trough suspended horizontally over the pohd 
and extending longitudinally toward the center. The bottom of the trough is about 
4 feet above the surface of the pond, and is pierced by iiumerou~ auger holes, through 
which the water falls in tiny streams. Besides giving perfect aeration this method 
distributes the supply over such a large area that the impounded fish are less cxcitcd 
than is the case where the same volume enters in a single stream; they keep more 
quiet, ripen more quickly, and if they do leap do not strike against anything which 
will bruise them, but merely fall back into the pond again. This arrangement will 
be extended to the other ponds Those relative elevations will admit of it, as oppor- 
tunity offers. The lqw'ponds, No. 3, No. 4, and No. 5, have not giwn satisfaction, 
and this is due probably to lack of adequate aeration. No. 2, however, though on 
practically the same level as No. 3, is an excellent pond, but its superiority is thought 
to be due to being tightly walled, and consequently cleaner than its mate. No. 5 is 
expected to prove satisfactory after it has been cemented. 

When a pond is to be gone over for ripe fish the water is lowered to a depth of 
about 21 inches, or knee-deep, the waste gates being arranged to let it fall to that 
depth, but no less, for fear of smothering the fish. A panel of slat fencing is then 
lowered into the water a t  one end and pushed slowly toward the opposite side of the 
pond, the spawn-takers wading behind it. The fish are carefully dipped up, 
examined, and if found ripe for spawning placed in a floating car, made of slats, for 
future attention; if still green they are freed in the pond behind the fence. This 
inethod of handling the impounded fish has proven the best with the delicately 
oyganized red salmon, and explains the importance of having the ponds of a rcgular 
shape; thus every fish can be handled and every ripe ono secured with the least 
injury. After the operation has been completed the fence is romoved and the live- 
car of ripe fish towed gently alongside the stripping platform, of which there is one 
at  each ripening-pond. 

Stock fish for the natchery are secured by seining crews working under the 
orders of the superintendent of the association's canneries a t  Karluk Spit. These 
crews are coniposed of natives who arc borne on the cannery rolls. The principal 
seining-ground is on the northern shore of the lagoon, opposite the hatchery, from' 

. 
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the mouth of the river downstream to a rocky point three-quarters of a mile 
westward. After a seine haul is made the live fish are bailed into two live-cars, 
composed of old dories and skiffs with square ports cut between each frame, over 
which galvanized wire netting of 13-inch mesh is stretched. Two men in another 
boat then tow the live-cars across to the corrals, where the fish are tallied out. I t  
has been observed that it is much better to impound the stock fish, especially early 
in the season, in a large inclosure. When first taken they are exccedingly restless, 
chafing under restraint, and if closely confined soon become scarred and bruised, 
causing fungoid growths to appear quickly. The nearer the adult fish approaches 
maturity the more quiet it becomes. 

The corrals are two in number, and cover an area of about 3 acres, the East 
Corral being about twice as large as the We&. A t  high high water there are about 

-10 feet of water at the outer edge of the corrals and at the inshorc edge about 2 or 3 
feet; the rise and fall here, extreme range, is about 5 feet. The corral fences are 
composed of wire and cotton netting, the latter above, stretched between piles and 
sdnds of old iron pipe. Everything but the piling is removed after spawn-taking 
ceases for tho season; the piles are secured after the icc loosens them in the wintcr 
and are then hauled ashore. 

The mortality of the fish seined is greatest in the corrals, as they receive thc 
roughest treatment in the process of first capture. I n  discharging the live-cars into 
the East Corral the cars are brought bodily iiiside thc inclosure through a movable 
panel, after which the fish are dumped out. At  the Wcrt Corral the cars arc towed 
alongside an opening above the water line and the fish dipped over from the outside. 

In  taking fish from the corrals for the ripening ponds the seine is again employed, 
the one used being about 12 fathonis in length. This is hauled into the shoal water 
off the lower end of the tramway; four large floating crib8 of slats are then secured 
to the cork line outside, two being for bucks and two for females. The fish are 
then pickcd out of the net as tenderly as possible and examined; if too green they 
are passed back into the corral. When the cribs have been filled with a sufficient 
number they are hauled alongside the tramway and the fish dipped out into a car, 
previously filled with fresh water, in which they are transported to the pond pre- 
pared for them and there left to ripen. When fish which are quite or nearly ripe 
arc secured they arc taken care of separately. A number of fish nearly ripe are 
often taken with the incoming tide from the No. 4 pond, finding their way through 
the wasteway as the water rises. 

I The tramway is about 200 yards long and leads from the hill near the tank- 
house in a straight line, crossing several ponds en route, to the lagoon beach near 
the eastern end of the East Corral. It is a gravity road, built of plank, and its  chief 
purposc is the hauling of stock fish to the upper ripening-ponds. Two strongly 
built cars, connected by a manila cable, are used, one at  each end of the line. After 
the lower car, which IS much smaller, has been fillcd with water and live fish the 
larger one at  the upper end is loaded, also with watcr, its greater weight hauling 
the lower car to the upper ripening-pond, No. 9, midway of the tramway, where the 
two cars meet. Intermediate stops, as required, are made at  the lower ponds. After 
discharging the fish from the lower car enough water is drawn from the larger one 
to change the preponderance of weight, and the cars then resume their original 
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positions at  either end of the line. This method of transportation is an old one, 
much used by mining men. 

As already indicated, there is a spawning platform adjacent to each ripening 
pond, and as but one of these is covered the spawn-taking is conducted almost wholly 
‘In the open air. In  1900 no spawning was done at  one of the ponds, it being used 
for the bucks alone. The methods employed on the spawning platform and in the 
hatching-house were originally those followed at  the salmon stations of the United 
States Fish Commission, and more especially a t  the quinilat hatchery at  Baird, Cal., 
the changes inaugurated bcing the result of subsequent experience in the handling 
of the more delicate red salmon. 

Spawning is done by hand exclusively; strait-jackets are not necessary with 
these small fish. One hundred and fifty is counted a big day’s stripping, though us 
high as 224 have been handled. The spawn p ~ . n s  arc circultir, 9 inchcu i n  diameter a t  
the top, beveled to 7 inches acros~  the bottom, and 34 inches deep; a thin coat of 
asphaltum lacquer prevents their rusting and renders them easily cleansed. Two 
methods are employed in the taking of spawn; the first method, which is considered 
the better, is the “dry,” the mixing of eggs and milt being done with the fingers. 
The eggs are not washed, but are placed directly in the baskets within two or  three 
minutes after stripping. The second method is similar, except that after the two or 
three minutes have elapsed a little water is added; they are then allowcd to stand 
until adhesion ceases and basketed without washing. When circumstances permit, 
the milt of two bucks is used to fecundate the eggs of one female. 

,Twenty-five females are reckoned to a full basket, which, at the estimated average 
’of 3,000 good eggs per fish, gives a total capacity of 75,000 eggs per basket. The 
diameter of the redfish egg ranges between 0.10 and 0.31 inch, with an average of 
about 0.22 inch. It is much lighter in color than the egg of the quinnat salmon, and 
has a very delicate appearance. At Karluk it has been found that redfish run from 
2,500 to 4,500 eggs, in rare instances 5,000, and that a fair average will be about 
3,700; but there is, of course, a certain unavoidublc loss in the spawning operation, 
and frequently a large number of cggs couie from the fisb dead; 3,000, therefore, is a 
fair average. 

A glanca at  the sketch plan of the hatching-house will give a fair idea of its 
interior floor arrangement. Thero are 12 sets, or sections, of 4 troughs each, and 1 
set of 3, making a total of 51 hatching-troughs. These troughs all measure 14 feet 
in length, 16 inches in width, and 7 inches in depth inside. They are built of clean- 
grained redwood, all sides surfaced, and all 2 inches thick. In making the joints a 
thick coating of asphaltum br is spread over the parts to be joined, with an even 
layer of cotton wadding as calking tnaterial. The completcd trough receives a coat 
of refined tar and two coats of asphaltum varnish. ’ Built in this manner and properly 
supported the troughs will not warp or  spring, and there has never beeii the slightest 
difficulty from leaks. This is an iinportttnt consideration in  the hatching-house. Not 
only do leaky troughs add greatly to the waste of water and keep the employees uneasy 
concerning the amount of water getting to the eggs, but the unavoidable jarring and 
other shocks connected with the necessary repairs are frequently fatal to a large num- 
ber of eggs. A dry trough makes a dry hatching house, and in a dry house only will 
the best efficiency of the egg-picking crew obtain. Where one has to stand on a wet 
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cold floor all day in a chilly, drafty room, at  work requiring deftness of touch and 
close attention, considerable endurance is needed physically, and i t  is by no means 
unusual a t  hatcheries to  have to call in new help while the regular hatching-hoiise 
force are suffering from colds, rheumatic attacks, etc. In a dry, well-lighted hatchery 
the interest of the fish-culturist does not wane from physical causes, and the eggs and. 
f ry  consequently receive the benefit of these comforting features. Nearly anyone 
will burry through with his allotted number of baskets in a sloppy, cheerless, and 
chilly barn, slighting the work in spite of himself, and yet the same person would 
almost always give intelligent attention to a task which he finds extremely interesting 
under physically comfortable conditions. 

Besides the superintendent the permanent force of tho station numbers 6, 
including a cook.. All the regular work of fish-culture is done by this force, and a 
largo part of the building and pcrmancnt improvements is cxecuted by the same 
persons. When additional labor is necessary a request is made upon the superin- 
tendent of the association's canneries a t  Karluk Spit. 

A furnace in the basement of the main building, directly under the hatching- 
house, heats the water for a system of piping used solely for artificial heating. A 
set of coils is arranged directly under each section of troughs, and there is also a 
system of piping on the bottom of the reservoir pond. When artificial heat is 
employed in forcing the hatching of the eggs the steam boiler is placed in use to 
drive the pumps. The latter draw the water from the reservoir pdnd, where it has 
been warmed, discharging it into the filter upstairs. It will be remembered that the 
waste of the hatching-house troughs escapes to the reservoir pond, but before using 
this warm water again filtering and aerating are necessary. Just  enough new water 
is added to freshen the supply without much reducing the temperature, and very 
little is needed. If the water were not used over and over again in this manner it 
would be almost inipossible and entirely impracticable to heat it sufficiently diiring 
the cold winter months, but, the system of aerating and freshening is so well con- 
trolled that the feed water remains perfectly good after repeated use. 

The feed water of the hatching-house, whether received from the flume or  pipe 
line, is thoroughly filtered before passing into the troughs. Much of the coarser 
ddbris, such as straws, twigs, leaves, etc., is cleared from the water a t  the settling- 
pond and tank-house, and coarse-mesh wire screens in the lower end of the flume are 
also employed. Referring to the sketch it will be seen that the filter is simply a set 
of screens of varying degrees of fineness, arranged in a long wooden trough. The 
water falls from the flume or pipe upon the upper end of the top screen, which is a 
long board pierced with numerous auger holes. These holes increase in diameter as 
the farther end is approached, and the board is given sufficient pitch to cause the water 
to  run down and cover it all, the function of the board being primarily to distribute 
and incidentally to aerate. 

Falling next through a fine-mesh screen of wire netting the water is received 
in very fine spray-like condition by the last and lowest tray or screen. This is made 
of burlap, tightly stretched over a strong,'light wooden frame, and has proven( a 
most excellent filtering material. After i t  has become thoroughly soaked the jute 
or hemp of which it is composed swella closely and tightly, efficiently cleansing the 



PLATE XXXII .  Bull U S F C 1901 ( T o  face pane 336.: 

K A R L U K  HATCHERY,  5 H O W I N G  CORRALS, AND IN  INSTANCE EEL-GRA5S I iEO. 

A R I P E N I N G  I’UND, K A R L U K  HATCHERY 



ALASKA SALMON INVESTIGATIONS IN 1900. 337 

water of very fine particles. With thc inore than usually cxccllent yu:ility of water 
here, and i\ts lack of foreign material, the above arrangement is found to nlcct tlic 
requirements of filtering. Where a rcfincment of this feature is necesrary, however, 
it will readily be seen that them is no limit to the extension of tho  number or fineness 
of the screens. 

The burlap used is of a slightly superior quality to the ordinary bagging, and in 
addition to its efficiency has its cheapness to recommend it. When , stretched on 
frames itshould be evenly secured, as its shrinking tendencies cause it to tear where 
the strains are unequal. The frames should be sinall and in sufficient number to 
allow of at  least two changes in addition to the set in the filter trough. This is neces- 
sary, as the burlap will rot if left continuously in water, but if removed and thor- 
oughly dried every tcn days or two weeks the screens will last a long time. Four 
or 5 feet is a good length for tho frames. When using more than onc set of bur- 
lap or cloth screens care should be observed that tho joints between the ends of the 
frames do not occur directly below each other; they should be staggered-that is, 
designed to occur at different intervnls-the reason for which is plain. 

l’er,gpec*tiw sketc-11 of Iticlrr~rdson filter. 

Whilc thorc is as yct Iuit one filter trough i n  tlic hatchcry ut  Karluk, thc super- 
intendent, Mr. ,James A. Richardson, is a strong advocatc of three, arranged sonic- 
what as shown in the sketch. This will allow one to be in use, one in reserve, and 
the third under whatever repairs it insy require. With a long hatching seasoil and a 
long nursing period little opportunity is offered to overhaul so iinportant an adjunct 
as the filter if to do so requires that it be placed temporarily out of commission. As 
the expense is slight, such an arrangenicnt has much to reconiniend it. 

It is stated that fullgus has never caused troublc at  the ICarluk hatchery under 
tho present management; at  the old station, less than a inile westward on the same 
side of the lagoon, much difficulty was experienced froin this cause. It is due to 
dirty water, unclean troughs and baskets, and careless and insufficient picking of the 

F. C. B. 1901-22 
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eggs; i t  is likewise sometinies caused by too sluggish a current in the troughs, too 
small a supply of feed water, lack of aeration, or from using the water over too 
many times. In many cases fungus will not occur if troughs and baskets are kept 
clean and the water is properly filtered. 

The troughs are designed to hold five baskets each, allowing for the necessary 
space between each for division plates, as well as the compartments a t  each end for 
receiving and aerating and discharging the flow of water. The aerators are of tin 
of the usual pattern and distribute the water well; at  the opposite end of the trough 
is the usual arrangement of drainage plugs. Thz division plates are arranged accord- 
ing to the so-called Williamson system; that is, the first plate rests on the bottoiii of 
the trough with the water flowing over it, and, a short distance beyond, the second 
plate comes flush with the surface, but allows the flow to pass under it, the most 

.....A A A A Wire m-reens. 

Bli Bb Closed gates. 
H Opengatc. 

C Portable flume. 

Plan of Richardson filter troughp. 

approved method of conducting feed water through salmon eggs. Instead of rigid 
plates sliding in grooves a t  set intervals, division plates of light galvanized sheeL 
iron, thickly asphalted, are used; these are half an inch longer than the width of the 
trough and are snapped or sprung in at  any point desired. A drop of about 19 
inches is given each trough, and the water is uscd four times before discharging into 
the waste trough. 

The waste trough is a continuous wooden box, built of heavy redwood boards, 
which passes under the lower, or fourth, trough of each set and carries off the entire 
waste of the hatching-house; it passes around the south wall and part of the east wall 
and thence into the reservoir, where i t  discharges. 

The baskets are 24 inches long, 15 inches wide, and Sg inches deep, inside meas. 
urement, made of galvanized-wire netting secured to a single wooden frame. The 
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frames are of clear sugar pine and redwood,,l+inchcs wide by fivc-cighths inch thick. 
Tho netting is five-cighths inch in the length of the mesh and 6 nieshcs to tho inch, 
which is found the best size for redfish eggs; netting with 59 meshes per inch has 
been used, but this is a trifle large. Baskets with a single wooden fraine around the 
top are found quite rigid enough and have a great advantage in the siriall space 
occupied by a large number when stored away, the absence of the lower frame 
admitting of very snug nesting. 

While the capacity of each trough is 5 baskets, i t  is preferred to use not iiiore 
than 4 per trough, reserving the fifth space for "fleeting" in cleaning. It has been 
found that redfish eggs require the cleanest of troughs and baskets, as well as the 
most careful handling. The troughs are therefore cleaned as frequently as circum- 
stances will admit, never less than once a week, and as often as every other day 

Thus, by having the fifth space unoccupied the entire trough can 
be thoroughly scrubbed without lifting a single basket of eggs; all the baskets are 
moved one space toward the lower end of the trough and returned to their original 
positions one at  a time as their respective spaces are cleaned. By fleeting in this 
manner jars are avoided and the eggs remain watcr-borne at all times-an especially 
essential desideratum during the tender period. 

As previously mentioned, a full basket of redfish eggs is reckoned as containing 
75,000. Thus, with 51 troughs equipped with 4 baskets each, or 204 baskets, tho 
hatching-house capacity may be conservatively given as 15,300,000 eggs; and by 
crowding in 5 baskets to a trough, rnalring a total of 255 for the house, the capacity 
can bo increased to more than 19,000,000. These figures iiierely show the number 
of eggs which may be placed in the lmskets at one time, or what the hstching-house 
will hold without using the baskets over again. Generally it docs not follow that 
this is the capacity for the season, but unfortunately it does at  IZarluk. Here the 
period of incubation is so long' that eggs taken at  the very opening of the salmon 
run, say the latter part of May, mill not be hatched out until the olose of the season, 
late in September, after which but a trifling percentage of the spawn is taketi. Tho 
nuniber of eggs baskcted prior to July 1 is also quite small, and the gain in capacity 
is therefore too trifling to be taken into consideration. Hence these figures may be 
accounted correct as they stand. 

It is unfortunate that a, full series of data is not available for an aiialysis of the 
pcriod of incubation under the various prevailing conditions. Until this season (1900) 
the superintendent has been unable to keep complete records of anything beyond tho 
nierest outline of the season's work. A detailed record of temperatures and the 
duration of the vaTiouu stages of incubation, representative of baskets of normal 
eggs taken at regular intervals during the stripping season, is being kept now, and it 
is believed this material will be available for study later. These observations will 
he carried on until the last of the fry shall have been planted. Such data, however, 
as could be obtained is herewith submitted, *believing that much of it will be of 
interest and that possibly some of it may prove of value in the future. 

In 1896 spawn-taking commenced on August 29 and was continued at intervals 
of two or three days until November 28, 3,200,000 eggs, in fair condition, being 
basketed during this time. Considering the diseased state of most of the stock fish 
secured, that this wa* the first season of operation, nnd that the plant RTLLS still in 

' when possible. 
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a partially unfinished state, the result .was deemed good. Impregnation by the 
methods at  first employed was not always assured, and the losses were in consequence 
somewhat augmented. 

After stripping began daily temperature observations of the hatchery water 
were recorded, from which the table below has been condensed. The highest 
temperature recorded during the summer (1896) was 48O F., and the lowest, during 
the following winter, 3 3 O  F. 

Temperature of hatchery 
water. 

Month and yeRr. 
Max. Min. Mean. _--___ 
0 0 0 

Sept 1896 ....... 45 36 42.5 

Nov.,1896 ........ 36 33 35.2 
Dee.,1896 ........ 3.5 33 +34 

oct.,'iagss ........ 40 35 39 

Month arid year. 

Jan 1897 ........ 
Mar.,1897 ........ ~ed.:1897 ....... 

Temperature of hatchery 
water. 

Bctwecn 100 below mid zero .................................................. 
Between zero and 100 above.. ................................................ 
Between 100 and 200 above..  ................................................. 
Between 20° and 30° above .................................................. 
Between 30° and 40° above ................................................... 
Between 400 and 60° above ................................................... 

These figures represent the temperature of the feed water as it came from the 
creek under natural conditions. During part of the time the water in the hatching- 
troughs was warmed artificially and the temperature there was somewhat higher. 
Unfortunately no exact data of thermal conditions during the forcing or hastening 
process were kept, but it is stated that the temperature was slowly raised IOo or 1 2 O  
above that then prevailing, and then kept a t  that point, about 4 6 O  to 4 8 O  F. 

The temperature of the air outside of the hatchery for November and December, 
1896, and January, February, and March, 1897, is summarized as follows: 

I 
- . _. i 

Temperature. I Period. 

I h y s .  hrx. 
2 16 
6 21 

21 7 
41 11 
71 4 
8 14 

I- _ _  I-- I 

The eggs taken August 29, 1896, eyed in 60 days, with the water in the troughs 
ranging between 45O and 3 5 O  and the mean 40.5O F. These eggs hatched out in 165 
days. The eggs taken Septembcr 16 eyed in 100 days, with the temperature ranging 
between 44O and 3 3 O  and the mean 3 6 . 2 O  F. These also hatched in 165 days, but during 
the last 42 days of the incubating period artificial heat was used. The eggs taken 
September 23 were eyed in 111 days, temperature ranging between 43G and 3 8 O  and 
mean 3 4 . 5 O  F. Artificial heat was employed to hasten development during a period 
of about six weeks at  the latter end of this period. 

In  1897 spawn-taking was carried on from August 19 to December 9, and 2,285 
females were stripped. Less than 1 per cent of them were spawned in  August, about 
85 per cent in September, and 14 per cent i n  October, November, and December. 
From September 6 to 20, only 15 days, 65.5 per cent of the salmon were spawned. 
The greatest number spawned in one day was 224, on September 25. 

Concerning the relative proportion of males to females taken and their mortality 
in the stock ponds, or corrals, the following note is of interest: Of 6,640 salmon 
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TRANSFERRING STOCK F ISH TO CORRALS AT K A R L U K  H A T C H E R Y ,  K A I J I A K  ISLAND.  

M E T H O D  O F  D R A W I N G  O F F  F R Y  F R O M  N U R S E R Y  POND, K A R L U K  HATCHERY, KADIAK ISLAND, 



~ 

High. Low. Mean. Month and __ __ nlontll and ~ __ 
Max. Mean. Min. Mean. year. 

0 0 0 

.... 7.1 
_..____ - - - 

Apr., 1897.. . 37 4 3 7  33 34.7 35.8 Nov.,1897 
May,1897 ... 47 43 84 37.7 40.3 1 Dec.,1897 .... 
June 1897... 60 47.7 40 42.6 45.1 Jan.,1898 .... 
Sept.’1897 _ _  62 46.3 37 42.8 44.5 Feb.,1898 .._. 
Oct.,i897 ... 46 39.1 33 37.7 38.9 , Mar.,1898 .... 

Tempcraturo. I Period. 

____ 
High. Imv. 

Nean. 
Max.  Mean. Min. Mean. 
-_I_-_____ ___ 

0 0 0 0 0 

33 35.1 36.6 
33 36.3 35.6 

39 +36 
39 36 
36 34.8 33 S4.3 34.5 
36 34.6 33 34.2 34.4 
39 36 33 34.6 36.3 

Between loo below and zero .................................................... 
Between zero and 100 above .................................................... 
Between loo and 200 above.. .................................................... 
Bctween 20° and 300 above.. .................................................... 
Between 30° and 40° above.. .................................................... 
Between 40° and GOo ubovo.. .................................................... 

The records for the spawning season of 1898 are again woefully incomplete. 
Some fish are reported as spawned in June, and from July 5 to November 30, 5,000,000 
eggs were placed in baskets. Of the latter 80 per cent were talcen prior to October 4; 
the remainder were obtained in gradually diminishing numbers until November 30. 

Days. ltr8. 
0 2 

12 13 
11 19 
31 22 
83 20 
10 20 
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No temperature records whatever are available, but the hatching periods were 
noted as per table below. The lack of thermal data is deplored, but is accounted for 
by the unavoidable absence of the regular superintendent the greater part of the time. 

Hatched first. I Hatched last. 

Date. Dnyn. Dntc. DnyR. 

_ _ _ _  

I Hatched first. d, a 
bo 
.* 2s 

8 z 

4-0 

c 

I 

July 6.. 
July 8.. 
Julyll.. 
Julyl5.. 
Julyl7.. 
Ju ly  19.. 
July2l.. 
.July23.. 
July 25.. 
July29.. 
AUK. 3.. 
Aug.14.. 
Aug.26.. 
Aug.30.. 
Sept. 5.. 
Sept. 6 . .  

Oct. 19,1898 
Oct. 20,1898 
Oct. 21,1698 
Nov. 6, 1898 
Nov. 7,1898 
Nov. 9,1898 
Nov. 12,1898 
Nov. 26,1898 
Nov. 27, 1898 
Nov. 50,1898 
Dee. 28,1898 
Dec. 27,1898 
Jan. 6,1899 
Jnn. 6,1899 
Jan. 15,1899 
Jtui. 30,1899 

__ 

Days. 

........................ 
Nov. 20,1898 

Dee. 6,1898 

.................... 

.................... 

........................ ........................ ........................ 
Jan. 10,1899 ........................ 

106 
104 
102 
114 
113 
113 
114 
116 
125 
124 
147 
135 
133 
129 
132 
146 
- 

135 ' 110 

148 ' 152 I:::: 
169 147 

jb Hatched last. 

_..I 
35 

_._ 
44 

._. 
24 
95 
95 
95 
93 

... 

... 

... 

sept. 1 4  
Rept. 15 
Sept. 16 
Sept. 19 
sept. 22 
Sept. 27 
sept. 28 
Sept. 30 
Oct. 4.. 

j Oct. 7.. 
oct. IO. 
Oct. 13. 
Oct. 20. 

.............. 

I,% 

154 
157 
195 
192 
209 
208 
197 
207 
198 

.......................... 

.......................... 

.......................... 

...............I......,..... 

...................... I.. ... ... 
... 

........... 

July. ............................. ............................ Augurt 
September 
October .......................... ........................ 

Feb. 14,1899 I 158 ......................... 
Peb. 18,1899 161 May 15,1899 247 204 
Feb.19-20,'99 160 May 15 1899 245 203 
Feh. 26.1899 I !  165 Mav ,Z:1899 I 250 1 208 

113 151 133 

I98 
136 
161 
204 

June 27-30 ................... 
July 1-31 ..................... 
Aug. 1-10.. ................... 

Totnl.. ................. 

From this record the following summary has been prepared: 

14 Aug ..2 8-31 ..................... 23 

60 Oct.1-31 ....................... I 195 - Nov.3 ......................... ! 10 

Total.. .................. 1,406 
j 1,431 

1,357 Sepi. 1-30.. ............ ........I 1,178 

-- I, 431 

--- 

I Eggs taken in 1898. 

June 27-30 ................... 
Julyl-31 ..................... 
Aug. 1-10.. ................... 

Totnl.. ................. 

I,&; I 
60 

1,431 
Total.. .................. 1,406 

I 1,431 

In  1891) there were spawned 2,837 red salmon, as follows: 

Average 
range in 

hntctiing. 

I Fall rim. I/ Spring rui~ .  I 
Date. I NO. I1 Date. j NO. I 

................... 
............ 

Aug. .28-31.. 
Sepi. 1-30.. ........I 1,178 
Oct.1-31 ....................... I 195 
Nov.3 ......................... ! 10 

- 
M 

4- 

0 
C ." 
& 
4 
Pi 
- 

... 
R6 
85 
86 

86 

... ... 

... ... 

... ... 

... ... 

... 

... ... 
- 

Of the season's take the spring run therefore amounted to 50.4 per cent ns 
against 49.6 per cent for the fall run. Considering the season as a unit, the monthly 
percentages of fish spawned are as follows: June, 0.5 per cent; July, 47.9 per cent; 
August, 2.9 per cent; September, 41.5 per cent; October, 6.8 per cent; November, 
0.4 per cent. 

Taken at the usual hatchery count of 3,000 eggs per average spawn fish, there 
should have been basketed more than 8,500,000 eggs, but the superintendent has only 
credited the hatching-house with 6,000,000, " owing to shrinkage in various W I L ~ Y S . "  
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The first eggs were taken June 27 from a few fish, but were not baslreted; the 
milt curdled when it came in contact with the eggs, and it was not thought impregna- 
tion would take place. Spawning was again carried on June 30, when the milt once 
more curdled upon contact with the eggs, and none of the latter were basketed. 
July 3 the first eggs were placed in the troughs, although the same condition of milt 
was met with. This curdling tendency continued in a diminishing degree for about a 
week longer, when it ceased; strange to say it did not affect the vitality of the sperm 
as far as could be judged. Spawning was carried on about every other day in July, 
the run slacking up toward the latter part of 'the month; in August eggs were taken 
three times up to the loth, from which time until the 28th none wese taken. With 
the beginning of the fall run work went on once more every other day until the end 
of September; during October spawn was taken on an average of about once a week, 
and the last stripping of 10 fish was done h'ovember 3. On the last-mentioned date 
about 40 adult salmon, still unripe, were yeleased from the reservoir and turned into 
the river. 

The period of incubation varies with the temperature of the water, of course, but 
it is also believed to be of less duration with eggs taken from the spring run than is 
the case with thosc of the later or fall run. That is, the eggs of the spring run of 
redfish seem to have a more vigorous vitality, hatching more rapidly under similar 
thermal conditions; but this is still a matter of opinion and must remain so until the 
collection of sufficient data from which to draw careful conclusions. 

From the meager figures nt hand for the 1899-1900 season the following table 
has been prepared: 

latch- Prcme- 
ing turc 

ange. births. 
__-. 

55 25 

18 ......... 
92 (iz 

....... 90 as 75 
73 74 

45 ......... 
56 ......... 
64 ......... 
61 ......... so ......... 
31 ......... 

................ 

E g g ~  tnkcn in 1899. Eyed. 

July 3 ......................... 
July 1s ........................ 
July 31 ............................... 
Aug. 3 ................................ 
Aug. 10.. ............................. 
Aog. 28 ........................ 
Sept. 7 ......................... 
Scpt. 10 ........................ 
Sept. 14 ........................ 
scpt. 20 ........................ 
Bept. 30 ........................ 
Oat. 14 ......................... 
Oct. 27 ......................... 

July 15 ............................... 
30 
40 

65 

64 
tk2 
75 
81 
89 
110 
125 

July 3-15 I . .  ................... 
July 3 1 - A ~ g .  10 ........................ 
Aug. 28-Scpt. m.. .............. 
S ~ p t .  30-0cl. 17.. ............... 

_ - _  =___---- _-- - - 

Eggs tnken in 1899. 1 -- 
85 

69 
108 

____I_ 

Hntcliing period. -_ 
First, 

74 

109 
93 

127 
126 

161 
168 
154 
102 
207 
199 

_I 

...... 

...... 

186 

91 
110 
1 w2 
197 

__ __ 

Lnst. 

109 
125 
ly'! 

_. 

185 

..... 
202 
19'3 

2GG 

218 
225 
237 
280 

?I4 

..... 

1 22 
1 93 
212 
238 

~ -_ 
I 

___- 
Menu 

92 

121 
139 

186 
1 (is 
1% 
184 
186 
1 93 w2 
215 

-- 
...... 

...... 

...... 

107 
I51 
182 
215 

-. -_ 
I 

Remarks. 

_____ 

Dclicntc period 
scpt. I-Oct. 15 

Dclicntc period 
Oct. 20- P 

................ / I 1  ......... Spring run 81 
83 ......... 
ra 86 1 .........I ......... Fall run. 

Eyed. i11g I 1 First. 1 Lnst. I Mean. 1 rnngc 

Spring run ........................................ M 
Season ........................................... 61 137 190 163 5: 
Frill run ......................................... ! 2 1 i !i$! 1 I 4t 

__-- - - - - l____l _-_I_- - 
NOTE.-In tho nbove tnblc 11 day of 24 hours is tho utilt. 
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October 1899 ................................ 
Novemder, 1899.. ............................ 
December, 1899.. ............................ 
January, 1900.. .............................. 
February, 1900 ............................... 
March, 1900 ................................. 
April, 1900 ................................... 

It would appear from the above that the eggs eye very much faster with the 
spring run, and that the hatching range covers a much longer period. It is also 
apparent that in considering the hatching of redfish at  Karluk the two runs must 
be treated separately-the runs are so marked and the prevailing conditions so 
radically different. For example, eye-spots have appeared in  30 days in spring-run 
eggs, and have with fall-run eggs been as long as 138 days before being visible. 
With the early run eye-spots are looked for between 35 and 40 days, the interval 
advancing with the season; with fall eggs the eye-spots are not expected until more 
than two months have passed, the time again increasing with the advancement of 
the season. The “tender stage” is a variable quantity, difficult to calculate; it is 
carefully looked for within about three weeks from the stripping, but may not occur 
for as many months. I ts  duration is also variable, anywhere from one to five or six 
weeks, depending upon the temperature, and it is thought, other conditions not yet 
known. This season, 1900, no  tender condition had made its appearance up to 
August 8. 

The period of incubation ranged in  1899 from 74 days to 237 days, and there is 
a maximum record for some prior season of 244 days. The early run in 1899, under 
natural conditions of temperature, hatched in an average of 129 days, whereas the 
fall run required 198 days. Seven months is supposed to be the ptriod of incubation 
under natural conditions, with the temperature a t  a mean minimum during the cold- 
est months of between 335 and 35O F., and this seems to be a fairly correct approxi- 
mation, judging from the record of the October eggs of 1899 and the following 
temperature record: 

0 

42 
40 

+37 
-37 

37 
38 
39 

Temperatures in hatching troughs, winter 1899-1900. 

_ _  
Males. Femalcs. 

Died on hand ............................... 14,324 19,498 
Returned to river alive ..................... 19,199 6,275 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ‘33,623 25,773 
--__--- 

- - __ . __ -. 

Month. 

Total. 

33 822 
25:474 

69,296 

0 

40 
38 
36 

+36 
35 
36 
36 

0 

41 
89 

-37 
36 
36 
37 

f 3 7  

In  1900 the seining crew delivered into the river corrals 79,753 adult salmon. 
Of this number 13,123 escaped from time to time through the water gate when 
opened to admit live-cars, and through breaks in the corral fences during the time the 
corrals were in use, 114 days; there were also lost 7,334 stock-fish at a time when the 
fencing of one of the corrals blew down. The proportion of males to females 
among these 20,457 firh which escaped alive is, of course, unknown. The remaining 
59,296 comprised 33,523 males and 25,773 females, which are accounted for as follows: 
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Of these fish 7,270 inales and 15,579 females, or a total of 22,849, were trans- 
ferred to the ripening-ponds during the season, as follows: 

May, 1900 ........ 
June 1900 ........ 
July,’ 1900.. ...... 
August, 1900 ..... 
September, 1900.. 
October 1900.. ... 
Novemder 1900.. 
December,’ 1900.. 
January, 1901 .... 

I I Month. I Males. 1 Females. I Total. 

48 
57 
67 
5G 
48 
46 
39 
38 
30 

June ......................................... 
July ......................................... 
August ...................................... ................................. September.. I 818 2,373 -- 

Total ................................. ‘.: 7,270 1 16,579 1 22,849 1 
I _._-______ 

b No report of the egg-take for the season has been received, but 5,524 females 
-were spawned in all. Applying the usual Karluk hatchery factor of 3,000 per average 
fish, the take would appear to have been 16,582,000 eggs. Allowing, however, for 
(‘other shrinkage in various ways,” and judging from the hatchery capacity, 
15,000,000 eggs would appear to be a fair estimate. 

According to a report from the hatchery, undar date of November 3, 1900, all 
the June eggs and part of the July eggs had hatched out, producing an excellent lot 
of healthy fry. It was found (1900) that the earlier eggs and the September eggs 
were the best, while a portion of those taken during the middle of the soason were 
of indifferent quality. 

The following temperatures of the water in the hatching-troughs are recorded: 

I 1 High. 

I 

Mean. 
..... 

0 

43 
49.3 
51 
50.2 
46.1 
41 
36. 6 
35.3 
34.4 
__ 

LOW. 

0 

’ 36 
39 
43 
42 
39 
34 
34 
33 
34 

_- 

Mean. __ 
0 

38.7 
41 7 
46 
46. 3 
43.1 
40 
86.1 
34.7 
34.3 

Mean. 

0 

40.9 
45.6 
48 
48.2 
44.6 
40.5 
36.3 
35 
34.3 

Rcmarka. 

67O Jnnc 28. 
67O July 9. 

33O Dec. 22 and 31. 

The eggs of the redfish readily admit of forcing, but to what extent is not 
known. Judging from the fact that “freaks” or  inalformations and prematures 
occur anywhere from 20 to 80 days, 90 days would seem the limit of safety, but at 
what temperature the limit is reached is not yet known. At  Icarluk fall-run eggs 
have been successfully forced to hatch in 165 days, or say 45 days sooner than would 
huve been the case under natural conditions. To do this the temperature during the 
last 42 to 45 days-that is, after the one hundred and twentieth day-was artificially 
riiised to 46’ and 48O,  or loo to 12O higher than otherwise would have obtained. It 
lias been observed that during warm misty or rainy weather eggs which are nearly 
ready to hatch will be hastened by several days. 

After a basket of eggs has been placed in a trough at  the Karluk hatchery i t  
receives the most tender care. For the first two or three days the basket is not 
touched, but remains “ buried ” under the canvas tarpaulin; it is then handled once a day 
for‘the next four or five days by the superintendent himself, who inerely floats the eggs 
once, very gently, and picks off the dead eggs and “empties” showing on top; after 



346 BULLETIN O F  THE: UNITED BTATES ’FISH OOMMISSION. 

this, and until the “ unctuous ” stage has passed, an expert egg-picker removes the bad 
eggs, the superintendent having previously floated them on top. When the unctuous 
stage, lasting from eight to twenty days, during which the eggs are very delicate and 
have a certain indescribable oily appearance, has passed, the basket is henceforth in 
the hands of one of the hatching-house force, who is responsible for it until the end. 

Ordhary tin forceps are employed in picking, but they are critically examined 
by thc superintendent before they are used, to see that there are no sharp edges or 
corners to cut the tender skin of an egg. Frequent inspection of the forceps con- 
tinues throughout the season. The eggs are picked very thoroughly until the second 
tender period begins, usually a short time before eyeing talres place; after this s h g e  
has passed the eggs may be handled with greater freedom, but vigilance and tender 
care are observed throughout the season. $Jars, sudden knocks, rapid changes in 
temperature, or  other shocks are particularly guarded against, and a basket of eggs 
is never lifted from a trough when it can he avoided. In  affixing to the trough the 
small pasteboard tag describing the basket, no hammer is used, but the broad-headed 
and short, sharp-pointed tack is forced home with the thumb. Great care is taken 
to  keep the troughs and baskets clean, and to have thc feed water well filtered. As 
yet there has not been the least trouble from fungus. There is a slimy vegetable 
growth which forms on th i  sides of the troughs under certain conditions, which must 
be removed, but which does not spread to the eggs like fungus; it is probably some 
species of fresh-water  alga-^ 

After the fry are hatched out they escape to the bottom of the trough, there 
being one-half inch clear space on either side of the basket, somewhat more than 
that under it, and in addition there is the large area at the end of each trough 
created by the removal of the fifth basket; this, gives the fry plenty of room, and 
they do very well in the troughs. As they age they require more space, but they 
arc usually held in the parent trough until the egg-or umbilical-sac is absorbed, a 
pdriod of about ten weeks, depending upon the temperature of the water. 

The fry must then be fed, which is sometimes done in the trough and soinetimes 
in the reservoir pond. The only food ever used at Karluk has heen tinned srtlmon 
flesh, “do-o~ers , ’~  furnished from the canneries a t  Karlulc Spit. This is removed 
from the can, thoroughly desiccated, ttnd then ground up in a fine-cutting sausage 
mill. For some reason the fry do not seem to thrive on this diet, refusing to take 
it after ten days or two weeks, and i t  is therefore the endeavor to plant them as soon 
after becoming free feeders as is possible; it makes a wonderful difference in the 
quick growth and development of the fry if they can obtain natural food. The fry 
appear to be of a .generally dormant temperament during the time the sac is being 
absorbed, and there has been very little 10~s at  Karluk during this period; tho 
greatest losses to f ry  occur a t  the time of first feeding. 

As they become free feeders they are allowed to escape from the troughs via the 
wasteway into the reservoir pond, and thence through the ditch into the rearing or 
nursery pond-a large, irregular-shaped excavation, with a11 area of about three-fourths 
of an,acrc. Owing to the cannibalistic tendencies of the larger fry, the young with the 
egg sac still attached are kept by themselves. The tiny free feeders, however, seem 
pretty well able to  take care of themselves. As opportunity offera, the f ry w e  taken 
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from the large nursery pond and planted; or, if the nursery be frozen over, they are 
taken from the reservoir and parent troughs, where they have been held on this 

After the fry are three or four months old it has been observed that they 
seem to deteriorate in the nursery ponds, and they are never held beyond this tinio. 

When the ponds and upper part of the lagoon are frozen over, the fry are placed 
in tanks prepared for them, transported on sleds to t8he open water, and planted. 
These tanks are made of clean, strong, salt-salmon barrels thickly coated with 
asphaltum varnish and rigged with handles, or beckets, of rope. Three of these 
are a sled load, and comprise a “plant,” which usually numbers about 100,000 by this 
method. When the ponds and lagoon are open and free from ice, the fry are driven 
out of the rearing-pond at high water, through a short flume, into a live-car made of 
an old skiif. This skiff, which has a nuniber of square ports cut in its sides, covered 
with fine mesh wire netting, is brought directly under the short flume, which leads 
from one corner of the pond to the lagoon beach. It has a capacity of over 200,000 
fry. When the live-car is loaded the wire-screen gates are let down across the inner 
end of the flume and the further exit of fry stopped. 

Planting is done at high water along the shores of the lagoon between the mouth 
of the river and the upper end of the village at  Karluk. The location selected 
depends upon the existing conditions, ice, waves, arid the movements of predator? 
species being considered. As far as possillle a rocky shore whose crevices afford safe 
retreat;, away from the entrance of fresh water where t rout  are attracted, is chosen, 
and the f ry  released without further preliminaries. It is claimed that no salmon fry 
has ever been planted at  Karluk with the egg sac not entirely absorbed. 

The superintendent firmly believes that the strong frec-feeding fry early crave 
salt water, and he usually has a barrel conto;ining a small quantity of salt submerged 
in  the large nursery pond. It has been observed that the fry collect about this like 
flies after sweets, and the salt appears to act upon them like a tonic, n~aking them 
more sprightly and vigorous in their movements. 

After being set free the fry have been observed to work downstream alongshore 
toward the salter portions of the lagoon, which is fairly bimdrish except a t  the higher 
tides, when it is quite salt, or a t  the lowest tides when the river is full, when the 
lagoon is practically fresh. Later the fry are seen along the outside beaches in the 
vicinity of the shaded rocky points, but return to the lagoon at  frequent intervals, 
working in and out with the tides for a long time, or until late in the fall following 
their birth. Sonic f ry  are much stronger and larger than others arid grow very 
rapidly. TWO 01’ three were scen in the nursery pond August 8, 1900, which were 
from 2 to 3 inches in length and very timid. In April, 1897, f ry  from 19 to I$ inches 
long were seen in small schools passing seaward from Karluk River, and the fry 
hatched in the spring of 1898 were from 19 to 12 inches, some 2 inches, in length in 
the nursery pond in August. 

Trout are believed to be the most destructive natural enemies the f r y  have to 
contend with. An individual (Snlval in ,~ malnza) only 29 inches in length which 
once found its way into the nureery pond had 1 2  tiny fry in its maw when captured. 
The trout are not such active feeders in the winter, and are more sluggish in movc- 
ment, and it is therefore deemed advisable at Karluk to plant fry at this season. 
Other nnturnl dnngcrfi t~rc  also helieved to be lcssenql i L t  this time. 

. account. 
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After the trout the greatest enemies to f ry  are perhaps the sea birds. Flounders 
and sculpins are too sluggish in their movements, besides being bottom fish, to be 
very destructive. Sudden storms, raising a heavy sea on the shore along which the 
f ry  are schooling, are also dangerous. 

The ioss of the hatchery in the ratio of fry planted to the number of healthy 
eggs basketed it is believed at  present will not amount to 25 per cent from all causes, 
although during the first season it was figured at not far from 40 per cent. The 
greatest present loss is from dead eggs and “empties,” or unfecundated eggs. This is 
not now as much as 15 per cent, and gradually diminishing as experience is gained. The 
loss from freaks and abortions and premature births, all combined, is nominal, but is 
greatest in the eggs of the spring run. It is not of itself considered a factor, but is 
lumped with the losses from other causes. Deaths due to smothering of the t iny  f ry  
during the period of absorption of egg sac, through injuries received in various ways 
while in  the troughs and reservoir, with the other losses just mentioned, will make up 
a conservative total loss of 25 per cent. The superintendent believes his 1900 loss 
should not be much in excess of 20 per cent unless from some unlooked-for calamity. 

The superintendent believes in the parent region theory, and thinks that the 
Karluk fishery has already this year (1900) felt the value and effects of artificial 
propagation. He thinks that the largest and strongest of the fry planted in the winter 
of 1896-97 and spring of 1897 have become matured, that this year they returned as 
breeders, and that their nunibers were sufficient to make an appreciable increase in 
the rum of salmon schooling off Karluk Head, and possibly Ayakulik River. He 
believes they first put in an appearance as grilse, invariably males, which are 
thoroughly matured, and that these grilse are 2 years old, that is, from birth. Part  
of the breeders, he thinks, return in three years, while others of slower development 
return in four or five years, and it is not beyond the bounds of reason to presume 
that some may be delayed for an even longer period before reaching full maturity. 

In  1897 the adipose fin was cut from 513 fry, part of which were liberated in 
Karluk River and part in the lagoon. 

The approximate output of the Alaska Packers Association’s redfish hatchery at  
Karluk is estimated as follows: 

Fry liberated. 
Season1896-97 ................................................ 

1897-98 ... --. ................................................ 6, OOO, OOO 
1898-99 5, OW 

................................................ G,OOO,OOO 
1900-1901.. .................................................. 12, OOO, 000 

Total output.. ....................................... 30,000,OOO 

..................................................... 
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SALMON INVESTIGATIONS OF T H E  STEAMER ALBATROSS I N  T H E  
SUMMER OF 1901. 

BY JEFFERSON F. MOSER, 
Coitcmandeer, Uzifed States Navy, Comwtaiidi?g. 

After refitting during the winter of 1900-01, at Sausalito, Cal., the Albatross 
left that point, April 23, for Puget Sound, under instructions to dredge along the 
coast in  depths greater than 1,000 fathoms. Upon the completion of this work a 
special report relating to it was made, and the records are printed in the report of 
the United States Commissioner of Fish and Fisheries for 1901. 

Owing to the strikes and the disturbed condition of labor on the coast at this 
time, the vessel was detained for docking and painting until May 22, when departure 
was taken from Seattle. After coaling at Union Bay, British Columbia, thp vessel 
arrived, May 29, at Hunter Ray, Prince of Wales Island, Southeast Alaska, and the 
same day field operations were commenced. The work for the season, under the 
Commissioner’s instructions, consisted i n  a continuation of the cxplorations of the 
salmon streams and lake systems of Alaska on the lines carried out during presious 
years, and an examination of the canneries and hatcheries along the route. 

During the progress of the work in Prince William Sound a case of small-pox 
appeared among the crew, causing an earlier return to Puget Sound, for quarantine 
and fumigation, than was contemplated. The stream and lake work had been practi- 
cally completed, but the early return did not permit an examination of all the new 
canneries. After obtaining pratique at the quarantine station at Port Discovery the 
season was too far advanced to return to Alaska, and the vessel was accordingly 
detailed. for special work extending from Puget Sound to Monterey. 

Owing to my early detachment from the command of the Albatross and the lack 
of facilities for making a complete report consequent thereto, many of the details 
previously referred to have been omitted, and this paper will be largely confined to 
descriptions of the streams and lake systems explored by the party during thc season. 

It is desired in  this connection to express my appiy&ation of the work performed 
by the officers of the Albatross, and of the courtesies extended by those interested in 
the canneries. Lieut. Hugh Rodman, U. S. N., Erlsigli A. J. Hephurn, U. S. N., 
Ensign C. E. Miller, U. S. N., and Ensign C. S. Kempfl, U. S. N., in addition to 
their duties on board the vessel, conducted the stream and lalic examinations. Mr. 
A. B. Alexander collected statistics, Mr. F. M. Chamberlain made the photographic 
plates, and Mr. H. C. Fassett assisted and, under my direction, made special 
investigations. My thanks are due to the differelit companies operating canneries 1n 

Alaska for courtesies extended during our investigations, particularly to the Alaska 
Packers’ Association, which has, through the president, Mr. Henry P. Fortmann, 
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placed at  our disposition the facilities of its various plants and rcndered most efficient 
aesistance. 

The following is the itinerary of the Alaska cruise: 

Suulheasl Alarka: 
Hunterpug, Prince of Wnles Islnnd. __. .May 20-31. 
Niblnck Anchorage, I’rinre of Wnles 

Moirn Sound, Prince of Wnles Island.. ..June 1. 
Island ................................ .May 31-June 1 .  

Tnmgns Hnrbor, Annette Island.. ...... .June 1-3. 
hfctlnknhtln, Annette Ialnnd.. ......... .June 3. 

gigedo Island.. ........................ June 3-5. 
George Inlet, Revillngigedo Islnnd.. ... ..June 5. 
Mary Island Anchornge ................. June 5-6. 

Qundrn ................................ June 6. 
Smenton Bay, Behm Cnnnl .............. June 6-7. 
ChccnL? Cove, Bchm Canal.. ... :. ....... June 7. 
Yes Bny, Cleveland Peninsula.. ......... June 7-8. 
Loring, Nnhn Bny. ...................... J u n e  8-10. 

giged0 Is nnd .......................... June 10. 

Kunk Creek, Etoliu Island ............ ..June 11. 
Wrnngell, Wrnugeil Islnnd .............. June 11-13. 
Salmon Bny, Prince of Wnles Island ..... June 13. 
Conclusion Islnnd (off Kuiu Island) .... June 13-14. 
Point Bnrrie, Kuprennof Island.. ....... June 14. 

Shnknn Bay, Kosciusko Island .......... June 15-17. 
K d l  Bny, Xuiu Island.. ................. June 17-18. 
Killisnoo Harbor, Kdnnsnow Islnnd.. ... June 18-19. 

Ketchiknn, Tongnm Narrows, Hevilln- 

Knh-Shakes Cove, entrance to Bow de 

Ketchikan, Tongnss Nnrrows, Revilln- 

Steamer Bay, Etolin Island.. ........... .June 10-11. 

Port Protection, Prince of Wnles Island. .June 14-15, 

Soutlieaol Alaska-Continued. 
Kook (Bnbket) Bay, Chic.hngoI Islnnd.. .June 19. 
PnbIof Harbor, Freshwater Bny ........ .JUIIC 19-21. 
Junenn.. ................................ .June 21-24. 
Huyter Bay, Admiralty Islniicl .......... June 24-25. 
Wnrtlett Bny, Icy Strait.. ................ June 25-27. 
Dundns Bey, Icy Strait.. ................ June 27-29. 
Ynkutat. ................................ June 30-July 7. 

Orcn ..................................... July 8-10. 
Port Grnvirin.. ........ 
Naked Islaird Anehorn 
IIerring Bny, Knight Islnnd.. ......... ..July 11-15. 
Nnked Island Anchorngc.. .............. July 15-18. 
Port Vnldez .............................. July 18-21. 

Sitkn.. ................................... July 23-26. 
Nnkwnshina Bay, Bnrnnof Islnnd.. ..... July 26Ang. ti. 
Schultze Cove, Bnrnnof Islnnd .......... Aug. M. 

Sitkoh Bay, Chichagof Islnnd .......... .Aiig. 5.6. 
IIoggntt Bny, Bnrnnof Island.. ......... .Aug. 6-7. 

Prince lVillitr?n Sound: 

Soutbcatrt Alaska: 

IInnns Bny, Bnrnnof Islnnd ............ .hug. 4-6. 

Wnht Harbor, ZarCmho Island.. ........ .Aug. 743. 
Steamer Bny, Etolin Island.. ........... .Aug. 8-11. 

. 

Warp Cove, Tongnss Narrows, Revilln- 
gigcdo Island. ........................ .Ang. 11-12. 

ll’ashlngton: 
Port Discovery, Qonrnntinc Stntioii. 

Before the opening of the season it was believed that thcro would be a very 
largo nuniber of new canneries operating during the summer, but the drop in the 
price of salmon made it difficult for, some prospective canners to raise sufficient fundv 
on futures to place them on a working basis, while others feared that ovcrproduction 
beyond the world’s demand would bear market prices below cost; nevertheless, t,herc 
was a large addition, which will be referred to later. It had been the intention early 
this year to form a trust of the Pacific salmon canneries, but failing to make terms 
with the largest operating company, the scheme resulted simply in a consolidation of 
a portion of the canneries. 

An organization under the title of the Pacific 1’:tcking and Navigation Company, 
incorporated under the laws of New Jersey and backed by eastern capitalists, wtis 
formed during the spring of 1901. Its object is given in a “statement,” under date 
of March 12, 1901, in which i t  is said: 

It is proposed to consolidate into one corporation the properties and privileges of these companies 
and firms, thereby controlling about four-fifths of the canned-salmon product of the world. * ++ * 
It is proposed to capitalize the new corporation as follows: G per cent debentures, $7,000,000; 7 per cent 
cumulative preferred stock, $12,500,000; common stock, $12,500,000. 

The Alaska Packers Association, whose output i n  past years has been about 70 
per cent of the Alaska salmon pack, demanded of the trust a cash payment for their 
business at their own valuation. The trust offered the amount, but payment to be 
made partly from the sale of this season’s product and the remainder in  mortgages 
on their own property and stock in the new company, which offer was declined. 
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The Pacific Packing and Navigation Company acquired the following properties, 
and they are now operated by that organization: 

ALAHKA. 

Canneries of Pacific Steam Whaling Company at  Nushagak, BrLtol 13ay; Cliignik, Alaska Peninsula; 
Uyak, Icadiak Island; Kenai, Cook Inlet; Owa, Prince Williain Sound; Hunter Bay, Southeast 
Alaska. 

Iiurne Bros. & Ilume, with canneries at  Chignik, Alaska Peninsula, and Uyak, Kadiak Island. 
Thlinket Packing Company, canneries at  Gerard Point and Santa Anna  Bay, Southeast Alaska. 
Western Fisheries Company, with a cannery at  Dtindas Bay, Icy Strait. 
Chilkoot Packing Company, with a cannery at  Chilkoot Inlet. 
Taku Packing Company, with a cwinery at  Taku Inlet. 
Taku Fishing Company, with a cannery at the entrance to Port Snettishatii. 
Boston Fishing & Trading Company, with a cannery at Yes Bay. 
Chatham Straita Packing Company, with a cannery at  Sitkoh Bay. 
Icy Strait Packing Company, with a cannery at Petersburg, Wrangell Narrows. 
Quadra Packing Company, with a cannery at Mink Bay, Boca de Quadm. 

PUGET SOKJND REUION, WASHINGTON. 
Pacific-American Fisheries Company, with canneries at  Fairhaven and one at  Friday Harbor. 
Ainsworth & Dunn, with canneries at  Seattle and Friday Ilarbor. 
Fairhaven Canning Company, with a cannery at  Fairhaven. 

The new concern also acquired a hatchery near the ontrt~ncc to Freshwater Bay 
and one in the Boca de Qutidra, Alaska. 

As the histories of the Alaska canneries have becn given in  my former reports, 
reference will be made here to the canneries located in Washington and absorbed by 
the new company. 

Thc Pacific Aincrican Fishcrics Company was incbrporatcd in 1899 undcr the 
lams of New eJersoy. This company purchascd n t  the timc of its organization thc 
cannery and trap propcrties of the Island Packing Comp:Lny, Snn Juan Island, and 
the cannery of the Franco-Anierican North Pacific Packing Con~pany at Fairhaven, 
the latter concern having been pronioted the year previous. The ‘’ P. A. F. ,” as jt 
was locally linown, also acquired about thirty independent trap locations in the 
adjacent waters of Washington. 

Ainsworth & Dunn had one cannery at 13laine and onc at Scattlc, and a number 
of trap locations. This busincss had grown up gradually, during a pcriod of sevcn 
or eight years, from a small beginning in the fresh-fkh trado to a prominent position 
in  thc Pugct Sound salmon industry. 

The Fairhaven Canning Company was a Washington Sttitc corporation, owning 
one cannery at  Fairhaven and several trap locations. 

The Pacific Packing and Navigation CoinpaIiy thereforc represents u combine of’ 
twenty-threc canncries with their equipage. The company claims an Alaska pack 
for 1901 of about 700,000 cases, and expects to increase its output so 11s to have ti 
total capacity of l,OOO,OOO per season. 

Beturning to the cannery conditions in Alaska, them arc now two large corpora- 
tions and sixtecn independent canneries. The Alaska Packers’ Association easily 
leads in this enterprise, with a pack this year of 50 per cent of the total. The Pacific 
Packing and Navigation Company follows with about 30 per cent. The remaining 20 
per cent tire distributed among the following independent concerns: Alaska Salnion 
Company, Columbia River Packers’ Association, Portland- Alaska Packers’ Association. 
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and Alaska Fishermen’s Packing Company, all on the Nushagak; North Alaska Salmon 
Company, on the Kvichak; Naknek Packing Company, on the Naknck; Bri,stol 
Packing Company and Red Salmon Packing Company, on thc Ugashik; Alaska 
Salmon Association, on Cook Inlet; Fidalgo Island Canning Company, Ketchikan; 
Metlakahtla Industrial Company, Metlakahtla; North Pacific Trading ,and Packing 

.Company, Klawak; Pacific Coast and Norway Packing Company, Blunt Point, 
Wrangell Narrows; Union Packing Company, Kell Bay; San Juan Fish and Packing 
Company, Taku Harbor; and F. C. Barnes & Co., Lake Bay, Prince of Wales 
Island. 

NEW CANNERIES IN 80UTHEASTEfiN ALASKA IN 1901. 

In southeastern Alaska’ six new canneries mere built and operated and two were 
rebuilt during the season, as follows: Thlinket Packing Company, in addition to their 
cannery at  Gerard Point, at the mouth of the Stikine River, erected and operated a 
plant called No. 2 in Santa Ana Bey, Seward Passage. The Pacific Coast and Norway 
Packing Company, which during 1900 operated a salting plant in Wrangell Narrows, 
erected and operated a cannery in the Narrows at  Hunt  Point. The Chatham Straits 
Packing Company, a branch of, or promoted by, the Icy Strait Packing Company, 
operated a cannery on the southern shore of Sitkoh Bay, about 4 miles from Point 
Craven. Tho Union Packing Company built and operated a cannery in Kell Bay, Kuiu 
Island, Canneries were also built and operated at Lake Bay, Prince of Wales Island, 
by F. C. Barnes & Co., and in Taku-Harbor, by the San duan Fish and Packing 
Company. The Alaska Packers Association rebuilt their canneries a t  Loring and 
Wrangell and installed modern plants a t  both places. Three new canneries only wore 
visited in southeastern Alaska, as time did not permit our calling at  all the points. 

Union l’uchhg Cornpan y.-This company, with home address at Tacoma, was 
organized under the laws of the State of Washington, and built a cannery during the 
spring of the year on Kell Bay, an arm of Affleck Canal, on the southern end of 
Kuiu Island. The buildings arc located on the southern arm of thc bay inside a 
cluster of islands. The 
outfit was for 25,000 cases, with a Chinese guaranty of 20,000 cases. The Chinese 
contract was 44 cents per case, with the usual conditions. Thc fishernion contracted 
for their transporttttion and board, $35 per month, and for each crew of 7 mcn, 
collectively, a bonus of 1 cent for each redfish and coho, $4 per thousand foy dog 
salmon, and $2 per thousand for humpbacks. Transportation by calling freight 
steamers of a regular line. If tho conditions should hold good, it was thc intention 
to fish for halibut after the close of the salmon-packing season. 

A1ask.a Salmon I’ac?c.lcirLg and I%r* CYonbpany (A. I? A.), Loririy.-During tho 
spring of 1901 the old cannery buildings were pulled down, new buildings were erected, 
and new machinery installed on the old site for a first-class three-filler plant. The main 
cannery building is 240 feet by 50 feet, of which 70 feet is two-story; parallel to it 
and connected by a broad platform is a two-story warehouse, 170 feet Iry GO feet, 
with an ell 120 feet by 40 feet. Part  of tho old building, 60 feet by 35 feet, has been 
retained for tt box-house. There arc two wharves-tho upper one having suflicient 
depth alongside for vessels to lie while loading7 the lower one is used for berths for 
the cannery tenders. The Y slip for discharging fish from the tenders, referred to 
in my 1900 report has been extended. 

The capacity of the cannery is placed at GOO cases por day. 
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The following canning imchinery id installed: 2 cutters, 3 fillers, 3 toppers, 
3 solderers, 10 retorts, 2 sets of canmakers (coniplete with 2 toppers and 9 solderers), 
and 2 fish-cleaning machines. The cannery has a capacity of 2,400 cases a day, and 
was ready for operation for the first run of tis4 this season. All the tius were made 
at the cannery, of 100-pound domestic plat(:. T h e  canning intichines were run :it 
tho rate of 55 per minute for each set. 

Glacim Packinq Company (A. P. A.), Ir’oint ffiq?ifieZd, 71GariqelZ.-As the old 
cannery W:LR no longer suitahle for the purpose, it was pulled down during the season 
and a new enlarged cannery with the latest iii:whinery was constructed on the site of 
the old plant. The cannery building proper, a structure 238 feet by 50 feet, of which 
138 feet is two-story, mas ready for the season’s pack, and thc warehouses and 0th-er 
buildings were erected during thc season and after the runs were over. All cans 
were inade by hand at the cannery, except 1,200 cases of flats which were carried 
from San Francisco. The tin plate was of domestic manufacture, 100-pound weight. 

Several of the older canneries were visited in southeastern Alaska, but no marked 
changes were noted from conditions existing in 1900, except a general tendency to 
improve methods, better macabincry, and increased facilities for making a larger park. 

It may be of interest here to note that during our visit in the vicinity of 
Burroughs Bay it was learned that the Indians during the past two years have taken 
quite a number of shad. 

NEW CANNEEIES, WESTERN ALASKA, 1901. 

From Cross Sound to Bering: Sea there were no additions to the ctinnrries, but 
the latter district received six new ones and enlargements to several old plants. 

The Portland-Alaska Packers’ Association built ti cannery at Snag Point, 011 the 
Upper Nushagak Bay. The location is in  front of the village, a short distance above 
the A. 1’. A. cannery known as the Alaska Packing Company, or thc rJol~n~on plant. 

The Columbia River Packers’ Association constrwted a ctinnery at the inouth of 
Clark Creek, above the Nushagak Canning Company’s reserve plant (A. P. A.). 

The Alaska Salmon Company erected ti canning plant on the right bank of Wood 
Ever ,  about 2 miles from the mouth, and abreast of the lower point of the first island 
in the river. 

The Red Salmon Packing Comptiny built and operated a caniierj7 on the Ugashik 
River, about half a mile above the site of the old Bering Sea Packing Company. 

Thc Alaska Packers’ Association built an additional three-filler cannery on the 
Ugashik, on the site of the old Bering Sea Packing Company, and have retained the 
latttvr name for the new cannery. 

Under the name of the Guardian Packing Conipany the A. P. A. 1)uilt :a four-filler 
cannery on the Naknek, about 2 miles below their old cannery, which is operated 
under the naiiie of the Arctic Pwking Compmy. 

The Alaska Paclrors’ Association haw also laid thc foundtation for a large addition 
to their plant below Koggiung, which was constructed and operated in 1‘300. In niy 
last report this was called the Kvichak Packing Company, but since then the name 
has been changed to the Horsehoe Fishing and Mining Company. This addition is 
to have four fillers and to be ready for operation during the season of 1902. 

The Alaska Packers Association have erected a large salmon hatchery on the 
Nahn Lake System, at the head of the Third Lake, within the mouth of the stream 

F. C. B. 1901-23 



354 BULLETIN OF ' THE UNITED STATES FISH COMMISSION. 

which forms the outlet to the Fourth Lake. This hatchery was located during the 
season and obtained 12,000,000 redfish eggs. 

The association also operated the Callbreath hatchery, on Etolin Island, obtaining 
about 6,000,000 redfish eggs. At Karluk hatchery, where the run of redfish this 
season was very large, 32,800,000 eggs were obtained, making the total number of 
redfish eggs placed in the hatcheries of the A1ask:i Prickers' Association 50,800,000. 
Counting upon :t loss of 20 per cent, this corporation expects to lihcmte over 40,000,000 
fry in the waters of Alaska. 

The following is an Bccount of the strc:tins :Lnd 1:tkes exanlined during the scason, 
together with a few remarks on special features of the salmon fisheries. 

Pacific Steam !!'lialiiig Company's Iiatcliery Hetta Lake. 

SOUTHEAST ALASKA. 

PACIFIC STEAM WHALING COMPANY'S IIATCHEIEY, HETTA LAKE. 

Hetta Stream and Lake were deqcrihed in m p  report for 1807 (p. 78-75), xnd the 
hatchery was referred to in my report for 1!)00, lmt not visited until ,June 5, 1901, 
when it was examined by Ensign Kempff and Mr. Ch:tmhcrlain. For :L description 
of the locality reference is made to former reports. 

The hatchery, consisting of hatchery house, dwelling, and hoathousc, is lo&ed 
on low, rolling, and heavily wooded land on the southeast shoie of the late, on the 
left bank of a feeder, from which the hatchery 1-eceives its supply of water. The 
hatchery site is iwwhed from the mouth of I-Ictt:L Stream 1)y trail to the lake and by 
boat across the latter. This feeder is about 10 feet wide, A inches deep, and flows 
with a strong current in a general west-northwest direction, emptying into the lake 
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about 100 feet to the northward of the main building. The bottom is gravelly, with 
rocky outcrops in places. There is a cascade of two falls of 5 feet each about 200 
yards from the mouth, and about 100 feet beyond this point the stream receives a 
small tributary from the eastward, the bottom of which is gravelly. Temperature 
of feeder 43O F.; temperature of lake water 4 3 O  F., of lake outlet 5O0 F. 

The hatchery supply is carried froni a point just above the cascade for a distance 
of 325 feet in a flume, the drop of the flume being 1 2  feet in  its length. Outside the 
hatchery the water is received in a settling tank, 2 feet by 4 feet by 1 foot, partially 
filled with gravel. A spout 24 inches by 3 inches leads from the tank into the 
building, dropping 29 feet to the head trough. 

I n  the feeder near the hatchery are two nursery pools (A and B), formed by 

Sketch of lletta Hatchery, Prince of Wales Island, Alaska. 

double barricades, and covered with boughs to shade the fry and protect then1 from 
birds. 

The hatchery building is 50 feet by 26 feet, with side walls 10 feet high, of plank. 
There are 10 troughs, each 20 feet long, the bottom 12 inches wide, being set in the 
sides, which are 8 inchev deep. They are arranged in 4 batteries, 3 of two troughs 
each and 1 of four troughs, that is, a double run. They extend lengthwise of the 
building and are equally distant from each other and from the sides of the building. 

The basket divisions are 29 feet in length, and the division plates, 4 inches apart, 
are made of light-weight iron, asphalted. The head trough is of the same material 
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as the hatching-troughs. It is of 12-inch stuff and the sides and bottoms are of the 
same dimensions. The gates are made by cutting out and resetting the block, leaving 
a space at the bottom of three-fonrths inch by 4 inches. The outflow is controlled 
by a Bheet-iron drop gate. A short tin spout carries water into the troughs, falling 
about 4 inches. I n  the double-run battery a similar spout carries the water into the 
second section with a faJ1 of 2 inches. The troughs drop about 6 inches i n  their 
length. The baskets are 24 inches by 11 inches by 5 inches, of the usual material, two- 
tenths-inch by three-fourths-inch mesh. Wooden battens are secured to the two long 
sides and the ends protected by a fold of tin nailed to the battens. The corners are 
interlaced. The baskets are supported in the troughs either by the wooden battens 
or upon four small blocks one-half inch high, nailed to the bottom of the trough. 
There were 70 baskets in the house, each having a capacity of 50,000 eggs. 

The stock fish are seined in the lake and kept in a retaining pond until  fully ripe. 
The seine used is 30 fathoms by 2 fathoms by 24-inch mesh. The fish are spawned 
by the wet process. The spawning pans are tin saucepans, 8 inches in diameter, 
asphalted. The period of incubation is 90 to 120 days. 

L n , * k a  I c 
5s-1. . f - tkr 

Sketch of Hetta Lake and Stream, Prince of Wales Island, Alaska. ' 

The d a h  from this hatchery is exceedingly meager, and not reliable enough for 
record. It is mid that in 1899, 2,800,000 eggs gave 2,600,000 &.y (a loss of 7.14 per 
cent), but this can hardly be correct; in 1900, 1,800,000 eggs were placed in baskets. 
Very cold weather during the winter of 1900-1901 froze many of the eggs, The 
output is not definitely known. 

PETER JOHNSON STREAM AND LAKE. 

This stream is known to cannery people as one of the Moira Sound streams. In 
conducting the examination of that locality in 1897 it was missed, but it was visited 
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this season by a party from the dlbatyoss, under Lieutenant Rodman, on June 1. It 
is referred to on page 83 of the 1897 report. 

On the eastern side of Prince of Wales Island, between the Wedge Islands and 
Adams Point, is the approach to n narrow arm, about 2 miles in length, running east 
and west (true), tind now known as Johnson Arm or Inlet. On the northern shore, 
midway of its length, is a narrow inlet, making to the northward for a distance of about 
th~ee-eighths of a mile, around which is the new mining camp and post-o5ce called 
Dolomi, with weekly mail from Ketchikan. ' The head of this small inlet receives the 
waters of Peter Johnson Stream, which is the outlet for several small lakes. 

V 
~ . '  - T 

Sketch of l'eter Johnson Stream and Lake, Johnson Ann, Prince of Wales Island. 

The main stream flows i n  a general southeasterly direction from the niain lake 
for a distance of rather 1es.i than IL inile, over a bottom which is generally rocky. 
About one-third mile from tho mouth, tit a point called The Forks, it receives a small 
tributary from the northward which itself is the outlet to three small lakes. At the 
forks a small basin is formed about '15 feet wide and 14 inches deep, the lower end of 
which is reached by high-water spring tides. The main stream is from 10 to 12 feet 
wide, and 15 to 20 inches deep; from ita source to near the forks it is full of ripples, 
faowing with R strong current to a broken fall of 4 feet drop about 50 yards above 
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the forks; thence to the mouth it flows over a series of small rapids. At  no point, 
however, are there any natural obstructions to the ascent of salmon. Near the lake a 
dam has been constructed across the stream to raise the lake level. It has a board faae, 
sloping at an angle of about 4 5 O ,  and is arranged to contract the usual flow of water 
to a width of about 6 feet, which forms a runway. With a full stream it probably 
is not an obstruction to the ascent of salmon. 

About 30 yards above the forks are the remains of an old barricade and a runway 
formerly used in connection with the funnel-shaped baskets or  traps employed by the 
natives of this vicinity. At the forks are the remains of an abutment probably used 
formerly in some sort of barricade. 

The larger lake, from which the main stream has its source, is known as Paul 
- Lake; i t  is about 2 miles long and one-fourth mile wide, with the major axis in a 

WSW. and ENE. direction. It is quite deep, one point, it is said, reaching a depth 
of 120 fathoms. It is 75 feet above sea level and on June 1 the water, which 
appeared clear and pure, had a surface temperature of '  5 2 O  F. Its range in water 
level is about 4 feet. High hills and mountains border the northern and southern 
sides. Along the shore the bottom is of gravel with occasional sections of rock and 
some mud. At  the western end the lake receives a feeder in which are spawning- 
beds for a distance of about one-fourth of a mile. A number of salmon fry were 
seen in the lake and there were a few small trout above the dam. 

The small tributary, previously referred to as joining the main stream a t  the forks, 
is about half a mile long, 6 to 25 feet in width and 2 to 10 inches in depth, and flows 
but a small amount of water. It drains three shallow ponds known as John, William, 
and ,James lakes, surrounded by low banks, and full of pond lilies which grow from 
a muddy bottom. 

Lake John is one-half mile from the forks and is 300 yards long and 100 yards wide, 
with its major axis in a NNW. and SSE. direction; it is reported to have a depth of 
about 12 feet. The elevation is 25 feet above high-water mark and the teniperature 
of the surface water, June 1, was 53O E'. 

A shallow streamlet one-half mile in length and with a few unimportant rapids, 
connects Lake John with Lake James. The latter is about four-tenths mile long, by 
175 yards wide, and lies in a general W. by N. and E. by S. direction. It is shallow, 
and has an ele:-ntion of 55 feet. 

Lake William is a shallow pond, 250 yards long by 90 yards wide; it has a short 
outlet, 2+ feet wide by 8 inch- deep, flowing through the left bank of the streamlet 
connecting Lake John with Lake James and very near the former. It has an eleva- 
tion of 28 feet, and the tkmperature of the surface water on June 1 was 52O F. 

The country surrounding the Peter Johnson stream and lake system is well 
wooded and covered with the usual growth of the region. This stream is claimed by 
a native, from whom it derives its name, and furnishes fish to the canneries n t  Met- 
lakahtla and Loring, although prior to 1896 all of these fish were purchased at  
Metlakahtla. It is remarkable for the small redfish which it carries, and i t  is said 

. there is no deviation, from one year to another, in their average weight, which is 
from 3+ to 4 pounds each. The redfish from this stream are frequently quoted by 
those who propound the parent-stream theory in support of the argument. 

. 

Temperature of surface water, June 1, 5 2 O  F. 
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SKETCH O F  TAMGAS LAKE AND STREAM SYSTEM, EAST SIDE O F  TAMGAS HARBOR, ANNETTE ISLAND, ALASKA. 
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The following is the record of the fish taken from this stremi so far as any data 

1892.. .. 
1893.. .. 
18Y4 .... 
1895. ... 
18Y G . . . .  
1897 .... 
1898.. .. 
1899. ... 
I W . . . .  

are available: 

.July 8-AUg. 18 
Jllly 10-.411g. 29 

Jul i  (;-Ail& 16 
Julv 18-Aiig. 23 

.luly 8-Aug. 2 

.Inly (i-Sept. 2 
July 13-Scpt. 27 
Jnlj. 8-Yept. 1 
July 7-Sept. 1 

8,434 
17,lM 
15 525 
17:874 
21,700 
28 310 
14:279 
25,018 
19,038 

~ Aug. 
~ ...... 
' July 
I July 

July 
July 
July 

July 

. GAug. 

P A u g .  
LG-Aug. 

......... 

-sept: 
19-Sept. 
1G-Sopt. 
19 -Sep t. 
28-Sept. 

18 

23 
30 
10 
9 

PY 
1 
1 

1,310 

2,329 

1900 
2:9.57 
4,324 

399 
343 

............ 
1,979 

................. 
Aug. E-Aug. 15 

July 24-Aug. 2 
Aug. 3-Aug. 21 
July 20-Aug. 21 
July 20-Aug. 29 
July 19-Aug. 25 
July 23-Sept. 1 

................. 
......... 

1,754 

8,009 

........ 
1,465 

10,OllJ 
15,596 
11,223 
11,758 

TAMGAS STREAM A N D  LAKE. 

Annette Island on its southern side has a deep bay, 5 miles in length, which 
affords good anchorage in  its upper part and is known RH Taiiigas Harbor. On the 
eastern side, midway the length of thc bny, a t  Ci-cck Point, is the mouth of a stream, 
a h k e  outlet, carrying redfish which are supplied to the cannery at Metlakahtla. 
Ensign Miller and MI.. Chaniherlain examined this  system on June 2. 

The stiwam is over half ti mile i n  length and at its head i s  30 feet wide, 1 foot 
deep, and flows with a current of 2 to 8 knots, over a rocky and bowlderous bed, be- 
tween moderately high btmks covered with the usual growth of the country. About 
200 yards frotn the lake the  lied' ntwrows, the streani flowing 400 yards through 
a ravine, at the end of which, and about 400 yards from the beach, is a barricade 
partidly disnian tled but appeal-ing ns if iwently used. Tide water ascends about 
200 yards froin the heach. 

The first l r h  is ii*regnl:w in forin, lies in a basin in a general NE. and Sly. 
direction, mid is suwounded 1)s high snow-covered peaks, froin which it receives 
numerous Ntreamlets, cttrrying surfaclo drainuge and melting snow. It is about 2 
miles long, froin thi-ee-fouiths to one-eighth inile in width, is apparently shallow, 
and elevated 75 feet nhove tide wntor. There are a few gravel beaches and the 
immediate shore is well wooded. At the head of the lltke, in the northern corner, is 
the mouth of a stream which enters through a delta 200 yards long, and which is the 
outlet to a second lake. This streiini is 600 yapds long, and at  the head of the delta 
is 10 feet wide, 1 foot deep, with R current of 3 to 4 knots. For the greater part 
of its length it flows over n bowlderous bed through a rocky ravine, though near the 
inoiitli it broadens over giwolly hedd suitable for spawning. 

The second lake is 600 yards long, 400 feet wide, and elevated 90 feet above the 
first lake. At its head is t~ feeder that may lead to a third lake, but want of facilities 
prevented R. further exaniination. It is probable that salmon ascend to the second 
lake. The color of the water throughout the system is clear and of brownish tinge. 
The shores are wooded. 

A hatchery site could prolddy be found lit the head of the first lake, near the 
mouth of the connecting stream. 

The redfish froin this stream w e  very small and average in weight about the 
Baine as the Yeter Johnson stream, viz, 39 to 4 pounds. The stream may be rated as 
having a value of 10,000 redfish under average conditions. 

Tenipei*titurP of water, June 2, 51O 3'. 
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Thc following table shows the catch froin this stream since 1592: 

1892.. ............ 
1893. ............. 
1894 .............. 
1895.. ............ 
1896.. ............ 

Redfish. 
- - Year. 
Dates. 

- 1  - - ___I__ - 1 
June 28-Aug. 6.. ......... 
July 8-28 ................ 
July 7-Aug.11.. ......... 
July 2-Aug.9.. .......... 
July 1-Aux.l.2.. ......... ........................ ........................ 

................ ........................ 
Aug.24-29 .... 
Sept.4 ........ 

1897.. .......... ..I JulV 7-AuZ. 2 6 . .  ......... I 
.July 17-Aug.9 ........ 
July 24-Aug.18.. ..... 

40 ' July 21-Aug. 26 
Aug. 9-17 

2x2 July 21-Aug. 2 6 . .  ..... 
300 July 24-Scpt. 1 . .  ...... 

....... ............. 1898.. ............ 
1899.. ............ July 8-Aug.29.. ......... 
19W. ............. July 7-Sept.1.. .......... 

July 8-Auij. 17 ........... 

(i, 114 
2,328 

12,032 
12,357 
8,795 

13,430 
22,678 
11,026 
9,617 

........ 
3 643 

6,449 
2 982 

4,161 
29 116 
17: 743 

2; fa6 

21: 918 

GEORGE INLET STREAM ANI) LAKE. 

The southern side of Revillagigedo Island is penetrated by three deep inlets, the 
western one of which is known as George Inlet. At  its head a small cove, making to 
the northward immediately west of Rat Point, receives the waters of a stream, :L lake 
outlet, which carries sedfish. 

This stream was examined, by a party in charge of Ensign Kempff, on June 5 .  
It flows in a tortuous channel in a general easterly direction, a t  first, upon leaving 
the lake, through low grassy flats, while nearer tthe mouth it passes between rugged 
hills carrying in the lower half of its course numerous rapids. It is about 4 miles 
long, 50 feet wide, and 14 feet deep, with a current of 3 to 4 knots. The bed 
throughout the rugged hills is of rock, slate, and gravel, while that portion through 
the flats is largely of mud. The water is clear, of brownish tinge, and on June 5 
had a temperature of 5 9 O  F. 

There is an island half a ride from the mouth and another the same distance 
from the lake. About one-fourth of a mile above the lo we^* ivland a small trib- 
utary, 34 feet wide and 4 inches deep, enters from t h e  SW. About one-fourth of 
a mile above the mouth are the remains of a barricade. The log was in place, but 
most of the rails that had supported a lath fencing had been swept away. Some of 
the fencing, interwoven with wire, was near at hand. 

The first lake is about one mile in length with un extreme width of two-thirds of 
a mile, the main axis lying i n  a general north-and-south direction. It lies in a low 
basin and has a shallow appearance, pond lilies in places extending 200 yards from 
the shore line. A conical hill, about 
250 feet high, rises over a prominent point on the eastern shore. The lake has an 
elevation of 240 feet above tide water, and the temperature of the surface water mas 
5Yc F. on June 5 .  

On tbe eastern side, one-half mile from the cxtreiiie southern end, is a stream 
connecting Lake No. 1 with No. 2. It is one-half mile long, 30 feet wide, from 2 to 
G feet deep, and runs with a strong current over a gravel and mud bottom. The 
water has a brownish tinge, and on June 5 had a temperature of 5 9 O  F. "he lakes 
are also connected by a slough, which enters the first lake a t  its southern end. 

Luke No. 2 is of irregulas form and has an extreme length of 1% miles by an 
extreme width of one-half mile. It has a rather shdlow appearance, but is deeper 
apparently than the first lake. The beaches are of rock, gravel, and mud; elevation 
:ihove tide water, 245 feet; tempesature, June 5, 5 9 O  F. 

The beaches consist of rock, gravel, and mud. 
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Itcdflah. Colioeu. Humpbnck% 
~- 

I-- 

At the eastern end this lake receives from the southward the waters of a feeder, 
which was examined for a distance of 18 miles to a deep 1~001, which had an elevation 
of 265 feet above tide water. This feeder is 12 feet wide, 12 inches deep, and flows 
with a strong current through a tortuous channel, over a gravelly bottom. It has a 
number of deep pools. The water has a brownish tinge, and on June 5 the 
temperature was 4!P F. 

A dead king salmon was found on the banks of the main streani, 2 miles froin 
the mouth. 

George Inlet stream was fished for the Metlakahtla cannery from 1892 to 1896, 
and in 1900 by the Fidalgo Island Canning Co. For tk number of years it was also 
fished by Clark & Mart,in. Under average conditions i t  may yield 6,000 redfish. 
The following are the onlg statistics obtainable: 

It was probably a straggling fish. 

!. ................................. :. ................................ 
July 11-Aug. 1 6 . .  ....... ! JuI$ 17-Aug. 6.. ........ .......................... 

1.jiily WSept. 6.. ........ 

July 27-Aug. 3 . .  ...... _ i  Julv 2G-Aug. 16.. ..... 
1,426 J u l i  24-Aug. 17.. ..... 
8-54 July 17-hug. 6. .  ...... 
631 duly 21-Aug. 1 ........ ...................................................... 

2,368 July20-Sept. 4 . .  ...... 39,086 

1892.. ...... 
1893.. ...... 
1894. ....... 
1895.. ...... 
1896.. ...... 
1898. ....... 
1900. ....... 

June 23J l l ly  29.. ....... 
July 7-Aug. 1 . .  ......... 
J u l y  9-Aug. 1.5 .......... 
Ju lv  3-Aue. 0 . .  ......... 
July i - ~ u g .  1.. ......... I 
Ju ly  8-Aug. 1 . .  ......... July20 .................. 

9,001 
3,191 
3,219 
3,787 
2,142 

226 
6,949 

4,875 

7,905 

9,618 
11,247 

1,576 

KAH-SHAKES STREAM AND LAKE. 

About 2 miles south from the entrance to the Boca de Quadra, and opening upon 
the Revillagigedo Channel, is a cove named after Knh-Shakes, a chief living in the 
vicinity. From the northeast end of this cove a shallow tidal lagoon extends in an 
easterly direction for a distance of 1i miles. It has a width of 25 yards to 75 yards, 
and receives a t  its head the waters of :L redfish stream, having a lake source which was 
examined by a party in charge of Lieutenmt Rodman on June 6. The banks of the 
lagoon are rocky, well wooded, and the bottom generally muddy. Spring tides reach 
the head of the lagoon, which point may properly be called the mouth of the stream. 

The stream proper is one-fourth mile long, 12 to 15 feet wide, 12 inches deep, 
and flows over a rough, rocky bottom with a slack current, forming here and there 
a pool. There are no decided rapids. There are many fallen trees, but no obstacle 
to the movement of fish in ascending. Halfway up the stream are the remains of a 
barricade built in the usual f o k l  of a braced log atad split rails. 

The lake is pipe-shaped, about 1i miles long in  a northeasterly and southwesterlv 
direction, expanding at  its upper end into a broad basin, and receives a t  its eastern 
end, through a low, grassy flat, the main feeder. This stream is 8 feet wide, from 6 
to 8 inches deep, and flows with a slack current over a gravelly bottom, which probably 
forms the main spawning-ground. In it and in the lake numerous small f ry  were 
noticed. The shores of thc lake are low and wooded, grassy arouiid the edges, with 
beaches of rock, gravel, and sand. The vegetation common to the country surrounds 
the system. Temperature of lake water, 6 4 O  F.; tem- 
perature of water of feeder, 50O F. ; temperature of water in lagoon, 65' F. 

This stream has been fished by the ctbnneries a t  Quadra, Metlakahtla, Loring, 
and Ketchikan. I ts  value, under average conditions, may be placed at 12,000 redfish. 

Elevation of lake, 10 feet. 
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Year. Number 
Year. of redfish. Dates. 

~ 

1892.. ................ 9,218 July 12-Aug. 17 1897.. ................. 
1893.. ................ 14,399 July 8-Aug. 28 1898.. ................. 
18%. ................. 10,579 July 12-Aug. 16 1899.. ................. 
1895. ................. 16,181 July l&Aug. 16 1900.. ................ 

Duten. Number 
of redfish. 
-___~ 

8,000 July 9-Aug. 16 
14,100 July IO-Aiig. 22 
16, WO July 9-Aug. 26 
16,600 July 10-Aug. 16 

Sketch of Kah-Shakes Lake and Stream, near BOCR de Quadru, Alaska. 

CHECATS STREAM ANI) LAKE. 

Uhecats Stream empties into the southeast corner of Checats Cove, a small inden- 
tation on the eastern shore of Behm Canal, about 12 miles north of Smeaton Inlet, 
and was examined hy a party in charge of Ensign Hephurn, on June 7. It is the 
outlet of a lake lying about three-fourths mile in n SSE. (mag.) direction from the 
mouth of the stream. The course of the stream is fairly straight from tide water to 
the lake. About one-fourth mile from the mouth of the stream is a small island 
or  cluster of islands around which the water flows, the larger volume going to the 
westward of the island. Abreast the head of this island, on the left bank, was found 
a panel of rails, evidently used as a bai-ricade when fish are running. A fallen tree 
spanning the stream at  this point probably furnishes the support for it. Aside from 
ti% artificial obstruction the stream was found clear and clean until the lake is 
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reached. There are no falls, cascades, or heavy rapids, although half the length of 
the stream, from the mouth up, might be called a continuous rapid. The water is of 
good depth and the current not strong enough to prevent the ascent of salmon. The 
bottom is stony, with bowlders in the rapid parts; near the lake, where the current 

\ 

Sketch of Chemta Lake and Stream, east side of Behm Canal, Alaska. 

is sluggish, there are some pebbly Parts, but generally it is of mud or sand, with much 
water-logged timber and bark. The water has a brownish tinge, and on June 14 had 
a temperature of 5 5 O  F. The banks are steep and thickly wooded with spruce, pine, 
devil’s club, and berry bushes, with an ,unu~v~aI  number of large trees. ,Tide water 
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extends 150 yards upstream from the low-water mouth. The average width of the 
outlet is 40 feet, depth 18 inches, and cursefit 3 knots. 

The lake is of an irregular, hour-glass shape, about la  miles long, and from one- 
fourth to one-half mile broad. It has four well-defined feeders. The shores, 
except for a short stretch near the middle of the eastern side and at the southern 
end, are very steep and thickly wooded, and drop off into deep water a iew feet, from 
the beach, except a t  the mouths of the feeders and on the northwestelm end; whew 
there are sandy shoals. Across the outlet is a large drift of big trees, but the water 
here is several feet deep and fish can readily pass underneath. The bottom, where it 
can be seen, is generally of sand, sometimes of pebbles or rock, and at the southern 
end, where a small feeder enters, of mud with water-logged bark. The teniperature 
of the water was 5 2 O  F. The lake has an elevation above sea level of 60 feet. 

The principal feeder enters on the northeastern side : h u t  one-fouyth mile 
from the outlet. It is a stream 30 feet wide, 12 inches deep, with a current of 46 
knots, and flows over a stony arid pebbly bottom in a general south westeily direction. 
The water is dark and clear, :L little lighter in shade than the lake water, arid has a 
temperature of 49" E'. About 200 yards from the mouth of this feeder there are 
heavy falls, which, i t  is believed, the salmon can not pass. 

The next feeder in point of size enters the lake at a point about 400 yards south 
of the mouth of the stream just  described, near the narrowest part of the lake. This 
stream has two mouths, forming a delta of considemble extent. The division of the 
main stream occurs about 300 yards from the lake shore. It flows in a tortuous 
channel through a rather low country in a general westerly direction. Half n riijle 
from the lake the ground rises sharply, and here is a series of cascades and falls 
insurmountable for any fish, the water in places spreading out and rushing over 
huge, smooth, sloping rockp with great velocity :Lnd a depth of only one os two inches 
for many feet. The water is very dear and cold, temperature 3 9 O  F., and apparently 
comes from the melting snows on the mountains. The average width of this stream 
is 25 feet, depth 10 inches, and currenl, 4 knots; bottom stony and gravelly. In  late 
summer this volume must be very much reduced. 

A small feeder enters the lake on the southeastern side. It is inconsiderable in 
size and is apparently formed by seepage from the hills. 

Another small feeder enters a t  the head of the lake in its extreme southern 
part. I t  is a small stream flowing through a narrow valley, low and flat near the lake 
but rising to an altitude of 250 feet within 1 mile. Temperature of the water, 5 2 O .  

A few trout or, possibly, young salmon, about 4 inches long, were seen neas the 
drift of logs around t h e  outlet. 

A good site for :I hatchery could be found at  the mouth of either of the two 
feeders first mentioned. The ground around the mouth of the second atseam is 
better adapted for building purposes, and the supply of water there is at present 
ample, but this supply must be greatly reduced at time, if, as is supposed, the stream 
is only the result of melting snow. The voluirie of the first feeder is greater, and 
the water in it has the appearance of being that of a lake outlet. 

Checats Stream was referred to in my report for 1897, page 100, and was then 
fished by canneries at Loring and Yes Btty. Since 1897 it  has heen fished by Loring 
only. Under average conditions, it may yield 12,000 to 15,000 redfish per Yeason. 
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The following arc the only statistics that can he obtained of Checats Streani: 
_ _  ___ - 

I 1 Yew. .  species. 
1 _- - __ - __ ___ 

I897 .......... .............. 489 

__ 
Canneries l o  wliich Season of rwi.  1 consigned, i 1 

_ -  
Average 
number 
per case. ____ 
...................................... YeH Ray. 

t i  Allg. 26-Sept. 1 ........... Ye8 Bay. 

.......... Jlily 12-Allp. 12 .......... Yes BiiyandLonng. 

15 July 21-Ang. 15 .......... Yes B~iy  aiid Loriiig. 

9 July 10-Aug. 28 ........... Do. 

IIUNK (KONIEE) STREAM AND LAKE. 

On the cast side of Etolin Island, ahout midway betweeu Cliirhagof Pass and 
Anita Bay and opposite a point projecting from Wrangell Island, is a sniall stream 
which cmries redfish and discharges its waters into Zimovia Strait. It was exaiiiined 
by a party in charge of Ensign Miller on June 11. 

This stream is the outlet to a lake lying about 19 miles WSW. from the mouth. 
It is 20 feet wide and 12 inches deep, with a strong current and a temperature, June 11, 
of 5 8 O  F. It flows over a rocky and bowlderous bed having at  intervals small areas of 
gravel arid sand. About 150 yards from tide water are the remains of a barricade 
and three-fourths of a mile fro111 the same point, on the left bank, a tributary enters; 
this is a1)out nnc-third the size of the intiin stream and has an elevation at the 
junction of 110 feet abovc tide water and a teiiiperature, on .June 11, of 4 5 O  P. 
From this point to the lower wiii  af the lake, :i distance of three-fourths of ti mile, 
the main stream flows through a deep ravine in which there is a series of rapids; 
the greatest fall is about 7 feet, hut is niuch broken and presents no serious obstacle 
to the ascent of salmon. As thc head is reached the stream widens into the lower arm 
of the lake, which is 19 iniles long and 300 pards wide, with an elevation above tide 
water of 270 feet and ti tcniperature of 5 8 O  I?.; this arm narrows at the head and 
then opens upon the main body of water. 

At  the 
head of the lake, the western end, is the main feeder, which flows through a nmrow 
valley and is about 18 feet wide, 5 inches deep, and has a 3 to 4 knot current; the 
temperature, June 11, WW' 4 5 O  F. 

On the southern side are four sinal1 streams together carrying a volume of water 
into the lake equal to that of the main feeder and draining the melting snow from 
the high niountains on that side. The vegetation around the streams and lake is 
dense and consists of large trees and the usual scrub growth.. At  a few points on the 
upper end of the lake there are small grassy flats. A few pond lilies were noticed 
near the shore and numerous small fry were seen, probably salmon. The lwei of 
the lake seemed to be at its higheat point, and, from the appearance of the shore line, 
it probably falls several feet during :L dry season. 
a site for a small hatchery iiiiyht lie found, 

The main lake is heart-shaped, 19 miles long by about the saine width. 

Near the mouth (A the large feeder . 

821 1 (1 July23-Aug. 2 ............ Yes Bay. 
- - 

Coho dates. No. ' I  Humpback dates. 

189%. ....... July 13-Ang. 17.. ..... 19, H21 Sept. 6-Sept. 10. .  ..... ..... 
-- - -___-I 

1899.. ....... July 13-Sept. 2 . .  ...... 11,816 Aiig. 9-Sept. 2 ... ....... 
1900. ........ July 13-AlIg. 15 ...... 4,165 July 2G-Sept. 7 .... ....... 

____ __ 

__ 
No. 

24 168 
32:382 
13,591 
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There are no records available for Kunk stream. It is one of the small redfish- 
It hau been fished stre$ms and yields 2,000 to 5,000 of that species during a season. 

by the Wrangell cannery and on their books is classed as transient. 

SALMON BAY STItEAM AND LAKE 

Salmon Bay is on the northeastern end of Prince of Wales Island near the 
junction of Clarence and Sumner straits and about 7 miles to the eastward of Red 

Bay, and receives a t  its head the waters of a redfish stream, which is a lake outlet. 
This stream was examined during the season of 1900 for a distance of 3+ miles, but 
unfavorable conditions prevented the continuation of the work at  that time, and it 
was again visited this year. A description of the lower part of this stream is con- 

It was examined by a party in charge of Ensign Kempff, who found that a t  the 
It 

. tained in my report for 1900, and from that point is continued here. 

point “F” the stream forked, the eastern branch being the outlet to the lake. 
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flowv in a general northerly direction over a rnudd~bottom between low grassy banks 
which become wooded and rocky aa the €mks are approached. Three-fourths of a 
mile above the forks the stream- widens to about 50 yards and seems deep-floming, with 
little current. The water has a brownish tinge, and on June 14 had a temperature of 
6 1 O  F. There are no obstructions of any kind in the upper part of the stream. 

Near the source it widens into a shallow lake with a mud bottom and covered 

W 

\ 

\ 
\ 

Sketch of Salmon Bay, Lake, and Stream, Prince of Wales Island, Alaska. 

with pond lilies. This small lake lies in a general "E. and SSW. direction, and is 
about 1 mile long with an arm, rather less than one-half mile in  length, extending to 
the NW. The banks, which are low and 
grassyv, have wooded flats extending back from them. The elevation is 145 feet; 
temperature of the water, 61° F. 

Near the center is a large grassy islet. 
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To the southward, and connected with the small mud lake by a short passage, is 
the main lake, which lies in a general north-and-south direction and is about 3 miles 
long with an extreme width of three-fourths of a mile. The banks slope from the 
wooded hills to the rocky beaches, and the lake is apparently quite deep. 

For want of facilities the lake could not 1)c examined in its entire length, but no 
feeders were observed in its northern half. An Indian who hunts the region during 
the winter sjtated that several feeders of considerable size entered thc lake near the 
southern end, and i t  is probable that these feeders form the redfish spawning-ground. 

The available statidics to 1900 are given in my I900 report, page 267. 

KUSHNEAHIN STREAM ANI) LAKE. 

On the southwestern end of Kupreanof Island and a mile NNW. from Point 
Barrie is a small rocky indentation which receives the waters of a redfish stream. 
The mouth lies opposite a small wooded islet which is joined to the main shore on its 
northern side by a line of kelp-covered sunken reefs. This stre:ini, known as Kush- 
neahin, is referred to in my 1897 report, p. 108. As it is in  an exposed and dangerous 
locality the conditions did not at that time, nor last year, periiiit an examination, but 
it was examined on June 14 by a party in  charge of Lieutenant Kodman. 

Kushneahin Stream is a lake outlet and along its bed is 8 miles in length, though 
in a ntraight line the distance to the lake is 25 per cent less; the general direction of 
the flow is southwest. At the mouth, where i t  is spread out and the current sluggish, 
the stream is about 40 fee6 wide, from 1 to 12 inches in depth, and teniperature 
of water 5 3 O  F. Two miles above, where it is contracted in :L narrow channel of 
uniform depth, it is 14 feet wide and 3 inches deep. 

About 4 niiles from thc mouth is a broken fall 8 to 10 feet high, which, bow eve^^, 
forins no serious obstacle to the ascent of fish. Proni the sea to this point, which is 
245 feet above tide water, the bed rises gradually and is rocky and stony, with a 
little gravel along the banks. The latter are generally low with occirsionttl bluffs 
rising from 10 to 100 feet. One mile below the falIs the stream flows through a cut 
tibout 150 yards long and 30 to 40 feet wide, the water lying in deep pools between 
the bluff’s, which are from 20 to 70 feet high. Except the falls there are no strong 
rapids in the stream. In the upper half the stream flows through a low flat country 
with a sluggish current over a gravelly bottom. The hills in this section recede fully 
a mile. Half a mile above the falls i t  receives from the northward the main tributary 
which rises in the hills forming the northern part of a valley. At the mouth i t  is 6 
feet wide, 3 inches deep, and so far as examined it flows over i~ rocky and gravelly 
bed. The water 
in the riiain stream almw the principal tributary is tinged dark byown. 

All other tributaries are insignificant, though two on the left, bank may afford 
spawning-beds for humpback salmon. The channel of the main stream below the 
falls follows gentle curves, while above it is more tortuous and meandering, winding 
through low, extensive ffuts or tundra. Except over the open flats and tundra, the 
vegetation is of the usual type, heavy woodland and dense undergrowth. 

On the bank and 100 yards above tide water, which ascends 200 to 300 yards 
from the mouth, there were 24 frames, 74 feet by 4 feet, in good condition, neatly 
piled, with some old webbing near by, evidently to be used in barricading the stream 

. 

The water is clear, and on June 14 had a temperature of 4 6 O  F. 
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S U M N E R  S T R A I T  
SKETCH OF KUSHNEAHIN LAKE AND STREAM, KUPREANOF ISLAND, ALASKA. 
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as soon as the run set in; 50 yards above this, in the stream, is a log crib, ballasted 
with stone and probably used in the barricade. The frames were burned. 

Numerous small fry were seen in the pools. 
The lakc is about three-fourths of a mile long, by one-eighth to one-fourth of a 

mile wide and lies with the major axis in a north-and-south direction. The western 
shore is low with scattering trees, while the eastern shore is high and densely 
wooded. The lake appears shallow, an abundance of pond lilies cropping out, 
especially around the lower end. The beaches, and bottom where it could be seen, 
arc stony, with gravel and some mud. The clevation is 315 feet. Teniperaturc of 
water June 14, 6 4 O  F. A sinall sluggish stream t~pparently enters the upper end, 
but for lack of facilities a proper examination could not be made. It is belie~7ed the 
locality would not afford a good hatchery sitc. 

Formerly i t  was fished 
at  times by thc cannery at Redfish Ray. It is believed the stream is good for 10,000 
redfish under average conditions. 

Therc are no stream data available for Kushneahin. 

POINT BAERIE SALTERY. 

About one-fourth of a mile below the mouth of the strcaiii (Ihshncahin) is the 
Point Barrie saltery, formerly operated by Mr. Cyrus Orr. It is located on a small 
indentation and consists of the saltery building, store, dwelling, and wharf. The 
place was closed at the time of our visit. In the sdtery proper were 15 tanks of 20 
barrels capacity each, all clean and in good condition, a quantity of salt, a number of 
casks, barrels, tubs, and an outfit of nets, webbing, etc. 

SAR-KAS STREAM AND LAKE. 

On the eastern sidc of Klawalc Passage, westcrn sidc of Princc of VITaIcs Island, 
and about 20 milcs froin Shakan village, is a small inlet one mile long :tnd about 
three-eighths milc wide, with a gcneral east and wcst (mag.) direction. On tho 
northern sidc of this inlet, near the eastern end, are located the Broclriiian saltery 
and a small Indian village. A narrow, crooked, salt-water strait, the outlet of a 
brackish lagoon, entars the inlet at tho southeastern end. Froiii its mouth this outlet 
extends ESE. (mag.) for three-eighths mile, turns sharply to thc northward one-fourth 
mile, and then, with another turn to the eastward, enters the brackish lagoon. Tho 
southern shore, as far as the lagoon and :i little inside, is bluff, thc northern shore low. 
In the strctuh from the lagoon entrance to the second turn are liirgc rocks. 

About three-fourths of the distance from the entrance to the first turn is thc 
piling for a trap which cxtends cntirely across the strait. The saltery owner stated 
that this trap had not been used for four years. From the surrounding conditions 
it is believed that fishing by any other means would be very expensive: 

The brackish lagoon extmds in a north (mag.) dircction about 3 miles from the 
strait and three-fourths of a mile south from it. The shores arc low and flat except 
for two small hills on the east and a part of the southern shore. Thc western shore 
was followed from the strait northward to the mouth of the strcani and the sketch 
shows its general outline, but the lagoon is so filled with islands and the channels 
between are so narrow that the view is restricted i n  every direction, and what is 
sketched as the easteiw shore of the lagoon may bc additional islands. ,Tho shores 
are rocky, apparently limestone, low and flat, covercd with spruce and hemloclr, and 

F. C. B. 1901-2- 
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in almost every cove are grassy flats. The lagoon iu  
2 to 4 feet in depth except near the middle channels, wherc i t  appears quite deep. 
At  its northern end a miall fresh-water stream enters, which is the outlet of a 
chain of lakes lying to the northward. From its mouth it extends in a geiieral 
northerly direction for a distance of about 1 mile, with a gently winding coui’sc. 
Two hundred yards from the lagoon is a small cascade. The banks are generally 
low and flat near the mouth, rising gradually toward the lake, where the stream 

Temperature of water, 66O F. 

Sketch of Sar-kar Lake and Stream, Klawak Passage, Prince of Wales Island. 

flows between low bluffs. The bottom is stony and pebbly, gravelly sometimes in 
the deeper pools, and the water dark brown and not very clear. 

From the head of the stream the first lake extends to the ENE., apparently 
for about one mile, with a width of from one-fourth to one-half mile. The bottom 
is gravelly, the shores low and well wooded with spruce, hemlock, and berry bushes. 
Elevation, 41) feet; temperature, 60° F. The Indians state that there is a system of 
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lakes and sloughs extending a very long distance, and that there IS another outlet to 
this system on the other side of the island. It is said that the salmon do not spawn 
in the lower but ascend to the upper series of lakes. Redfish were just beginning to 
run and a few were seen jumping in the lagoon outlet. 

Sar-Kar stream is fished by Mr. Fred Brockman, who has lived here many years. 
All the fish that ttre called for are sold fresh to the cannery at  Klawalr, and the 
remainder are salted. This stream was referred to in my report of 1897, p. 116, to 
which further reference is made, but it was not visited at that time. The examination 
was made by Ensign Hephurn on June 15 and 16. 

The value of this stream, under average conditions, is from 18,000 to 20,000 
redfish per season. The following is the available stream record of fish taken: 

I 
.................... .. .. 5 476 ........I duly T..-. 3 no to Aug. *.... 4 ..I 

I Cohons. 
--__ -_____. - - 

Dntou. I Number. natcu. 1 Nutnbcr 

Rcdfluh. 
Year. 

Aug. 7 to Sept. 8 ..................... 1887. 
1888.. ......... 
1889.. ..... ....I 
1890.. ......... 
1891.. ......... 
1892 .......... 
1893 ........... 
1894.. ........ 
1896.. ......... 
1895.. ......... 

.................. 

................. .................. ................. 

.' 0 W'J ./ 11:555 
i 16,267 
./ 35,0?? . 19 .................... 24,WL4 J 

24toJUly 30 .................... 
:. 2 ....................... I G i  I1 ...... 

July 7 to Aug 
June 26 to Aug. 31.. 
June 18 to AUK. 2. .  . ................. 11,636 :I 20,480 

I 1897.. ..... ....I June 25 to Aug. 17.. .................. 
1898 ........... 
1899.. ......... 
1900.. ......... 

JUne 20 t O  AUg. Xi.. 
June 16 to Aug. 10.. 
June' 

................. ................. 
19 to AUg. 4.. ................... 

July 25 to Sept. 6.. ................... 
hug. 19 to Sept. 10.. ................. 

I 
................. uly 27 to August 23 

July 21 to Sept. 4.. ................... 
Aug. 2 to Sept. 2 ..................... 
,ug. 17 to Scpt. 1 .................... 

I 
I Aug. li to Sept. 8 .................... 
I .ug. 14 to Scpt. 16 ................... 

A U g .  16 to Sept. G .................... I 

18 331 
9: 033 
4,700 

5,830 
9,643 
8,207 

10,423 
7, 
12,000 

Average weight of redfish, 6b pounds: of cohoes, 9 pounds; of humpbacks, 3; pounds. 

FREI) BROCKMAN SALTERY. 

This sttltery is located on thc northern side of Sar-ICar Inlet and consists of two 
siriltll buildings on piling, each 25 feet by 40 feet, and a cooper shop. Therc are 14 
tanks of 90 barrels capacity each. All the redfish and inost of the cohoes are sold 
fresh to the Klawak cannery, which calls on alternate days, so that all the salting 
done here in recent years has been in  cohoes and humpbacks. It is estimated that 
the saltery has a capacity of 200 half-barrcls of redfish, 360 half-barrels of cohocs, 
itnd 120 half-bt~rrels of huinpbttclts, but this total has never been reached here. 
Transportation is through the Kluwuk c.annery. The salting from 1889 to lS98 has 
averaged less than 100 barrels n p a r .  Salted 50 half-barrels of whole humpbacks and 
150 half-barrels of humpback bellies in  18!)8; 250 half-barrels of humpback bellies 
in 1899, and 250 half-barrels of humpback bellies in 1900. 

Most of thc humpbacks used at  the saltery are taken at  a stream about T i d e s  
to the northward of Sar-Kar, on ICosciusko Island, known as Tok-Hene, whlch has 
a capacity of about 80,000 humpbacks. A few cohoes are obtained from a stream 
known as Sar-Hem, on Klawak Passage, about 8 miles below the saltery. 

/ 

KOOK (BASKET) BAY, STREAM, AND LAKE. 

Kook, or Basket, Bay is a nari-ow indentation or inlet about 1 mile in length, 
extending into the eltste1.n side of Chichagof Island and opening upon Chathani Strait 
about 11 miles to the northward of Point Hayes. At the head of the bay is the mouth 
of a stream, the outlet to a lake, which carries a few redfish. It was examined by 
Ensign Miller on June l!). This stream flows from the lake in IL general ENE. direc- 
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tion through a heavily wooded country, and is about a mile long, with a width at the 
head of 30 feet, depth 1 foot, and a very strong current. Commencing at the lake, 
from which the head of the strearii is screened by a small wooded islet, it flows over 
a bowlder bed through a deep ravine for one-half mile, when the water disappears in  
the face of a rock mass about 60 feet high, which appears to be thrown across the 
gulch. Three hundred yards beyond the water reappears and flows through a chasm 
for an equal distance, after which it is again lost in a subterranean channel for another 
300 yards. At  the point where it again emerges the channel is choked by massive 
bowlders, and on the adjoining bank were found a number of the slat frames commonly 
used for barricading. From here the stream flows with R sluggish current for 100 

, - - .- . . . _. I k * L V y 0  
\ 

S'c.k of W l C l .  

, 
Sketch of Kook Lake ant1 Stream (Basket) Cliichagof I8larid, Alaska. 

yards through a deep cut having nearly perpcndicular rock walls, and then for 5 0  
yards under a fine arch rock, the top of which is about 4 feet above the highest tides; 
50 yards beyond it enters the bay. 

It is round in shape, about 13 miles long 
by 1 mile wide, and lying in a heavily wooded basin, hiiving at the western end a 
wide depression through which the main feeder probably flows. 

Around the flats at the mouth of the stream the Indians had planted some heavy 
wooden posts, though for what purpose could not be learned. As they were removed 
upon the approach of the boat, it is possible that a trap was in course of construction. 

The only record arnilnblc for this sti*cam is from the books of the Baranof 
Packing Compauy, namely: In 1896, 21,175 redfish were taken'July 12 to July 27. 

Temperature of water June 19, 47" F. 
The lake is 35 feet above tide water. 

1 
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FRESHWATICR RAY, STREAM, AND LAKE. 

On the eastern side of Chichagof Island, about 12 miles below Point Augusta, a 
deep inlet makes in to the westward known as Freshwater Bay. On the southern 
side of this bay, 4 miles within the southern entrance point (East Point), is a cave 
known as Pablof Harbor, which affords a good anchorage, and receives a t  its head the 
waters of a stream carrying redfish, and known among fishermen as the Freshwater 
Bay stream. It was examined by a party in charge of Ensign Kempff on June 20. 

Near the mouth on the southern side is the old site of the cannery of the Astoria 
and Alaska Packing Company, which made a pack in 1889 and then moved to the 
South Bay of Pillars, where it was destroyed by fire in  1892. 

Sketch of Stream, Lake, and Feeder, Pablof IIarbor, Chichagof Island, AlaPka. 

Freshwater Bay stream, the outlet to a lake, is less than onc-fourth mile long, 100 
feet wide, 9 inches deep, and flows with a strong current over a rocky and gravelly 
bottom, between rocky, well-wooded banks. ' Just  without the lake the water flows 
over a broken fall, 10 feet high, but so stepped that fish may easily ascend at high 
water. There are no barricades. Temperature of water, 43O F. 

The lake is three-fourths of a mile long and one-half of a mile wide, with the major 
axis NE. by E. and SW. by W. The shores are low, grassy in places, with heavily 
wooded areas in the background; tho beaches are muddy, and the body of water seems 
moderately deep. Elevation, 20 feet. Temperature of water near the shore, 45O F. 
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A large feeder, which enters the lake at the southern end, around an islet in its 
mouth, was examined for a distance of 58 miles. 

It flows in a winding channel, through a gradually rising country, in two general 
directions from the highest point reached, first to the SE. and then to the NNE. At 
a point measured it was 100 feet wide, 9 inches deep, with a strong current. In the 
lower course are numerous wooded islands, and about 4 miles from the mouth is an 
extensive flat, the stream at  this point flowing around a low island, nearly one-half 
mile long. The banks here are grassy, with much elder, while in other places they are 
heavily wooded. Except t8hrough the flats the stream bed is rocky, with intervals 
of gravel patches. The water has the brownish tinge usual to lake water in South- 
east Alaska, and had a temperature of 40O F. Elevation of highest point reached, 
180 feet. At this point there were no signs of a second lake; later, however, some 
Indians stated that there was R second lake beyond, to which salmon ascended. h a c -  
cessibility would make the second lake unsuitable as a hatchery site, while on the 
first lake difficulty would probably be encountered in securing mature fish and pure 
water for hatchery purposes. 

There is no record available for this stream, but from the best authorities it is 
stated that it will produce 50,000 redfish per season under good conditions. 

BARTLETT BAY, STREAM, ANI) LAKE. 

Bartlett Bay or Cove is on the eastern side of Glacier Bay, about 4 miles to the 
northward of Point Adolphus, and is formed by the southernmost of the Beardslee 
Islands and a projection from the mainland. The head of the bay receives the main 
body of water flowing from a redfish stream, a portion of which, however, empties into 
Glacier Bay to the northward of the Beardslee lslatid,.r. The stream w:ts examined 
by a party in charge of Lieutenant Rodman on June 26. 

The main supply of water in the stream comes from two branches which flow 
from glaciers in the mountain ranges to the eastward, the water received from 
streams having a lake source forming only R small portion. The stream is about 9 
miles long from its mouth to the upper lake, the width varying from 15 yards in the 
upper reaches to 150 yards in the lower, and the depth from a few inches to several 
feet; the general direction of the flow is south. The stream bed is gravel, sand, 
mud, and bowlders. As far as the wooded bluff, which is reached by high-water 
tides, and where the first rapids begin, the stream flows through low grass-covered 
flats with the tree line receding for one-fourth mile. In this section there are numerous 
sand bars, mud flats, islands, and pools. From the bluff to the lake the rapids are 
frequent, but not very strong, and the stream meanders through low flats covered 
with pussy willow and cottonwood, with scattering spruce, hernIock, alders, and elders. 
Over the flats are great areas of strawberries, which are sought by the Indians during 
the latter part of July and August. 

Three-fourths of a mile above the bluff is an island about one-fourth mile long,. 
and in the first bend below is a V-shaped runway in which t r a p  were formerly used. 
There is no evidence of barricading, though the stream could easily be closed by nets 
a t  the head of tide water. 

Immediately above the wooded bluff a small tributary enters from the westward, 
2 feet wide, 4 inches deep, temperature 5 6 O  E’., which is said to drain a small lake 
about half a mile long. One-half mile above the large l’sland is another tributary, 
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flowing from the eastward, which is 6 feet wide, 8 inches deep, temperature 56O B., 
and also said to drain a lake. The sources of both these ti*ihuta~-ies :we reported to 
furnish a moderate area of spawning-ground for redfish. 

Sculr of  m i l e s .  

sketch of Bartlett Ray, Lake, and Stream, Glacier Bay, Alaska. 

The water of the main stream is glacial in appearance, and at a point measured 
Temperature of the water at the was 48 feet wide, 20 inches deep, current strong. 

mouth, 4 6 O  F. ; 5 miles above, 40° F. ; and below the lake outlet, 39O F. 
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The main lake sought by redfish lies a short distance to the northward of the 
mouth of the glacial streams which furnish the main body of water. The lake lies 
in a low basin at  the foot of a high mountain system, at an elevation of 95 feet above 
tide water. It is an irregularly 
shaped body of water, less than a mile in  length, lying in a general north-and-south 
direction. The banks are heavily wooded with the 
usual growth, and on the water near the shore are large areas of a mossy scum. It is 
said the lake receives two small feeders, the outlets to two small lakes, but there are 
no large feeders. 

Immediately below the main lake, and between the mouths of the glacial streams, 
is a small lake or pond in which it is probable that some fish spawn. 

There are no available data from which the value of this stream can be estimated; 
it is said to vary considerably. 

The temperature of the surface water was 5 6 O  F. 

The bottom is sand and gravel. 

A number of small fry were seen in the lake. 

During a good season i t  may yield 50,000 redfish. 

BARTLETT BAY SALTERY ANI) CANNERY. 

On the northern side oE Bartlett Bay, about half a mile from the mouth of 
the stream, is a, saltery which was owned by the Icy Strait Packing Company and 
operated by that organization in 1900. As a branch of their Petersburg cannery, 
which was acquired hy the Pacific Packing and Navigation Company this spring, it 
is understood that the Bartlett Bay property was included in the transfer. At  the 
date of our visit, June 25, it was stated that the saltery would not be operated during 

I the season, but that all fish taken would be transported by steam tenders to the new 
cannery of the Chatham Straits Packing Company at Sitkoh Bay. The saltery has 
12 tanks of 12 barrels capacity each. A crew of 8 men, with 2 boats, arrived on the 
ground June 20, .and to the 25th had tukcn 80 redfish. 

During the season of 1900 the Icy Strait Packing Company erected a cannery 
building on the southeastern shore of Bartlett Buy, opposite the saltery, expecting 
to install machinery in time to operate it during 1901. At  the time of our visit the 
plant consisted of a simple cannery building, 150 feet long, projecting on piles over 
the water. No machinery had been installed, and it was stated that no additions 
would be made during the season. Like the saltery, it is believed to have been 
acquired by the new combine. 

’ 

DUNDAS BAY STRtEAM. 

The Western Fikheries Company, located a t  Dundas Bay, obtains some redfish 
froni around the mouth of a stream a t  the northern end of Dundas Hay, the value of 
which is unknown. An examination of the lower course of this stream was made 
by Ensign Hepburn on June 28. 

A broad, flat valley makes to the northward of Dundas Bay which is drained 
by two streams, one a glacial stream with a width varying between 60 and 100 yard#, 
an average dopth of 2 feet, arid a strong current flowing in a general ESE. direction; 
the other is a much smaller stream, the outlet of a lake lying about 10 miles NNW. 
froni the center of the mouth of the valley. Three miles from the northern shore 
of Dundus Bay these streams join at a point where the two partu’of the glacial stream 
unite again after flowing around a large island. Froni this point of junction the two 
streams flow SSE. (mag.) for about a mile between well-defined banks and then spread 
out over a large triungulnr gravel flat t h u t  2 ndcs long und extending :m’oss the 
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valley. Through this loose gravel the stream is continually cutting new channels, 
making islands and sweeping them away. For this reason it is very difficult to carry 
a boat upstream. Even when the depth continues sufficient the current is too strong 
to pull against, and tracking becomes necessary, which is very trying in the icy 
glacial waters. Above the gravel flats the banks are steep, from G to 12 feet high, 
muddy, covered with a dense growth of scrub alder and berry bushes, and the 
current in places runs fully 6 knots. As far as could be seen, the valley continued 
broad and flat for a distance of at least 8 miles. The mountains on each side appear 
moderately well wooded with spruce and hemlock, while throughout the center of the 
valley, except near the streams, are many sandy and grassy flats. No fish were seen, 

Sketch showing position of Dundas Bay cannery and stream, Icy Strait, Alaska. 

nor were there any obstructions. 
the bay shore. 

Tide water extends about a mile upstream from 

WESTERN FISHERIES COMPANY, DUNDAS BAY. 

The cannery of this company, referred to in my report of 1900, is on the western 
side of Dundas Bay, about 4 miles within the entrance. With the machinery installed 
this year i t  was claimed to have a capacity of 500 cases per diem. Fish are pewod from 
boats to hand carts and wheeled up tm inclined plane to the fish-house at the seaward 
end of the cannery. The 
localities fished for redfish in 1900 and 1901 were Bartlett Bay, Dundas Bay, Taylor 
Bay, Glacier Bay, Surge Bay, Dry Bay (Alsek River Delta), Excursion Inlet, Cape 
Spencer, Hocktaheine, and Takanis; humpbacks were obtained in Mud Bay and 

The transportation is by regular line of freight steamers. 
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Port Althorp. The redfish value of these localities is unknown, but, excepting 
the Alsek, is not believed to be large. I n  1900 this cannery took from the various 
localities 67,000 redfish, but as fishing was to be carried on more vigorously in 1901 
better results were expected. 

RANUS BAY, STREAM, AND LAKE. 

I n  the eastern part of Peril Straits, opposite Lindenbury Head, on the Baranof 
Island shore, is a wide bight, known as Hanus Bay, which receives, in its shallow 
southwestern arm, the waters of a stream, a lake outlet, carrying n few redfish. 
This system was examined by a party in charge of Lieutenant Rodman, on August 5. 

Sketch of Hanus Bay, Lake, and Stream, ILranof Island, Alaska. 

From the lake to tide water the stream is about three-fourths mile long, and at  a 
point measured was 45 feet wide, 12 inches deep, flowing in a general northeasterly 
direction, with a strong current. I n  the upper reaches the stream bed is solid rock, 
and in the lower portion is of rock, sand, and gravel. The stream proper empties 
into a small tidal basin, about 350 yards by 100 yards, which leads by a narrow 
passage to Hanus Bay. Spring tides ascend to the rapids about 200 yards above the 
tidal basin. At thid point are the remains of t~ bttrricade; the framework is &anding, 
but the dats have been removed. About one-third mile above the barricade is a 
series of rapids, or cascades, having a drop of nhout 10 feet, which, however, offer no 
serious obstruction to the ascent of salmon. Above this the stream makes a double 
bend and one-fourth mile beyond emerges from the lake. Between the rapids the 
stream varies from 50 to 150 feet in width, from 4 inches to 3 feet in depth, and 
flows with a slack current over a sandy bottom. The water is clear, rather lighter in 
color than most lake outlets, and had a temperature of 53O E”. 



I 

P E R I L  STRAIT 

SKETCH OF SITKOH BAY, STREAM, AND LAKE, CHICHAGOF ISLAND, ALASKA. 



Year. Species. 

1890. ........... Redflsh ....... 
1895.. .............. .do ........ 
1896.. .............. .do ........ 
1897.. .............. .do.. ...... 
2890.. .......... Cohoee ....... 
1895.. .............. .do ........ 

Date. Number. 
._ - 

July 13-Aug.4 
July 10-Aug. 6 . .  2 
July 19-Aug. 11 ....... 15: 794 
July 26 ............... 566 
Sept. Wept.17.. ...... 2 864 
Bept. 6 . .  .............. 1: 262 

........ ...... 
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GI72 BAY, STREAM, AND LAKE. 

On the eastern side of Baranof Island, 34 miles north from Cape Ommaney, a 
long, narrow bay makes to the westward for a distance of 4 miles. It opens on 
Chatham Strait and at  its entrance is less than half a cable in width. At  the head of 
the bay, on the southwest side, is the mouth of a small redfish stream, n lake outlet, 
which was examined by a party in charge of Ensign Kempff on August 6. 

The stream flows from the lake in a general northerly direction for about 2 
miles, in a channel marked by easy curves, over a bowlderous bottom, having in the 
lower reaches intervals of sand and gravel patches. At  its mouth it broadens into a 
tidewater pool, largely bare a t  low water, and then widens to a narrow inlet which 
leads to Gut Bay. The stream is about 25 feet wide, 6 inches deep, and flows with a 
strong current, though there are no marked rapid8 or falls. The water is clear and 

Sketch of Chit Bay, Lake, and Stream, Baranof Island, Alaska. 

had a temperature of 51O F. There are two small wooded islands i n  the upper reaches, 
one near the head and the other one-half mile below. One-fourth mile above the 
tidewater pool referred to at the mouth, the stream widens into a pool 200 feet in 
diameter, with an average depth of 6 inches. Below this pool, on the western bank, 
were all the materials for a barricade, but the stream when visited was free from 
obstructions that would prevent the ascent of salmon. The wooded valley through 
which the stream flows is strewn with large bowlders. The mountains rise abruptly 
from the eastern side, while on the western side a wooded and bushy flat, about one- 
fourth mile in width, intervenes between the stream and the mountains. 



ALASKA RALMON INVESTIQATIONS IN 1901. 381 

......... 
........ 

1892. 

1893.. 
1894.. ........ 
1895.. ............. 
1896.. ............. 

The lake is elevated 100 fcet above sea level, and, as far as could be examined, 
extends in a southerly direction for a distance of 1s miles, with a width not exceeding 
one-half mile, The shores are in the main steep and rocky, though at the lower end there 
are generally mud beaches. A small feeder enters the lake from the eastward near 
the outlet, but it is probable that the main supply enters near the head, which point 
could not be reached. No site suitable 
for a hatchery was noticed, but i t  is probable upon special examination that a location 
could be found. 

The stream has never been regularly fished for cannery purposes, a seining crew 
simply calling from some cannery during the fishing season, and its value in redfish 
is therefore unknown, but it may be classed as one of the numerous sinall streams 
that niay yield anywhere from 2,000 to 8,000 redfish a season. The only records 
available are the following, from the books of the old Baranof Packing Company: 

The temperature of the water was 5 5 O  F. 

A large number of humpbacks were seen throughout the system. 

Redfish.. .... .I June 14June 26 ...... 1,073 
Cohoes ....... 1 hug.  27Sept. 8 . .  ..... 970 

Cohoea ....... h u g .  30 ............... 293 
Redfish.. .....I July 30 ............... 1330 

do. .  ...... ~ July 4-Aiig. 2.. ...... ./ fi 716 

RedAsh.. ..... July 3-Aug. 19.. ...... 2,766 

do. .  ...... July I-July 20..  ..... ./ 2:326 
I 1 ___.- I ..... I 

PRINCE WILLIAM SOUND, 

FROM CROSS SOUND TO PRINCE WILLIAM @WOUND. 

After leaving Dundas Bay, in Cross Sound, thoro are no caiincries until Prince 
William Sound is reached. Therc are, howcver, a number of strcams, for the most 
part small (though the Alsek and several adjoining rivers arc of considerablo size), 
which carry coniinercial salmon. These streams, as a rulc, cmpty directly into the 
sea and are inaccessible for coniinercial fisherics, though canncry experts have been 
in the field, and it is believed by next season fisheries in tho Alsek region will be 
attempted. 

Rounding Capo Spencer to the northward, about 4 iniles, is an indontation which 
at  its head is said by the lndiaiis to receive the waters of :I stroain cttlled Nook-hook- 
keen; this is the outlet to a system of throe lakes, and IS said to carry a few redfish. 
It is probably the stream which supplies a few redfish to the Dundas Bay cannery, 
and.known to them as Cape Spencer. 

About 3 miles to the northward of the stream just inentioned the Indians report 
a Binall stream with lake soui'ce, carrying a few redfish, and known as An-nock-seck. 

Continuing to the northward, the Indians report a small redfish stream having a 
lake source midway between Icy Point, and Harbor Point, and known as Ghow-nar-har, 
and about 6 miles above Harbor Point another outlet to a lake known as Hawg-heen, 
which is also said to carry R few redfish. Thesc streams are for the most part 
inaccessible, and from all reports can hardly be classed as having any commcrcial 
importance, even if the fisheries could be properly conducted. 

The next region to the northward carrying saImon is the Alsolc which, with the 
streams between it and Yakuht, will be treated undcr one head. 
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ALSEK REQION. 

About 60 miles southeast from Ocean Cape, which forms the southern entrance 
point to Yakutat Bay, the high mountain range of the Fairweather system recedes 
from the present coast line for a distance ranging from 6 to 14 miles, forming 
wooded plains, with gentle slopes ascending to the base of the mountain system. It 
is probable that the sea, during an earlier geological period, lapped the foot of the 
mountains and that the numerous glaciers, now visible on every hand, discharged 
directly into the ocean. The plain now fringing the mountain system is formed 
from the glacial d6bris, by moraine deposit and by stream detritus brought from the 
glaciers and thrown back by the sea. Through this action the coast line is undoubt- 
edly extending seaward constantly, for the streams which drain the glaciers debouch 
directly upon the ocean and bring down a large amount of sediment to be deposited 
and cast up. Thc plains are traversed by nunierous stroams having their sources 
frequently in lakes and ponds, which receive the glacial drains, though there are some 
tributaries which drain the glaciers direct. These stream8 ramify in all directions, 
even to the extent of occasionally forming connecting passages with each other. 

The Alsek, which is a t  the eastern end of these plains and debouches at  Dry 
Bay, is independent, though it possiblj- receives some slight drainage water from the 
plains in its lower course before it forms the delta. ‘?his river drains the great ice 
fields north of the St. Elias and Fairweather ranges, one branch dipping around to . 
the westward and tapping the St. Eliw region, and tinother branch extending more 
to the northward into thc Chilkat country. It breaks through the range back from 
Dry Bay, and, after cutting a large glacier lying near the northern end of the bay, 
forms its delta, which is really Dry Ray. 

The Alsek and adjacent rivers to Yakutat all have runs of salmon, and in some 
all species arc rcprcsented. According to the Indian reports and the statements of 
some fishermen who have visited the locality, salmon are very plentiful. 

I n  order to have a bettor understanding of the region, Lieutenant Rodman and 
Mr. Chamberlain, with Indian guides and canoes, from July 1 to 6, made a trip from 
Yakutat Ray to the Alsek, and Ensign Miller, from the head of Disenchantment Bay, 
made a portage with Indian guides to the headwaters of tho See-Tuck, and $escending 
that stream returned to Yakutat through the chain of lakes and lagoons to Monti Way. 
From the notes of these officers :tnd from other nources the following is obtained: 

It has been reported that by means of the lagoons, lakes, arid intersecting streams 
an inside waterway exists from Yakutat Bay to Dry Bay, but such is not the case. 
It is true, howeT-er, that by waiting for the top of high water and making long 
detours, a canoe can he carried through by making several portages, but the route is 
impracticable for a boat of any size. 

On the southern shore of Monti Bay, 2& miles from the village of Yakutat, and 
a mile from Point Carrew, Cepe Phipps Peninsula is penetrated by a shallow inlet, 
about 2& miles in length, and on the char& misnamed Ankau Creek. From Monti Bay, 
i t  first tends to the southward, then to the eastward, and terminates in a T-shaped 
head, which lies in a general northeast-and-southwest direction. This inlet is very 
irregular in shape, and broken by islands and shoals, having narrow shallow channels 
between them. In entering, about 3 feet of water can be carried at  half tide to the 
first turn to the eastward, when up to three-fourths tide there is a rapid. 
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A t  the head of the northeast arm the inlet receives the waters of a small stream 
called Ta-wah, which drains to the westward a system of shallow ponds and lakes, the 
latter having also an eastern drainage along the coast in  the An-kau (On-cow) River. 

Spring tides ascend the Ta-wah to a pond with which it is directly connected. 
This stream is less than half a mile in length and at low water is only about 6 feet 
wide and 3 inches deep. The rocks and bowlders have been removed from the bed 
and piled along the side, forming a shallow channel up which canoes are tracked at  
low water, but may be poled at  high water. The bed is stony, with some sand and 
gravel, and the current sluggish. 

The pond with which the Ta-wah is directly connected is a shallow pool 300 
yards long, from a few inches to 2 feet deep, bottom rocky, with sand and gravel, 
over which there is a growth of grass and nioss; a loaded canoe may be pulled and 
poled across. The 
eastern end receives the waters of a small stream several hundred yards long, which 
connects the pond with what is known as the first lake. This connecting stream just 
permits a canoe to be hauled through, and is tortuous, with a sluggish current. 

The first lake has its major axis east and west, and is about a niile long, with a 
width varying from several hundred yards a t  the western end to one-third of a mile 
a t  the eastern end; the depth varies from a few inches to 4 or 5 feet. The bottom is 
composed of sand and gravel, over which a few logs were noticed and much grass; a 
canoe may be pulled across. The first lake is connected with the second by a sinall 
stream or  brook one-third to one-half iiiile in length, 6 feet wide, and tl. inches to 2 
feet deep, which meanders through t i  low, flat country, and carries just sufficient 
water for a loaded canoe to be hauled through. Temperature of water, 8 4 O  B. 

The secwnd lake is slightly crescent-shaped, with the iwps to the southward, 
and lies in a genoral east-and-west direction. I t  is about la  miles long, with a 
width varying from 100 yards to one-third of a mile, and hats a depth of from 1 inch 
to 24 inches. The bottom is sand and gravel, with an abundance of grass and pond 
lilies growing over it. A canoe may bo pulled across. The main feeder of this 
lake enters on the northern shore near the western end. It is said to rise back of 
Yakutat village and to be 3 or 4 miles long, IO feet wide, and 8 inches deep, flowing 
with a sluggish cmrrent, thi.ouy11 a winding channel, over t t  wnd and gravel Imttoni. 
The water is clear arid the stream bed is said to afford the iiidn spawning-gi*ound 
fpr  this system. This second lake forms the 
dividing line in this system, and drains both to the westward, as previously described, 
and to the eastward through the An-lrau and connecting waters. 

At the eastern end of the second lake is a small stream draining the system to 
the eastward. It flows in a general easterly direction through a narrow, tortuous 
channel for about a mile, when the so-called third lake is reached. A loaded canoe 
may be tracked through this connecting stream. The remains of a slat barricade are 
visible. This third lakc consists of a series of small pools and swamps ramifying for 
a distance of l h  to 2 miles in a general easterly direction, varying in width froin 20 
yards to one-third of a mile. It is full of small, low marshy islands and has a large 
growth of weeds, grass, and water plants. The bottom is muddy and there is a 
slight current. 

The eastern end of the third lake narrows into the An-kau River, which is a 

Temperature of the water July 1, 5 6 O  F. 

At the head of this pond arc the remains of a slat barsicade. 

On July 6 i t  was full of redfish. 

A loaded canoe may be poled through. 
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fair-sized stream about 3 miles long, from 15 feet to 30 or 40 feet wide, and from 6 
inches to 4 feet deep, flowing with a moderate current in a general SE. direction to 
the sea, into which i t  empties about 9 miles east from Ocean Cape. The channel is 
tortuous and the bottom is of sand and gravel. Tide water extends about 2 miles 
upstream, above a point where three houses and some drying frames are located on 
the southern bank and where the natives cure fish during the season. 

About a mile above its mouth the An-kau receives a tributary, the Tha-ghe-an, 
about one-third the size of the main stream. It is said to drain a small lake 6 miles 
to the northward, which has redfish and coho spawning-grounds. 

The mouth of the An-kau expands into a tidewater basin fully one-half mile in 
length at  high water and formed by the action of the sea. A t  high water a canoe can 
be pulled from the mouth to a point near the third lake, and at any stage of the tide 
above the houses, beyond which point poling must be resorted to with some tracking. 

Throughout this system from Monti Bay to the mouth of the An-kau many salmon 
were seen jumping. In the lower part of the An-kau redfish were very abundant on 
July 1, though the natives say there are more cohoes, which species they prefer for 
drying. With the spear the native is usually able to obtain all the fish he wants. 

See-tuck Bivm.-The next river to the eastward is the See-tuck, which has its 
origin in two connecting lakes, and receives in  its course tributaries having lake 
soixrces. The upper lake of the main stream lies near the head of Disenchantment 
Bay and about 1 mile from it, opposite the fourth glacier and across the mountain 
range bordering the western side of the bay. I t  is I90 feet above the sea and lies 
in a basin whose walls rise from 500 to 2,000 feet. It is 18 miles in length in a SE. 
direction, 200 yards to 700 yards wide, and had water of a greenish color, with a 
temperature of 45.53 F. on July 3. At the head is the main feeder, about 20 feet 
wide and 1 foot deep, flowing with a strong current a clay-colored water from the 
melting snow. The lake also receives the waters from numerous rivulets around the 
border. This 
stream is 20 feet wide, 2 feet deep, and flows with a very swift current over a rocky 
and bowlderous bed having in places small areas of sand and gravel. The water has 
a milky tinge, and on July 3 had a temperature of 45O F. It has but one rapid, with 
a drop of about 4 feet. It retains its narrow bed, except at a few points, where it 
broadens out into shallows. After meandering westerly for about 4 miles the stream 
enters the lower or main lalie, 

This lake is circular, about 2 miles in diameter, and is 110 feet above the sea, arid 
has clear water; temperature, July 3, 60° F. On the northern shore is a mountain 
about 2,500 feet high, and the eastern and western shores are covered with dead spi*uce 
and hemlock, caused, it is said, by a subsidence due to an earthquake in  September, 
1899. The outlet is on the southern side, and is the See-tuck River, which at  the 
head is 50 feet wide, 2 feet deep, with a strong current. I t  flows through a winding 
channel to the sea, distant in a direct line about 13 miles. The water is clear ahcl 
has a temperature of 60j  to 62L E’. The bottom at first is rocky and bowlderous, 
quickly changing to gravel and finally to sand and mud, as the sea is reached. The 
banks are low and covered with brush, giving ample evidence of a much larger stream 
during periods of freshets. About one-third its length from the lake the river receives 
from the westward the On-klat, a small tributary said to have a lake source. Two 

At the southern end is an outlet connecting it with the lower lake, 
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more tributarics arc received from the westward and two from the eastward, along 
the middle third of its length, draining ponds and marshes. It is said that salmon 
spawn in these tributaries and their sources. About 2 milos from the sea the Ku-na- 
yosh, about half the size of the See-tuck, joins the latter from the eastward. It is 
said to carry many redfish. There are several small islands in the See-tuck, but no 
natural or artificial obstructions to prevent the free ascent of fish. 

Numerous king salmon and redfish and a few of the other species were seen in 
the river and a few redfish and one king salmon were seen jumping in the lakes. 

A hatchery site might possibly be found in the locality, but inaccessibility would 
probably be a bar to its successful operation. 

The mouth of the See-tuck is about 120 feet wide and 14 inches deep. It widens 
into a broad, sandy, tidal basin, full of bars, which connects with the sea by a channel 
having strong currents, in which it is said 6 feet can be carried at  low water. This 
basin is connected, by a slough inside the coast line, with another tidal basin formed 
at  the mouth of the Ahrn-klin, the next large stream to the eastward, and together 
they form an island called Black Sand Island. This slough is about 3 miles in length, 
60 to 200 yards in width, and 12 to 1.5 inches deep at low water, with a tidal current 
which enters a t  either end. It forms a connecting canoe passage along the coast. 
At high water a canoe can be tracked from the An-kau basin into the See-tuck basin, 
but at any other time of tide it is quicker to make a portage from one-half to three: 
fourths mile across the flat froin the An-kau basin to the See-tuck River proper, 
aiming to strike a point on the river where i t  leaves the tree line. No difficulty is 
experienced in  passing from the See-tuck to the Ahrn-klin by the slough referred to. 

The Ahrn-klin is said to receive the main body of water from three sources. 
First from a lake on the western foot of Yakutat Glacier, which is grayish in color, 
cold, and deep, and receives part of the drainage from the glacier. The outlet, after 
flowing to the southwest about 4 miles, is joined by a stream from the northward, of 
equal length, draining Moser Glacier; they flow together about 4 miles and form a 
junction with a stream flowing from the northwest, which is the outlet to a clear lake, 
about 3 miles southeast from Discnchantment’Bay, which is said to be about 1 mile 
long, three-fourths mile wide, and to form a favorite spawning-ground. 

There are several other small tributaries, some of which have clear water and 
ilrain ponds and small lakes, but none of importance. 

The general course of the Ahrn-klin system is a little to the westward of south 
until within a mile of the coast, when it turns abruptly to the westward and follows 
the coast just inside a sand bar, where it forms a tidal basin. This basin is full of 
bars andstrong currents, from which a channel, in which it is said 6 fest may be 
carried at low water, leads to the sea at  the eastern end of Black Sand Island. 

The Ahrn-klin is slightly larger than the See-tuck and is similar in its general 
characteristics, except that the water is glacial in  color. 

The mouths of the See-tuck and Ahrn-klin, as well as the connecting slough, 
were full of jumping salmon. It is said that king salmon, redfish, and cohoes ascend 
the Ahrn-klin, but that the See-tuck carries more redfish. The natives say they have 
taken 10,000 redfish from the See-tuck; if this is true, the strewn must have a large 
fish value, as the natives have only very primitive appliances and take only sufficient 
for their wants. The fact is that the value of these streams is entirely unknown, as 
the natives obtain all the lish they want from .the streams near their villages; and as 

* 

Temperature, 51O F. 

F. C. B. 1901-25 
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there are none of the latter between Dry 1Ly and Yakutat, the stream values for 
commercial purposes mirst yct be ascertained. 

Dunycqous B ~ M  is the next to the eastward and is well nained from the fact that 
it is full of quicksands, has numerous h r s  and islands, strong currents, and is ever 
changing its bed. It is considered a very treacherous stream and is feared by the 
natives. From an account given by the latter, it has its source in a lake about la 
miles long by 1 mile wide, lying about 18 miles from Yakutat Glacier. It flows with 
a strong current, i n  a general SSW. direction, carrying a large volume of water, and 
has a width in places of 150 yards and a depth ranging from a few inches to 4 feet. 
The water is very muddy and heavily charged with glacial detritus. Temperature, 
47O F. It has several small feeders. The natives state that this river carries no 
redfish, but a few cohoes. It is doubted, however, if anything is known of its 
fishing value, a3 ahidc from the difficulty in operating a fishery theiw are no natives 
in the vicinity. It empties into a tidal basin which discharges into the sea in a 
manner siniilar to the other rivers. It can not be navigated above the basin except 
by a very small canoe, and even this is considered hazardous. 

The canoe passage from the mouth of the Ahrn-klin is made by ascending that 
river and taking the first big slough on the eastern side to its head. Here a portage 
niust be made across a small plain to Dangerous River, which can be done in from 45 
pinutes to 60 minutes, and thence by canoe across the river. 

The Itulio Bhm, the next to the eastward, has its sourcc in  a lake, about 18 
miles long by 1 mile wide, which lies about 4 miles southeast from Yakutat Glacier. 
From the lake it flows in :t southerly direction to a point where i t  is joined by a 
stream draining a pond, or small mud lake, lying inore to the eastward. From this 
point of junction, which is about 7 miles from the mouth, i t  flows to the southwest; 
when near the coast i t  is deflected more to the westward and parallel to the ocean 
beach, from which it is separated by a low sandspit, about one-eighth of a mile wide, 
for a distance of 3 miles, when its channel leads into the sea. At the seaward end is 
a tidal basin, and it is probable that at high water with much surf on the outer beach 
the sea niay break into the lower reach. It is said thtit the channcl leading to the sea 
is working to the westward. There seems to be no reason why the river should not 
break through a t  any point along the low sandspit under conditions favorable for it. 
At the time visited the river 14 miles above the seaward channel appeared more like 
a lagoon, one-eighth of a mile wide, 8 inches deep, with sandy bottom and feeble cur- 
rent, and was free from mud and plants. The volume of water is said to be about 
the same as in the See-tuck. It has the appearaace of being a fine stream, clean and 
clear, and is said to carry about as many redfish as the See-tuck, many cohoes, and a 
few king salmon. The redfish are said to spawn in the lake and feeders lying toward 
Yakutat Ghcier. Temperature of water, 50° F. 

The canoe route from Dangerous River is to drop to the mouth of that stream 
and pass to thc eastern end of the tidal basin; here a long portage must be made to 
the tidal hasin of the Italio. The quickest and safest way is to cache the canoe at 
Dangerous River and pack across the sand plain to the Italio, skirting the tree line 
and fording the river; the depth is less than 2 feet. 

TILe Ah-pmay Biver is the next eastward and has its source in a lake, about 1& 
miles long by 1 mile wide, lying about 1 mile south from Chamberlain Glacier; 
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from the laltc it flows with many bcnds and curves over a generally gravel bottom 
until within one mile of the coast line, where it is joined from the eastward by the 
Us-tay and is deflected around a high wooded point through 1 8 0 O ;  it then follows 
the coast to the westward for 33 miles, when it  breaks into the sea. 

T h e  Us-tuy has its source i n  a lake about a mile in diameter, which lies under 
E'assett Glacier, and 6 miles below it gives off a branch called the ICo-kon-hee-ni 
(Sticlrlebaak), which flows SSE. The main stremi continues to the southwest for a 
mile, when it gives off another branch callecj'the Stu-hee-nook, which flows SSE. and 
unites with thc first branch ncar the village near thc westcrn side of Drj7 Bay, and 
together they flow to thc westward about a mile m d  empty into the sea. The 
oonibini~tion of thc three rivers forms :&I) island with the village on the southeast side. 

The Us-tay, altcr giving out the bmiches just mentioned, receives a tributary 
from thc northwest which. flows from thc Rodiiian Glacier and immediately bclow it 
divides, flowing as two streaiiis and uniting a short distance above its junction with 
the Ah-quay, thus forming an island about 4 miles in  length. 

Below the junction of the Us-tay with the 
Ah-quay thc strcain is from 75 yards to one-fifth mile in width, from 4 inches to 4 
feet in dcpth, and of a character similar to Dangerous ltiver. The Ah-quay above 
the junction is about the size of the Itnlio. Its mouth, around which were many 
sealh, narrows to 75 yards and is nioving to the westward. The Ah-quay and the 
Us-tay are said to carry large nuiiibcrs of king salinon, redfish, and cohoes, and the 
former has a run of eulachon in the early spring. In the lower Ah-quay gill nets 
could be used, wid higher up seines, hut navigation is hazardous on account of 
numerous bars and yuicksnnds, which have but slight surface indications. 

TILe Stvr-?~ee-?iooX* is a small streain about 15 yards wide, a few inches deep, and 
flows with a sluggish current, whilc the Zfi>-X.o?i-ilee-ni is probably three times as 
large. Both carry redfish and cohoes in large numbers, and at their junction, on 
July 4, several wnoes were employcd spearing redfish. This whole system, called 
the Ah-quay, is said to carry a very large number of king salmon, rcdfish, and cohoes. 

The canoe routc from the mouth of the Italio River is to ascend that river, 
kccping in the tributary that flows from the ENE. to the small mud lake. Hero a 
hard portage through the timber to a small tributary of the Ah-quay is necessary; 
thence the route is down that streain to its junction with the Us-hy, up the latter to 
the KO-Iron-hee-ni, and down Chis stream to the village. 

If, however, i t  is concluded to pack froin Dangerous ftiver, then, after crossing 
the ltalio at the point previously described, take the outside beach to the Ah-quay, 
following tho right hank o€ that river for about 3 miles from the mouth, or until the 
first wooded Ijelt, a broad, treeless, sand plain, and then the second wooded belt are 
passed, where there is a low, grassy plain, and where the river can bo forded when 
it is under normal conditions. Caution, however, must be used, as there is considerable 
quiclisand; but by using a pole and sounding ithead ti passage can be made. A canoe 
is usually liept on the castei*n side of ,the Ah-quay, near its junction with the Us-tay, 
for ferrying. Having passed the Ah-quay, the sen beach affords an excellent high- 
way, particularly at low water, and can be followed to the mouth of the I<o-lion-hee-ni, 
whence a wcll-defined trail leads to the village. 

D P ~  Bay ,  which is the delta of the Alselc River, covers from 80 to 100 square 
miles, the river flowing into the. sea by three separate channels. After passing the 

All thew streains are glacial. 
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glacier previously rcferrcd to, the main body of water is deflected to the westward 
after giving one branch to the southward. A few iiiiles beyond another part breaks 
to the southward, while the remaining portion continues yet a few milcs when it, too, 
turns to the southward and enters the sea. From the point of departure from the 
main stream the branches form very large basins which close in toward the sea 
and empty through narrow channels. These basins are filled with bars and small 
islands with ramifying channels, all changing from day to day, and even from hour 
to hour. The only permanent feature in the delta appears to be a large, rocky, 
wooded island between the western and middle basins, which, on range with the 
Alsek Glacier, leads close to the western mouth. On July 4, 1901, the western 
channcl was the largest, about 400 yards across, and 011 June 8 had the best water- 
6 feet on the bar a t  mean low water. The middle channel, 5 miles distant, was about 
200 yards wide, and the eastern channel, 3 miles beyond, was' 350 yards wide. 
Neither the width, depth, nor position, can bo depended upon, as a week later the 
best water May have been in one o€ the other channels. The natives state that the 
current usually flows out and that an anchorage may be made by small craft in from 
8 to 9 feet inside the western bar. 

The bed of the river above -the glacier is rocky and bowlderous, with areas of 
sand and gravel. The current is very strong, hut a good boat can be hauled and 
poled upstream a considerable distance. The water temperature July 4 was 540 F. 
The Alsek is highest in  the spring and lowest in September. It is said that salmon 
ascend the Alsek for 50 miles and that there is a large, clear lake in the interior. 

T h e  natives fish the Alsek but little, as the smaller streams, which furnish tbem 
with all the fish they can use, are more accessible, but they all agree that king salmon, 
redfish, arid cohoes, ascend the Alsek in  countless thousands. The idea of abundance 
as expressed by a native, however, must be received with ctiution, as he usually has 
no idea of the great capacity of a large cannery. 

In the Alsek the natives report the king salmon as commencing to run about the 
last of April, and with them are found a few redfish, which species, however, does 
not run strong until July 1; the cohoes follow during the early part of August. 

I n  a cursory examination of this kind it is impossible to state anything definite 
in regaid to hatchery si'tes. It is probable that upon thorough investigation such 
sites could be located, but much difficulty would be encountered in obtaining pure 
water, as all of these streams are more or  less glacial in origin. Outside of these 
facts, however, is the question of accessibility. There are no villages or  permanent 
habitations between Yakutat and Dry Bay, and the journey, even in summer, with a 
light two-man canoe, is not :in easy one, and is accompanied by some risk. 

The plain between Yakutat and the Alsek, and bordering the mountain system to 
the sea, is for the most part wooded with spruce, hemlock, alder, and cottonwood, 
with a smaller growth of willows and elder, accompanied by the usual berry bushes, 
devil club, etc. From Black Sand Island to the mouth of the Italio there is an 
extensive treeless sand plain reaching several iniles back from the coast line. This 
plain is cut up by small, shallow, spreading streams, having little or no clurrent, with 
some shallow ponds, and a portion of i t  has a scant growth of grass and weeds. I n  
very dry weather sand storms occur, and it is said they are a t  times dangerous. 

The coast seaward appears to  have no outlying dangers. 
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Since the apparent decline of the salmon fisheries on the western coast of the 
United States attention has been called to Alaska, and the Alsek region has not‘ 
escaped the eye of the canner. The locality has been visited during the past two 
years by several individuals with the idea of obtaining the salmon in the streams, 
but as yet no steps have been taken to even prospect the region. It is reported that 
cannery sites have been selected in Monti Bay with the idea of conveying the catch 
from the Alsek and adjacent streams to that point, while other sites have been selected 
in the vicinity of the Alsek. Either proposition presents conditions difficult to over- 
come, and some very wild schemes are spoken of-one to build a railway from 
Monti Bay to the Alsek; another to transport the fish by trolley, and another, and 
the only feasible plan, to build light-draft surf tugs to cross the different bars. 
There is no feasible inside water route nor can one be made and maintained at a sum 
which the fisheries would warrant. 

It is believed, through the reports made by the Indians and from the number of 
fish seen jumping by those who have visited the section, that there are a great many 
salmon of all species in the Alsek and adjacent streams to Yakutat, but nothing is 
definitely known of the abundance. Yet i t  may be conceded that there are sufficient 
saltnon in these streams to supply several large canneries. To catch them legally, 
to collect them at  certain centers for transportation, and to transport them are 
propositions that will tax the resources of the canner to the utmost. 

A cannery is generally located at  a point accessible to the home transporting 
vessels in preference to a locality a t  the fisheries and inaccessible to the transports; 
so that Monti Bay would probably be the most feasible point for a cannery location. 

All these streams have tidal basins, greater or less in extent, into which they 
discharge and from which a channel leads into the open sea, usually over a bar over 
which about 6 feet may be carried at  low water. The gill-netter will find the waters 
here shallow and the channels obstructed by bars and quicksands; the trap-man will 
find that his piling will not stand, and the drag-seine man will find the banks giving 
away under his feet. To find better conditions the higher reaches will be resorted to. 
The weather .in summer along the coast is usually good and the surf on the bars is not 
heavy, but as fishing for king salmon would commence the last of April or  early in 
May gales may be expected that would interfere with transportation. In fact, even 
under fair conditions it would be a question whether many fish would reach the can- 
nery in Monti Bay in good condition. 5 Experience in the locality may solve many of 
the questions now presented, but a t  best the pack will be an expensive one. 

The small steamer Beaver and a large naphtha launch belonging to the Western 
E’isheries Company, a t  Dundas Bay, both crossed the Alsek bar during June and 
carried a few king salmon to their cannery. The Beaver made one trip and the 
naphtha launch at  least two. The last time the Iatter crossed she rolled over and filled, 
hut was floated, with the loss of her upper works. This cannery expects next year 
to fish the Alsek, making a sea run from the cannery of from 90 to 100 miles. 

YAKUTAT. 

There do not appear to be any streams in Yalrutat o r  Disenchantment Bay that 
carry salmon in sufficient quantities for cannery purposes, but the prospects of the 
Alsek and the adjacent streams have heen an inducement for the location of several 
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salterics in Monti Bay each with a cannery as an objective if the fisheries should 
prove of sufficient value. 

Saltmy qf .E A.  Fredewkh Company.-This company hails from Seattle, Wash., 
and during the fall and winter of 1900, in the schooner Martha T K  T?ift, salted 1,285 
barrels of herring i n  the vicinity of Yakutat. In the spring of 1901 this company 
built a large saltery on the northern side of the head 011 which the village of Yakutat 
is now located. The intention was to salt herring, and if salmon could he obt:tined 
to extend their operations to that species. 

Saltery of See & Flenner.--iMessrs. A. 1,. See and A. Flenner, a t  the time of 
our visit (July 3), had in course of construction a saltery on the westcrn point of the 
entrance to An-kau Creek, about 2 miles from Yalmtat post-office. One building, 
20 feet by 40 feet, had been erected in a bight within the entrance to the creek, and 
another was in  course of construction on the point, which was to be connected with 
the first by a tramway 1,700 feet long. It was the intention to salt herring, and 
salmon also if they could be obtained; for the latter, 2 salting,tanks hid been 
provided. 

Cannery and rnilroud propo.&on,, Yakutat B a y  to ALmk Rher Delta.--In the 
fall of 1900 and spring of 1901 a gentleman from San Diego, Cal., prospected this 
region with a view of establishing a cannery. He visited the Alsek and adjacent 
Htreams, and concluded that there was an abundance of fish, hut that it is impracti- 
cable to transport them by water if the cannery were located in Monti Bay; also, 
that it is impracticable to handle the cannery equipment and the pack over the Alsek 
Bar if the cannery were located in that vicinity. 

A t  Yakutat it was reported that :L party in Seattle was interested in and intended 
raising money for the purpose of building a railroad from Monti Bay to the Alsek, 
a distance of about 60 miles, to carry the fish from the Alsek district. At  a location 
on the southern side of Monti Bay, in a bend about one-half mile from the mission, a 
wharf 300 feet long, to accommodate steamers, is to be built, and whenever the railroad 
is completed a cannery plant is to be erected. This is mentioned simply to indicate 
the wild schemes spoken of in Alaska. At  the time of our visit all there was in  the 
locality to give the project any credence was a small hunk-house and a wharf about 
100 feet long built from the bank to the high-water mark. 

South Alaska Packing Company.--During the season of 1900 a fisherman by 
the name of Flemming examined the stream conditions from Yakutat to the Alsek. 
Upon his report a Mr. Shaw went over the ground during the spring of 1901, on 
the part, it is said, of an organization called the South Alaska Packing Company. 
Mr. Shaw had returned south before our arrival, but it was reported in Yakutat that  
several sites for canneries had been located. Inquiry in San Francisco elicited the 
information that the company no longer existed. 

No salting had been done at, the date of our visit. 

PRINCE WILLIAM SOUND STREAMS. 

The streams and fisheries of this district were referred to in my report of 1897, 
pages 137-139, and as there has bcen no material development or change, the general 
conditions need not be repeated here. At  the time of our former visit we were 
unable to make an examination of the streams and lake systems on account of the 
lateness of the season, and therefore accepted this work as n pni t of the cxnmination 
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to  he conducted this year. Tho streams are similar to thosc of Southeast Alaska, 
but in proportion to the territory covered are far less prolific in choice commercial 
salmon.' If all the s t ream i n  the sound proper, at least so far as known, were fished 
legally throughout the season, it is doubted if 100,000 rcdfish and 50,000 cohoes 
could be taken under average conditions. The humpbacks are more plentiful and, 
as far as our personal observation goes, they seemed quite abundant. 

The time of runs in Copper River is early, and that in Prince William Sound 
corresponds with Southeast Alaska, so that when the redfish have stopped running 
in tbe first-named locality they comrnence running in the second, and the canneries 
then pick up a few redfish in  connection with the humpbacks, which are packed as 
soon as fishing on Copper River ceases. Were i t  not for this difference in  time of 
runs i t  is doubted if any redfish would be taken from the sound, particularly as the 
redfish streams are fram 60 to 100 miles from the canneries. 

All these streams have been barricaded, the evidences of which still exist, and 
it is possible that this practice is still resorted to during the fishing season. 

The stream at  Cheniga, which produces more redfish than the combined output 
of all the other streams, it is said, was tightly dammed for niany years, and it is fre- 
quently referred to as an example hy those who argue rLgAinst the parent-stream and 
four-year theories. 

CHENIGA STIlEAM A N D  LAKE. 

In the western end of Prince William Sound, opposite Herring Bay, on Knight 
Island, a point Yrojects from the mainland known as Point Nowell. Rounding this 
point to the northward is an indentation in two parts. Thc outcr is a round bay, 
about 14 miles in diamctcr, connected by a narrow passage with a tidal lagoon of 
irregular form, about 3 miles long, which reccives at its head the waters of Cheniga 
stream, the most productive redfish stream in Prince William Sound. It is a lake 
outlet, and was examined by Ensign Hephurn on July 12. 

The stream is about one-half mile long, 30 feet wide, 10 inches deep, and flows 
with a strong current over a stony bottom in a NE. direction, which is the linc of bay 
and stream system. The uppor 
half of the stream is quite straight, and the lower half gently curving, and, as there 
is a fall of 110 feet from the lake to the mouth, its course is almost one continuous 
rapid, but there are no serious obstructions to thc free ascent of fish. 

The mountains forming the valley through which the stream runs lie well back on 
each side with occasional projecting spurs through which the stream has cut its way 
so that the banks are alternately low and flat, and steep but not very high. Ths  
vegetation is that common to Southeast Alaska, although the forest trees are nearly 
all small spruce, with a heavy undergrowth of berry bushes, devil's club, and coarse 
grass. At  the head of tide water, and ranging across the stream, are three triangular 
log cribs, substantially h i l t  and filled with rocks, and on the left bank is r?. pile of 
polen that may be used for the barricade. This stream was tightly barricaded for 
many years, and it is probable when the fishing gangs arrive that the stream is 
closed during the season. There is a log jam near the lake, but it forms no serious 
abstruction to the passage of fish. 

The lake is an irregular, triangular-shaped body of water, about a mile in length 
on each side. The water is clcar and the bottom, wherever it could be seen, is sandy. 

The water is clear and had a tcmporature of 55" F. 
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1X9G .......... 
1897 .......... 
189&. ......... 
1899.. ........ 
1900. ......... 

The lake is walled in by high mountains, and from the general features it is likely 
that there is no other lake in the system, nor any feeders that may be ?sed for 
spawning, as the shorcs descend very abruptly. Temperature of water, 5 5 O  F.; 
elevation, 110 feet. A few small fish were seen in  the lake and redfish were seen 
jumping around the mouth of the  stream. 
give such poor returns that they are only resorted to by the canneries when the catch 
at Copper ltiver runs short or the season there is over. No accurate values thewfore 
can be given. 

The Pacific Steam Whaling Company's cannery keeps no record of catches by 
streams and has rarely fished i n  Cheniga. It is believed if Cheniga were fished 
legally thyoughout the season it might yield, under average conditions, 40,000 red- 
fish. The catch for 1896 was an exceptional one. The following data are from the 
books of the Alaska Packers' Association cannery: 

The strcarn~ in Prince William Sound , 

July 4-Aug.24 ........ 77 XGG 
July 1-Aug.10. ....... 4 3 6 3  
July 6-31 ............. 2,893 
July .%Aug. 2 .......... 7,396 
July 11-27 ............ 18,687 

1 Dates. 1 No.of redfish. 1 1 Pear. 
I I 1 '  l- I 

$ 1 I a? I 2 

S.4. .f I.ib1 

Sketch of Rubber Boot and Cheniga Lakes, Prince William Sound, Alaska. 

RUBBER BOOT ~ T R E A M  AND LAKE. 

This stream, a lake outlet, discharges into the northwestern side of the outer bay 
described under Cheniga, and was examined July 12 by a party in charge of Ensign 
Hepburn. It is a small stream, about 250 yards long in a direct line, 12 feet wide and 
6 inches deep, and flows with a very strong current over a rocky bottom on a fairly 
straight SE. course. The fall from the lake is about 50 feet and the stream is one 
continuous rapid, which saImon can probably ascend, but with some difficulty. The 
banks are heavily wooded with a scrub growth, bordered near the stream by a grassy 



Bull. U. S .  F. C. 1301. (To face page 397. )  PLATE XLIV. 

HUUHARD GLACIER,  Y A K U T A T  HAY AND V I C I N I T Y ,  ALAbKA 

FOURTH LAKE,  JACK POT SYSTEM,  P R I N C E  W I L L I A M  SOUND,  ALASKA 



ALASKA SALMON INVESTIGATIONS IN 1901. 398 

____. 

1896 .......... July24 ............... i 
1897 .......... July 16-Aug. 10.. .....I F, P25 

1,759 

1898. ......... July 5 J u l y  31 ....... ., 2,338 
1899. ......... July &July 18 ........ 881 
1900 .......... July11 ............... 142 

I I 1 I 

JACH-POT STREAM AND LAKE. 

On the mainland, in the southwest end of Prince William Sound, opposite the 
lower end of Cheniga Island, is a deep bay making to the northwest for several 
milee, and then, by a narrow passage, connecting with a large bay extending some 
distance to the southward. Beyond the connecting passage, on the northern shore, 
is the outlet to a system of lakes and ponds, carrying a few redfish; this was 
examined by a party in charge of Ensign Miller on July 15. The series consists of 
9 lakes, lying in a narrow valley in a general north-and-south direction, 7 connected 
on line, and 2 sublakes connected with No. 5. Nos. 5 and 6 are quite large; the rest 
are small. Very little current was noticed in the lakes, but the connecting streams 
have rapids, though the fall is not great, as No. 7 has an elevation of only 60 feet. 
Temperature of No. 7, 5 7 O  F. 

It is about 200 yards from 
the bay, and at high water 4 or 5 feet can be carried in, while a t  low water there is a 
fall of from 10 to 12 feet. The outlet is about 50 feet wide, 18 inches deep, and had 
a temperature of 4 6 O  F. Fishing operations are carried on i n  Lake No. 1, and in the 
passage connecting No. 1 with No. 2 the remains of a barricade were found. 

The system is bordered by hills, about 300 feet high, behind which lie high 
mountains. The banks are rocky where observed, 
arid the bottom is of the same nature, though doubtless there are areas of sand and 
gravel. There are no 
obstructions to prevent the ascent of fish. Humpbacks were seen spawning in the 
middle lakes. No feeders of any importance were noticed, though ib is probable 
that there is a large stream at  the head of No. 7. The system was visited after 
prolonged rains, and i t  was with the greatest difficulty that the party was able to 
traverse the western side, and i t  wax impossible to cross to the other side. 

No. 9 is elevated about 50 feet above No. 5. 
Lake No. 1 is small and is reached by tide water. 

Occasional flats border the hills. 

The vegetation is of the usual Southeast Alaskan type. 
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It is estimated that by fishing throughout the season 7,000 redfish might be 
obtained under average conditions. The following are the only data available: 

~ 1896 ____.  . . . _ _  July 22 and 24 . . . . . . . 
~ 1899 _.____.. _. Julv l lnnd  16 .__..._. 

1900 ...._.... Jul$11 ..._.__...__.._ 1 !!; 1 3,332 

E 

Sketch of Jack-Pot Lake and Stream System. 

MINERS STREAM AND LAKE. 

On the northern side of Prince William Sound, west from Glacier Island, is a 
wide, deep inlet known as Salmo Sound. About 10 miles from the entrance to this 
sound, on the eastern side, is an indentation marked on the southern side by a steep, 
bare hill of brownish rock behind two wooded ialandn, which receives t h e  waters of 
a stream carrying a few redfish. This stream was examined by H party in charge of 
Ensign Kempff on July 16, and is the outlet to two lakes lying in a north-and-south 
direction in a broadening valley. 
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The upper lake has an elevation of 25 feet, and is about 1s miles long, with an 
extreme width of 9 mile. The shores, except at the northern and southern ends, are 
stcop and rocky, and bordered by hills from 300 Co.400 feet high, back of which the 
land rises to the higher snow-covered mountains. At the northern end is a series of 
ponds, lying in the lowlands and connected with each other and the lake. The water 
is glacial, and had a temperature of 44O F., which was that of the whole system. 

The upper lake is connected with the lower one at  the southern end by a stream, 
which is 75 yards long, 35 feet wide, about 9 inches deep, and flows with a strong 
current over a bowlderous bed in a general south direction. The lower l&e, about 

‘S 

r Q V z v 4 o  - I 

$co,-l, n +  C l l r s .  
Sketch of fifiners Stream and Lakes. 

one-fourth mile in diameter, is shallow, and surrounded by wooded and grassy flats. 
The beaches are of mud and rock; the water is glacial. This lower lake empties into 
the inlet through a stream one-fourth mile long, 50 feet wide, and about 6 inches 
deep, flowing in a southwest direction with a very strong current over a bowlderous 
bed. A few redfish were seen 
jumping near the mouth of the stream, but none were seen in the stream or lakes. 
The spawning-beds are in the streams and poiida at  the head of the upper lake. 

There is no stream record available. It is estimated by those acquainted with 
the locality that it should yield, under average conditions, 10,000 redfish by fishing 
throughout the season. 

There are two rapids a short distanco below the lake. 
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BILLYS HOLE LAKE AND OUTLET. 

On the northern shore of Prince William Sound, northwest from Glacier Island, 
It is the second indentation west from Point Fremantle, the western 

At  the head of the bay ft 

is a large bay. 
entrance point to Port Valdes and about 8 miles froni it. 

Sketch of Billy’s 1101~ ant1 Outlet (Lake), Prince William Sound, Alaska. 

narrow strait runs about due west for 400 yards and connects with a small salt-water 
lagoon which receives the discharge from a lake and carries redfish. It was examined 
July 17 by Ensign I-Iepburn. 
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There is no streani of well-defined liniits which fornis the outlet, the waters of 
the lake falling directly into the western end of the lagoon with a drop of about 
6 feet a t  high water. i n  the middle of the outlet, surmounting the brink of the fall, 
is an island that divides the discharge into two equal parts. That part south of the 
island has a sheer fall and is not passable to salnion. The western portion is a cascade 
up which salmon can run when it is not barricaded. Some logs, evidently the remains 
of a barricade, were found across the top of the ciwcade and some wire netting lay on 
the bank near by, but when visited there wes no obstruction to the passage of fish. 
The lake is in two parts, or it may be said there are two lakes connected by a short 
broad stream. The smaller and lower lake is irregular in form, one-fourth of a mile 
in length by half that,width, with gently sloping banks except on the western shore, 
where there are precipitous cliffs. The bottom 
consists principally of smooth, sloping rocks with sandy and gravelly spaces between. 
The larger lake, lying just north of the smaller, extends in a WSW. and ESE. (mag.) 
direction for about three-fourths mile, with a greatest breadth of one-half mile. The 
eastern and about half of the northern shores are steep and densely wooded with a 
tangled undergrowth. Around the western end there are flats extending from 
one-eighth to one-half mile back to the foot of the mountains and hills forming the 
lake basin. These flats are covered with gmss and bushes and dense thickets of scrub 
alder. They both flow through 
a large valley extending almost north and south (mag.) and are formed from the 
melting snows. The stream flowing down the eastern side of the valley is the larger. 
i t  flows over a stony bed with a strong current, has u width of 15 feet and an 
average depth of 5 inches. It had n teniporature of 46" F. The other stream in 
this  valley is much smaller. It has a width of from 3 to 20 feet, depth from 2 inches 
to 1 foot, and a inoderate current. A third, formed largely by draining the melting 
snows, enters the lake on tho  southern shore. It flon's through a deep and vcry 
narrow valley extending to the southward, has an average breadth of 20 feet, depth 
4 inches, and a strong current; tcinperature, 4.3O F. The lake water had a tempera- 
ture of 50Q F. and is vcry clear. The bottom appears to I x  iiiainly of rock, with some 
sand and mud patches. The bones of fish were seen scattered all along the shores of 
the lake, but no live fish were seen, except a few red salinon juniping in the lagoon. 

A hatchery might be located at the mouth of the feeder on the southern shore, 
though the question of a sufficient supply of water $uring a dry season might need 
further investigation. 

It is usually fished by the cannery 
located at  Orca. I t  is believed by tbose competent to judge that the stream, under 
average conditions, should ~7icld 20,000 redfish during the run. 

In the center it appears rather deep. 

Two feeders enter the lake on tho northwestern side. 

There is no record of this stream available. 

PRINCE WILLIAM SOUND CANNEIIIES. 

The two canneries operating i n  this locality--the one by the Alaska Packers 
Association (Pacific Packing Company) at Odiak and the other by the Pacific Steam 
Wnaling Company at Orca-are each i n  about the same working condition as noted 
i n  former reports, to which reference is made. i n  the Alaska Packers Association 
cannery fish-cleaning machines have been introduced, but it is understood they 
are still in the experimental sbge  and require some changes before they can be 
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I Year. 

1896. .. . .. .. . . 
1897 ....__ .. .. 
1898 _.____.... 
1899 __.____... 
1900 .......... 

pronounced a success. One set of c~m-makers was in operation in this cannery this 
year, which averaged over 40,000 cans per diem. All the cans were made on the 
ground except 10,000 cases which were carried from San Francisco: 100-pound 
domestic plate was used throughout. The Chinese and fishermen contracted on 
practically the same terms as given in my previous reports. 

Halibut and cod are common around the canneries and trout are abundant in 
the streams of Prince William Sound. Early in the spring a few steelheads are 
taken in the delta of the Copper River. 

The following averages per case of fish taken in the Copper River delta during 
different ycars may be of interest as indicating thc possible variations from year to 
year: King salmon, 35, 4&, 4, 44; redfish, 93, 114, lo+, US, 11%. 

COPPER RIVER DELTA. 

The conditions in  this locality were fully dcscribcd in my report for 1897, pages 
129-139, and reference here will only be made to changes and additional information 
noted. The United States Coast and Geodetic Survey has extended its work over 
the delta as far as Cottonwood Point, and the location of sloughs with their distance 
from the canneries can now be indicated with accuracy. The mining excitement 
throughout this section has caused quite an influx of people, and communication is 
therefore much better and more reliable. 

The cannery of the Peninsula Trading and Fishing Company at  Coquenhena, 
referred to in my former reports, has been dismantled and the available machincry 
utilized in  the Pacific $team Whaling Company’s canuery at Kenai, Cook Inlet. 

The fishing localities in the delta are unchanged, except that the Chilkat River 
east of the delta is now more vigorously fished. Cannery steamers capable of going 
to sea carry the fish from the mouth of the river to the delta, and transfer them to 
stern-wheel steamers, which carry them to the canneries. 

The value of the Chilkat River is unknown, but the following data, from the 
books of thc Alaska Packers Associthon, may bc of interest: 

nates. Redfish. 

June 27 to July 15 . . . . 23,980 
June 16 to June 29 ... . 89,269 
June 20 to June 29 ._._ 39,383 
June 16 to July 4 ..._. 27,072 
June 19 to July 6 ..... 106,167 
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NOTES ON A SPECIES OF BARNACLE (DICHELASPIS) PARASITIC ON THE 
GILLS OF EDIBLE CRABS. 

BY ROBERT E: COKER. 

In  the summer of 1900 Prof. 13. V. Wilson, u t  that time director of the Beaufort 
Laboratory, suggested that, in view of the economic iinportance of the edible crabs, 
a fuller liuowledge of tho life historios of the ectoparasites of these f o r m  was 
desirable. The following notes on one of the most interesting of such parasites 
are the outcome of an investigation carried on during parts of that and the following 
summer. 

It is a pleasure to express my thanks to Professor Wilson for many helpful 
sugges tions. 

FIO. l.-Dichelaspis nlffllleri attached t o  a gill of Callhecles sapidas. x 2. FIO. '2.Single specimen of same. x 4. 

OCCURRENCE AND HABIT OP ADULT. 

A large number of the common edible crabs, or  blue crabs (Callinectes sapidw 
[Ordway] Rathbun), of Beaufort, N. C., are found to be infested with a small lepadide 
barnacle, ectoparasitic on the gills (fig. 1). This form was first observed at  Beaufort 
by Mr. T. G. Pearson. To ascertain somewhat definitely the proportion of crabs 
containing this parasite, record was made of 180 mature crabs examined during 
August and the first half of September, and barnacles were found in 128, or in 71 per 
cent. These crabs were taken just as they were brought into the laboratory, no 
selection being made except that soft crabs and evidently young crabs were disrc- 
garded. The barnacles were much more abundant later than earlier in the summer. 

The sexes were found to be unequally burdenea; the percentage for males 
infested was 0111~ 56, while for females i t  reached 89 per cent. It was also easily seen 
that the average number of barnacles in infested females was considerably above the 
corresponding average for males. A possible explanation of this difference is that 

F. C .  B. 1901-26 401 
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females when with eggs must be much less vigorous in their movements, because of 
the burden, but especially because of the necessity of having some care for the eggs. 
The consequently slower respiratory current would then afford better opportunity 
for barnacles in the free-swimming cypris stage to attach, as they arc by chance 
sucked in and driven through the branchial chamber, or, if the cypris seeks out its host, 
the less active crabs will, again, be the easiest to find and to obtain attachment in. 

The females also bore more of the Balunus barnacles on their shells; and it was 
further found that about four-fifths of those crabs on which the Bulunus was seen 
would also contain Dichelaspis. It was rare to find a fem'ale crab with Balanus 
that had not also Dichetmpis. This fact is quite useful to one who is in search of 
the latter; promising crabs can be selected at a glance, even before capture. After 
ascertaining the above percentages, the collectors were asked to bring in only such 
crabs as carried Balunw barnacles. 

It 'is to be presumed that these gill parasites are thrown off with the cuticle of 
the gill in the molt of the crab, and that the frequent molts of young crabs would 
prevent the barnacles on their gills from becoming conspicuous either in size or in 
numbers. It would then be expected, as indeed it is observed, that this Dichelmpis 
is not found in young or in soft crabs. 

While one usually finds in an infested individual from two or three to eight or 
ten Dichelaspis, the number varies from one to as many as can be crowded into the ' 

branchial chambers-500 to 1,000, or  perhaps more. In one instance observed the 
gill chambers had been filled, to,overflowing, and one or two barnacles were found 
attached without to a maxilliped. 

This species of Dichelayis is not peculiar to Cull~hectes as a host; both the 
edible stone crab (iMoaippe mcrcenaria Stimson) and the +der crab (Li6inia canuli- 
culata Say) contain it, but with less frequency. It is probably present in other large 
crustacea, lobsters as well as crabs, of other regions of the coast. 

No organic connection between the barnacle and its host is found; and, while 
histological study of the psrasite has not been made, no signs of degeneration are 
noted, except as to the extent of the calcified area of the valves of the capitulum; as 
will be seen later, too, the mouth parts are well developed. The barnacle is, therefore, 
to be regarded as a space parasite, which has become adapted to this habitat because 
of the peculiar advantages it off ers-protection, frequent transportation, and the 
supply of a continual current of water, from which small organisms can be gathered 
for food. The branchial chamber of the crab is, indeed, a particularly favorable 
place for life, and is made use of by various forms. Vorticellid colonies and acinetid 
protozoa, polyzoa-cctoproctous and endoproctous-nemerteans, etc., are found with 
greater or less frequency. The considerable variation in the *size and shape of the 
calcified plates to be noted later (see figs. 4 and 5) has probably no other significance 
than that it accompanies the degeneration of the plates, resulting from the fact 
that their function of protection is now performed by the carapace of the host. The 
relation of the calcified arcasft. SC. c.) to the whole valves (I: S. C.) is shown by the 
somewhat diagrammatic sketch (fig. 3) in which the outlines of the ~ a l v e s  and the 
lines of growth are added, though in nature they are seen only under the microscope. 

A barnacle removed from its host, with no piece of gill left attached will live for 
a considerable time with rather infrequent changes of water. One thus kept for 23 
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days in a flat dish molted twice and at  the end seemed quite healthy. 
was changed six times. 

their movements are sluggish and they are the first to die whcn brought into the 
laboratory. This reduction of vitality is not an evidence of real parasitism, but may 
be explained by the fact that when the cirripeds are present in large numbers much 
of the gill surface is occupied, gill lamellu: are fastened together, and the respiratory 
current retarded by them, and the barnacles havc the first chance at  the water. The 
health of the host being thus impaired, much harm results indirectly to it, in that it 
is rendered less able to contend with its enemies or to escape their attacks. 

The following is an explanation of terms used in the description: 

The water 

Those crabs whose gills are heavily burdened with Diclielaspis have less vitality; . 

The capitulum incloses the body, and is supported upon the stalk or peduncle. 
The juncture of the capitulum with the peduncle is regarded as the base of the capitulum; the 

Upper means away from; lowcr toward the base. 
The rostral angle or umbone is indicated by the point of union of the two segments of the scutum. 
The occludent margin of the capitulum extends from the rostral angle to the apex. 
All of the carina, except its basal portion, takes part in the ctrrinnl margin, u.hich is thus approxi- 

A tergum, therefore, has, roughly, four sides-upper, carinal, 

angle opposite this juncture is the upcz. 

mately at  right angles to the base. 
lower, and occludent. 

The term plates or valves (terga, scuta, curina) applies to the calcified portions of the valves. 

DESURIPTION. 

Darwin (1851-1854) gives this diagnosis of the genus Dichelaspis : 
Valves 5, generally appearing like 7, from each scutum, being divided into two distinct segments, 

united at the rostral angle; carina generally extending up between the terga, terminating downward 
in an embedded disk or fork or cup. Mandible, with three or four teeth; inaxillu: notched, with the 
lower part of the edge generally not prominent; anterior ramus of the second cirrus not thicker than 
the posterior ramus, nor very thickly clothed with spines; caudal appendages uniarticulate, spinose. 

As will be seen from the description given below, the cirriped under considera- 
tion belongs to this genus. While the carina, which terminates downward in  a fork, 
usually reaches only to or barely beyond the lower edges of the terga, there is con- 
siderable variation in the size and shapc of the plates. To this barnacle I have given 
the name Dicldaspis srLiiZZeri.” After a description of the species there will follow 
a comparison of D. snulleri with other species of the same genus. 
Dichelaspis mtilleri. 

Capitulum barely longer than broad; basal segment of scutum parallel to lower margin of 
capitulum, narrower than occludent segment and about five-sixths SM long; tergum divided very 
unequally by a notch; lower part of tergum about twice as wide as occludent segment of scutum; 
carina terininating downward in a fork; tnandible with four teeth. 

The capitulum is less than 14 times as long as broad (fig. 2) ,  generally about halt as thick as long, 
soinetimeb more compressed. In  two of the largest specimens the capitula were 3”” in width by 
4amm in length. These were unusually large. 

The peduncle ib 14 to 3 times as long as the capitulum, but one specimen was found with a capit- 
u l u ~ ~  4”‘”’ in length and peduncle 40111m in length. The peduncle is tmnslucent, except when colored 
by the ova, which, when present, give to a greater or less portion of the peduncle a pink color. 

Others of a much more usual shape were 3””’ by 34”””. 

Named artel Fritz Muller, who says in his 4 1  Facts and Argumcnts for Darwin” (En6lfsh translation, 1869, p. 137) that 
he ha8 met W l l h  a sperm of Dzchelaspzs 111 the branchial cavity of Lupa dicantha ( C a l l h e c k 8  haSkC~U6 formerly included 
under thls namc) He does not describe the form, which may wcll be identical with the BeauIort species. 
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The plates are stnall and well removed from one another. Each scutum (fig. 2) is composed of 
two segments united at  the umbone by an uncalcified fiexihle portion; the occludent segment extends 
parallel and close to the occludent margin of the capitulum; iH widest in the middle, where it is about 
half as wide as the lower part of the tergum; is narrower near the uinbone, and at its upper end is 
always inore or less pointed. The point is directed toward the notch in the tergum and reaches to or 
a little beyond the lower edge of that plate. Between this segment and the basal segment, which lies 
parallel to the base of the capitulum, is an angle varying from 70° to nearly 90'. The basal part is 
narrower and about five-sixths as long. as occludent portion, is of a more uniform width,.and, though 
often ending rather bluntly, is usually pointed. It may not reach quite to the points of the prongs 
of carina, or may overlap them as much as two-thirds their length. One scutum was found with a 
third narrower segment between the other two and directed toward the upper end of the carina. 

If the notch is measured 
from its apex to the tip of the smaller, occludent portion of the plate, its depth is generally about 
one-sixth (though it may be one-third) the length of the tergum or less. The lower end of5the tergum 
is in width usually one-half (one-third to three-fourths) the length of the plate; generally it has a 
smooth outline, though sometimes a little jagged or with a notch. The carina1 margin is usually slightly 
concave; this side, too, sometimes bears more or less of a notch. The upper end is blunt and rounded. 
Length of tergum two-thirds t6at of scutum, or one-third that of capitulum. That the two terga of 
the same individual are not necessarily just alike is shown by figs. 4 and 5 ;  in each figure the dotted 
line represents the tergum of one side, the continuour line that of the other side, of one barnacle. 

Each tergum bears a notch on the occludent margin (figs. 2, 4, and 5 ) .  

FIG. 1.-Diagrammatie FIG. 4 . 4 u t l i n e s  of tbe two terga FIQ. 5.-Same of another PIG. &-Lower part of a 
carina. x 30. sketch of valves. of an individual. x 30. individual. x 30. 

The carina (figs. 2 and 6 ) ,  terminating downward in a fork, is much widened at  the base of the 
widely separated and pointed prongs. Above the fork the carina is of very nearly uniform width. 
I t  ends bluntly, reaching to or barely beyond the lower edges of the terga; in a few cases it extends 
up between the terga as much as halfway, Within it is convex. 

The mouth-parts are well developed. On the labrum are two rows of short teeth, set closely 
together in the middle; the palpi are about equal in size to the first maxillte, and are clothed on and 
near the inner edge with bristles. The mundibleq (fig. 7)  have four teeth-the lower angle appears 
as a fifth tooth-the second being farther removed from the first than from the fourth; the lower 
three teeth are a little less sharp than the first; on the inferior angle are two or three very short teeth 
and &H many stout spines; below i t  are a number of closely crowded slender spines; the mandible is 
hairy near the end and bears little tufts of hairs on its outer margin. The second maxilla has four 
spines above the notch (one is small), two slender spines in the notch, and nine or ten below (fig. 8). 

The cirri of the first pair are removed from those of the second pair and are about half as long. 
Their rami are equal in length and are thickly clothed with spines. The rami of the second cirrus 
are of equal thickness and little shorter than those of the sixth. The caudal trppendugea, which are 
nearly as long as the pedicels of the sixth cirrus, are narrow and of very nearly uniform width 
throughout. They taper a very little at  the end where is borne a tuft of 15 or 20'bristles, the longest 
of which are a little longer than the appendages. Sometimes other spines are found near the end. , 

As seems to be the case in most species of the genus, the penis is very large, reaching in D. 
vniilleri to or beyond the second cirrus. I t  tapers to a point and has a tuft of short bristles on the 
end. On each side are scattered bristles in three rows. 
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CO~PARISON WITH OTHER SPECIES OF DICHELASPIS. 

Darwin (1851-54) gives five species under this genus, and says of their ctis- 
tribution: 

Eastern and western warmer oceans in the Northern Hemisphere, attached to krustacea, sea- 
snakes, etc. ; attached to crabs at Madeira and off Borneo; to sea-snakes in the Indian Ocean. The 
individuals of all the species appear to be rare. 

Since Darwin four species have been added to the genus: D. darwinii de Pilippi 
('61 and '61a), very abundant on the gills.of Palinurus vulgaris in the Mediterranean; 
D. neptuni (MacDonald) Hoek (MacD. '69 and Hoek '83)' on the gills and respiratory 
appendages of 'Neptunus pelagicus, one of the swimming crabs occurring in great 
plenty at Moreton Ray, Australia "; * D. ayinoizini Lessona and Tapparone-Canefri 
("74), found on the gills of Mac?u*oclkva kaeqferi sent from Japan by Cuv. Aymonin, 

FIO. 7.-Mandible. x 239. FIG. 8 . S e c o n d  maxilla. x 2S9. 

then living at Yokohama; finally, D. sasilis Hoek ('83), collected by the Challenger 
expedition in the Atlantic near the Azores, attached to a spine of an Echinid from 
1,000 fathoms. 

I reproduce in part a table for the identification of species, given by Dr. 1'. p. c. 
Hoek ('83, p. 48): 

1. Carina tcrminnting in a disk.. .......................................... ..D. warwicldi, D .  grayii, D. PdZUcidn 
2. Carina torminatiog in a fork .................................. .D. ~ieplusz', D. nllmonini, D. dnrwildi, D. ~ W d  
3. Carina terminating in R cop.. ...................................................... . . :D. orthogonia, D.  8esstlis 

(2) is further subdivided: 
1. Bun1 segment of scutum directed toward centrum of cnpltulum.. ............................... .D. nepluni 

a. Tergum triangular ................................................................... -D.  WmOnini 

. 
11. Basal segment of scutum parallel to lower marginof capitulum. 

(a) Capitulum almost a8 long ns broad [27Jendedfor almost IU broad ns long?]. 

..................................................... 8 .  Tergum divided by n deep ]lot& - D .  danuinii 
............................................... Capitulum more than It times as long a8 broad .D.  loWd 

1 Thus the form of the carina, the direction of the basal segment of the scutum, 
and the shape of the tergum, with other points of difference, exclude this barnacle from 

*MacDonald dcscribcs this form aa aomewbnt between ~epas and DMelasph and gives it tllc name PQmdolePm 
nepltdni; but Hook rcfcnr it to the gonus Mclrdaspin. 
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all of the above species except 1). hrwin&l: and B. lowei.” While B. mulleri resembles 
B. lowei in many points, it differs from it  chiefly in these important respects: 

(1) In shape: The capitulum of D. lowei is 18 times as long as wide, while in 
D. mulleri the length barely exceeds the width. Dtwwin describes the capitulum as 
“ much compressed.” In B. mulZeri it is one-half as thick as long; little compressed 
as compared with Lepm. 

(2) The segments of the posterior cirri have in D. Zowei eight pairs of main 
spines; in D. .~niille?’i six pairs. 

(3) In  size of plates: The plates of our species are much smaller and farther 
removed from one another. 

(4) The segments of the scuta are separated by an angle of O 7 0  to SOo, instead 
of by an angle of 503. 

(5) The carina of D. snuzla3i does not “extend up between three-fourths of 
the length of the terga” (or very rarely, at most), and the prongs, instead of p n g  
separated by an angle, as in.D. daru~inii, are united by an even curve (fig. 6). This 
latter point, however, may be subject to variability. 

D. darwinii is described by de Filippi (‘61, p. 76) as extremely common as a 
parasite in the branchial chamber of I-%Zinurus vulgaris, and is found in or near the 
Bay of Naples. The external resemblance to D. mulleri is very close, but striking 
differences exist between the nauplii of D. mullmi and those of D. darwinii as figured 
by de Filippi (‘Ha, tav. XIII, figs. 10 and 11). I need mention only that in his figure 
of the older nauplius (ibid., fig. 11) the frontal horns are still bent backward parallel 
to the body, and the spines on the appendages are no longer than those of the just- 
hatched nauplius (cf. figs. 10 and 11 of B. mullmi). Other differences in the life Qf 
the nauplii are referred to later. 

Those species of Diehelmpis having similar habitats to that of D. m,uZZmi, and 
apparently occurring in considerable numbers, are D. darwinii on lobsters of the 
Mediterranean, B. neptuni on crabs of the Southern Pacific, and D. ayrnonini on 
spider-crabs of Japanese waters. 

. 

SOME OBSERVATIONS ON THE DEVELOPMENT. t 
The peduncle of mature individuals is generally found to be entirely, or in 

part, of a pink color, this color being due to the ova seen through the translucent 
integument. After the eggs have passed into the branchial chamber, where they 
are cemented together into a somewhat saddle-shaped lamella, the external pink 
appearance extends to the capitulum. Some idea of the condition of the eggs can 
thus be gained from tt glance at  the barnacle. 

Eggs found in the ovary, which is contained in the peduncle, are roughly 
spherical in shape. Before passing out of the ovary they ‘attain a diameter of 
about 0.1 mm.; under a high power such an egg is faintly pink in color, appearing 
light yellow near the circumference. 

When laid the eggs are kept in the branchial chamber, where the first segmenta- 
tion stages are found. The cleavage begins as total and unequal. Eggs were obseryed 

* D .  lowd Darwin. 3fadeirn; attached to a rare briwhynrons crab; very rare (Darwin, 186144). 
t In the terminology of thc following description of devclopmentnl Rtagen, Itorshcldt & IIcidCr’H text-book (’99, pp. 

209-219) and Roek’s report (’84) have been followed. The figures and descriptions i n  the former are of Balams and of 
different species of &pas, in the latter of a specie8 of LCpa8. 
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that had undergone only the first cleavage; as compared with the ovarian egg they 
were elongate, narrowed somewhat, and not much pointed at the future posterior end. 
As the enihyro nauplius within is developed the egg becoiiies iiioru pointed at this 
end and more square-shouldered at the other. 

To understand the urrangeinent of the nauplial appendages in the egg, fig. 10 
of the nauplius as just hatched should be compared with the egg-nauplius of fig. 9. 
The latter figure is a ventral vicw of an egg nearly ready for hatching. The entire 
second appendage with its two rami is seen (figs. 9 and 10, 11, IIa, IIb), but the 
third appondage (see fig. 10, 111, ctc.) is completely hidden in this view by the 
overlapping second. The first appendage, too, is folded behind the second so that 
only its proximal portion is seen (fig. 9, 1). The asophagus apparently arches 

*;e. ‘& 
0 ,  

FIG. IO.-Naiiplius bcfore tlic Iirst molt. Vcntml vicw. x 343. 

over ventralmard, SO as to open somcmhat on the VentlTd surface of tho large “upper 
lip” (mi.),  the cesophagus being seen in optical cross-section at  ocs. The large 
nauplius eye ( t c . ~ . )  is closely approximtited to the brain (cer.). At the posterior end 
the point of the dorso-caudal spine (d. e. sp.) is seen just dorsal to the caudal fork 
(cdl. $), which tcrminates the thornco-ibl>doniiniil .region of the body. 

By selecting barnacles whose capitula are tolerably well filled with eggs, and 
teasing them on a slide, eggs are frequently found from which the nauplius is in the 
act of hatching. In  several ctiscs obscrjwd under the microscope the process was as 
follows: The appendages are pressed out against the shell, while the caudal end of the 
body is bent ventrally and anteriorly against the shell. Then while tho appendages 
and body are pushed anteriorly as much as possible, the caudal fork slips posteriorly 
along the shell. These a1 ternate niovenients, bracing first with the appendages, then 
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with the caudal part, bring pressure to bear on the anterior end of the shell and 
on other parts. Bupturc was never observed to take place elsewhere than at  the 
anterior end. When the shell has ruptured, with the leverage afforded on all sides, 
the larva is half out in a second or two; then with a single effort the shell is slipped 
off from the ends of the append.iges and the nauplius swims freely about. 

The nauplius in this stage (fig. 10) measures 0.213"" in length. Of the three 
pairs of swimming appendages the two posterior are biramous, the rami of the third 
being very short. The first appendage bears 6 spines; the seLond, 5 and 6 on the 
anterior and posterior rami, respectively, besides the rudiment of the " niasticatory 
blade" (muse. bl.) on the protopodite; the third bears 2 on the anterior ramus, 3 on 
the posterior, and 2 or 3 short spines on the protopodite and posterior ramus. The 
spines are straight and without branches that could be seen with the power uved. 

In addition to the other parts referred to in the description of the egg-nauplius, 
the alimentary canal (aZ. cc~n.) can here be traced for the greater part of its course. 
Alongside of it are seen two stout muscles (ms. th. w 6 . )  attached mteriorly and 
dorsally to the carapace in the region of the third appendage; posteriorly they seem 
to be inserted on the ventral side of the thoraco-abdominal part, and I assume them 
to be the nieans of the antero-ventral flexures of that section of the body observed 
in the act of hatching, and when the riauplids is kept from swimming by light 
p~*cssurc on the cover-glass. The parts indicated by R: are perhaps muscles to the 
mouth region, but they were not so clear that muscular structure was evident. The 
position of the long frontal horns ( f r .  h.) bent posteriorly subparallel'to the sides of 
the hody is characteristic of this stage of the nauplius. 

To obtain nauplii for study or preservation, ripe-looking barnacles may be 
selected and teased as described nbovc. It was-found bqttor, however, to Iwep one 
or two dishes of water, each containing thirty or forty barnacles; the water need be 
changed only every two or three days. The nauplii aggregate at the surface and 
toward the brightest light, and can bo obtained at almost any time, but, as the first 
molt occurs very soon, they are almost all in the second stage. De E'ilippi states 
that the nauplii of D. darwinii remain near the ovisxs for a long time, undergoing 
further development there ('61, p. 75, and '61a, p. 203). The first naupIii of B. rnulleri 
often at ledst, probably as a rule, leave tho branchial chamber early, undergoing the 
first molt outside. Washing out the gill chamber of the crab has never yielded 
more than a very few nauplii; when they pass from the capitulum of the parent they 
must be carried at  once out of the crab's gill chamber. 

The length of time between the hatching and the first molt was not definitely 
determined, but it was evidently very shortprobably usually within an hour. I n  
one ease, when a barnacle was teased on a slide and nauplii in the act of hatching 
were found in the drop on the slide and others already free, two or  three vigorous 
larvs  of the first stage (fig. 10) were transferred to a watch glass of water. Fifteen 
minutes Iater a nauplius was observed to have the frontal horns projecting forward, 
to have the appendages placed parallel to the axis of the body, and to be evidently 
longer than when first observed. The appendages were pressed more and more 
closely against the sides, and slight twitching motions of the body and appendages- 
apparently shrugging first one shoulder, then the other-were accoiiipanied by a 
gradual lengthening of the body to 0.387"'."', by which time it could be seen that the 
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nauplius was in the act of molting. The dorso-caudal spine and the thoraco-abdominal 
process could be seen to evaginate as they were drawn out from the old cuticle. I n  
a short time the appendages and body were out except for tho long spines; more 
pronounced movements soon freeing these, the molt was completed. The nauplius in 
this stage, represented by fig. 11, measures, from the anterior profile of the body to 

SF;:-h. 

i 
I , 

Wo. 11.-Nauplius after flrat molt. Dorsal view. x 140. 

the end of the dorso-caudal spine, 82’””’, or about four times its length in the preceding 
stage. Occasionally a nauplius is found with the evngination of the dorso-caudal spine 
incomplete, so that the latter appears to become abruptly smaller a t  some point, 

In fig. 11 the position of the “frontal horns” should be noted, as well as the 
presence of the sensory appendages (8; a) projecting from underneath the head 
between the frontal horns. Most of the spines are branched; the dorso-cnudnl spine 
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(d. c. s-p.) and the thoraco-ihdominnl process (th. (16. yvr.) are barbed. The alimentary 
canal can be traced. 

Fig. 12 is a more en1:rrged drawing of the under surface of the body. The large 
“upper lip” bears a row of sctw on each side of its distal portion. At  the dish1 
end of this row there is a group of set2 about twice as long as the others. Along 

At y l  is seen the gland cell produced into the frontal horn. 

Pro. l2.-Snmc ns fig. 11. Ventral vicw of body. x 2x0. 

the axis of the lip there is a band 
(muscle? or gland?) which loses itself 
in the horseshoe-shnpcd dark area 
about the mouth region. The stout 
masticatory blade (mnsc. 6l.) on the 
protopodite 02 the second appendage 
is to be observed. 

Fig. 13 gives a lateral view of 
the anal region. The alimentary 
canal is very much reduced in its 
most posterior part. The dorso- 
caudal spine arises just dorsal to the 
anus (0) and the thoraco-abdominal 
process immediately ventral. The 
point of insertion of the large muscle 
previoudy refcrrcd to (112.9. $1~. a5.) 
can be seen, and just at that place 
there seems to bo an articulation, 
but no observations i ~ s  to the actual 
plitce of flexure were made on the 
living nauplius. ._ 

Several mcthods were trictl to raise or obtain older stages of the nauplius, but 
with scant success. I t  was found that thc nauplii of the smooth 13nknnz~v 1)arnacle 
growing on the csrapce of the arah could l)c raised to the cypris stage by keeping 
them in an aquarium jar of water, to which wtls added every day or two some 
sediment from another jar containing a culture of diatoms, a method suggested by 
Dr. Caswell Grave. Tho interval between the 
first and second molts and that between thc 
second and third molts werc, with Bulu~ias, < I  

one to two days ?%Oh. This and other :qu:L- 
riuni mcthods were used with Bichelmpis, hut 
only once was a third stage reached. I n  this 
CILSO the qiiarium was started August 22; on 

unciorgone at lcnst a second molt; thcy dif- 
fered from the nauplii of the second stage little, exccpt in size, the length having 
increased to 1.13”’” with the other proportions likewise larger.‘ 

ms*h.bb?‘’can‘ 
; !  

August 2:) the nauplii were found to have Fin. 13 -finme ii’i I I ~ .  11. 1,ntcni1 vicw of pwtcrior 
part of alimentary v irna l ,  etc. x 280. 

* Profcsnor de Filippi f+tnt.cn tlirit he fniled to get the nniiplii nf 1). rlnrwri71ii fnrther tlirun tho qcBronA stsge of thoir 
development, arid lie nrgucs from thiR rind from other fnc% (form of the Iiirvn, means o f  locomotion, etc.) that tlic niruplial 
life in very long (‘Gl, p. 76, nnd ’ G l f c ,  p. 205). But it is quite powsiblc tlmt filrther ofCort with Grnve’a method will show 
that the metamorphosis does not tnkc an exceptionitl Icngth of tiinc. 
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In  two or three crabs having R large number of barnaoles of all sizes, minute 
white specks on the gills, when cxainined with a lens, proved to be attached cypris or 
stages between the attached cypris and the typical lepddide form. 

Fig. 14 is a sketch made from an attached cypris that had been mounted in 
balsam; the gill had been torn from the adhering ?ntcnn= (ant.). Thc valves of 
the very convex and bilaterally coiiipressed shcll are continuous dorsrdly (SA.); their 
ventral edges are connected by the adductor muscle (m. ad.) and arc apposed except 
where the adhering aiitennp are protruded in front, and posteriorly where the 
branchial opening, through which the thoracic feet (th. 1. I, Irl) are protruded, 
admits thc passage of water into and out of the branchial chanibcr. The shell is lined 
by the mantle (ml.); anteriorly, between the mantle and the shell is seen a thick layer 
of loose tissue (y), which is perhaps a thickening of the mantle, or possibly is due to 
imperfect preservation; while i t  is not figured by Hock or Claus (in Korsheldt & 
Heider) it is in all of my specimens. The dorsal infolding (&e. d.), soparating the 
part that is to be the capitulum from the portion from which the peduncle is derived, 

q= 
mt. $1. - < ’ 

FIG.  14.--httnc~hcd ryprig. Opticnl section, with 8ome projections x1GR. (Druwing from murinted nperimon.) 

is well clcvelopcd. Just  antcrior to this is the vcntral invagination @nv. v.), causing 
the pediincular portion to he bent upon itself. I n  this infold are the large paired 
eyes ( p .  e.) left bchind by the withdrawal of the stltllr integument, hut still attached 
to the cuticle, and later to be thrown off’ (Komhcldt & Heider ’99, p. 218). The 
unpaired niLuplius cyc (u .  P . )  is scen ncar thc ventrid end of thc dorsa1 invagination, 
instcrkd of anterior to the C;EW as in Lepaiv (C~ZLUS’s figure of the cypris of Lepas 
pectinata in K. & 1%. “39, 1;. 816). Thc mouth t L t  thc top of the “oral cone” leads 
by the mophagus (ms,) into the crilarged stoiiiacli (st.) from which the intestinc (7:ll.t.) 

proceeds. Opening into the trNophagus are IL pair of (YECIL, cc, (Hoelr); in Claus’s 
figure a similarly pl:~ced c::ivjty is nrilled the liver. Vcntrnl to thc diinentnry <:an:tl 
is seen the chain of thorncic g:tngli;t (q. / to q. TTJ) without coiriniissiires; the first is 
much the largest. ,Just above thc cesophagus from this onc is the supr:toesoph:tged 
ganglion (8. 8.). 

Specitiicns in dl sttLges of the jnetmnorphosis fom the attiwhod cypris to the 
perfect lepadide adult can be found or1 the crab gill. 
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ABBREVIATIONS USED W1T.H FIGURES. 

a ......... anus. 
al. can .... alimentary canal. 
ant ....... adhering antenna. 
c.. ....... ,carina. 
cc.. ...... .c~ecum. 
e. up ..... .caudal appendage. 
cap ..... .,capitulum. 
cdl. f.. ... .caudal fork. 
ccr ...... .,brain. 
d. e. sp ... .dono-caudal spine. 
fr. h.. .... ,frontal horn. 
9.1,s. V I  .ventral gnnglin. 
gl  gland cell. 
9.8.. ..... .suprnacsophageal ganglion. 
int ....... ,intcstinc. 

inv. d .... dorsal invagination. 
inv. 1‘ .... ventral invagination. 
m ........ mouth. 
rna8c. bl . .maxticntory blade. 
ml ....... mantle. 
ns.*th. ab .thoraco-abdominal muscle.(?) 
m8. ad ... adductor muscle. 
rn ...... .cesophagus. 
ov ...... .ovary. 
ped ...... pcdunclc. 
p .  e . . . . . .p  aired ( r j p r i s )  cyc. 
8. a ...... sensory nppendage. 
86. .  .... ..scutum. 
8h. .  ..... .shell. 
nt ........ stomach. 

1 . .  ........ tergum. 
tk. ab. pr . . thoraco-abdominal process. 
th. 2,Z- V I .  thoracic limbs. 
u. c ....... unpaired (nauplius) eye. 
u. 1 . .  .... ..upper lip. 
T, 8, G ... .uncalcified valves (terga, 

scuta, cnrina). 
x, ....... (see pages 408 and 411, rcspec- 

1, 11,111. .first, second, and third unu- 

TZU, I lb . .  .anterior and posterior rami 

IIIa, 1Ilb.nuterior and posterior ramf 

tively.) 

plial appendages. 

of second a,ppendage. 

of third appendage. 
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MARINE PROTOZOA FROM WOODS HOLE. 

BY GARY N. CALKINS, 
Deparhite?bt of Zoology, Columbia Uxiversity. 

Comparatively little has been done in  this country upon niarine Protozoa. A 
few observations have been made by Kellicott, Stokes, and Peck, but these have not 
been ut a11 complete. With the exception of Miss Stevens's excellent description of 
species of Lichnopl~or~a I am aware of no single papers on individual forms. Peck 
('93 and '95) clearly stated the economic position of niarine Protozoa as sources of 
food, and 1 need not add to his arguments. It is of interest to know the actual 
species of various groups in any locality and to compare them with European forms. 
The present contribution is only the beginning of a series upon the marine Protozoa 
at Woods Hole, and the species here enumerated are those which were found with the 
algE along the edge of the floating wharf in front of the Fish Coiniiiission building 
and within a space of about 20 feet. Many of them were observed in the water and 
alge taken fresh from the sea; others were found only after the water had been 
allowed to stand for a few days in the laboratory. The tow-net was not used, the 
free surface Protozoa were not studied, nor was the dredge called into play. Both 
of these me'ans of collecting promise excellent results, and at  soine future time I hope 
to take advantage of them. 

My observations cover a period of two months, from the 1st of July to the 1st 
of September. During that time I was able to study and describe 72 species repre- 
senting 55 genera, all from the limited space nicntioned above. I n  addition to these 
there are a few genera and species upon which' I have invufticient notes, and these 

, I shall reserve until opportunity comes to study them further. 
I take this opportunity to express my thanks to Dr. Hugh M. Smith for many 

favors shown me while a t  Woods Hole. 
I n  dealing with these ninrine fornis from the systematic standpoint, two courses 

are open to the investigator. He may m&e numerous new species based upon minor 
differences in structure, or he may extend previous descriptions until they are elastic 
enough to cover the variations. The great majority of marine Protozoa have been 
described from European waters, and the descriptions are usually not elastic onough 
to embrace the forms found at  Woods I-Iole. I have chosen, however, to hold to 
the conservative plan of systematic work, and to make as few new species as possible, 
extending the older descriptions to include the new forms. 

416 
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The different classes of Protozoa, and orders within the classes, are distributed 
more or less in zones. Thus the Infusoria, including the Ciliata and the Suctoria, are 
usually littoral in their habitat, living upon the shore-dwelling, or  attached, water 
plants tind upon the animals frequenting them. It is to be expected, therefore, that 
in forms here’ considered there should be a preponderance of Infusoria. Flagellated 
forms are also found in similar localities, but on the surface of the sea as well; hence 
the number described in these pdges is probably only a small proportion of the total 
number of Mastigophora in this region. The Sarcodina, including the Foraminifera 
and the Radiolaria, are typically deep-sea forms and would not be represented by 
many types in the restricted locality examined at  Woods Hole. Two,species, GrmrLia 
laqenoida and Trunwtulina Zobatula, alone represent the great order of Foraminifera, 
while the still larger group of Radiolaria is not represented at  all. 

The Protozoa described are distributed among the different orders as follows:* 

Clam SARCODINA. 
Subelus3 RHIZOPODA. 

Order A M ~ B I D A .  Page. 
1. A m d a  gutlula Duj . . . . . . . . . . . . . . . . . . . . .. . . . 417 
2. Amabu sp _......_____.___.______._ ~ _____._. 417 
3. Trichonpliarium aieboldi Schn . . . . . . . . . . - . . . 418 

Order RETICULAR~IDA. 
Suborder IMPERFORINA. 

Suborder I’ERFORINA. 
4. Gromia lugenoiden Grubcr . . ._ _. . . . . . ._. -. . . 419 

S. TiuncatJina lobetiila Walker & Jacob ._... 420 
Subclass HELIOZOA. 

Order APHROTHORACIDA. 
6. Actinophrys mol Ehr., . . . . . . . . . . . . . . -. _ _  . ~. . 420 

7. Heteropliry8 myriapods Archer . . . . . - -. ~. . . . 421 
Order CHLAYYDOPHORIDA. 

Class MASTIQOPHORA. 
Snbclsss FLAQELLIDIA. 

Order MONADIDA. 
8. Maatigamtxba simplex, 11. RP.  ._. _.__. . _._.. _ _  422 
9. Codoiiuea g r a d i s ,  n. ap . . . . . . . . . . . . . . . . . . . - 428 

10. JlfOnas Hp ~. . . . . . . . . . . . . . ~. . . . . . . . -. . . . . . . . . . 423 
Order CHOANOFLAOELLIDA. 

11. Monosiga ovatu 6. Kent.. . . . . . . . . . -. . . . . . . . . 124 
12. Mono8iga fu8lfO?VZb S. Kent.. __. . __. . . . . . _ _  424 
13. Codononign botrytk (Ehr.) J. Cl.. . . . . . . ~. . . . 424 

14. Bodo globonus Stein.. . . . . . . . . . . . . . . . . . . . . . . . 425 
15. Bodo caudntus (Duj.) Stein . ._. . . . . . . . . . . . 4’5 
16. Oxyrrhia ma?%na Duj.. . . . . .. .__. . ___. .__. _ _  426 

17. Anta& contorta Duj. ... . . . . -. . . . - -. . . . . . . . . 4% 
18. AniaonmnazvXrea Duj. .. . . . . .. . . . . -. . . . . . . . . 426 

19. Distqihanua rpeculuni Btohr . . . . . . . -. . -. -. . . 427 

Order HETEROMASTIQIDA. 

Order EUGLENIDA. 

Order SILICOFLAGELLIDA. 

Subclam DINOFLAOELLIDIA. 
Order ADINIDA. 

20. Exuz3iaUa lima Cienk.. . . . .... . ._.._ __. .. . . . 428 
21. Emuidla marina Cienk.. . . . . . . . . . . . . . . . . . . 429 

22. Gymnodiniurn gra& Bergh.. . . . . . . . . . . . . . . 429 
23. Glenodinium cincturn Ehr.. . . . . . . __. . . ___. . 430 
24. Glenodininm comprcasa, n. sp . . . . . . . . . . . . . . . 430 
25. Prridinium. cligitde Pouchet.. . . . . . . . . . . . . . . 431 
26. Pcrirliniurn diuergcnx Bhr.. . . . . . . . . . . . . . . . . 431 
27. Ceratiuni tripos Nitxch.. . . . . . . . . . . . . . . . . . . . . 432 
28. Cwalium fusus Ehr _____.. _. ... .______.___ ._ 432 
29. Amphidinium operctclatum Clap. & Lach.. . . 432 

Order DINIFERIDA. 

Class INFU~ORIA. 
Subclass CILIATA. 

Order HOLOTRICHIDA. 
Famyy ENCIIELINIDB. Page. 

30. Lacrymaria lagcnula C1. & Lach.. . . . . . . ~. . . 493 
31. Lacrymaria coronalu C1. & Lach.. ._. .._. . _. 434 
32. Traehelocerca phanicopterua Cohn . . . . . . . - ~. 435 
83. !Earina fusus C1. & Lach ....... ..... ..... .. 437 
34. Mesodinium cinctum, xi. sp.. ._ -. . . .. . . . ._. . . 436 

35. Lionoti~s fanclola Ehr.. . _ _ _ _  _._. . ... ._ ..__ ._ 438 
Family TRACHYIJNIDX. 

36. LOXO~J/l~&LTn llCi?i!J~tWll Quenn.. . . . . . . . . . . . . 438 
Family CHLAMYDODONTIDIE. 

37. Naesula microstoma Colin . . . . . . . . . . . . . . . . . . 440 
38. Cliilodon eucullulua Mull.. . . . . . . . . . . . . .. . . . . 441 
39. Dysteria lanceolata C1. & Laoh.. . . . . . . . . . . . . 441 

40. Frontonia Zeucas Ehr . .. . __. . . . . -. -. -. . . . . . . 442 
41. Colpidium eolpoda Ehr . . . . . -. . . . . . . . . . . . . . . 443 
42. Uronenia marina Duj . . ____. . .. . . ._. . ... :. .. 444 

43. Pleuronema chrysalis Ehr . . . . . . . . - -. . . . -. . . 444 
44. Pleuronema setigma, n. sp . _.... . .. ._. . . .. .. 445 
45. Lembus infusionum, n. sp.. . . . . . . . . . . . . . .. . . 446 
46. LembuspZlgilluB Quonn.. . . . . . . - -. . -. . . . . . . . 446 

47. Amplophrya branchiarum Stein .........._. 447 

Family CHILIFERIDIE. 

Family PLEURONEMIDIE. 

Family OPALINIDX. 

Order HETEROTRICHIDA. 
Family BURSARIDIE. 

Family HALTERIIDB. 

Family TINTINNIDB. 

48. Condylostoma patens Mull . . . - -. . . -. . . . . . . . . 449 

49. Strombidium caudatum From.. . . . . . . -. . . . . - 460 

60. Thtii17koZ)8iS beroidea Stein . . . - -. . . . . . . . . . . . 461 
61. Tintinnopsis davidofl Daday . . . . . . . . . . . . . . . 451 

Order HYPOTRICHIDA. . 
Family PERITROMIDB. 

62. Peritromus emma: Stein. -. __. . . . . . . . . . . . . . . . 452 

53. Epiclintcn radiosa Quenn . . . . . . -. . . . . . . . ~. . . 453 
54. Amphiaia kesrrleri W ~ Z O S  . .. ._. . . . . .. _... . . .. 454 

55. Euplotes charon Ehr . __. . . . . . . . . . . . . . . . . . . . . 455 
56. Euplotes harpa Stein . __. __. . _ _  _ _  ._. .. . . .. ._ 455 
57. niophrys appendiczllatus Stein.. . ... . . ... .._ 4% 
58. Uronycliia setigera. n. sp . . ~. -. -. . . . . . . . . . . . . 457 
59. Aepidiscahewls Quenn . ._ -. . . . . . -. . . -. . . . . 458 
GO. A6pidiacn p lys ty la  Stein . . . . . . . . . . . . . . . -. . . 458 

Family OXYTRICHIDB. 

Family EUPLOTIDB. 

*This olssvification includes only the orders and families ropreseuted at Woods Hole. 



SubclW CILIATA-COntinUed. 
Order PERITRICHIDA. 

Family LICHNOPHORID&:. 
61. Lichnophora maqfarlai~di Stevens ........ 460 

Family VORTICELLIDIE. 

Qenns AMEBA Anct. 

The pseudopodia are lobose, sometimes absent, the body then progressing by a flowing move- 
ment; the body consists of ectoplasm and endoplasm, the latter being granular and internal, the 
former hyaline and external. There is always one nucleus and one vacuole, but both may be more 
numerous. Reproduction takes place by division or by spore-formation. Fresh-water and marine. 

Subclass SUCTORIA. 
Family PODOPHRYIDM. 
68. Wdophrya gracilb, n. sp.. ................ 
60. Ephelota coronata Wright ................ 

41% 
464 

Family ACINETIDB. 

FIQ. l.-Amreba gultula. 

Ameba guttula Duj. Fig. 1. 

ized by rapid flowing in one direction. 
advance. 
the smaller posterior end is quite hyaline. 
Frequent in decomposing vegetable matter. 

with the Woods Hole forms. 

AmcebaP Fig. 2. 

A more sluggish form than the preceding, distinguished by ite larger size, its dense granulation, 
and by short, rounded pseudopodia, which, as in Amabuproteua, may come from any part of the body. 
A delicate layer of ectoplasm surrounds the granular endoplasm, and pseudopodia formation is eruptive, 
beginning with the accumulation of ectoplasm. Movement rapid, usually in one direction, but lnay 
be backwards or sideways, etc. Contractile vacuole absent; the nucleus is spherical and contains 
many large chromatin granules. Length 80p ; diameter 5 6 ~ .  

E'rO. Z.-.&lWbU tip. FIQ. 3. - Tridio8plr;uriunb aicbold i. 

A minute form without pseudopodial processes, extrelrlely hyaline ill appeitrallce, and cliaracter- 
Tho body is club-shape and inoves with the swolleii end in 

A comparatively small number of large granules are found in the swollen portion, while 
Contractile vacuole absent, and a nucleus was not seen. 

Traversus a distance of 1 6 0 ~  in one minute. 
The fresh-water form of A. guttuta h w  a vacuole, otherwise Dujardin's description agrees perfectly 

Length 37j i .  

F. C. B. 1901-27 
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Genus TRICHOBPIIBEILIUM Schneider '78. 

Synonym: Pachymyxa hystrix Gruber. 

Marine rhizopods, globular or irregular in form, and slow to change shape. Dimorphic. Both 
forms multinucleate during vegetative life. Pseudopodia are long, thin, and thread-form, with rounded 
ends. Their function is neither food-getting nor locomotion, but probably tasting. The plasm of both 
forms is inclosed in a eoft gelatinous membrane. In  one form the jelly is impregnated with needles 
of magnesium carbonate (Schaudinn), but these are absent in the other form. The membrane is 
perforated by clearly defined and permanent holes for the exit of the pseudopodia. Reproduction 
occurs by division, by budding or by fragmentation, but the parts are invariably multinucleate. A t  
the end of vegetative life the needle-bearing form fragments into numerous mononucleate parts; these 
develop into adults similar to the parent, but without the spines. At the end of its vegetative life this 
new individual fragments into biflagellated swarxn-spores which may conjugate, reproducing the form 
with needles. Size up to 2 mni. 

, .< f- 

FIG. 4.-Gromia lagenoides. 

Trichosphmrium sieboldi Sclineider. Fig. 3. 
With the characters of the genus. A form which I have taken to be a young stage of this 

interesting rhizopod is described as follows: 
A minute, almost quiescent, form which changes its contour very slowly. The membrane is cap- 

like and extends over the dome-shaped body, fitting the latter closely. The endoplasm is granular and 
contains foreign food-bodies. Nucleus single, spherical, and centrally romtetl. Pseudopodia short 
and finger-form, emerging from the edge of the mantle-opening and swaying slowly from side to side or 
quiescent. The most characteristic feature is the presence of a broad, creeping sole, membranous in 
nature and hyaline in appearance. This membrane is the only evidence of ectoplasm, and it frequently 
shows folds and wrinkles, while ita contour slowly changes with movements of body. The pseudo- 
podia emerge from the body between this membrane and the shell margin. Contractile vacuole 
absent. Length 42p, width 35p. I n  decomposing seaweeds, etc. 

Only one specimen of this interesting form was seen, arid I hesitate somewhat in placing it on 
such a ineager basis. It is so peculiar, however, that attention should be called to it in the hope 
of getting further light upon its structure ancl mode of life. Its membranous disk recalls the genus 
Plakopw; its mononucleate condition, its membranous disk, and the short, sometimes branohed, 
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pseudopodia make it difficult to identify with any phase in the life-history of Triclhosphwitm. 
leave it here provisionally, with the hope that it may be found more abundantly another time. 

I shall 

Genua QROMIA Dujardin '35. 

(Dujardin 1835; 11. Ychultzc '62; F. E. Schultzc '7.1: Lcidy '77: Butschli '83; Gruber '84.) 

The form is ovoid or globular, and the body is covered by a tightly fitting, plastic, chitin shell, 
The flexibility of the shell makes the form 

The pseudopodial 
The pseudopodia are very fine, reticulate, granular, and sharply 

Con- 
Fresh and salt water. 

Fig. 4. 

which, in turr,, is covered by a fine layer of protopiasm. 
variable as in the ameboid types. 
opening is single and terminal. 
pointed, and form a loose network outside of the skell opening. 
tractile vacuole is usually absent. 

Gromia lagenoides Gruber '84. 

types of alg:e. 

The thickness of the shell is quite variable. 

Nucleus single or multiple. 

This species is not uncommon about Woods Hole, where it is found upon tlie branches of yarious 
The chitinous shell The body is pyriform, with the shell opening at the larger end. 

PIQ. 6.-.~lCli?LOphryS 801. 

is hyaline and plastic to a slight extent, so that the body is capable of some change in shape. Tlie 
shell is thin and turned inwards at  the mouth-opening, forming a tube (seen in optical section in fig. 4 )  
through which the protoplasm passes to the outside. Tho walls of this tube are thicker than the 
rest of tlie shell, and in optical section the effect is that of two hyaline bars extending into the I)ody 
protoplasm. A thin layer of protoplasm surrounds the shell and fine, branching, pseudopodia are 
given off in every direction. The protoplasin becomes massed outside of the mouth-opening and from 
here R dense network of pseudopodia forms a trap for diatoms and smaller Protozoa. Tlie nucleus is 
spherical and contains one or two large karyosomes. The protoplasm is densely and evenly granular, 
without regional differentiation. 1 have never observed an external layer OE foreign particles, such as 
Gruber described in the original species. 

Lellgth of shell 245,~; largest diameter 1 2 5 ~ .  

Genae TRUXCATULINA D'Orbigny. 

A group of extremely variable IorarnlniEera in which the shell is rotaline; i. e. ,  involute on the 
The shell is calcareous and marsely porous in older lower side and revolute on the upper (Brady) 



420 BULLETIN OF THE UNITED STATES FISH COMMISSION. 

forms. 
by precise and constant characters. 

Truncatulina lobatula Walker & Jacob. 
Synonyms: See Brady ’84 for a long list. 

The characters are very inconstant, and Brady gives up the attempt to distinguish the group 

“It is impossible to define by any precise characters the morphological range of the present species. 
Its variations are infinite.” 

This very common form, which occurs in all latitudes, was found frequently among the algae at 
Woods Hole. Its characters are so difficult to define that for the present I shall limit my record to 
this brief notice. Size of shell 230p by 270p. 

(Brady, p. 660.) 

Genu8 ACTINOPHRYS Ehr. 

The body is spherical and differentiated into granular endoplasm and vacuolated ectoplasm, but 
There is one central nucleus and usually one contractile the zones are not definitely separated. 

FIG. B.--Helerophrya mydapoda. 

vacuole. 
Fresh and salt water. 

Actinophrys sol Ehr., variety. 
Synonyms: See Schaudiriri ’96. 

The diameter is about 50p; the vacuolated ectoplasm passes gradualjy into the granular endo- 
plasm. This is the characterization given .4. 801 by Schaudinn, and it applies perfectly to the fresh- 
water forms. If I am correct, however, in placing an Actinophrydike form found at  Woods Hole in 
this species, the description will have to be somewhat modified. In  this form (fig. 5) there is no dis- 
tinction between ectoplasm and endoplasm, and there is an entire absence of vacuoles. The nucleus 
is central, and axial filaments were not seen. The single specimen that 1 found looked much like a 
Suctorian of the genus Sphmophrya, but the absence of a firm cuticle and the presence of food-taking 
pseudopodia with granule-streaming makes it a very questionable Suctorian, and 1 place it here until 
further study throws more light upon it. 

The pseudopodia have axial filamenta that can be traced to the periphery of the nucleus. 

Fig. 5. 

Diameter of body 40p; length of pseudopodia 120 to 140p. 
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Qenne RETEROPHBYS Aroher. 

The body is globular with but slight differentiation into ectoplasm and endoplasm; one nucleus in 
the latter; contractile vacuoles one or many; pseudopodia on all sides, thin, and with peripheral 
granule-streaming; surrounded by a globular, rather thick coat of jelly, which is hyaline inside and 
granular on the periphery. Fresh and salt water. 
Heterophrys myriapoda Archer. Fig. 6. 

Synonym: I€. marina Hcrt. & Less. ’74. 

Diameter 25 to Sop; pseudopodia twice as long as the body diameter: the plasm often contains 
chlorophyl bodies (!4oochlorella). The granular part of the gelatinous layer is thick (up to 1 0 ~ ) .  
The spine-like processes are very thin and short. (Schaudinn ’95.) The marine form found at 
Woods Hole probably belongs to this species, as described by Schaudinn. The short pseudopodia 
which give to the periphery a fringed appearance are quite regularly placed in connection with the 
pseudopodia. The latter are not so long as twice the body diameter, the longest being not more than 
equal to the diameter of the sphere. The body inside of the gelatinous covering is thickly coated 
with bright yellow cells similar to those on Radiolaria. The animal moves slowly along with a rolling 
motion similar to that described by PGnard ’90, in the case of Amntlioq~stis. Diameter of entire globe 
35p;  of the body without the jelly 18p. The extremely fine granular pseudopodia are 8 to S5bc long. 
Common among alge. 

This form was probably meant by Peck ’95, when lie figured “a helioxoon.” 

Key to orders o j  Plagellidicl. 
Small, body usually ameboid; 1 or more flngclla: no mouth.. .................................. Order MONADIDA. 
Small; plasmic collarkround the flagellum.. .................................................... Order CHOANOFLAQELLIDA 
With 2 or more flagella; one trails behind ....................................................... Order HETEROMABTIQIDA 
With 3 or more flagella, none of which trails .................................................... Order POLYMASTIQIDA 
Large; flrm body wall: 1 or 2 flagella; mouth or pharynx, or both ............................... Order EUQLENIDA 
Medium size; with chlorophyl, no mouth, usually colonial ..................................... Order PHYTOFLAQELLIDA. 
Small; !3iliCiOUH skeleton; parasitie on Radiolaria or free.. ............................ , ........ .OrdPr SILICOFLAQEI.I.IDA 

(One genus, Distqhanus Stbhr). p. 427 

Key to the families of Nonadida. 

Mouth a t  base of single flagellum: plastic: no pseudopodia.. ....................................... .FumIly G’ei-comonadifh 
One flagellum; inclosed in gelatinous or membranous cups ............................................. Family Co~onmid% 

No mouth; 1 or 2 flagella; ameboid with lobose or ray-like pseudopodia ............................ Family Rhizomastigidil: 

Oue flag&llum; tentacle-like proceas a t  base of flagellum; inclolied in  cup ................................ .Fumily Bikeefd~Z 
One main flagellum and 1 or 2 accessory flagella .................................................... Family Hetercmonadidde 

Kq to murine genera of Monadidu.” 

2. Flagellum never thrown off.. ...................................................................................... 
Family Rhizomastigzdre: 

1. Flagellum repeatedly thrown off and reassumed.. ................................ Genus *lastigameba in part, p. 422 

b. Pseudopodia raplike.. ......................................................................... Qenus Nastlgophrys 

3 
Qenus Nastigamoeba ............................................................................. 3. a. Fseudopodia lobose. 

Family Codonavidre: 

Family Heteromonadida: 
1. Goblet-shaped cups adherent by stalk ........................................................ Qenus * CbdOt&a?Ca, P. 423 

1. The long flagellum vibratory.. ................................................................. ..Qcnus *No@@, P. 423 ................................... .............. 2. The long flagellum rigid; shorter oiie vibrates.. .!. Qenus StstaomonM, 

Key lo marine genera of Chounojagellida. ’ 

1. Without gelatinous or membranous test.. ......................................................... ...I-- ........... 
2. With gelatinous or membranous test .............................................................................. 

3 
4 

........................................... 1. Without a stalk, or with a very short one ..Genus *JlionOSi~IX, p. 4% 
.......................................................... 2. With a long, simple, stalk.. Qenus * Codonosiga, p. 424 
......................................................... S.  With a long, branched, stalk. . - . ~ C i l U s  Codonoclndizlnl 

Qenus Protc!rowottgza 

3. a. Attached forms: 

b. Free-swimming.. ................................................................................ ..Qenus ~ e t x t m ~ l l a  
........................................................ 4. Colonial, and With a gelatinous covering 

.presence a t  Woods Hole lndicatecl by asterisk. 
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Key to fumilies and marine genera of IIeleroma&igida. 

1. Two flagella nearly equal in size ................................................................... .Family Bodonid2 
One main and 2 accessory flagella ................................................................ Family Trimastigids 

1. Body very plastic, almost amoeboid ............................................................... Genus *Bodo, p. 424 
Body not plastic; with large anterior cavity, holding tlagelln ................................. .Genus * Ozywhia, p. 426 

1. With a n  undulatory membrane between accessory flagella.. ......................................... Genus Trlmastix 
Without such membranc; flagella contnihed in n ventral groove whilc a t  rcsL.. ......................... Gcnus Cbstia 

Family Uodonide: 

Family %mastip'dx: 

Key to murine genera of Polymasligida. 

1. Body flattened; o m s  rounded; sidcs hollowed; oftcn with wing-like proccsscs; cross scction 
S-shaped ......................................................................................... .Genus Trepomonaa 

2. Body pyriform; one large asymmetrical groove; 4 flagella.. ......................................... Genus Tetramitun 
3. Body spherical; many flagelln equally distributed ................................................... Genus Midticilia 

Key to fumilies and m a r i d  genera of Zuglenidu. 

1. With deeply-insunk pharynx; no mouth ........................................................................... 2 
With pharynx and distinct mouth.. .............................................................. Family Peranemide 

2. Body plastic; usually with chromutophorcu and eye-spot ......................................... ..Family Eughida: 
Body plastic; no chromatophores; no eye-spot.. .................................................... .Family Astaaiide 

Body Euglena-like, inclosed in shell with round opening for exit of flagellum .................. Genus maehelomonas 

Body with one flagellum ........................................................................ Genus*Aelasia, p. 426 

1. Body striped; plastic; two diverse flagclla .................................................... ,.....Genus Ifeteleronenul 
2. Bodystriped; not plastic; posterior flagellurn longer than the other.. ...................... Genus * Anisonema, p. 426 
3. Body striped; not plastic; with rod-like organ in pharynx.. ........................................ Genus Enlosiphon 

Family EugIenids: 

Family Astasiidx: 

Family Perancmids: 

'Genne IdASTIGAM(EBA F. E. Bchnltze '76. 

(Kent '81; Butschli '86; Klebs '92; Renn 1900.) 1 

I n  general the form is oval and either regular in outline or irregular through the pregence of many 
pseudopodia. Differentiation of ectoplasm and 
endoplasm distinct or wanting. The pseudopodia are occasionally 
withdrawn, and the flagellum is the sole means of locomotion. In some cases the flagellum turns into 
a pseudopodium, and, conversely, the pseudopodium at one end may become a flagellum (see btlow). 
I n  some rare caaes the ectoplasm secretes a gelatinous mantle. Reproduction not observed. 

One flagellum usually quite large and distinct. 
One to several contractile vacuoles. 

Fresh and salt water. 

Mastigamaba simplex, n. sp. 

A very small form, first seen in the flagellated stage, aroused my interest by reason of the fact 
that ita flagellum lost its regular outline and became ammboid, turning to a pseudopodium, while at  
the same time other pseudopodia were protrnded from different parts of the periphery. In this con- 
dition ectoplasm and endoplasm could be made out with the clearest definition. After the pseudopodia 
were well formed, the body became flat and closely attached to the glass slide. I n  a short time one 
of the pseudopodia became longer than the rest; the body became more swollen; the pseudopodia were 
gradually drawn in, with the exception of the more elongate one; this became active in movement 
and finer in diameter, until ultimately it fornied a single flagellum at the anterior of a small monadi- 
form flagellate. The process was repeated two or three times under my observation, so that I am 
convinced that i t  was not a developmental form of some rhizopod. Several of them were seen at 
different times during the summer, and they were always of the same size and form in the flagellated 
or ammboid condition. I did not make out their reproduction, and I shall not be satisfied that this is 
a good species until tlieir life history is known. 

Fig. 7 .  

In  decaying alge. Length lop. 
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Genae CODONECA Jamea Clark '66. 
(Kent '81.) 

Small forms inclosed in cup or "house" of ovoid or goblet shape, colorless and probably 
The monad does not completely fill the test. gelatinous (chitin?) in texture, and borne upon a stalk. 

Contractile vacuole single, posterior. 

Codoneca gracilis, n. sp. Fig. 8. 

The cup is urn-shaped with a well-defined neck or collar borne upon a shoulder-like end of the body. 
It is hyaline, colorless, and carried upon a stalk equal in length to the cup or shorter than this. The 
animal does not fill the cup, nor is it attached by a filament to the latter. There is a single flagellum. 
The niicleus is minute and lateral in position; the contractile vacuole is in the posterior end of the 
body. This minute form looked so ruuch likea 
choanoflagellate that I supposed it to be one until I discovered an empty case (Fig. 8). 

Total length of cup and stalk 2111; of cup alone 1 2 ~ .  

13 IU. 'I.-Nastigaaniaeba simplex. 

aenns MONAS (Ehr.) Stein '78. 
(Kcnt '81; Riitschli '86; Klcba '97; Senn 1900.) 

The body is small, globular or oval and either free-swimming or fastened by one of the two 
In addition to 

The 
flagella. Tho body is sometimes a little ammboid, with short pseudopodial processes. 
the main flagellum, there are usually one or two small flagella at  the basis of the larger one. 
nucleus is usually anterior, and one or two contractile vacuoles are present. 
Monas sp. Fig. 9. 

The body is ovoid and the main flagellum is about four times the length of the body. 
vacuole is posterior. 
species. 

An extremely small form ( 3 p )  attached by a thread of protoplasm-perhaps a flagellum, to a l e .  
The contractile 

Only One specimen was seen and upon this I shall not attempt to name the 

Genua YONOBIQA Rent '81. 

(Biltschll '86: Franc6 '97; Senn 1900.) 

Small colorless forms of Choanoflagellida, always naked and sslitary. The posterior end is attached 
directly to the substratum, or there is a short stalk not exceeding the body in length. Kent '81 
distinguished nine species, but BCitschli questioned the accuracy of many of these, and in this he wag 
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followed by Franc6 '97, who recognized three species-illonosiga ovata, ill. furiformis, and M. rcuguslata. 
Fresh and salt water. 

Xonosiga ovata S. Kent '81. Fig. 10. 
Synonyms: M. brmbes S. I<.; M. consociata S. K.;  M. Zimnobin Stokes 

The individuals are unstalked or provided with a very short stalk less than the body in length. 
Thc collar is 

Oil parti- 
The form is spherical or ovate, broadest at  the base and tapering to the extremity. 
somewhat variable in size. 
cles present. 

I n  the Woods Hole forms it was about the length of the body. 
Contractile vacuole posterior, nucleus anterior. 

Fresh and salt water. 

Monosiga fusiformie S. K. 

Length of body without the collar 5p. 

Fig. 11. 
Synonyms: M. s tdM 6. K.: M. 1ongicoZZiSf S. K. 

The individuals are nnstalked, minute, and of a general flask-shape. The body is swollen 
There is no stalk, the body being fixed by the attenuate 

There are two contractile vacuoles and one nucleus, which is situated a little above 
centrally and tapers slightly at each end. 
posterior end. 
the body center. Fresh and salt water. Length without collar 9,u; length of collar 3,u. 

FIQ. 9.-Monas .up. FIQ. lO.--Monodga ovata. , FIQ. 11.-M. fusiform&. FIQ. 12.--Codmosiga bolrytis. 

oenas CODONOBIQA (Jan. Clark '87) 

(Biitschli '78; Kent '81; Franc6 '97; Senn 1900.) 

This genus, as modified by FrancB, is distiplguished from the preceding by the possession of an 
unbranched stalk much longer than the body length. The body is naked and of various shapes, and 
the individuals are solitary or colonial upon a single stalk. Kent '81 enumerates no less than 10 
species, which were cut down by Butschli to 1. Frand admits 4-42. botrylis Jas. Clark; C. grossu- 
laria; C. pyrifornzis, and C. furcala, all S. Kent-but regards the second and third 88 merely form 
varieties of the first. 

Codonosiga botrytis (Ehr. sp.) Jas. Clark '67. 
Franc6 gives the following synonyms: Epielylici bolrytrs Ehr.; E. digilalbf Stein: Zootha?n~~ium parasiticaP Stein, Antito- 

phyea solitaria Frcsenius: Codonosiga pulcherrima Jas. Clark. Monosiga gracilis S. Kent: 21. globzclosa S. Kent, Codmodga 
pyr(fonni8 Kent; C. grossldariu Kent; (Franc6). 

The individuals are small and provided with a long unbranched, or terhinal, simply split stalk. 
Tho individuals are single or colonial. The Woods Hole form measured 22p over all; the body was 
5,u, the collar 3,u, and the stalk 1 6 .  No colonies were seen, and only a few individuals upon red alg:E. 

Genua BODO (Ehr.) Stein. 

(Stein '69, Butachli 63, Klebs '92: Senn 1900.) 

Fig. 12. 

The body is naked, usually ameboid in its changes, and provided with two flagella, one of which 
The anterior end is usually pointed, with the 

Specific characters very 
is usually trailed along under and behind the animal. 
flagella arisjng from a minute depression; the posterior end is rounded. 
difficult to analyze. Fresh and salt water. 
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Bodo globosus Stein. Fig. 13. 

flagellum is invariably much longer than the vibratory one. 
rior half of the body. 

Common. 

Bodo caudatus (Duj.) Stein. 

The body during movement is globular or ovoid, without any anterior process. The trailing 
The contractile vacuole lies in the ante- 

Solid food particles are taken in near base of flagella. 
Length of body 9 to 12 ,~ ;  diameter 8 to 1 1 , ~ .  

Fig. 14. 
Synonyms: AmphimonaR raudatue Duj.; D$lOmaRlkZ CaiLCEata Kent. 

The body is variable in shape, but usually flattened and pointed posteriorly. An anterior process 
The con- 

The flagella are about the same size, the anterior 
is almost always present, and below this the flagella are inserted in a minute depression. 
tractile vacuole is close to the base of the flagella. 
one usually somewhat longer. Common. Length 12 to 1Sp. 

This species was seen by Peck '95 and described as a small flagellate. 

I 
FIQ. lY.--Modo globomto. Pia. 14.-Bodo caudahs. FIQ. Ib.-Oxyisrltia marina. 

Qenus OXYRRHIS Dujt 

(Kent '81; Biltschli '86: Klebs '92; Senn 1900.) 

Medium-sized forms, somewhat oval in shape, with a rounded posterior end. The anterior end 
is continued darsally in a somewhat attenuate pointed process. At the base of this process is a large 
cavity or funnel, on the dorsal wall of which, or on a projection from this wall, are two equal-size 
flagella. In moving, the 
posterior end is invariably in advance. This genus is exceptional among Mastigophora in that division 
is transverse instead of longitudinal. 

Oxyrrhis marina Duj. Fig. 15. 

When at  rest, the flagella are directed backwards. The nucleus is central. 

With the cllaracters of the genus. Contractile vacuole not seen. Length 28 to 40p. 

Qenne ASTASIA Ehr. 

Flagellates with one flagellum, a spindle-form body and a high degree of plasticity, the contour 
A distinct, usually striped cuticle h invariably present. " Eye-spots" are constantly changing. 

absent. Fresh and salt water. 
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Astasia contorta Duj. Fig. 18. 
Astasia in$ata Doj. '41. 

The body is colorless, transparent, and flexible. It is largest in the center, thence tapering at the 
The surface of the cuticle.is obliquely striated, giving to the animal a distinctly 

The 
This 

twoextremities. 
twisted appearance. The contractile vacuole is in the anterior neck-like portion of the body. 
flagellum is inserted in a distinct cesophageal tube, into which the contractile vacuole empties. 
tube is continued into a deeper pharyngeal apparatus of unknown function. 

Common in decaying alga. Length 60p; greatest diameter 30p. 

Qenne ANISONEBU Biitsohli. 

Flagellates with two flagella, of which one is directed forwards and is concerned with the loco- 
motion of the animal, while the other is directed backwards and drags after the animal when in motion. 
Body slightly compressed dorso-ventrally (fig. 17, section). An oral furrow is present on the ventral 
side and the two flagella originate in it (fig. 17, at left). The vacuole is on the left side. Food 
vacuoles are present in the posterior part. Movement creeping. The nucleus is central. 

Fresh and mlt water. 
f 

FIG. l7.-Aiiiaon~alu vitreu. 

Anisonema vitrea (Duj.). Fig. l i .  
Synonyms: Tropido8cyphuu octocostalu8 Stein '83; SphenonUmn8 Kent '81; Plaotia vilrea Senn 1900. 

With the characteristics of the genus. I t  differs from fresh-water forms in having eight furrowed 
surfaces running somewhat spirally from the posterior to the oral end. Length 50p; width 23,~.  
This attractive flagellate was quite comnion in decaying a@ at Woods Hole; ita shaking movement, 
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its peculiar furrowed surfaces, and, above all, its perfectly transparent, vitreous appearance, were well 
described by Dujardin. Stein’s !&opidosqphhs octocostatus is a fresh-water form which may possibly 
be a distinct species, especially as it is described with both flagella directed forwards. 

Genae DISTEPHANUS ItShr. 

An aberrant flagellate bearing a single flagellurn and a silicious skeleton resembling those of the 
Radiolaria. The skeleton consists of two rings of different diameter parallel with one another and 
connected by silicious bars. From the wider ring half a dozen bars radiate outwards and a similar 
number of short thorn-like bars point inwards obliquely. The color is yellow, and except for the 
flagellum the form might easily be mistaken for a Radiolarian, as has been the case repeatedly. 

Distephanus speculum Stohr. 
Dictyocha speculum Stiihr; nietyocha Auc. 

With the characters of the genus. 
A single specimen only of this very interesting form was seen at  Woods Hole. It occurred in a 

collection of tow made near the end of the wharf during the evening. 

K e y  to families of Dinoflagellidia. 

1. No crowfurrow; two free flagella ............................................................... Family Prmocmtridz 
2. One or more cross-furrows ........................................................................................... 3 
3. Cross-furrow nearly central (cf. 0 . c y t ~ ~ z u n ~ ) .  ........................................................ Family Pm‘dinidz 

Cross-furrow close to anterior end ............................................................... .Family Dinophysidz 
Several cross-furrows and flagella .................................................................. Family pozydinidz 

(One genus, rdykr ikoe . )  . 

K e y  lo marine genera of Prorocentrid:e. 

Diagnostic characters: The transverse furrow is absent and the two flagella arise from the anterior end of thd body. The 

1. Ho both-llkc process dorsal to the flagellum.. ............................................... Genu8 * E z u ~ ~ ~ u ~  p. 428 
2. With tooth-like pmmndorsal to thei i tgelhm .................................................... Genus &03*0oePbtrU~ 

&ell may be bivalved. 

K e y  to marine gmera of Peridinidz. 

Diagnostic characters: Thc cross-furrow is nearly central (ace, howcver. 0qLomm); the body may or may not have a 
shell; the shell may or may not be romposed of dibtinct plates; thc plates are distinguished as equatoriul (i. e., bordering 
the cross-furrow), apical. and ar~tapical, while still another, the “rhombic Pluto,” may bo prescnt, extending from the 
crowfurrow to the apex. 

1. Without distinct shell.. ................................................................. Genus * Qynnodinium, p. 429 
With a distinct shell ................................................................................................ 2 

3. Cross-furrow replaced by thin-skinncd band.. .................................................... Genus Bychodixcas 
Cross-furrow well deflned; reticulate markings raised on shcll-surcacc.. ........................ Genus Protoreratiif t u  

cmm-furrow well deflned; no markings .................................................. Genus * Qlenodiititm, p. 429 
4. Two parts of shell equal or nearly equal.. ......................................................................... 
6. With transvorse flagellum in a distinct fllrrow .................................................................... 
6.  With hOrIis, or with wing-like processen ........................................................................... 

Without proremen of any kind ..................................................................................... 
7. processes small, wing-like, around flagellum-flsrnrc.. .............................................. Genus MpZoPaalza 

Anterior part with 6 cquatorilll und 110 rhombic platca.. .......................................... .GOllllb 6brLyaUkW 

Anterior part with 4 equatoriul Plates ............................................................ .GCnIlS A 7 n p h ~ o m  

Apiral extremity not drawn OUt illto ti tube.. ................................................... Genus Blepharocystcl 

Cross-furrow wide, no ledge-like yfalls.. ............................................................. Genus O ~ t o ~ u n t  

2. Shell not composed of deflnite plates ........................ 
Shell composed of deflnite plates ............................ 

.................................................. 3 

.................................................. 4 

6 

6 

7 
9 

proeewa horn-like.. ..................................................... ...................................... 8 
Genus *PwidCiun~, p. 430 

Genus * Crratizmm, p. 451 
.Geniis Pgiwphacus 
.GCllns Qmzhdoma 

Genus Podolalnpas 

Genus Ctlatocorys 

Two parts of shell very unequal.. ................................................................ ?. ............... 11 

.............................................................................. Transverse flapdlllm llOt in a furrow 10 

.................................... 8. Anterior part with 7 equatorial and 1 rhombir plateq.. 

..................................... Anterior part with 3 equatorial und no rhombir plates.. 
9. Anterior part with 14 eqlmtorial aud 1 rhombic platen.. 

Anterior purt with 7 equlitoriUl plates 
.......................................... 

............................................................. 
........................................................... 10. Apieul cxtremlty drawn OUt illto a tube 

11. Cross-furrow deep, with great ledge-like walls.. ................................................... 



428 BULLETIN OF THE UNITED STATES FISH UOMMISSION. 

Key to murine genera of Dinophpidx. 

Diagnostic characters: The cross-furrow is above the center of the body, and its edges, as well as the left edge of the 
longitudinal furrow, are usually produced into characteristic ledges; those of the cross-furrow usually form great fUnnC1- 
like anterior processa, while those of the longitudinal furrow usually form grerrt, lateral, wing-like processes ornamented 
by ribs and other markings. 

1. Without shell; longitudinal furrow may open and close,. ............................... .Qenus *AmpkidinCm, p. 432 
2. With shell; longitudinal furrow unchangeable.. .............. 
3. With  distinct apical funnel .......................................................................................... 4 

No apical funnel ................................................................................... .Qenus I'/~alacromrc 
4. With great wing-like ledge.. ..... :. .................................................................... 

....................... 3 

Ledges very small; body long, needle-like ...................................................... . .Genu Amphisolenin 
5. Ledge of longitudinal furrow extends to posterior end .............................................................. G 

Ledge of longitudinal furrow does not extend to posterior end .................................... .Qenus Dinop/t&8 
(Recorded by Peck ('93-'96) ~9 very abundant a t  Woods Hole and i n  Buzzards Bay.) 

0. Ledge is continued dorsally to the cross-furrow ................................................... Genus Ornitiwcercuu 
Ledge is not continued dorsally.. .................................................................................... 7 

7. With deep dorm1 cavity; Recondary funnel not notched ............................................. Genus Citlmrialea 
No dorsal cavity; secondary funnel deeply notched.. ................................................ .Genus Histion& 

FIG. 18.-Exuuirella lima. FIQ. I9.-&uvialla marina. 

Oenns EXUVIELU Cienkoweky '82. 
(Klebs '81; Pouehet '83, '86.) 

The form varies from globular to ovoid, with occasionally a sharp posterio; end. Shells are usually 
somewhat compressed, and consist of two valves, which frequently slide one over the other in such a 
manner as to show the structure with great clearness. The right shell may have a distinct indentation 
in the anterior edge. There are two lateral, discoid, brown chromatophores, each of which possesses a 
central amylum granule. The nucleus is posterior. Salt wafer. 

Exuvimlla lima Ehr. Fig. 18. 
Synonyms PgeidWa Ehr.; O?!ptomme Ehr.; Prorocentrum lima Kent; Arnphidinium Pouehet. 

The shell ie ovate, rounded and swollen posteriorly. The anterior border of both shells is slightly 
Dark brown indented. 

in color. Length 48p; width 44~. 
The shell is quite thick. The animal moves through the water very slowly. 
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Exuvisella marina Cienkowsky. Fig. 19. 

granules throughout the endoplasm. 
a distinct central granule. 

A smaller form than the preceding, more elliptical in outline, with a thinner shell and with large 
The nucleus is spherical and subcentral in position and possesses 

This may be a small variety of E. lima. 

Qenas QYMNODINIUM Stein '78. 

(Bergh '81; Kent '81; Pouchot '83, '86; Entz '84; Schtitt '95.) 

The general structure of these forms is similar to that 
of Glenodinium; the most striking and positive difference 
is the absence of a shell. Tne animals are, as a rule, 
spherical, yet they may be pointed at.the two ends or at 
one of them. They are also frequently flattened dorao- 
ventrally. The transverse furrow may be either circular 
and straight around the body or may describe a spiral 
courae, passing even twice around the body. The flagella 
arise near cross-furrow or, in some cases, in longitudinal 
furrow. Chromatophores may or may not be present 
and food-taking is holozoic, in many cases a t  laast. IQ 
some cases ectoplasm and endoplasm can be distin 
guished. Fresh and salt water. 

Gymnodinium gracile Bergh '82, var. sphmrica, n. 

The body is divided by the transverse furrow into a 
shorter anterior and a longer posterior part. The longi- 
tudinal furrow is broader a t  the Doaterior extremitv than 

FIQ. 2o. -~mnodinium gracile, var. sphseriea. 

at the cross-furrow. The structural feature upon which this new variety is made is the unvarying 
plumpness of the body, making it almost spherical, except for a slight flattening dorao-ventrally. The 
nucleus is large and ellipsoidal, with characteristic longitudinal markings of chromatin. The endo- 
plasm is evenly granular, with a number of large ingested food bodies. The color is brown, not rose-red 
as in Bergh's species, nor is the Woods Hole form ae large as the latter. 

Length of body 68,~; width 55~. Common. 

c FIQ. TL.--Cflenodi9zturn d?# 
turn. 

FIB. 21 a, bV c.--Qkmod&mm cumqweaaa, n. sp. 

Genus GLENODINIUDl (Ehr.), Stein '88. 
(Bergh '82; Btitschli '86; Pouchct '85; Daday '86.) 

Small globular forms with two distinct furrows, one transverse around the body, the other longi- 
The shell is soft and structureless with a distinct aperture near tfiemeeting- 

The endoplasm usually, but not always, contains a bright red "eye-spot." 
tudinal upon the face only. 
point of the two furrows. 

Fresh and salt water. 
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Glenodinium compress&, n. sp. 

The longitudinal furrow extends nearly to the extremity of the animal. 

BULLETIN OF THE UNITED STATES FISH 00MMISSION. 

Fig. 21, a, b, c. 

This species resembles G .  acuminalu of Ehrenberg except that it is strongly compressed laterally. 
It begins as a narrow slit and' 

widens & it progresses upon the left side; it also becomes 
much deeper on this side and at the bottom of the depres- 
sion the longitudinal flagellum is inserted. The transverse 
furrow runs evenly around the body near the upper pole, 
giving to the shell almost the aspect of an Amphidinium. 
Brown chromatophores may or may not be arranged radi- 
ally about a central amylum granule. One striking char- 
acteristic is the depth of the two furrows. The nucleus 
is elongate and somewhat curved; it lies against the 
posterior wall of the rather thick shell. Not uncommon. 

Length 40.u; breadth 32p; width 18p. 
The posterior end of the animal is often somewhat 

pointed and this point frequently becomes attached, so 
that the animal whirls around upon it as upon a pivot. 

Glenodinium cinctum Ehr. Fig. 22. 
The body is globular, smooth, and homogeneoua. 

Brown chromatophores arranged radially, each in the forni 
of a cone, the base of which rests against the shell while 
the points turn inward. A bright-red eye-spot mayor may 
not be present; when present it is placed near the junction 
of the two furrows. The longitudinal furrow is small. 
Fresh water and salt. , 

Length and diameter the same, 21~. 
This species was observed by Peck '93. 

FIG. 24.-Ventral and dona1 aspects of Perzdinium dtvergens. 

Oenne PEBIDINIUM Ehr. '32, Stein '83. 

(ClaparBde & Lachmann '68; Bergh '81; Pouchet '83; '85; Gourret '88; Butschli '86.) 

The form is globular, ovoid or elongate, the apex frequently drawn out into a long tube. The 
transverse and longitudinal furrows are quite distinct, the former having often a spiral course about 
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the body. The two halves of the body are similar, the posterior being somewhat shorter; the anterior 
half has seven equatorial plates, an oral plate, two lateral apical plates, and one or two domal plates. 
The two antapical plates frequently have atooth-like process. The bodies are colorless, green or brown. 

Peridinium digitale Pouchet. Fig. 23. 

Fresh and salt water. 

Synonyms: ~ o t o ~ e r i d i n i u m  digitale Pouchet; Prutoperidi%ium Bergh p. p.: P. divergem Peck. 
The shell is covered with pits of large size. The posterior part is hemispherical and surmounted 

The transverse furrow is very oblique, and its two extremities are united 
The anterior half bears two spines or horns of different size, and 

by a single horn or spine. 
by a sigmoid longitudinal furrow. 
variable. The nucleus is spherical or ellipsoidal and placed in the posterior half of the shell. 

Length 68p; diameter 54p. Common. 
Although the description of Pouchet's P. digitule differs in some respects from a careful description 

of the Woods Hole form, I think the species are the same. The chief difference is in the single horn 
of the posterior half; in Pouchet's form this is furrowed by a narrow groove which runs to the 
S-shaped longitudinal furrow. In the Woods Hole form I was unable to make out such a furrow. 
The flagella, also, were not seen. 

Peridinium divergens Ehr. Fig. 24. 
Synonym: Ceraliuirt tllvergens Kcnt. 

The shell is spheroidal, widest centrally, attenuate and pointed posteriorly; the anterior portion 
ie armed with two short, pointpd horns, each of them having a toothed process at  the basal portion of 
the inner margin. They are frequently colorless and beautifully transparent, the body being free 
from large opaque granules; again they are colored brown or yellow. The nucleus is large and 
elongate and finely granular. 75,u long and 68p in diameter. Common. 

This same form was pictured by Peck '95 as P. diuerghns. 

FIG. 25.--Cwaliim~ tripos. 

Genus CEBATIUM (Schrank). 

(.?lei11 '78; Perty'5S4 Clap. B Laoh. '58; Bcrgh '82; I'ouclret '88; Gourret & Roevcr '88; Biitschli '85; 
Kent '81; Scim 1900; Schiitt '98.) 

The cross-furrow is 
either spiral or circular; the longitudinal furrow is usually wide and occupies the greater part of the 

The general shape is a flattened sphere with three long processes or horns. 
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anterior half of the shell. 
spines; often distinctly porous. 
latter being continued into the horn-like process. 
one apical plate continued into the posterior horn. 
similar horn which may remain rudimentary or be continued into a considerable process. 
the left posterior horn is usually developed, but remains small. 
horns. 

The shell is thick, reticulate or striped, and sometimes provided with short 
The anterior half is composed of 3 equatorial and 3 apical plates, the 

The posterior half is composed of 3 equatorial and 
The right posterior plate is continued into a 

Similarly 
There may be from 2 to 3, 4, and 5 

Chromatophores- usually present, green to yellow brown. 
Fresh and salt water. 

Ceratium tripos Ehr. Fig. 25. 

one and slightly curved upward. 
The body is somewhat triangular and bears three horns, two of which are shorter than the other 

Length, including the horns, 290p. 

Fro. 26.--Ccmtiu?i~fi~sus. 

Ceratium fusus Ehr. Fig. 26. 
Synonym: Peridiniu7n fu f f l~s  Ehr. 

The animal is very elongate, due to the presence of two long horns at  the extremities of the body. 
Color, yellow with chromatophores. 
. 

Length 28511; width 23u. 
Both of these species are common in the tow 

Both and in the algm at tbe edge of the wharf. 
of them are mentioned by Peck in '93 and '95. 

'Genus AMPHIDINIUM Clap. & Lach. 

The body is ovoid to globular and usually 
much flattened dorso-ventrally. The anterior 
portion is very much reduced and is somewhat 
head-like or cap-like. The longitudinal furrow 
extends through the entire posterior body 
length and is apparently capable of widening 
and narrowing. It is probably naked (see here 
Klebs, Pouchet, Butschli), although Stein rnain- 
tained that there is a delicate cuticle-like shell. 
Chromatophores of brown or green colors pres- 
ent and usually grouped radially about a central 
amylum granule. The nucleus is posterior. 

Fresh and salt water. 

Amphidinium operculatum Clap. R: Lach. 

The body is oval and flattened. The tram- 
verse furrow is at  the extremity (posterior) of 
the body and the small portion, which is thus 
apparently cut off, is the cap-like or operculum- 
like structure which gives the nameto the species. K leh  rnaintains that the two furrows are not 
connected, but in this he is certainly mistaken, provided we have the same species under consideration. 
Very common about Woods Hole. 

Length from 40 to 50p; width 3Op; thickness 15p. 
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Kc(c?/ 10 r~lfus~ritr. 

1. With cilia.. ............................................................................................. .Subcla% CilZata. 3 
2. Without cilia (In adult atntc) tcntac~lcs.. ............................................................... .Subcl&%s Suclurfa 
3. ( I .  Without it spccializcd fringe of large ciliii (ad. zone) ............................................... Order IIoZutrichida 

b. With gcncrul covering of cilia + adoral zonc .................................................... ..Order Iielcrulvtc/bidu 
c. With cilia on ventral side + adoral zonc.. ....................................................... .Order IIypotrichida 
d .  With cilia in rcgion of adoral zone, and about month only.. ........................................ Order Ibritrichida 

Key l o  fctrnilic~s of tlie IIoTolricl~ida. 

A. Mouth closed cnccpt during food ingestion; no uiidultltillg inembrtine.. ............................................... 1 
............................................................. 2 

a. Mouth terminal or Hubterminal. Food iq hwallowcd iiiid not introduced by currents ........ Family Xnchelinidm 
b. Mouth tcrminiil or subterminal; body frequently driiwn out iuto long process; mouth niily havc 

bpcciiilircd friimcwork.. ................................................................... Fiimily !Z’rachclinids 

Mouth alwiiys open; with undulatiiig mcmbrauc ...... 
1. G1~7r~noulori~iwa. 

c. Mouth ccntrul or posterior; pharynx with supprl ing Eriimcwork.. .......... ~~. ....... Faiuil y Chlamyduduntidc: 

a. Mouth antcrior or central; pharynx short or abscnt; periqtomiill deprcsvion fiiint or abucnt.. . Family C/kil@crida: 
b. Mouth central; pharynx long, tubular; cilia in two broad zones.. ........................... .h’umily Urocnlrzdz 
c. Mouth posterior; form asymmctricai; cilia dispersed or limited to oral region ............ Fiirnily dIicruthoracida 
d.  Moulli antcrior or central. Pcnstomjal dcprcssion clearly inrrrked. (One gcnnr, Putu?ruEckm.). ... I’ura?jicecidc: 
c. Mouth a t  end of long pcristomc running along vcntml side; body dorxo vcritrally or iatcrally compressed; 

f. Mouth and pharynx distinct, postcrior; ciiiu uniform. I’arasitcu in ruminiiiits ............... Family Isulrichidc: 
0. Mouth absent; body vermiform, cilia uniform. Usually pitrasites ............................. Family Opalinidc: 

2.  Tkichuslurnina. 

lcft cdge of peristome with grcat, sail-likc undulatlny membnitro ...................... .Family I’le~iro~~~lr~idlc 

Key to marine genera qf Rrrlieliniclx. 

IXagnoslic clkaracters: Form ellipsoid or ovoid: the mouth is invariably terminal irnd is Usually round-morc rarcly 

which is usually surrounded by a more or less clearly defined buccal armnture. The anus is usually terminal. Liirge 
food particles are swallowed, never introduced by currents. 

Nlil-fOrmCd; i t  is closed except when food is takell. An o3SOphagtl~ when prcsent is shorl, invariably noli-ciliated tUbC 

1. Body naked .......................................................................................................... 3 

3. a. Cilia uniform about the entire body; body symmetrical.. ........................................................ 4 

4. Mouth tcmmal ;  body ellipsoidal to ovoid ........................................................... Genus HoZopltrya 

2. Body inclosed in a shell or coat.. .................................................................................... 7 

b. Cilia in the mouth region longer than the othcrs; body syinmctricitl ............................................ 5 
c. Bristles, or tentacles, in addition to cilia ......................................................................... G 

5. a. Mouth terminal: body elongate, flexible, and clastic ............................................... .Gc11u~ Chzn?h 
b. Mouth terminal; “neck” highly elastic; entire body flcxiblc; conictil “heiid”. ...... .Genus * Lacrymuria, p. 4 8  
c. Mouth terminal; “neck” highly clastic; entire body flexible; “head” squiirc ....... GcnUs * !PiucheZoccrca, p. 435 
d .  Mouth terminal: “ncck” highly clastic; no separate mouth-bciiring portion ..................... .Gcnuu Lagyntts 

6. a. Body asymmctriettl; bristles in iiddition to ciliii ............................................. .Gicnus Slcp1mnopogon 
b. Body symmctrical; 4 small tcntaclcy from mouth; ciliti and cirri in girdles ........... .Qcnus * dIcsodinl~blsz, p. 435 

7. Shell composcd of small sculptured pieces; cilia long, uniform ................................ Genus * !l%rina. p. 496 

oenns LACBYMARIA Ehr. ‘30. 

(Ehrcnbcrg, C. Gi., 1838; Perty ‘62: ClaparMc B Laclimtinn ’58; Stciti 69-85: Qucnncrstcdt ’GS. ’65: Fromentcl ‘74: 
Kent ’81: Qruber ’84: Qourrct B Rocser ’86; Butsclili ’88: Schcwiukoff ‘89.) 

Body short to very long flask-shape; for the most part contractile, especially in the neck region. 
The posterior end is rounded or pointed, Tho niaiii cliamcter is the mouth-bearing apex, which “sets 
like a cork in the neck of tho flask.” One or iiiore circles of long cilia at  the bitsc of the mouth 
portion or upon it. The body is spirally striped. Contractile vacuole terminal, with sonietiines one 
or two further forward. Macronucleus central, globular to elongate, soirietiiiies double. Food mainly 
bacteria. Fresh and salt water. 

Lacrymaria lagenula Clap. & La&. Fig. 28, a, a. 
Synonym: L. tcnuicalu Fromcntel’74. 

Body more or less flask-shape, two or three tiincs 118 long as broad, with conical apex, which is 
slightly elastic and protrusible; surface obliquely striate, with well-defined lines, 14 to 16 in numbor; 
cilia uniform on the body, with a crown of longer ones at  the base of the conical proboscis. The 

F. c. 1% 1901-28 
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body cilia are not thickly placed except around tlie proboscis. The endoplasm ip thickly packed with 
large grauules (food particles) in the anterior lialf and with finely granular particles in the posterior 
half. The elongate macronucleus lies a little allow the center aniong the larger granules; the con- 
tractile vacuole is double, one 011 each side of the inediau line and at  the posterior end of the hody 
among the finer granules. Length Sop to 1GOp; greatest width assumed B5u. 
When fully expanded the posterior end assumes a curious polylieclral form. 

This form differ8 slightly from others of the same species as described by different observers, the 
most striking difference being the presence of two contractile vacuoles in place of the usual one. 
These are very slow to fill and grow to a large size before diastole. The membrane is very tough 
and retains its forin easily under pressure of the cover glass. Another characteristic feature is tlie 
flattening of the surfaces between the striz. Decaying algz?. 

The anus is posterjor. 
(Fig. 28 b.)  

PIG. Z'J.-Lac~yniuria coroiiatn. 
I/  

Lacrymaria coronata C1. & Lach. '58. Fig. 29. 
Synonyms: L. kigeritcla Oohu '66; Mijb1u.q '88: L. cohnii P Kent '81: I,. iiernalllis Queli. '67. 

. Form flask-like and similar to L. ktqenula, contractile hut tough. T%e' contractile vacuole is ter- 
minal, the proboscis is short, slightly raised and separated froni the body by a deep cleft; tlie buccal 
cilia are inserted part way up on tlie proboscis. Form changeable, from short, sac-like to elongate 
and vermiform. Length 85p. 

This species is not very different from L. Zugenulr, but I noted that in addition to tlie elongate 
nncleus, the body stri:e are much more apparent here and seem to sink into the c.uticlc, giving the 
periphery, especially at the collar region, a curious c*renulated effect. The endoplasm is very densely 
granular and colored a blue-green, probably from food particles. The number of strite is much larger 
tlian in the preceding apecies. The nienibrane is very tough arid retains the shape of the body, even 
with the full pressure of the cover glass. Micronucleus and trichocysts were not observed. 
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Genus TRACKELOCEBCA (Ehr. '83)  Cohn '66. 

(qiicniierstedt '67; Grubcr 'h7; Entz '81; Kent '81; Ooorret SS lloescr '88, Hutwllli '89; SrhrwiakoR '89; Shevynkov '96.) 

The only well-known represeiitative is very elongate, large (up to 3 nini. Van Beneden) , and very 
The main feature of importanc*e in tlistingnislrhg it is the 4 - p - t  structure of the mouth 

Contractile varuole 
Macronucleus in one central body or in nuiiieroiis pieces bcattered throughout the cell. 

vontractile. 
region, which, however, inay not be obvious. 
tcwninal. 
Salt water. 

l'haryns faint and sinoot h. 

Trachelocerca phcenicopterus Cohn '66. Fig. 30: 
S~lrbllyms: T. hagiltaElrr. '40, Stcitl'SQ; T. tC9%lliC9& ~~ucnllerhtedt '67, Kcnt'81; T. JJL~?IOJ'  Grllber '87, Slievyilkov '96. 

The body is extremely elongate aid  ribbon-like, and this, coiiibined with its woiiderful power of 
extension and retraction, makes it one of the most curious and interesting of inicroscopic forniu. The 
antcrior end is square or cylindrical; the type species has R four-sided iiioutli, but inany ~peciniens 
may be found which have a plain cylindrical niouth regioii. One reason for this inay be tho fact 
that the extremity gets broken off. In one iiistance I noticed a very largc form with tlie anterior eiid 
under some dbbris, which evidently held it tight, for the body of the ciliate wits thrashing back and 
forth and twisting itself into knots, etc., like a nematode woriii. Finally, the anterior end broke off 
with about one-tenth of the body; the remainder, in an hour, had regenerated a 11ew anterior end 
with long cilia, but with no iiidication of four sides. Tltc sinall anterior piece WZIS also very lively, 

FIQ , 30.- Trudieloccrca p h m i c o p l m s .  

nioving about and eating like the iiormal animal; its history, however, was not followed. This species 
appears to be variable in other ways as well; thus, in some cases tho postcrior end is rounded (cf. 
Entz '84); in others it is pointed (cf. Kent '81, Cohn ' G G ,  et al.) .  

Again, the macronucleus may be a sirigle round body (Eiita '84, Bbcl i l i  '88) or in two parts 
(Kent '81)' or in inany parts scattered ahont the body (Gruber). In the Woods Hole forins the tail 
is distinctly pointed and turned back sharply, foriiiing an angle at the extremity. The cilia on this 
angular part are distinctly longer than the rest. The function of this posterior part is apparently to 
anchor the animal while it darts liere and there upon the tail ~LY a pivot, contracting nnd expanding 
the while. The body is finely striated with longitudinal niarkings; when contracted there are no 
transverse inarkings nor annulations. Tlic nucleus is in the form of niany fragments scattered 
throughout. Length of large specimen 1.7 111111. 

Genus MESODINIUM Stein '62. 

(Munp~iti '82, '84: Ihta '84; Slicvyukov '96.) 

The nrain part of the body is globular or conical, witti a short, platform-like oral region, and a 
deep antiular groove about tlie iiiiddle of tlle I)otly. The tusophagas is rather long, anti smooth or 
Ioiigitudinally striped. If more than one ring of cirri 
are present, the anterior set usually point forward and lie close to the anterior part of the body. The 
posterior set, on the otlicr Iiand, (-ling close to the posterior region of the body and give to it a peculiar 
encapsuled appearancc. The most characteristic feature is the presence of four short tentacle-like 
processes which can be protracted and retracted from tlie oral region. (Mercschowsky .ays that 
the entire anterior half is inore or less cotitractile. ) The 11iacronuc1eu~1 is horseshoe-shaped or ovoid 
and is.situatecl in tho posterior half of the> body. 

One or more rings of cirri rise in the groove. 

The contractile vacuole is also posterior. 
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Movement consists in rapid swimming, with rotation on itu axis, or in creeping by means of its 
anterior cirri, or in sudden jumping, by which it apparently clears a distance of 20 times ita diameter 
in one bound. Tlie nioving periods 
alternate with quiescent periods, (luring which the organisms witll' their outstretched and radiating 
cirri resemble the heliozoan Actinophrys. 

Nesodinium cinctum, n. sp. Fig. 31. 
Body spherical to pyriform, constricted near the middle, the constrictioi? dividing the l~ody into 

dissimilar parts. The anterior part is broadly pyriform, somewhat playtic and Iiyalinc, with an oral 
extremity which is sometimes hollow, sometimes evaginatcd and convex. Upon this flexible anterior 
part there are four short but distensible tentacles. Tlie posterior part is granular and usually filled 
with food particles; it  is well rounded and holds the nucleus and contractile vacuole. The entire 
body is surrounded by a fine cuticle. The nucleus is elongate and extends through the greater part of 
the posterior half. The nioutli is on the 
anterior pole in tile tentacle region. The motile organs are cirri and cilia, all inserted in the constriction. 
There are two sets of cirri and one of cilia; the latter stand out radially from the girdle and are usually 
in motion. The cirri of one set, the anterior, extend forward about twice the length of the anterior 
half; those of the posterior set closely engirdle the lower half, reaching not quite to the posterior 
extremity. These are somewhat hyaline and are closely approxiinatd, giving the impression of a ,' 
tight-fitting crenulate casing about the lower half. The cirri are sharply pointed, much broader at  

Mouth parts may also be used for attachment to foreign bodies. 

The contractile vacuole lies on one side, near the girdle. 

the base, ani1 the two sets are so placed that, looked at  from above, they liave the appearance of a 
twisted cord. Movement erratic; sometimes the aninial swims steadily forward with 
mouth in front; again it shoots across the field of the niicroucope, either backward or forward or 
sideways, through the action of its powerful cirri. It is often quiet, usually mouth downward, and is 
held in place by adhesion of the tentacles. I n  this position it looks strikingly like a lreliozoijn. 

Length 3 5 ~ ;  greatest width 30,u. 
The chief features by which this species is distinguished from the frequently described M. pu1e.c 

of Europe are the number of anterior cirri and the ring of true cilia in place of the central girdle of 
cirri. The European form i s  described with four anterior Imstles; the present form has from 28 to 32. 
The radial cilia differ decidedly from the more powerful cirri and they are not in one plane, so that 
counting is difficult; they are not closely set. The presence of tentacles makes these forms of cspevial 
theoretical interest, especially in the light of the origin of Xuctortct. 

Qenna TIARINA R. S. Bergh '79. 

(Pig. 31 b.) 

Not uncommon. 

(CIaparBde Ri Lflchmflmi '68.) 

Body subcylindrical, pointed posteriorly, two and one-half times as long as broad; encased in 
The pieces bear processes whirh rest 

Mouth large, anus terminai near contractile vacimle.' The 
covering composed of separate pieces arranged in five girdles. 
against neighboring pieces of the girdle. 
inacronucleus IS simple and round. Salt water. 
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Tisrins fusus (CI. & Lach.) einend R. S. Bergh. 

Synonym\: CokpJiiwLx 121. 8 Lnch. '6s; Dndny '8G; Y6biw '88, Lnutorborn '94: Slicvynkov '8F. 

This forin, which reveinbles Coleps rather closely, was placed as a separate genus by R. S. Bergh. 
The skeletal parts consist of five zones of needles composed of an organized substance and embedded 
in the cortical plasm, the last zone comiiig to a point at  the posterior end. The needles have lateral 
processes, which give a latticed appearance to the casing. The cilia are long, with a specialized crown 
of still longer ones at  the oral end; they arise outside of the skeletal elements and do not pass between 
them, 11s in Coleps. 

h'ey to viarine genera of Truchelinidz. 
Diuunoxlir clmaftrvn: Boey bilntcrnl, or asymmetrical by local prolongntions; uxoally comprcwxl or flattened Intcr- 

nlly, the left sitlo more convcx thrm the right. Tho essential Icnturc is the position and chnrnctcr of thc mouth. This is 
citlirr n long slit cxtcnding from the nntcrior end well down the vcntrnl surface, or tho posterior part only of n vcntrnl 
furrow rcmnins open ns R round or clongntc mouth somr distance from the anterior end. Thc entire mouth rcgion of the 
body is usunlly drawn out into nn elongnte tnpcring proboscis which is gcncrnlly cnrvcd dorxnlly at thc cxtrcmity. An 
nS5ophngus is xhort or nbscut nltogctlicr; when prcseiit it is supportcd by IL htiff burcnl nrninturr. Cilin nrc nniCorm nbout 
cntirc body or limited to t h o  flnt right side. Food is swnllowcd. 

1. n. I'roboscin cnsily distinguished from the inaiii body ................................................................... 2 
b. Proboscis not mnrkcd off from mnin body, body ant; both surfnccs Htrintcd.. ........... .Ocniis * LoxopA?/Wcm, p. 457 

2. a. Month run\ thc entire Icngth of prohowis; cntirc body ~ n i f o r ~ n l y  dliatcd. ....................... .Gcnw A~q)hi&)lzts 
b. Mouth runs tho ciitirc Iciigth 01 proboscis. body flnt; right side nnl) is c*ilintcd .............. .C.eini~ * Lioiiottix, p. 438 
c. Prob(wjrl iniirh dmwn oiit, llcxihlc; month nt i t9  bnw.. ........................................... 

a 0 C 
FIG. :12.-Loxr~~ih~llhii~i xdigrruin, vnr. arntaluin. (1 b,  i e ,  vctitml. dorcmi, nnd lnterni nspccts 

Genus LOXOPHYLLUlU Duj. '41. 
(Duj. '41; Wrzcsniowski '09, Qiientlcrxtedt 'GG;  '07; Cohn '08; Ents 84; Gorlrrct $ Rocscr '88: Btitschli '88: Shcvynkov '96.) 

The body is flat and soinowhnt leaf-shape, flexible, and elastic. Tho anterior end is somewhat 
proboscis-like and flexible, but is not sharply demarcated as in Lionolus. The central portion of the 
body is developed into a inore or less arched dorsal inass, which usually contains the nuclei and con- 
tractile vacuoles. A s  a result of this local thickening, the body is surrounded by a t,hin hyaline )napgin. 
This, however, inay be absent on the riglit side in solne species. The mouth reaches fro111 the anterior 
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extremity to a short distance front the enil, and usually approaches tlie left edge. An anus is present 
near the posterior end of the dorsal swclliiig. Trichocysts are numerous on the ventral surface, and 
often on the dorsal surface, where they are inclosed in minute papilla-like swellings. Cilia-distribution 
controverted. Maupas and B~tschl i  hold that ventral surface alone is ciliated; others (Kent and Dujar- 
din) that cilia are uniformly distributed. The entire body, dorsal and ventral surfaces alike, are 
uniformly striated. The contractile vacuole lies posteriorly, on the right side and in the dorsal swell- 
ing. I n  the fresh-water forin L. 7 ~ ~ Z e c ~ p i 4  i t  is connectetl with a long canal whose swellings are 
frequently taken for additional contractile vesicles (Rritschli) ; in the marine form tlescrihed below 
the canal is not developed and a series of vacuoles takes its plac-e; these are all c~mtrac-tile. Thc 
macronucleus may be single, double, quadruple, bantl-foriric4, or rosette-forincd. Moveinriit is steadily 
progressive and pecnliarly gliding. Fresh and fialt water. 

Loxophyllum setigerum Qnenn. '67. 
Synonyms: I,?tosotcnu~ nrniutus Stokes 'W, J,itobidPii i i h  

The body is flattened, irregnlar in outline, o nteriorly, thc point being tiirned to 
The left edge is nearly straight, the right c-onsiderably arched with a 

Contractile vacuoles are n~imerons, tlorsal in position and on tile right 
the right; rounded posteriorly. 
few set:e on the posterior half. 
side. 

Variety armatum (CI. & Lach.) . 
Under the name 1,itosoZenua C G T ~ U ~ U S ,  Stokes described a form from brackish water near New York, 

which should unquestionably he referred to the genus Lo~ .op l~y lZ~~~i i ,  antl I helirvr to Qnrnnerstedt's 
spcries aeligerum. While the latter possesses oiily a few set:=, the former has a nnttihr of thein, and 
Stokes described his species as having a variable number. For this reason I include tho Woods Ilolc 
form under the tentative name urmatum, as a variety of Quennerstedt's 1;. 8etigerunz. The flat niargins 
are distinctly striated longitudinally, and faintly marked radially, on thc dorsal surface. Longituclinal 
elevated stri:e also run the length of the domal hump and upon tlie entire ventral surface. The ventral 
surface is alone ciliated. Upon the edges of the flat border are sharprpointcrl, colorless, spine-like 
processes, situated a t  equal distances around the entire periphery except a t  the anterior enil. 1Savl1 
spine is thick at the base and tapers to a full point which is curved upward-;. e . ,  dorsally (fig. 32, 
u, ( I ) .  The entire body is plastic and contractile, turning its leaf-like edge readily over objects npoii 
which it creeps. 

The macronucleus is headed, the several ~plic~rrs conncrtctl. 

(Fig. 32. ) 

The cilia are fine and uniform, with a tendency to lengthen in the oral region. 
Lengtli loop; greatest width assnrned on contraction R5,u; when nornial about Sop. 

Genus LIONOTUS Wrzesniowski '70. 

(Incorrectly cnlled Lilonolus by mmy.  JZnti 'X4. Griibcr ' X i :  Butschli 'XX; Kent ' X I ;  Srlirwir~koff '89; Shevynkov '96.) 

The body is elongate and somewhat lance-shaped, widest at the central part and tapering to a 
point a t  the anterior end. The anterior end 
frequently proboscis-like, flat, and flexible, while the entire body is inore or less elastic and contractile. 
The right side is flattened and alone provided with cilia, while the left side of the body proper is 
arched; on the left side of the proboscis is a row of coarse cilia resenibling an  adoral zone, and a row 
of trichocysts. A long peristome stretches down the thin, ventral side of the proboscis,'and the mouth 
proper is situated at the junction of the proboscis antl body; the mouth, as a rule, is invisible. The 
ciliated right side alonc is striated in thc majority ot species. The contractile vacuole may be single 
or niultiple, usually in the posterior region of the body and dorsal in position. The inacronucleus is 
usnally ilouhle, rarely single or quadruple, but may occasionally break into.rtumeroris smaller pieces. 
Moveinent, free-swimming or gliding, with cspecial tendency to get under clumps of foreign matter. 

Lionotus fasciola Ehr. Fig. 33. 

The posterior end may be similarly tapered or rounded. 

Fresh and salt water. 

Synonyms. nm~JhiZcl,tufi~~cmcil,In Ehr. '38; 1)njnrdin '41; Imhmtirlii '6G: Cotin 'GG, Dicqing 6.5. 
I,oxqihi/lliincfuficroln CiupurOdc & Lnt*timnnn ' 68 ;  Uelbinni  61 
~ A ) X ~ 2 , / 1 / / ~ h L n l  tl?LldfJhhYL/UVL hfllllpn'? 8 

Body frequently brown or brilliant ycllow in  color, somewliat tiiginoitl in for111 with tapering 
The proboscis is about half the entire length anterior end, tile extremity of which is turned dorsally. 
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and is not sharply inarlretl from the rest of the body but tapers gradually, its base being equal to the 
diameter of the body at its mitldle point. The body is slightly contractile and the posterior end is 
carried to a rounded point, but not into a distinct tail. Unlike the fresh-water variety, this one has 
110 hyaline iiiargin nor hyaliiie c i u d ~ l  region, and the contrwc.tile vacuole is double or multiple on the 
dorsal side near the posterior end. Cilia arc present only on the under (right) side, with, however, 
a row of large cilia marking the course of the elongate mouth, upon its left side. The right side is 

The endoplasm is finely granular with, however, 
larger food particles in the process of digestion, while specimens are occasionally seen with the natural 
forin completely lost through distortion caused by over-large captures (Cf. also Wrxeaniowski '70, 
p. X X I I I ,  fig. 33). Movement continuous, slow, and gliding; very little tendency to jerking movements. 
Rfacronucleus double, both parts spherical, and plac6d in about the center of the larger part of the 
I~ody; closely approxirnated but  not, as Srhrwiakoff tlescribed, connected. In conjugation, a large 
form mites with a smaller onc, the mo;th parts being connectetl. Details of conjugatioii and macro- 
iiiwlei not inade out. Lengtli 200 ,~  to 6 0 0 ~ .  

' striated, the left arched aud without iiinrkings. 

Key lo ?iinrine yerrera o j  (:lilum?ldodonlidI:r.. 

I)iupoafic cl~ai~acfertc Form uniinlly e~~ipwid, .ncver very elongate. Transverse accbion 01 body circular or ellipticul. 
Thc inoiith is usually some distnticc from the iriitcrior unci nud iiiriy be in tho posterior part. Sometimes it  is in the cellter 
of tile ventrd mr[rioc, ngrrin on tile rigtit side. 
smooth p~~rili i irly built msoplingcirl tube. Food pnrticics of Iurgc size. 

1. 13OClY cyii11drical. Cilia about entire body. ........................................................ Gcnw * h'flswh p. 440 
Body fl ir t .  ................................................. ........................................................... 2 

1. a. Wi(houlii caiidnl p r o c ~ ~ ~ . .  ............................. ........................................................... 3 
6. With (:mdiil process.. ................................................................................................ 5 

:{. u. Anterior end nngiilnr on left side.. ................................................................................... 4 
11. Aiitcrior end rouiidcd .............................................................................. (ieiinn C/ilamuilodoii~ 

4.  u. Uorsirl slri:r irrld cilin present, vciitritl ciliii ioilgcr ..................................................... Genus Orlhotloir 
h. Dorsril strm nnrl cilln absent; posterior elid not poilllec~. ........ ..................... .GCl1llS * C/lilOd~Jll. 1' 440 
P. I)ormI rrtricc niid cilia nbscut; posterior end p(silltcd ........... Genus S~:uphidrodc~i~ 

5. n. Cinidnl wiiie with posterior bristle-lilie cilia.. ........................................................................ 6 
b. Caudal s P i w  witlioul posterior bristle-like cilia, vcntrlii ciliii rctfiiccd .:. ............................. Genus 7kh96ilia 

6. (1. With pignie~it spot o i i  anterior n~igle .................................................................... Cierius Bwria 

c. Cilia 011 right cckc only 01 greatly rcdnced v c r ~ t r ~ ~ ~  Btirjnee .................................... Genus * Dyaleria, P. 441 

l'tle tcsopiirrgiis ii~vi~riiibly hiis ir ~cll-dcvelopcti buccnl ~irmutiirc, or 

.......................... 

b .  Witlioirt such pigment spot.. ................................................................... .Gcnos Olqchodaclylus 
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Oenns NASSULA Ehr. '33. 

(Dojardin '41; Stein ' G i ;  Cionkowsky '65; Colni '66; Clap. et I,a?li. '.%: Kent "1; Maiipns '83; Entz '84; 
Fabre-l)omergiio '88: Biitschh "x. Shrvynknv '96.) 

The body is ovoid or cylindrical, with well-rounded ends, and in some cases slightly flattened. 
The mouth is ventral and placed some distance from anterior end (1  to 4 total length). A slight 
depression on the ventral surface marks the mouth region, whivh is further indicated by larger and 
more powerful cilia. The entire body is marked by dearly 
defined spiral stripes. The mouth is circular antl the tmophagus is supported by a considerable 
armature, which usually extends dorsally and to the left, rarely to the right. In  some caws the 
structure of this armature is indistinct; again it can be clearly wen to consist of definite rods (SliLbchen). 
The anus is probably always terminal. In  some 
cases there is but one, which is placed at the posterior end or centrally on the ventral d e ;  in others 
there may be four-two dorsal and two ventral. In  many cases trichocysts are uniformly distributed. 

The rest of the body is uniformly ciliated. 

Contractile vacuoles are variable in different species. 

Sometimes the body is colorless; again, a 
or black pigment. The macronucleus is 
globular and central, occasionally band- 
form and with numerous attached micro- 
nuclei. Food substance varied, usually 
vegetable matter, see, however, below. 
Cystsarcglobular. Movement is a steady 
progression, combined with rolling. 

NassulamicrostomaCohn '66. Fig. 34. 
Synonyms: Pura7r~mium microsfomu?u CI. el 

Liich. '58, Gourret et Rocwr 'RX; 1.wtrirhri ndcro- 
stomunb Kent '81. 

Body subcylindrical, rounded at earl1 
extremity, not quite twice as long as 
broad. A slight depression on one surface 
marks the position of the mouth, this 
depression being indicated by a row of 
longer cilia. The mouth is extremely 
small and is surrounded by a curious buc- 
cal armature. This is not made up of 
bars or rods, as in most species of ~VckssuZc~, 
but appears perfectly smooth and uniform 

Lnd more often, i t  is brightly colored with red, blue, brown, 

except for the considerable swelling at the inner end. The cuticle is firm and unyielding and marked 
by longitudinal and somewhat spiral rows of cilia 'tnd trichocysts. Under the microscope this is one 
of the most pleasing forins found at Woods Hole. Its color is yellowish brown from the presence of 
brilliant particles of coloring matter held in the cortical plasm, and, as it slowly rolls along, these 
particles and the black trichocysts give to the organism a peculiar sparkling effect. The macronucleus 
is almost central; the contractile vacuole posterior. The endoplasm appears well filled with food 
bodies, some of which could be distinguished as Arnpliidinium and Glcnodiniuni. 

Length 55p; greatest diameter 30p. 

Oenns CHILODON Ehr. 

(Dujardin '41; Engelmann '78; Stein 'M,68; Kent '81; Biitschli '68; Gruber '83: Cicnkowqky '56: Miibios '88; 
Clap. et Lnch '58: Wrzesniowski '66: Shcvynknv '96.) 

The anterior end 
is bent distinctly to the left and forins a characteristic process, which, together with the entire margin 
of the body: is soft and flexible. The posterior end is, as a rule, broadly ronntled. The ventral surface 
is flnely striate, antl this'surface alone is ciliated. The lines of cilia converge a t  the inouth, and at this 
region the cilia are somewhat larger and more distinct, thus forming a functional adoral zone. The 
mouth is median and is situated in the anterior half of the body. It is sorrountled by a well-defined 
armature, composed usually of from 10 to 16 rods. The contractile vacuoles are quite varied antl from 
one to rnany in number, the number increasing with the size of the individual. The macronucleus is 

Small forms, greatly flattened dorso-ventrally and almost egg-form in outline. 
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usually single, elliptical in form, and centrally plac+etl; one micronuclcwa. 
and trichocysts are occasionally present. 
Chilodon cucullulus Miill., sp. Fig. 35. 

Retltliah granular pigment - 
Synonyms: Polpoila ri ic i i l l i ix  0. I". Xiiller; Loxoiles ~ * i r c u l l r i l ~ u ~  Cliiloilou i c ~ ~ c ~ i i i a f ~ i n  Ithr. 'RH, I'erty 'V2, Ihjnrdin '41; 

This extremely variable forni has received so many different names that it hardly pays to enuni- 
It is one of the coinmoneet and most widely spread diateFi known, although at  Wootls 

It is the type species of the gems ant1 needs no further 
The spec*iniens observed at Wootl~ IIolc hat1 niimeroii~ c-ontractile v~cuoies :tnd were 

I,. rle?ilattix h j . ,  ctc. 

crate them. 
ITolc 1 was pnrprised to see it so rarely. 
description. 
42 to 4 5 , ~ ~  long and from 28 t0 .32,~ wide. 

Genus DPSTERIA Huxley '6'7. 

(Cl. et Liwh. '58; Entz ' X i ;  hldbirin '88; Shcvynkov 'OG.) 

Small forms, Arm in outline, and colorless or slightly colored. The body is somewhat clam-shaped, 
Nattened, slightly curved or straight on the riglit side, the other more convex. The true ventral side 
is only a narrow strip along the right and anterior edge of the body, the apparent wntritl side being 
a fold of the very large dorsal surface which comes around ventrally, forming a valved structure sonio- 
what analogous to a clam shell. Cilia are limited to the outer edge of the small ventral surface, which 
also bmrs a peculiar spine at  the popterior end. Tlie inouth Behind this spine are largcr cilia. 

FIQ. 35.-Vcntrul and dorsal avpccts of Cltilodor~ cuCUllUlUS. Pro. SF.--n.l/slcr-iit l m ~ i ~ l o l f c l i r .  

opening lies in the anterior widened portion of the ventral surface and is connected with a slnooth 
tubular pharynx. The riglit half of tlie dorsal side, i. e . ,  the apparent dorsal side, is arched and bears 
longitudinal ridges. Tlie macro- 
nucleus is usually dorsal, elliptical, and cleft, with one inicronuclcus attached. Fresh and finlt water. 

Dysteria lanceolata C1. et Lach. Fig. 38. 

Two to four contractile vacuoles are placed on the ventral side. 

Synonym: Cypridlurii lauceolutum ~ c n t  '81. 

Outline of the flattened body ovoid; body consiRta of two valve-like portions; the edge of the 
right valve is nearly straight, that of the left valve more or less sinuous; anteriorly it is cut away, 
obliquely and posteriorly it has a deep indentation in which the seizing spine rests. The cilia are 
confined to the ventral surface, here reac*hiiig, however, from the anterior dorsal extremity to below 
the posterior indentation. Ppsteriorly the cilia become larger, corresponding to the larger cirri of 
D. nrmnla, which are posterior to the spine. The rnouthlies between tho two valves and is surrounded 
by a long and smooth buccal armature which passes downward and backward to the left a distance 
equal to about half the entire body length. The macronucleus is situated in the dorsal region in the 
central part of the body. There are two contractile vacuoles, one behind the center of the buccal 
armature, the other near the inner end of this organ. ' Movement iu in circles, the animal moving 
around quite rapidly when not attached by its posterior process. It is caolorless and measures 45,u in 
le11gth'b>r 27,u in width. ClaparGde & Lachmann and Shevyakov describe it as 7 0 ~  long. 
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hT'y to marine yeneru of Cliili&ridn:. 
Diagnostic characters: Mouth never lies behind the middle of tbe'body; the rnsoplirlgus is but slightly developed. The 

undulating membrrnies are placed either on the edge of tlie niouth or in tlic (rwphagns. A peristomial dcprcsnion lending 
to the mouth is absent or very slightly indicated. 

1. Mouth in tlie anterior half, undulating membrane on left edge only: right edge continued in  IL long 
ventral furrow ............................................................................. .(icniis * Frontorria, 1'. 442 

2. Two undulating membranes; mouth central; no caudnl 1JristlcR ................................ Genus * f h l p i d / ~ i m ,  1). 443 
5. 'Two iindulating mcmbrnncci; cnudal bristle.. ..................................................... Genus * u ~ l l C ? ? U i ,  p. 443 

Genus FRONTONIA Ehr. (Cl. & Lach. '68?). 

(Ehrcnberg, siibgenus of Ilursfcria '38; Clapnri.(lc & Lachninnn '54; I3iibchli '88; Shevyakov '96.) 

Form elongate and cylindrical, or often flattened dorso-ventrally, with round or pointed ends. It 
is usually plastic and contractile. Cilia are evenly distributed about the body and are similar in length. 
The large, open mouth lies on the anterior half of the ventral surface, and is elongate ant1 oval in out- 
line. On its left edge is a well-defined membrane which stretches across to the right side of the mouth. 
On the right edge is a small, longitudinally striped tract which is free from trichocysts and smooth in 
appearance. This tract is continued posteriorly in a long furrow, which in soine cases reaches the pos- 

Fro. 37.--l"rontonia leucas. FIG. 3S.--Culpldiu?ik colpoda. FIG. 39.- 1;wisinza marina. 

terior end of the animal. 
give the effecat of a membrane (I3titsc*hli). 
The body is usually covered uniformly with trichorysts, often of considera1)le size. 
vacuoles with long canals radiating throughout the endoplasm. 
trally placed.. Micronuclei vary froin one to many. 
ventral furrow. 
black by pigments. 
ment is regular, forward, and combiiied with rotation. 
othcr protozoa and the like. 

Frontonia leucas Ehr. Fig. 37. 

Panophqp vernalla Dujardin '41, Stein '67; P. rbryaalis Doj. '41, 1~'romentel '74; C!/rffjsf~niiiiwi lnarcut Stein '67, Kent '81. 

of the body. 
plain, longitutIinally striated and bears cilia. 
posteriorly in the form of a shallow furrow w11ic.h reaches to the posterior end. 
vacuole is on the left side, the spheroidal nucleus on the right side of the furrow. 

A few rows of cilia in this furrow vibratc differently from the others and 
The tesophagus is extremely short a i d  hard to make out. 

There are I or 2 
The macronwleus is oval and cen- 

An anal opening ilj placed at the end of tlic long 
The plasm is colorless or green by the presence of Zoochlorella, or colored brown or 

Move- 
Food consists of foreign objects, diatoms, 

In  these cases there is a considerable pigment inass on the anterior end. 

Frcsh and salt water. 

Synonyms: Prontonh vrnialls Ehr. '38; Bursarin lefrrnx Allmnn '55, Cnrtcr '56; Panophn/x Zcucus Duj. '41, Stein '67; 

Mouth in the anterior third 
The left edge of the mouth carries a distinct undulating membrane; the right edge is 

I t  is slightly tlepresscd and the depression is carried 
The contractile 

The body is uniformly 

Form ovoid, elongate, occasionally a little flattened dorso-ventrally. 
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covered with fine cilia, and the periphery is uniformly studded with large trichocysts, except along 
the furrow. Food consista of dinoflagellates and other sinall forms. Color dark brown to black. 

Length 330p; width 200,~. 
This form differs considerably fr'om the fresh-water Fvontonin Zeucn,u as described by Schewiakoff '89, 

especially in tlie extreme length of the peristoinial furrow, in the position of the nucleus arid c*ontractile 
vacuole, and in the nature of the water canals. These in the Woods I3ole form are very irregular in 
size and very much branched, not uniform as in Lieberkdhn's (see 13iituchli) fijiarcl of I"rontoni1L Zrucas, 
nor radiating as in Schewiakoff's description. T h i ~  may be the same species as Ihnlon<n mtwina, of 
Fabre-Doinergue '91, whose tlescription and figure I have riot scen. 

Genus COLPIDIUM Stein '60. 

(Rutwhli  '88; BCnupns 'HA.) 

The general form is oval, slightly compressed laterally with the dorsal side strongly arched. The 
The nntcrior end is somewhat snialler tlian the posterior end, 

The mouth is plared some distance from the anterior entl in an oral 
There are usually two undulating nienibranes 

The right unclulating mciribraiic extends dowit 
The body s t r ips  in front 

The anus is terminal and the contractile mouole may be termi- 
The macronucleus is splieriral and has one micronucleus 

ventral side is slightly incnrvcd. 
which is broadly rounded. 
depression and opens into a tu1)ular mophagus. 
which do not extend beyond the mouth borders. 
into the cesophagus and appears to be attached to the walk of the latter. 
of the mouth are twisted to the left. 
nal or situated forwards in the dorsal region. 
attached. Food consists mainly of bacteria. Movement rapid, but interrupted. 

Colpidium colpoda Ehr., sp. 

Fresh and salt water, common in infusions. 
Fig. 38. 

SynonymB: Colpid~um rllCu~~uH Kent 'hl, C .>lriatim Stokc.; '8B: lirlporluciirzcllirh. I)IIJ.  '41; Parurnamrcsh rol~imla ILlir. '58, 
Quennerstedt '67; J'lfLyhp!)~fl ~ l C t x ? L h  I<Cnt '81, G. & It. '86; G'~fllLlYJl1ln ~l?/~ifo~JnlS G. & It. '86; ?%lhft CflWlp!/ln StOkeB '86, '88. 

The body is oval, somewhat larger posteriorly, and a little compressed dorso-ventrally. The 
anterior end is twisted a little from the right to the left ( inore evident in frbdi-water forms), and leans 
somewhat toward the ventral side. Under this portion, oii tlie ventral Bide, lies the inouth in a large 
clepression just above the middle of the body. The entire body is covered with uniform arid delicate 
cilia, which are placed in longitudinal rows. These rows are aliuost straight on thc dorsa1 side, but 
bend on the ventral surface, following the contour of the twisted anterior portion. The endoplasm is 
finely granular; the esophagus leading into it is very distirwt. Sclrewiakoff ('89) describes two 
membranes, an inner arid an outer; Maups ('83) describes them as right arid left. In  the present 
specics I was able to make out only one. The inacronurleus is central, spheric.al in  form, and bears a 
single ininute micronucleus. The contractile vacuole is posterior and d o r d  to the long axis of the body. 
The anus is ventral to this axis and also posterior. 

This marine variety is inilch sriinller than tlie fresh-water form and the form differs in a number 
of respects, viz, in the anterior torsion axid in the structure of the mouth. These liray bc, howc~ver, 
only individual variations of a widely spread species, and I believe it is perfectly safe to tlescribe this 
as Colpidium co<ooda. 

Genus URONEMA Dnj. '41. 

(Qiionneratedt '69; Cohn '66; Kent '81; Bdtschli '81; Srhcwinkoff '80; Shcvynkov '90.) 

Length 45p; width 3011. Common. 

Minute forms; colorless and constant in body forin. The form is oval, slightly coinpressed on the 
ventral siclo, while the dorsal side is distinctly archetl. The membrane is ilistiiwtly inarkc~l by rather 
widely separated stria. These occasionally have a spiral course about the body; in all cases they 
can be easily counted. Ite is 
sometimes approached by n very shallow depression or peristorno from the anterior end, and marked 
by two rows of cilia. An undulating menibrane extends down the mouth. (Esophagus absent. A 
long, stiff bristle extends outwards from the posterior end. The contractile vaciiole is teriniiial or 
subterminal and near the anal opening. The niacronucleus is splierical, centrally placed, and with 
one micronucleus closely applied. Movement i H  rapid and usual forwards in a straight line, often 
found resting, however, with outstretrhotl cilia in contart with soinc foreign body. I?'ood liiainly 
bacteria. 

The mouth is large and placed near the center of the ventra1 surface. 

li'resli and salt water, usually in decomposing vegetable substances. 
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Uronema marina Duj. Fig. 39. 

Fabrc-Domcrgue '85. 
The mouth lies in the upper 

half of the body and bears a well-developed undulating membrane upon its left edge. The membrane, 
is longitudinally striped and covered with long and vibratile cilia. The right edge of the mouth bears 
cilia which are about the same in size as the body cilia, but are more closely inserted (Schewiakoff) . 
The most characteristic feature is the long caudal bristle, which is extremely delicate and about 
two-thirds the length of the body. I could 
not make thiH out, for although other protozoa ran against this bristle, often bending it well over to 
oue side, the animal shdwed no sign of irritability but lay quiescent. A spherical macronucleus with 
attached micronucleus lies in the center of the body. The contractile vacuole is posterior in front of 
the bristle. The macronucleus was found to be dollble, as though just divided, in a large percentage 
of cases. ThiR may be a precocious division of the nucleus long before signs of the body division are 
evident. Such a phenomenon, however, is rare, the macronucleus usually dividing at  a late stage of 
cell division. 

Synonyms: Bnelkelua triquetra Diijardin; 3. corrugata Duj.; Cnjptochilum griseobm. Maupas '83; Phflaster digit2formis 

Small animals with ellipsoidal form and about twice as long as broad. 

Schewiakoff thinks this bristle has a sensory function. 

Length 30 to 50p; width 15 to 20p. Common in decornposiiig algm 

Key to marine genera of Pleuronemidx. 
Diag'noslie eliaraeterst The mouth is at the end of n long peristome running along the ventral side; the body is dorso- 

vcntrnlly or latcrnlly comprcsscd. The entire left edgc of the peristomc is provided with a11 undulating membrane which 
occnsionnlly rims around the posterior end of thc peristomc to form n "pocket" leading to the mouth. The riglit edge 
of the peristome is provided with R less-developed mcmbranc. There rnny or may not be n well-dcvclopcd pharynx. 
Body small; not produccd into neck-like elongation.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~. . . . . . . .Gonus * Pkfflrowcma, p. 444 
Body medium-sized; anterior end produced into neck-like clonqntion ... . __. . . . . . . . ._. . ._ .__. . __...__ Genus *Lembus, p. 445 

Genus PLEURONEMA Dujsrdin '41. 

(Pcrty '52; Clap. & Lach.'5& Stein '50, vol. 1; Qucnnerutedt '67; Kcnt '81; IW.qchli '88; Schcwiakoff "89; Shcvynkov '9G.) 

Small to medium-sized ciliates, with an unchanging form. They are somewhat lens-shape and 
The ventral surkcc is nearly straight laterally compressed, the two surfaces about equally arched. 

or but slightly arched; the dorsal is quite 
convex. The anterior and posterior ex- 
tremities are equally rounded. The per- 
istome begins as a small depression, but 
becomes larger until it takes in nearly 
all of the ventral surface. The depres- 
sion becomes much deeper at  about the 
center of the body, and is especially 
marked on the left side of'thc peristome. 
In this deeper portion is the inouth, 
with an almost imperceptible cL?sophagus. 
Upon the left edge of the peristome is a 
high, undulating membrane, sail-like in 
appearance when extended. This may 
stretch around the posterior edge of the 
peristome and upon the right side, thus 
forming a pocket by means of which the 
food particles are directed into the mouth. The rest of the right edge of the peristome is occupied by 
closely approximated powerful cilia (Biihchli) or a second undulating membrane (Stein). The body 
cilia are relatively long. The contractile vacuole is 
subterminal and dorsal; it  is questionable whether there are canale leading to it. A round macro- 
nucleus with one micronucleus is in the anterior half of the body. The anus is terminal. Food is 
chiefly bacteria. Fresh and salt water. 

FIG, 40.-lJku,oncma chrysalis. 

Trichocysts and caudal bristles may be present. 

Movement combines springing with swimming and rotation. 
Pleuronema chrysalis Ehr., sp. 

chlpulis Ehr. '38, I.cmbadion orale G .  & R. '88; II~ntiobalanlii~n~ ciqilc Stokes '8.5, '88. 

posterior. 

Fig. 40. 
Synonyms: Pkaronrma mama Dujardin '41; I? marina Duj. '41; Frtbre-Domcrgiie '%; P. roronala Kcnt '81; Paramacium 

The body is ovoid, slightly flattened, rounded at  both cndfl, the anterior end sharper than the 
The ventral surface is almost entirely taken up by a peristome which extends from the 
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anterior end posteriorly threequarters of the body IrJngth. The posterior elid of the peristome is 
straight, the left curved, following the depressed portion. The body i s  covered with fine cilia in 
longitudinal lines, except on the peristome. The mouth is sinall and situated in the hollow of tlie 
peristoine near the left border. It begins 
near the anterior end of the body and increases in height posteriorly following the peristome edge 
around on the right side. This posterior bend of the nieinbrane cltuses the appearance of a full sail, 
so often seen. On the right edge 
of tlic peristoine are large, powerful cilia. The contractile vacuole is central and dorsal; the macro- 
nucleus is in the anterior half of the body, with one attached micronucleus. Food consists of bacteria. 
Not very common. It oft& remains quiet, with nieiiibrane and cilia out- 
stretched, as though dead, but suddenly gives a spring and is gone. 

Pleuronema setigera, 11. sp. 
Body colorless, elongate, and with the general form of a c-ucuniber, tlie posterior end being some- 

what pointed. The niouth and relatively sinall peristoine are situated in the lower third of tlie body. 
Tlie peristonic begins as a shallow,furrow at the center of tlie ventral surface and dips sharply into the 
buccal depression, which is deep and turned toward the pouterior end. The left edge of the peristonic 
bears a high undulating inenilmuie, which extends anteriorly only as far as the center of the body; 
posteriorly it passes around to the riglit edge of the perietome, thus forming the characteristic mern- 
branous pocket. Inside the oral depression is a scwond undulating membrane, running down to the 

On the left peristome edge is a large undulating membrane. 

It can be entirely withdrawn and folded together in  the peristome. 

Fresh and salt water. 

Fig. 41. 

FIG. 41.-1'1~~? oneina 66 t ip -a .  

mouth. The body is c*lotliecl with long setose cilia which 
are frequently fully outstretrhed when the aninial is resting, a slight tremor of the large inernbrane 
alone indicating vitality. Posteriorly tliese appendages are drawn out into long iiliforin setm, ihe 
number varying in differelit ii1(1i\~idiials froin three to nine or ten. These are extretnely fine and 
difficult to see without a high power (e. 8. & oil) and careful focussing of the substage condensor. 
Like 1'. chrysalis, the resting periods are terminated by sudden springs, otlierwise the inovenients i~ re  
steady and forward. The inacronucleus is central, arid the rontractile vacuole posterior and terininal. 
Length 45u to 5 0 ~ ;  greatest diameter 1 7 ~ .  

This is sinall and wjtllout 811 ~sophagw. 

In decaying algz. 
It was this form, I believe, that Peck '95 described as a "ciliate." 

Genus LENBUS Cohn '66. 

(Cohu '66; Qucur1ervlcdl '09; Ikzi l '81:  &brc-Domcrguic '86; Gourrcl S: Iiocrcr '88, Butschli '88: Shcvytikov '96.) 

Free-swimming aninials of elongate forin, inore or less elastic i rnd  flexible, bending readily to 
avoid obstacles, etc. The anterior half is usoally drawn out into a slightly curved neck-like portion. 
The peristome is a sinall groove leading from the anterior end to tlie niouth about midway down the 
ventral side of the body. Biitschli, following Quennerstedt, describes an undulating membrane on 
each side of the peristome groove. Other observers, however, usually describe but one, the left, 
which is clearly defined ,and stretches out some distance from the body, while the right border is 
described as having smaller but very active cilia. The general body surface is clothed with fine, 
ulliforiri cilia, and body stritx: are usually absent. The One or more caudal bristles may be present. 
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contractile vacuole is posterior and terminal, and may be multiple. 
and perhaps double (Kent). 
anterior end embedded in zooglcca masses. 

Lembus infusionurn, n. sp. 
The dorsal outline is 

concave through the bending of the anterior end, while the wntral outline presents an even, convex 
curve. The mouth lies slightly above the center of the body and marks the posterior limit of the 
ventral peristoinial groove, which curves slightly from the anterior extremity. Each side of this 

The 
general form of tliis left membrane is triangular, the widest part is anterior, the narrowest at  the 
mouth. The endopla~ni is 
colorless and finely granular, not regionally differentiated. The ectoplasm consists of a relatively 
thick cortical plasni specially noticeable in the posterior lialf of the body and a delicate cuticle which 
bears almost imporceptilile longitudinal markings-the insertion points of the fine cilia. The ljody is 
covered with uniform cilia except at  the anterior extremity. Here they are niucli larger and bristle- 
like. I was unable to find any cilia in the peristonic. One long caudal bristle, one-quarter of the 
length of the body, trails out behind. The rnacronucleus is spheroidal and placed near the center of 
the body; a conspicuous ~nicronuclens lies near it. A row of contractile vacuoles extends from the 
posterior end. The 
intervals of contraction are quite long. 

The macronucleus is spherical 
Food is chiefly bacteria, and tlie animals are frequently found with the 

Salt water, usually in infusions. 

Fig. 42. 
The body is elongate, lancet-shaped, with a taperinq anterior extremity. 

-groove bears an undulating membrane, the left being much larger and conspicuously striated. 

The right niembrane is similar in form, but smaller and more active. 

I have seen as many as six of nearly equal size and one or two siiialler ones. 
Length 70 to 75p; greatest diameter 10 to 12p. 

FIG. 1'~.-If7llbtk8 Z7i.flkX~OlLUIIL. 

L. irifusioriuiiz resembles L. elongatm in its general form and in its mode of life, for it  excavates a 
retreat in zoogltra i~iasscs and lies there for considerable periods perfectly quiet. It differs from 
L. elongcclus and from L. velifer (probably the same as L. eIo71pitus of ClaparOtlc & Lachinann) in the 
presence of tlie caudal bristle, in the absence of annular markings, number of contractile vacuoles, and 
in the slightly smallel' size. It resembles Lembus verminus (Mdller) as described by  Kent (Proboscellu 
cermina), and L. intermedius as described by Gourret & Roeser (Lembus verminus syn. ) in the absence 
of annular markings an3 in the presence of a caudal bristle. It differs froin the former, however, 
in the absence of a tentacle-like process, and froin both in the absence of a double nucleus and in the 
presence of many vacuoles. These features are so characteristic of all the*specimens examined that I 
have concludetl, somewhat reluctantly, to give it a specific name. It is common in old infusions of 
algz, especially after decomposition is well advanced. 

Lembus pusillus Quennerstedt '89. 

Its food consists of bacteria. 

Fig. 43. 
Synonym. L. aubulalus Kent '81. 

This species is much smaller than the preceding, and might eaaily be mistaken for Urolaema marina. 
I t  is subcylindrical in form, the anterior end bluntly pointed, tlie posterior cntl rounded. The oral 
apparatus is quite different from Ch-onemcr. Tlie mouth, as in the preceding species, is at the erid of a 
long peristoinial groove extending from the anterior end to the middle of the body. The edges of the 
peristome bear undulating membranes as in L. znfuuionuiu. Like the latter, there is one caudal bristle, 
but unlike it there is only one posterior contractile vacuole, while the endoplasm is filled with large 
granules & food balls. The cuticle is distinctly striated with longitudinal markings, and the cilia are 
uniform in length. 

Length 26 to 301 ; lliameter 7 to 8p. Habitat similar to that of L. infusionurn, in zooglcea inasses. 
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Although Quennerstedt's dcbcription of L. pusiUtrx niakes no inention of a caudal bristle, the size 
and other cliararters are so closely similar that 1 hesitate to nialre a nt'w species. The bristle is 
estreniely delicate, scarcely thicker tl:an a ciliuni, and earily overloolied, yet, with proper focussing 
of the condenser I found it on every specimen exaniined. 

K i q  lo n m k i ~  !piwci of 0 ~ i c i Z ; i t . k h ~ .  

Diagnostic rimrachx: 'J'hc ~ O ~ J I I  is owl, inlid tlio I~ody niny I r o  sliort or (lrrrwii oiit to rc!seinble II worm. 'I ' l i ty  tire c1in.r- 
iwlerizcd inainly by tlic ~tb~ei ice  oC inoittl i  litid Iilitiryiix. 

Aiitcrior end not p0111tcd; I)otlg cyli~idricnl; titliering.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Cicnus * . ~ ~ i i r i ~ i l r ~ ~ i / i ~ ~ ~ i i i ,  p. 447 
Anterior end pointed; body elongate; cylinclricul: tapcring . . . . _ _  . . . . _. . . . . . . . . . . . . . . .__. _. . . . . . . . . . ..... Gciius Opalinvjiais 

Genus ANOPLOPHRYA Stein '60. 

(Slciii 'ti0; Clnpur~do '60; Leidy '77; Vcjdovvky '79; Kent '81: I3nlbiirni '85 ; Biilriclili '88; Shcvynkov 'OG.) 

Tlie general form is elongate, cyliiidrical or slightly flattened, with rounded ends, the posterior 
end tapering. Tlie body is striated with clearly defined, often depressed lines, which run longitudi- 
nally and sometimes spirally. The contractile racuoles are usually placed in rows upon the edges. The 
tnacronucleus is almost always long and band-formed, rarely oval, aiid generally extending through 
the entire length of tho body. Micronuclei have been made out in one case. Reproduction is effected 
by simple cross division or by budding a t  the posterior end, and is frequently rombinect with chain 
formation. The inain characteristic.is the entire absence of mouth and (esophagus, the aniinals being 
parasitic in the digestive tract of various annelids. Parasites, salt-water forms. 

Fro. 4 4 . - A ~ o ~ ~ l o ~ , R r y a  brairchiarunb. 

Anoplophrya branchiarum Stein '52. Fig. 44. 
A. eirciilaun 1hIbi:mi. 

The body is cylindrica1 to pyriform, in the latter case broatleiietl anteriorly. Outicalo ciistinctly 
marked by longitudinal striations which h k e  the forin of depressions anc1 give to the \)oily a cliarac- 
teristic nielon shape. The endoplasm conhitilis a nuinlier of large refringent grannles-probabIy 
body products. The nucleus i H  elongate, somewhat curved, and coarsely granular. ~nicronucleus 
lies in the concavity. The cilia are long, inserted rather widely apart along the longitudinal Illark- 
ings. The contractile vac:uole is singleand is located at  the pointed end, which is directed backwards 
during locomotion. One apclcinieii fountl free swimming among some alge. 

Length 10.lfl; greatest diameter 36,~. 
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I was much surprised to find this form swimmiiig about freely in the water; its mouthless 
condition showed it to lielong to the family of parasites, the Opalinidw. As the name indicates, how- 
ever, this species is an ectoparasite upon the gills, and Stein gave the name brancl~iarum to a fresh- 
water form parasitic upon Gummarus Pulex. The Woods Hole form is so strikingly similar to the figure 
of G. l~ranc7iiuru~n that, although the name was given to a fresh-water form, it obviously applies to this 
marine variety. One important difference is the presence of only one contractile vacuole in the 
marine form. 

Key to families of Ifeterotricliida. 
Cilia cover the body.. 1 
Cilia reduced to certniii localized nreas.. ...................................................................... _._.,_. ...... 2 

1. I'c~l!/tvicl~inu. 

edge.. ....................................................................................... Family Plaglutumirl,r 
b. I'eristominl area n broad trlnnpular men ending in mouth ...................................  family Burenrick! 

of body; surface of peristome striated and ciliated; no undulating membranes ............. ..Fumily Ste7~torid:c 

One marine genus.. .............................................................................. .* Slrombidizmm, p. 440 

cilia .......................................................................................... .Fnmily !i%LhL7Lid:C 

emen ..................................................................................... Pnmily Oph~oseolecida: 

...................................................................................................... 

a. The mouth terminates n long pcristominl furrow hnving 1111 lidorill zone along the entire left 

c. Peristomial dcprcaion 4iort; limited to the anterior end; its plane nt right anglen to the long axis 

2. Oligotriehina. 
a. Peristome without cilia; cilia limited to one or more girdles about body ......................... .Famil y Ilallcriidas 

b. Thecate forms; the body ir attached by II stalk to the cup; within the ndornl zone is n ring of 

c. The peristomial depression is drep and funnel-like; cuticle thick, with posterior spine-like proc- 

Key to the marine gcnera of Plugiotomidz. 

Diagnostic cl~araetenc The peristome iv it narrow furrow which begins, as n role, close to the anterior end nud runs 
backward along the ventral side, to the mouth, which is usually placed between the middle of the body nnd the posterior 
end. A well-developed adoral zone strctchev along the left side of the peristome, and is usunlly sLrnight. 
1. Body cylindricah size medium; peristome long nnd  turn^ sharply to the left a t  the extremiby.. ......... .Ocnlls dfetopux 
2. No torsion i n  the peristome; undulating membrane is confined to the posterior part of peristome. _ _  .Genus J ~ l q ~ h u r i a n ~ c ~  
3. No peristomial torsion; body highly contractile; no undulating membrane .......................... Genus SpSroatorn~~n~ 

Key io the murine genera of Bursarid=. 

. 

Uiugnostdc characters: The body is usually short and pocketlike, but may be elongate. The chief chiiraetcristic Is the 
peristome, which is not a furrow, but a hrond trinngulnr area deeply insunk and ending in a point a t  the mouth. The 
adorul zone is usually confined to the left peristome edge, or i t  may cross over to the right nnterior edge. 

1. The ariterior hnlf of the body hpem to nenrly a point in front; the peristome is iiarrowevt at thc apex; 

2. Tho anterior eud does not taper; the peristome is widest a t  the end of the body; the mouth is clciirly 
the mouth is the entire peristome bnse ........................................................... Genus Hulu7~tidlzmm 

defined.. ................................................................................. Genus* Co7ld~~ostolua, g. 448 

oenne CONDYLOSTOMA (KONDYLOSTOMA Bory de St. Vincent 1824) Dqjardin '41. 

(Dujardin '41; Clnpnrbde & Laohmann '58; Stein '60, '67; Cohn '66; Quennerstedt '67; Wrzcsniowski '70; 
Butsclili '76, '88; Kent '81; Mnupns '83; Shevyakov 'SG.) 

Colorless and more or less flexible animals of medium size. The general form is elongate and' 
The posterior end is broadly rounded, the anterior end 

The peristome is broad and triangular, the base of the triangle being 
The entire length of the peristome is one-fourth or less of the 

The mouth is large and placed at the apex of the peristomial triangle and opens into 
The right edge of the peristome is lamellate and bears a clearly 

The adoral zone is well developed upon the left edge of the peristome, 
The surface of the peristome is free from 

Contractile vacuoles are 
Biitvchli thinks there is probably one terminal vacuole, but some observers 

Others describe them on the dor8al side of the posterior end (Quennerstedt). 
Micronuclei are numerous and 

Food consists of large and small 
Movement rapid, free swimming, alternating with resting periods; in some cases an undu- 

Fresh and salt water. 

cylindrical ur somewhat smaller anteriorly. 
somewhat truncate and oblique. 
the entire anterior end of the body. 
body length. 
a comparatively small Esophagus. 
defined undulating membrane. 
from which it pmses around anteriorly to the right edge. 
cilia, but the rest of the body is uniformly coated with small active cilia. 
not safely determined. 
deny this (e. g. Maupas). 
The macronucleus is long and beaqed and placed upon the right side. 
scattered along the macronucleus. 
particles. 
lating or wriggling movement is seen, showing clearly the flexibility of the body. 

The anus is terminal and dorsal. 



MARINE PROTOZOA FROM WOODS HOLE. 449 

Condylostoma patens Muller. (Fig. 45.) 
The body is elongate, somewhat sac-like, five or six times as long aa broad, plaatic, and frequently 

contains brightly colored food granules. The triangular peristome takes up the greater part of the 
anterior end, and the mouth is situated at the sharper angle of the triangle, about one-fourth of the 
total length from the anterior end. The cuticle is longitudinally striated, the lines having a slightly 
spiral course. They are not closely set, and fine cilia are thickly inserted along their edges. The 
endoplasm is granular and viscous. The motile organs consist of an adoral zone of membranelles, 

FIQ. 45.--Condylostorna palma. 

which stretch along the left edge of the peristome xnd the,front edge of the body. 
the peristome supports an undulating membrane. 
length of the left side; a number of micronuclei are distributed along ita course (Maupas). 

Stein 376 ,~  to 564,~.  

The right edge of 
The nucleus is moniliform itlid extends the full 

Maupas gives the length from 305p to 495,~;  and Length 400~; diameter at widest part 105p. 

For a more extended account of the structurw, Bee tlie excellent description I)y Mt~upas '83. 
Very com~non. 

10 the rrctcriirc~ piiertr, q/ Nmloridx. 

Diag?toalir: ehurnclers: Tho periHtonic is relatively short and limited to tlie Iront end of the aniwal. HO tliat its plane IS 
nearly at  right cmgles to !hiit of the longitudinal axis of the body. The adoral zone of cilia either psvves entirely oround 
the periEbme edge or ends at  the right-hand edge. The surface of tile peristonic is spirally striated and provided with 
cilia. Undulating membranes are absent. 

1. I'eristome circular in outline; limited to the anterior end.. ............................................. Genus Stetator 
2. The peribtome is drawn out into two winglike processes; tube-dweiling.. ....................... ..Qcnuu Hdliculzna 

aenae STBOMBIDIUM C1. & Laoh. '68. 

(Stein '67: Biitsclili '73; Fromentel '74; Kent '81; Qriiber '84; EntZ '84: Maupas '83, Blitschli '88.) 

Small, colorless (except for ingested food) animals with characteristic springing movement,q. The 
form is usually constant, but in some cases may be,plastic like Aatasin; it is usually globular or conical, 
the posterior end being more or less pointed, the anterior end broadest. The latter is surrounded by a 
complete circle of the adoral zone, the oral end of which passes into a peristomial depression which 
extends deep into the middle of the body. The mouth, with a verysniall cesophagus, liesat the bottom 
of the inturned peristome. The region surrounded by the adpral zone is frequently drawn out into an 
anterior process, occasionally bearing a pigment mass. The ventral surface in some cases bears cilia, 
which may be distributed or restricted to a row of large cilia. Trichocysts are usually present and 

P. C. B. 19001-29 
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may be widely spread, limited to the posterior region, or arranged in a girdle about the middle. ' The 
contractile vacuole is simple, and posterior in position.. The macronucleus is spherical and usually 
central in position. Movement is rapid swimming, combined with resting and floating periods, the 
latter usually terminated by a sudden leap. 

Fresh and salt water; more common in the latter. 

PStrombidium caudatum Fromentel '74. 

The body is 
pyriform, broadly truncate on the anterior end, in the middle of which rises a papilliform process 
(Schnabel). A ring 
of long cirri surround the anterior end and pass into the peristome, and from the left edge of this line 
of cirri a large adoral zone continues down to the mouth. The peristome is elongate and sac-form, 
and the mouth lies at the posterior extremity. With the exception of a caudal filament there are 
no other motile organs; this is about half as long as the body, structureless, hyaline, and sharply 

Fig. 46, a, b, c. 

Fromentel described a fresh-water form of this genus with a caudal appendage. 

On tliis process is a heap of pigment granules, which, however, are not constant. 

a b 
FIG. 4G.-Slrombidiuv~ caudaturrk. 

pointed. It splite up into a bundle of fine fibers upon treatment with caustic potash (c). 'The cirri 
emerge from minute hollows in the edge of the anterior border. The cortical plasm contains peculiar 
rod-like bodies, which look more like lines or markings than like rods or trichocysts. The nucleus is 
large, spherical, and placed in the center of the body. 

Length without appendage is about 3 5 ~ ;  greatest diameter 15 to 18~. In decaying vegetable 
matter. Common. 

Although Fromentel's species is incompletelydescribed, i t  is very evident that the organism corre- 
sponds fairly well with the Woods Hole variety. His waa a fresh-water type; this is marine, but the 
caudal filament and the contractile vacuole are similar. Certainly in this case the organism can not 
be regarded as a Vorticella broken off ita stalk, as Kent '81 suspected. The anterior process with ita 
pigment spot; the cirri, the spherical nucleus, the position of the vacuole, stc., are all opposed to such 
an interpretation which Kent applied to the original species. Neither can it be a Tintinnoid. J place 
it provisionally as S. caudatum. 

The contractile vapiole is posterior. 
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Key lo the marine genera of Entinnids. 

Diagnostic characters: Body attached by a stalk to a cup. Inside tlic zone of membranelles i&a ring of cilia (par-oral). 
1. The test is gelatinous and more or :em covered by foreign particles.. ................................ Genus Tilitilaiiidiicm 
2. The tcst is chitinous and clear. No foreign particles. ................................................... Genus IPintinnue 
3. The teat is chitinous; covered by foreign particles, growth rings frcqucnt.. .......................... Genus *!Pintinnopsis 
4 .  Tho test  is chitinous, often covered by foreign particles. The test is marked by discoid, circular, or hexagonal spots 

Genus CodoneUa 
5. The test is perforated by pores of circular or hexagonal form.. ......................................... Genus Dictyocysta 

Oenns TINTINNOPSIS Stein '67. 

(Stein '67; Kent '81: Daday '87; Bdtschli '88.) 

Medium-sized ciliates, inclosed in a chitinous lorica with embedded sand crystals. The forni of 
the house, or lorica, varies greatly. In some cases the mouth opening is wide, giving the lorica a bell 
form; it may be long and tubular, short and spherical, or variously indented. The animal is attached, 
m in the closely allied genus Tintinnus, by a peduncle to the bottom of the lorica. The anterior end 
of the animal is inclosed by two complete circles of cilia; one, the outer, forming the adoral zone, is 
composed of thick tentacle-like membranelles, the other consista of shorter cilia within the adoral 

zone. The mouth leads into a curved esophagus containing rows 
of downward-directed cilia (Daday). The entire body is covered 
with cilia, but aa the lorica is always opaque these can be made 
out only when the animal is induced to leave the house. The 
only difference between this genus and Tintinnus is the covering 
of foreign bodies-usually sand crystals. Movement is rapid and 
restless, andpeculiarlyvibratory, owing to the apparent awkward- 
neaa in moving the house. Salt water. 

Fro. 47.-Tcntinnopsis beroidea. FIG. 48.-Tlntin?kopsis davidofl. 

Tintinnopsis beroidea Stein, var. plagiostoma Dday.  Pig. 47. 
Synonym: CodoikeUa beroidea Entz '84. 

The shell is colorless, thimble-shaped, with a broadly rounded posterior end. 

Length 6Op; greatest diameter 40~. 

The body is 
cylindrical. The internal organs were not observed. Membranelles 24 in number. 

Var. compressa Daday '87. 

third is uniform in diameter and without oral inflation or depression. 
The posterior end of the shell is pointed, the lower third of the shell is swollen, the upper 

Length 70p; greatest diameter 4 8 ~ .  
Nucleus not seen. 

Tintinnopsis davidoffl Daday. Fig. 48. 

covered with silicious particles of diverse size. The internal structures were not observed. 
The shell is large, elongated, and provided wit11 a considerable spine. 

Length of shell and spine 2 3 0 ~ ;  diameter of the oral aperture 64~. 
The variations of these species are considerable, and &8 the internal structures, such 8s the 

nucleus, are essential in fixing their systematic position, I place them aa above, provisionally, and 
until further observations can be made. 

The chitin of the she11 ia 
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Key to farnilies of Hypotrichida. 

a. Peristome indistinct; cilia on ventral surface uniform and not differentiated into cirri .............. Family Peritromidze 
One genus, *Peritromus ................................................................................ .p. 452 

b. Peristome more or less indistinct; cilia reduced to a few rows on the ventral surface; anal and frontal cirri 
present .......................................................................................... .Family Ozlltrichida 

c. Cilia entirely reduced; frontal and anal cirri present or reduced; macroniiclem bnnd-formed or spherical 
Family EupZotidx 

d. Peristome reduced to left edge and does not reach over the anterior margin.. ....................... Family A6~idiscidre 
One genus, *Aspid ism. .  ............................................................................... .p. 458 

Qenua PERITROMUB Stein '62. 

(Stein '62, '61; Maupns '83.) 

The body is flat, colorless or tinged with yellow, and contractile. It is elliptical in outline, with 
broadly rounded ends; in some cases the left edge is slightly incurved, the right edge convex. The 
ventral surface is flat, the dorsal surface is arched in the middle region of the body. The edges being 
flat are somewhat more transparent than the remainder of the body. The ventral surface is striated 
by longitudinal straight or -slightly curvhd lines, the dorsal surface is smooth 
(Maup& describes bristles on the iack, but 
this is not corroborated.) The adoral zone 
is fairly well developed, but not distinctly 
marked off from the remainingventral surface. 
It begins on the right side and extends entirely 
around the frontal margin and down the left 
side below the middle of the body, where it 
turns suddenly to the right, entering the 
slightly insunk peristome. The mouth leads 
into a short, indistinct ccsophagus. One 
contractile vacuole is situated in the dorsal 
swelling at  the posterior end of the animal. 
Macronucleus double, one in each side of the 
dorsal swelling. Movement is slow and creep- 
ing, with a peculiar method of contracting the 
more hyaline edge, which may turn upward 
or around a foreign object. 

Peritromus emmw Stein. Fig. 49. 

Fresh (?) and ealt water. 

With the characters of the genus. 

and without cilia. 

FIG. 49.-Pcritromus mm', ventral and lateral wpects. 

K c t ~  to the marine qeneru of 0xytTichid:c. 
Dkzgno6tic characters: The periNtome is not always marked off from the frontal area. I n  the most primitive forms 

the cilin on the ventral surface arc similar to those of the preceding family (Perilromida). Usually some of the anterior 
and some of the portcrior cilia are fused into cirri, distinguished as the frontnl and anal cirri, respectively. I n  the majority 
of forms all of the cilia are thus differentiated; strong marginal cirri are formed in perfect rows, and ventral cirri in 
imperfect rows. In addition to the adoral zone there is an nnduJatlng membrane on the right side of the peristome, and 
in some cases a row of cilia between thc membrane and the adoral zone. These are the 'pnr-oral cilin and they form the 
par-oral zone. 
1. The posterior cud is pointed or tail-like.. ............. .:. 

The posterior end is rounded: not tail-like.. ............. 
2. Tho front end is pointed ................................. 

Tho front end is rounded.. ............................... 
3. Frontal and anal cirri absent; often tube-forming ....... 

Eight frontal and 3 caudal cirri: not tubicolous .......... 
4. Anal cirri present; with or without short lateral bristles. 

Anal cirri absent; no bristles ............................. 
5. With frontal cirri ....................................................................................................... 0 

No frontal cirri; 2 to 3 rows of ventral cirri; anal cirri  ina all.. ........................................... Genus IIolosticha 

............... 

............... 
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0. Right margin of pcristomc Htraight 11s h r  a~ the nntcrior end; 6 rows ventral virri: 6 ann1 cirri ......... .C:enurr O.r?/trirhrr 

Right lnargin of peristome curvcd ....................................................................................... 5 
7. Five row8 or lcvs of ventrnl cirri .......................................................... 

More than 5 row8 of \.entral cirri.. ................. 
4. Membrnnellcs normal; 6 to 10 nnal cirri; no caudiil 

......................... H 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G e n u s  Ur(Wilu. 

............................... ..........(.ellrln*iim..hi.n, p.463 
Mombranellcs normal; 6 to 10 anal cirri: 3 ca11dnl cirri ................................................ .Cenns Stylo%ycMa 
Membrnnellcs very large and powcrfnl; ndornl zonc not continued to month; .5 2111111 cirri ............ (;cnns Aetinotricha 

Genus EPICLINTES Stein '62. 

(Stein '62 ,  ' 6 $ ,  '67; Mcrcnchowsky '79; Gruber '87; 13iitschli '88.) 

Very active, contractile, c:olorles.i forms of rather small size. In the frilly ospanded condition the 
The pos- body is oval and long, with its greatest width in t,he center or at t,llc front half of the body. 

terior elid is always drawn out into a relatively lollg 
t d ,  which is extremely elastics. The peristome ia 
short and stretches around the front end of the ani- 
mal. In the frontal region are from one to three 
rows of cirri. The ventral surface is rovrred with 
longitudinal rows of cilia, the nuiiiber of r o w  being 
in dispute ( G  to 7 according to Stein; 9 according to 
Mereschowsky and Rees). Some of these cilia pro- 
ject from the lateral edges and from the posterior 
end, where they are slightly elongated. The anus is 
dorsal and placed at  the beginning of the posterior 
process. Macronucleus probably double. Movement 
is rapid and restless, the tail process contracting to 
jerk the body backward. Salt water. 

Epiclintes radiosa Quenn. Fig. 50. 
Synonym: ilfctm radiosa Qnenn. 

The body is elongate, slightly narrowed anteri- 
orly, and drawn out posteriorly into a long, retractile, 
tail-like portion. Five large cirri extend outward 
from the anterior extremity. The caudal portion 
may be extended to a distance equal to twice the 
length of the body or contracted to half the length. 
The peculiar nervousness of this form made it ex- 
tremely difficult to study, and the oral region was 
imperfectly made out. The anterior cirri appear to 
line the upper left border of the peristome, which is 
marked by a row of large cilia. The peristome begins 
upon the right side of the anterior end and passes 
backward and to the left, narrowing at  this point. 
The mouth is very small and difficult to  see. It is apt 
to stay in one locality under aooglcea, switching back 
and forth with great vivacity, or hanging on Iby the posterior cilia while the anterior end stretches 
out in the surrounding medium. Nucleus and contractile vacuole were not observed. Length 45p. 

Genus AMPHIBIA Sterki '78. 

(Sterki '78; Kent '81; Bllbchli '88.) 

The body is plastic and soft, colorless or slightly tinged with yellow or red. In  foriii it is oval or 
elongate, the posterior end is rounded and slightly redsced in diameter, but does not form a distinct 
tail. The anterior end is also rounded and similarly reduced in width. There are two r o ~ s  d 
marginal cirri ( B a n d c h x ) ,  whirh may be placed some distance from the edge, and tvvo or three rows 
of ventral cirri between them. There are from 3 to 5 frontal cirri of larger size than those of the velltral 
rows, and from 5 to 10 anal cirri. (The genus IIolosticlta is similar i n  till respects salve' the presence 
of froutal cirri.) The macronucleus is double; the contractile vacuole is central and 011 the left 
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side. 
margin. Fresh and salt water. 

Amphisia kessleri Wrzes. '77. 

The peristome is long and rather narrow and carries an undulating membrane on its right 

Fig. 51. 
Synonyms: Trichoda @ha Muller; Omjtricha nibha Stein '59; 0. veloz? Quen. '09; 0. kea&; Wrzcs. '77. 

Body elongate, slightly sigmoid and swollen in the center, about 3fr times as long as broad; the 
rounded anterior end is turned to the left, the simtlarly rounded posterior end to the right; both ends 
taper slightly. The peristome is long and narrow, with a distinct adoral zone which appears broken 
in its course. On the right border 
of the peristome is an undulating membrane. The three frontal cirri form a triangle and the five 
smaller anal cirri form a continuous line with the broken row of ventral cirri. There are two and 
one-half rows of ventral cirri and the marginal cirri are drawn in until they are ventral in position. 

Length 135p; greatest width 40p. 
This variety differs from 0. kasleri as described by Wrzesniowski in having three frontal cirri 

These 

To the right of this adoral zone is a single line of preoral cilia. 

instead of four. Another difference is in the structure of the nuclei and in their position. 

FIO. 61 .-Ampliiaia keaakri. 

differences are too minute to warrant a specific name. 
as 0. kasleri, but differs in having three complete rows of ventral cirri. 
in a line, thus differing from the Woods Hole form. 

0. velox of Quennerstedt is probably the same 
0. aelox has three frontal cirri 

Key to the marine genera of Jhp1otid.v. 

Diagnostic c ~ ~ T u c & ~ :  Cilia, I L ~  well NI the frontal, marginal, and ventral cirri, w r y  much rcdnced; the anal p h i ,  on 
the other hand, are always present. The macronucleusis band-form. 
1. Frontal cirri more than 8. .  ............................................................................................... 2 

Frontal cirri lees than 8 .................................................................................................. 3 
2. Eleven marginal cirri on the left aide; 11 frontal cirri.. .................................................. ..Genu8 C'ertesla 

Four marginnl cirri, 2 on each side; 9 to 10 frontal cirri.. ......................................... .Genus * Euplotes, p. 464 
3. Seven frontal, 5 anal, 3 right marginal, and 2 left margind cirri.. ................................ Genus *Dioplkwa, p. 466 

No frontnl, 6 anal, 3 right, and 2 left marginal cirri.. ........................................... .Genus * Uronychia, p. 457 

@enus EUPLOTES (Ehr. 1831) Stein '69. 

(Ehrenberg '31, '98; Stein '69; C1. & Lach. '68; Quennerstedt 'G5, '07, '09; Rtitschli '88; Kent '81: Oourret B 
Roeser 'M; Miibius '88.) 

Small to medium-sized forms. Rigid in form, colorless, or green by chlorophyl. They are quite 
flat on the ventral surface but decidedly arched dorsally, and the contour ig usually oval. The anterior 
end is broadly rounded to truncate; the posterior end is similarly rounded, or may be somewhat 
pointed. The mouth is placed centrally or near the left margin, and from it the right edge of the 
peristome forms a curved line to the left, which bends forward, thus making the greater part of the 
left edge the peristomial area. In  front the peristome bends sharply to the right and extends as far aa 
the right end of the adoral zone. Upon the frontal and median ventral surface are 9 to 10 great cirri 
(Bauel~wimpern of Stein). Posteriorly five great anal .cirri stretch out beyond the posterior body 
margin. In  addition to these there are two smaller marginal cirri upon the left body edge, and two 
similar onea on the hinder part of the body. The dorsal surface is rarely smooth, but usually is 
marked by longitudinal ridges, and rows of dorsal bristles have been described. The single contractile 
vacuole lies on the right side in the region of the anal cirri, sonietimes just above them, sometimes 
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below. The characteristic macronucleus is long and 
band-form, ita main portion being usually on the left side with an anterior and a posterior arm 
toward the right. Movement is rapid swimming, whirh, however, is frequently broken by creeping 
periods, during which the animals appear to be examining the foreign body on which they creep. 

The anus is posterior and on the right side. 

Fresh and salt water. 

Euplotes charon Ehr. Fig. 52. 
Synonymfl: Trichoda clmron Mtiller: Plasronia cliaroii; P. i ~ f l i t i n ,  subrottaula, rmliosa, lorbgirmis, Dujardin '41. 

The body is oval, small, and solnewhat variable in length. The carapace is strongly marked upon 
the dorsal side by deep longitudinal grooves, G to k in number; the grooves may be absent, however. 
The adoral zone extends to the posterior third of the body, the mouth and mophagus are directed 
anteriorly. There are 10 ventral cirri, 7 of which are on or near the frontal border and 3 near the 

FIQ. 52.-Euplo&s clmwk, dorsal and ventral ftspccts. 

right edge. There are 5 posterior cirri and 4 anal cirri, of inuch smaller size. The cirri inay or may 
not be fimbriated, the latter condition indicating the approaching disintegration of the body and is 
abnormal. The macronucleus is long and band-formed or horseshoe shape. The contractile vacuole 
lies on the right side dorsal to the posbrior cirri. 

Euplotes harpa Stein. Fig. 63. 

The body is elongate, oval, somewhat widened anteriorly, and has rounded ends. The frontal 
margin is three-toothed. Dorsal surface provided with 8 longitudinal markings. 
The peristoine is long and broad, with considerable variation. The adoral zone consists of powerful 
membranelles arranged in a continuous curve from the mouth to tho extreme right. frontal margin. 
seven of the 10 ventral cirri are situated at  the anterior extremity; the remainder are arranged in tt 
triangle on the right edge. The anal cirri, 5 in number, are long and stiff; the marginal cirri smaller 
and finer. The nucleus and contractile vacuole are similar to those of the preceding species. 

Fresh and salt water. Length 45p; diameter 26,~ .  

Ten ventral cirri. 

Length 96,~;  width 64~. 
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Genus DIOPRRYS Dqjardin '41. 

(Rdt~chli 'k8.) 

Medium size, colorless to yellow, rigid in form. The body contour is oval, the anterior end being 
rounded or slightly reduced, the posterior end usually cut in on the right side. The peristome is 
broad but less extensive than in Euplotes. and may extend beyond the middle of the body. Ita right 
edge is convex toward the right side, extends forward and does not turn again to the right. The 
anterior ventral surface has 7 to 8 scattered cirri and just behind the mouth is a transverse row of 
large anal cirri. Two lateral In the sharp in-cut of the posterior end are three great angular cirri. 

FIG. i%.--EtLplOkS hCLPl,CL. FIQ. 64.-Diophr~n uppcndiculatan. 

cirri are placed on the left of the median line between the mouth and the anal cirri, and usually in 
a slight hollow. The 
macronucleus is in two parts, each band-form, one anterior, the other pofiteriorin position. Movement 
is rapid and steady. Salt water. 

Diophrys (Styloplotes) appendiculatus Stein '59. 

The contractile vacuole is on the right side in the vicinity of the anal cirri. 

Fig. 54. 
Synonyms: SL~loplotee uppendiculabs Stein '5Y; Kent '81; Quennemtcdt '67, ctc. 

The general form resembles Ruplotes. Its outline is oval and regular except a t  the posterior end 
on the right side, where there is a considerable indentation. The frontal margin is characterized by 
a row of powerful membranelles, which become smaller at the peristome and at the mouth they are 
of characteristically small size. Five of them are in one row from 
the anterior end down the right side nearly to the anal cirri; 1 is on the frontal border between the 
first two; 1 lies just anterior to the second anal cirrus from the right side. The 5 anal cirri are large 
and powerful and extend some distance beyond the posterior end of the body. In all specimens 
observed these cirri curve to the left. Dorsal to the anal cirri and placed deep into the dorsal pit 
are 3 large, sharply curved cirri, which in most cases are fimbriated, but when the specimens are 

The ventral cirri are 7 in number. 
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normal these are pointed and curve abruptly to the right. Two smaller cirri lie to the left of the 
group of anal cirri. The peristome is well-marked by the adordl zone, and upon its right border there 
is a row of cilia, and a similar row of cilia runs along the base of the oral membranelle. The macro- 
nucleus is double and consists of two elongate cylindrical masses lying parallel with one another. 
One of these is in the anterior region; the other is posterior. The contractile vacuole lies dorsal to 
the anal cirri and anterior to the three dorsal cirri. The movement and general activities resemble 
those of Euplotes. 

Length 5Op; diameter 25p. 
Oenne URONYCHIA Stein '62. 

(Stcin '69, '67; Qi~enncrstcdi'(i*r; Kciit '81; Bi/tseIiIi '88.) 

Medium-sized colorless ciliates of usually constant body form. The body is somewhat short and 
oval in outline. The anterior end is broadly truncate, the posterior end rounded or slightly pointed. 
The ventral and dorsal surfaces are considerably arched and the latter usually has a number of rows 
of longitudinal stripes. The open peristome is-broad and 
reaches back to the middle of the ventral surface and 
beyond. According to Stein, the two edges can approach 
each other, thus opening and closing the peristomial area. 
Its right edge forms a greater angle with the front edge 
than in the genus Euplotes, and the left edge forma a greater 
angle with the front edge than in that genus. The left 
edge also appears to cover over the adoral zone slightly. 
There are no ventral cirri in front, but on the posterior 
ventral surface are 7 great springing cirri. Five of these 
are inserted on the right side in a deep in-sinking. and the 
other 2 in a similar depression on the left ventral surface. 
Above the 5 right-eide cirri, i. e., dorsal to them, but in 
the same depression, are 3 angular cirri. A few edge cirri 
are found to the left of them and another to the right of 
the 5 cirri. The contractile vacuole is on the left side 
between the main groups of cirri. The macronucleus is 
band-form or spherical, and is situated in the middle region 
of the body. Movement consists in forward swimming 
with sudden springs. 

Salt water. 

Uronychia aetigera, n. sp. Fig. 55. 
This species is very common ill the Woods Hole 

waters. It is small, colorless, and very active. The most 
characteristic feature is the posterior end with its relatively 

FIG. 65.- Lironyclda uetlgera. 

enormous Cirri, which are apparently large enough for an animal four times itu size. The form is 
ovoid, widened posteriorly. 

The ventral surface is flat and has two excavations in the posterior end. The right hollow is larger 
and contains 6 great cirri of unequal size, the extreme right one being the largest. The left hollow 
contains 2 cirri, also of dissimilar size. Dorsal to the 5 right cirri are 3 sickle-formed cirri, which are 
usually fimbriated. The peristome is wide and 
open, and a small pocket-like hollow on its left border indicates the region of the mouth. The adoral 
zone runs into this pocket and the mouth is located in its lower right-hand corner. In U. tranguga 
the right border is generally described as having a membrane of extreme delicacy. I was unable to 
see such a membrane in this form, but in its place there are 2 flagella-like cirri extending from the 
margin of the mouth opening into the peristome, and these vibrate slowly. I do not believe theee 
could be the moving edge of an undulating membrane, for they are quite distinct. The macronucleus 
is spherical instead of band-form, and a single micronucleus is closely attached. This is unlike the 
European species U. trunsfuya, in which the nucleus is elongate. The contractile vacuole lies between 
the two sets of posterior cirri. 

These are pointed and curve regularly to the left. 

There are no marginal folds like those of the European species. 
Length 40p; width 25p. Common. 
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aenns ASPIDISCA Ehr. 1850, 

(Pcrty '52; C1. & Lach. '58: Stein '6% Qucnncrstcdt 'F5, '67, '69; McroschowHky '79; Kent '81: Riitsrhli '88.) 

Small, colorless, and rigid forms, with nearly circular to oval contour. The left side is usually 
straight, or at least but slightly convex. The right side is much more convex, and the right margin is 
considerably thickened. The ventral side is flat, the dorsal surface convex, with from one to several 
longitudinal ridges which run more or less parallel with the right edge. The peristome is limited to 
the left edge, where it forms a small depression which may or may not reach the anterior border, but 
which in no case runs around the anterior margin. The left peristome margin in some cases grows 
over the peristome depression toward the right, thus making a sort of cover for the peristome. In  the 
posterior region is a deep depression, from which 5 to 12 cirri take their origin. Seven or 8 cirri 
are placed in the anterior half of the ventral surface and are arranged more or less in rows. The 
anus is on the right side in the region of the anal cirri (Stein). The contractile vacuole is generally 
on the right side and similarly located. Movement The macronucleus is a horseshoe-shaped body. 
rapid, somewhat in circles, and 
rather uniform. 

Fresh and salt water. 

Aspidisca hexeris Quenner- 

The carapace is elliptical, 
about 14 times as long as broad, 
roundedatthe extremities. The 
left border of thecarapace bears 
a spur-like projection. The ven- 
tral cirri are short and thick, 
and are very characteristic of 
the species. When moving 
slowly they look much like 
nicely-pointed paint brushes, 
but when the animal is com- 
pressed they quickly become 
fibrillated,and thenlook like ex- 
tremely old and worn brushes. 
These cirri are placed in depres- 
sions in the ventral surface and 
each one appears to come from 
a specific shoulder. At the 
posterior end an oblique hollow 

stedt '67. Fig. 56. 

bears 6 unequal cirri placed side by side. The extreme right cirrus is the largest, and they become pro- 
gressively smaller to the opposite end. The peristome is 
in the posterior half of the body and an undulating membrane extends from it into the ~ ~ o p h a g u s .  
The dorsal surface is longitudinally striated by 5 or 6 lines, which are usually curved. The nucleus 
is horseshoe-shaped and lies in the posterior half of the body. 

Dorsal to these lies the contractile vacuole. 

Length 68p;  diameter 48p. 
This form was incorrectly mentioned as Mesodinium sp. by Peck '95. 
I n  the figure given by Quennerstedt there are only 7 ventral cirri. I n  the Woods Hole form there- 

are 8, 7 of which are anterior, 6 of them about 1 central one. The eighth cirrus is by itself, near the 
base of the largest posterior cirrus. These cirri, in spite of their size, are easily overlooked and inore 
easily confused, but by using methylene blue they can be seen and counted. 

Aspidisca polystyla Stein. Fig. 57. 

This species is similar to A .  here&, but is smaller, very transparent, and without the spur-like 
process on the left edge of the carapace. The chief difference, however, lies in the number of anal 
cirri. These are 10 in number and they are arranged obliquely as in the preceding species, with the 
largest one on the right and the smallest on the left. The ventral cirri are 8 in number, and are 
arranged in two rows, one of which, the right, has 4 cirri closely arranged, the other having 3 cirri 
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close together and 1 at some distance, netw the largest anal cirrus. The peristome, contractile vacuole, 
and nucleus are similar to the preceding. 

Stein assigns only 7 ventral cirri to this species, but he aiso describes 2 very fine bristle-like cilia 
(p. 125) and pictures them in figs. 18, 19,20, and 21 of his Taf. 111 in the same relative position 88 my 
eighth cirrus. I am positive that cilia do not occur on the ventral fare of this form, and that the 
characteristic cirri are the sole,locomotor organs. 

Length 38p; width 22,~ .  

Key to familie8 of Pcritrichida. 
a. Perifltome drawn out into funnel-like process; parasitic ............................................ Family Spirochonida: 
b. Adoral zone and circlet of cilia at opposite end. Adoriil ?one loft-wound. Parasitic (one genue, *McLlophoru). 

Family Liclmophorldre 
e. Adoral zone a loft-wound spiral. Attached or unattached forms ..................................... Family I'orticellide: 

(tenus LICIINOPRORA Claparbde '67, 

(Qruber '84; Fabre-Domcrguc '88; Biltschli '88; Wallcngrcn '94; Stevens 1901.) 

The anterior part, bear- 
ing the adoral zone, is round or oval in ventral view, and has a flat ventral and a highly arched dorsal 
surface. The posterior end of the animal is reduced to n stalk-like structure which is broadened at 
the extremity to form a sucking disk. The surface of this disk and the surface of the peristome may 
be brought into the same plane by the characteristic bending of the stalk portion. A ciliated girdle is 
placed at the edge of the sucking disk. Awell-developed adoral zone incloses the peristome; it begins 

Small or medium-sized colorless animals, extremely elastic and flexible. 

Fro. 6?.-A8pidbcu polystyla. P~Q. 68t-Lic?inop?&ora muc;farlandi, . 

at the mouth on the left side and includes nearly all of the peristome in its left-wound spiral, the 
extremity approaching closely the end near the mouth. The macronucleus is a long-behded structure, 
or'it may be in several parts connected by strands (Grnber). The coutractile vacuole is on the left 
side in the region .of the mouth. 
Lichnophora macfarlandi Stevens. Fig. 58. 

The body is elongate; oral disk variable in form, attachment disk clearly defined and constant. 
Tho stalk is very contractile and elastic, constantly changing in shape. When detached from the 
host the animal moves with a very irregular and indefinite motion. When &ached it moves freely 
over the surface on its pedal disk. A 
distinct axial fiber extends from the pedalbdisc to tho peristome and gives off a iiuinber of branches. 
This fiber is analogous to the myonenies in TTo&&a. An indistinct longitudinal furrow can be made 
out occcasiimally. The nucleus is in 5 or 6 separate pieces, OE which 1 is found in the pedal disk and 
1 or 2 in the neck. 

Salt water. 

The latter is bordered by fonr membranes composed of cilia. 

On the egg capsules of Orepidula plana; also reported upon annelids a t  Woods Hole. 
Length 60,u from disk to extremity of the peristomial disk. 
This form does not agree in all respects with Stevens's species, but the agreement is so close in 

other respects that I believe it can be safely identified as L. macfarlandi. The mode of life is different, 
and the macronucleus is different, there being from 25 to 30 fragments in Stevens's form and only 5 or 
6 in the present one. There is, however, the same evidence of chain formation in both of them. The 
length of the oral cilia in Stevens's form is 18 ,~  in fixed and 3011 in living forms. In  the Woods Hole 
form the cilia are not more than half that length. 
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iYey lo the marine genera of T'orticellidx. 
DZagnostic charuclers: AttachFd or unattached forms of peritrichous riliates in which the adoral zone seen from abovc 

forms a right-wound spiral. A secondary circlct of cilia around the posterior end may be present either permanently or 
periodically. 
1. Posterior ciliated girdle permanent around an attaching disk.. ......................................................... 3 
2. Posterior ciliated girdle, temporary during motilc stage.. ................................................................ 4 
3. Body cylindrical: 

(a) Without awcssory ring of bristles: with velum.. ................................................... Genus T~ichodiwft 

4. No tcst and no stalk ....................................................................................... Genus Sm~phidio 
6. No test; with stalk containinp contractile thread.. ...................................................................... 8 
6. No test; with stulk but without contractile thrrutl.. ..................................................... .Genus Episfylix 
7 .  With a test; with or without a stalk - 8 . .  .......................................................... Genus * Cot'otlLurnia, p. 461 
8. Individuals solitary ............................................................................... Genus *Vorticella, p. 460 

Individuals colonial; entire colony contractilc ................ .......................... .Genus *Zoothamnium, p. 461 
Individuals colonial; parts only of the colony rontrwtile ............................................. Genus Carchesinm 

(a) With ring of stiff bristle8 ubovc the ciliated girdle.. ................................................ Genna C~/clocliatcc 

Body conical; genertil HllCfa('0 riliuted ................................................. .GeIlUR ~m'chf~diTiopai8 

FIG. G9.- Vorllcellu palPUi?u. Fro. GO.-Vorlicella marina. FIG. Gl.-ZoothamnlzLm &gam. 

Genua VORTICELLA (Linnmns 1767) Ehr. '58 

(Bell Animalcule Leeuwenhoek 1676; Ehrenberg '38; Dujardirl '41; Stein '51; C1. & Laoh. 68; Greeff '70; 
Biitschli '88: Kent '81: Stokes '88; ctc.) 

4 

Medium-sized ciliates of general bell-like form. They may be colorless, or yellow and green 
through the presence of Zoochlorella. When not contracted, the peristome end is widespread, rarely 
narrowed. The adoral zone and peristome agree with the details given in the family characteristics. 
The chief character is the attachment of the posterior end by means of a single. longer or shorter, 
stalk, which contains a highly contractile thread easily distinguished in the living animal. Another 
character is the absence of colony formation. Contractile vacuole, single or double, usually connected 
with a sac-like reservoir. The macronucleus is invariably long and band-formed, with attached micro- 
nucleus. Fresh and salt water. 
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So many species of Vorticella have been described that the task of collecting data and of arranging 

the synonyms is extremely irksome and difficult. Stokes enumerates 66 species, inhabiting fresh and 
salt water, and several other new species hare been added since his work. I am impressed with the 
fact that new species have been created without proper regard for the manifold variations which 
nearly all of the Ciliata show, and I believe the GG species might be safely reduced to 12 or 15. 
Vorticella patellina Muller. Fig. 59. 

diameter of the peristome is a little larger than the length of the body. 
elevated. 

Vorticella marina Greeff. Fig. GO. 

offer no chance of identification. 
is the transverse annulation of the bell. 

Body campanulate, widest at  anterior border, from which it tapers directly to the pedicle. The 
The ciliary disk is but little 

The cuticle is not striated and the body plasm is quite transparent. Length 5 2 ~ .  

The body is conical but variable, and may be short or elongate, so that relative length and breadth 
In general the body is campanulate. The distinguishing feature 

Length 3 5 ~ .  Small, but  common, and grows in small social groups. 

pic:. C,'L.--Collrc~rq~ia cryslnllliro. 

aenns ZOOTHAMNIUM (Bory de 8t. Vincent 1824) Stein '38,'64. 

Colorless and highly contractile forms growing in small or large colonies. The form and structure 
of the individuals is not different from W t i c c l l n .  The colonies are usually richly branched upon the 
dichotomous plan and the entire colony is contractile. The main character is that with each division 
of the individual the stalk also divides, each daughter cell getting one-half of the pareut stem. The 
stems therefore remain in communication, eo that a simulhneous contraction results, and the colony 
as a whole is withdrawn. In some species so-called macrogonidia, or larger sexual individuals, are 
developed alongside the usual ones. 

Zo6thamnium elegans D'Udekem '841. 

The pedicle is slender, smooth, and transparent, and branches sparsely at  its distal extremity. 
are but few zooids (3 to 4).  
The pharyngeal cleft is very distinct and extends beyond center of body. 

Fresh and salt water. 
Fig. G I .  

The bodies are variable-peristomial border widely dilated, tapering and attenuate posteriorly. 
There 

The ciliary disk projects conspicuously beyond the peristomial border. 
Length of body 80p. 

Genus COTXTJRNIA (Ehr. 'Sl) Clap. & Lach. '68. 

Colorless forms of medium size411 some cases they liiay be greeii by Zoochlorella. The general 
structure is similar to that of rTorticellu, but the individuals are eloligate and occupy houses. The 
macronucleus is invariably long and band-fonn. The distinguishing character is the colorless or 
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brownish lorica of quite variable form but always attached. These houses may be finger-formed, with 
widened center, or widened mouth, or constricted mouth, and the like. Ring-formed swellings are 
frequently developed. Sometimes the mouth becomes twisted and the lorica is therefore bilateral. 
The houses are attached either directly to some foreign object or by means of a short stalk. The 
animals are similarly fastened to the lorica; sometimes directly, sometimes by means of a short stalk. 
When they contract they draw back to the bottom of the lorica; when expanded they usually stretch 
out of the mouth opening. In  some forms there is an operculum, by means of which the opening of 
the shell can be closed when the animal ia retracted. Fresh and salt water. 

The number of species of Cothurnia has become so great that the difficulty in placing forms is 
almost sufficient to discourage the systematist; as Biitschli well remarks, the variations in the theca 
have been made the basis of new species BO many times that the genus is almost as confused as Diflugia 
among the rhisopods or Campanularia among the hydroids. The length of cup, of stalk, the presence 
of annulations on stalk or cup, etc., have given rise to many specific names, the majority of which I 
believe can be discarded. According to such differentials the game branch of an alga holding a 
hundred specimens of Cothurnia mjetallina yield 10 or 12 species, whereas they are merely growth stages 
of one and the same form. 

Cothurnia crystallina Ehr. Fig. 62. 
Synonyms: Vap’nicolla erplalliisu Ehr., Perty, l3ichwald: V. grai idb Perty; V. petkatnilala Eiohwnld; Culhzlnkia 

mystallina Claparhde & Lachmann, D’Udek.; C. gigunlea D’Udek; C. nmrilinm, C. ayrtallina Cohn; C. grandis Mereseh. 

The form of the cup shows the greatest differences; sometimes i t  is cylindrical, sometimes elongate 
thimble-shape, sometimes pouch-shape, corrugated or smooth on the sides, and wavy or smooth on 
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border. Frequently the basal part be- 
comes stalk-like, but this is very short. 
When present, the stalk may or may 
not have a knob-like swelling. The 
animal within the cup may or may not 
be borne on a stalk, and this stalk may 
or may not be knobbed. The cups are 
colorless or brown. Theanimaliavery 
contractile and may stretch half ita 
length out of the cup or retract well 
into it. There is 110 operculum. The 
length of the cup varies from 70p to 
200p (C. gigantea; Vag. grandis, etc.). 
From Entz. 

There is nothing to add to Ents’s 
characterization of this species, which 
is found both in fresh and salt water. 
The variability of the cup and stalk is 
quite noticeable in the Woods Hole 
forms. 

Cothurnia imberbis Ehrenberg, var. 
c u m l a  Entz. Fig. 63. 

Synonyms: C. imbWbi8 Kent et al.: .C. 
rmrvula Entz; C. suelelia Gruber? 

The lorica is swollen posteriorly, 
narrowest at the oral margin, bent on 
its axis and is supported on a short 
stalk. It is Derfectlvsmooth and with- 

/ \  
FIQ. 63. -CoUlumia inderbis. 

*b 

FIQ. 64.-Cufhurnia nodoaa. 

out annulations. The animal itself has no definite stalk. When fully expanded the animal emerges‘ 
but slightly trom the margin of the cup. Fresh and salt water. ‘On red algE. Dimensions of Woods 
Hole form: Cup 50 to 55p long; greatest diameter 22p; length of stalk 4 to 5p. 
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aothurnia nodosa Clapar2de & Lachmann. Fig. 64. 

A. Smooth cup.-Colhurnia maritzm Ehr., Eichwald, Stein, Kent. 
B. Cross-ringed cup.-C. pupa Eichwald, Stein, Cohn; C. nodosa C1. & L.; V. mysfalClna Entz '78; C. pontic-a Meresch., 

The cup is elongated, swollen centrally, tapering at  oral end and conical at  base or rounded. 
Oral opening either circular or elliptical. Cross rings may or may not be present, and the cup is either 
smooth or annulate. Length of cup 7 0 ~  to SOP. The stalk which supports the cup is extremely 
variable in length. The animal is borne upon a stalk of variable length within the cup. 

Entz states that the many variations which this species exhibits run into each other so gradually 
that he does not believe it wise to separate them. The Woods Hole forms which I found on alge of 
varioue kinds were nearly of a size, and did not vary much from the one figured. Kellicott '94 
described a Cothurnia from Woods Hole under the name of C. Zongipea, which I believe is only a long- 
stemmed variety of C. nodosa. My form has the following dimensions: Cup 75p; cup stalk 38p; 
animal stalk 14h. 

Kent: C. cohnti and pupa Kent; C, longipes Kellicott '94. 

Key lo families of Xuctoria. 

a.  Unattached forms; ventral cilia present; onc suctorial tentaclc .............................................. Hgpocomida: 
b. Attached forms; thocatc and athecate tcntacles simplc, one or two in number.. ................................ Lhaulida. 
c. Thccate; posterior end of Cup drawn out into stalk; walls pcrforatcd for cxit of tcntaclcs ................... 8fetaciicetSs 
(1. stalked or unstalked; globular; tentaclcs of different kinds, somc knobbed, others pointed (2 gen- 

ora * Ephelota * Podophwa) .......................................................................... Podo1)hryida: 
e. Naked or thecate; stalked or not; tcntacles numerous, usually knobbed and all alike ........................ ..Acinelida: 
f. Naked; athecatc; tentacles numerou8, all alike, knobbed and grouped in tufts. They may be simplc or 

branched ........................................................................................... Dmdr080iiiida. 
g. Sessile forms rcsting on basal surface or 011 a Portion raiscd like a stalk; tcnteclea many; short and 

knobbed; distributed on apical surface or localized on branched arms.. ........................ .Dnadrocomctida 
I'. Stalked or sessilc; tcntacles long, rarely knobbed, supported on proboscis-likc pmceascs.. ............... Ophryodendiidic: 

aenas PODOPRRYA Ehr. '39. 

(Hitschli '88; Stein '59; Perty '5'2: Clenkowsky '65; Quei~n. '69; Hcrtwig '77; llaupas '81.) 

The body is globular, with tentacles radiating in all directions. 
or very long. 
The macronucleus is centrally placed and globular to ovoid in form. 
single. 
spore. Fresh and salt water. 

Podophrya gracilis, n. sp. Fig. 65. 
Of all the I'odophrya that have been described not one approaches this minute form in the relative 

length of the stalk. The body is spherical and is covered with short capitate tentacles. The stalk is 
extremely slender, bent, and without obvious structure. There are one or two contractile vacuoles in 
the distal half of the body. The nucleus is small and is situated near the insertionpoint of the stalk. 
Reproduction not observed. Diameter of body 8p; length of stalk 40p. 

The tentacles may be very short 
The stalk also is either short or long, and soiiiespeciesforlllstalks but rarely ( P .  libera). 

The contractile vacuole is usually 
Reproduction takes place by division; the distal half developing cilia and becoming a swarm- 

Only one specimen seen. 

Oenus EPRELOTA Str. Wright '78. 

(Butuchli '88; Ishiknwa '96; Sand '98.) 

Small to medium-sized and large forms; colorless to brown. The body is globular or oval or wedge- 
shape, sometimes quadrangular. The diameter 
of the stalk increases from the point of attachment to the body of the animal; it  is usually striated 
either longitudinally or transversely, or both. The tentacles are of two kinds and are usually confined 
to the anterior half of the body. Some are long and sharp-pointed and adapted for piercing; others 
are short, cylindrical, usually retracted and capitate, adapted for sucking. Contractile vacuoles vary 
from one to many. The macronucleus is nearly central in position and usually of horseshoe shape, 

The stalk is variable, sometimes 1 mm. in length. 
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but is frequently branched and irregular. 
usually from the anterior half of the body. 

Ephelota coronata Str. Wright. Fig. 66. 

Reproduction is accomplished by external multiple budding, 
Salt water. 

Synonyms: Ilnniophr~a gemirkipara S. K.; Podoplm~a gemrndpaTa Hertwig. 

The body is spheroidal, ovate, or pyriform, with numerous sharp-pointed tentacles and a few 
The stalk is about three times the length of the body and tapers from ita straight, uniform tentacles. 

\ ' I  
FIG. 65.-Podghrya gracilis. FIG. GG.-Ephdola coroiialn. 

widest part a t  the insertion iii the body to the narrowest part at the point of attachment. It may or 
may not be longitudinally striated. This is one of the commonest of the Xucloria found at  Woods Hole. 
It is usually present on Campannlarian hydroids, but may be found on alga and Bryozoa. 

Length of body 9Op to 2 0 0 ~ .  

Qenna ACINETA Ehr. '33, Btitachli '88. 

(Steiu '54, '59; ClaparEde & Lachmau '58; Qucnuervtedt '67; Hertwig '76; Mereschowsky '79; Eutz '84; 
Kent '81; Maupas '83; Cirubcr '84; Gourret & Roeser '86, and others.) 

Small to medium-sized forms. The distinguishing feature is that the stalk is swollen at  the distal 
extremity to form a cup or basin in which the animal rests. The cup may be developed until the body 
is nearly inclosed. The contractile vacuole is usually 
single. Budding, so far as known, is endogenous. 

The macronucleus is spherical or band form. 
Fresh and salt water. 
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Acineta divisa Fraipont '79. 
This extremely graceful form is common on Bryozoa at Woods Hole. The cup is shaped like a 

wine glass and is specifically characterized by a cup-forined membrane upon which the animal rests. 
The animal thus has the appearance of being suspended on the edge of the cup. The stalk is slender 
and about 4 times the length of the body. The tentacles are all capitate and distributed, and about 
24 times the body length. The nucleus is spherical and 

The contractile vacuole 

Fig. 67. 

They sway back and forth very slowly. 
central in position. 

FIQ. 67.-Adneta diwisa. 

lies near the periphery. 

extended tentacle 6 5 ~ .  

Acineta tuberosa Ehr. Fig. 68. 

Large forms of Szidorirc with tentacles ar- 
ranged in fascicles. The stalk is variable in 
length and the cup is frequently so delicate 
that it can barely be made out. A specific 
characteristic is the break in continuity of 
the cup at different points, and through these 

Length of body 27,~; of stalk 100~; of 

FrQ. GS.-Aeiiicta luberoscc 

places the tentacles emerge in bundles. 
in number in each of the two bundles. 
oring matter is frequently arranged in patterns. 
is in the anterior third of the body about niidwsy between the bundles of tentacles. 
not observed. 

The tentrtcles are capitate and in the Woods Hole form, 15 
The cndoplas111 is granular and yellowish in color. The col- 

The contractile vacuole 
Reproduction 

The nucleus is spheroidal. 

Length of body 3 3 0 ~ .  
F. C:. B. 1'901--80 
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aenns TBICROPHBYA Clap. & Lach. '68. 

(Scc Kent '81; Entz'84; Huluclili 'x8; 8uncl 1901.) 

Small forms to medium size; no cups or stalks. 
ever. more or less irregularly lobed and changeable. 

The body is spherical to elongate, usually, how- 
The tentacles are in fascicles which are usually ._ - 

borne upon lobed or swollen places. 
The body is always more or less spread 
out. Contractile vacuoles variable. 
The macronucleus is spherical, elon- 
gate, band-formed or horseshoe-shaped. 
Reproduction' takes place by endoge- 
nous budding, and the swarm spores 
are flat or lenticular with a distinct 
ciliary girdle. They are frequently 
parasitic. Fresh and salt water. 

Trichophrya salparum Entx '84. 

mcidiuwm Lachmann '59; Ren6 Sand 1901. 
Butschli '88; Schciviakoff '93; Trichopkr.tia 

The body is somewhat cup-form, 
with a large, flat base. The anterior bar- 
der is rounded, each of the ends being 
somewhat truncate and carrying a bun- 
dle of tentacles all capitate and similar. 
These may be continued internally as far as the  ~n~cleus  (Sand). 
contain somi: brilliant granules. 

ten&, where great nunibcrs of them arc often parasitic. 

The cytoplasm is uncolored, but may 

This species was found by Dr. C;. IInnter on the branchial bars of the Ascidian Molguln. ?nodtat- 
The nucleus is granular and Hpherical, band or horseshoe formed. 
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