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INTRODUCTION

This report, the fourth in the series of "uerterly Reports initiated
in July 1946, presents not only a summary of the biological .investiga-
~tions of fiish and fisheries conducted by the Division of Fishery Riology
during the moenths of April tc June, inclusive, of the fisocal year 1947,
but algso a peneral resume of the progress of investigation during the
entire fisoal year, It may, therefore, be termed properly the amnual
report of the Division.

In addition to presenting a record of. research activities and
administrative functicns.ef the Division for future reference this
series of fuarterly Reports is intended to serve as a medium of ex-
rohange of information among the widely scattered members of the research
team.and to ovorcome -tc some .oxtent the effects of isolation of individu-
als and smell groups of workers who have relatively little opportunity
for persornal conferences and few other means f'or an interchange of ideas.
While the report mey be of interest to other workers in the t'ield of
fishery soience, it is inftended primarily as a house organ distributed
"to all members of the staff of the Division,

- Another importani purpose of these reports is te permit ourrent
appraisal of the projects of research under+*aken, the progress made
in their development, and the relative value of the various efforts
to the broad field of conservation in geners] and to the speoific field
of development and protectien of the fishery resources.

The deteliled revorts of the activitids of the field organizatioens
and investigators whioh follow should serve these several purposes in
varying degree, but it shculd be realized that the specific bits of
scientific information included with an account of the respective ac-
tivities are in nearly all ckE84 P85¥m, tentative in content, and
fragmentary in scope. The results of many of the 1nvest15ations here
reported will be presentod at a later time in formal publiocations after
they have been thoroupghly scrutinized for adequacy of method, acouraoy
of analvils, and goundness of interpretation. TUntil such publications,
reviewed and approved by the Service, are issued 1t would be premature
to Judge and evaluate the verious rescarch projects solely on the basis
of the information here, presented.. In the meantime, however, a free
exchanpe of comment and oritloism emong the memhers of the staff is
cordially weloomed,.

The. fiscal year of, 1947 may be characterized as a continuation
of the period of trangitien from war to peace. , The concentration of
attention on the research objectives, the assignment of persommel to
uriinterrupted investligation and the oompletion of the considerable
backlog of research repcrts interrupted by the war has not yet achleved
the full officiency and comploteness desired. Durins almost the entire
year most of the blologists attached to the staffs of the North Facifie
Fishery Investipations &nd the Central Valley Investipations were de-
tailed to assist the Coordinator of River Basin Studies in the



preparation of a very large numbdr of ‘reports for the construction
azencies on the effects of river impoundments and other engineering
‘developments. Personnel sericusly needed for investigations in Alaska
end in a numbér of other areas were difficult or impossible to recrult,
and the shortage of trained workers.was further accentuated by transfers
or details to various military activities and by employment in missions
or expeditions to foreign countries, Construction or repair of physical
facilities was difficult or. leng delayed, with .corresponding impairment
of research work depending upon them. Toward the end of the fiscal vear
uncertainties with regard to approprintions resulted in the curteilment
of the gtaff and closure or curteilment of stations and programs. A
Congressional mendate to reorpanize the research program gave impetus

tc the Service-recognized need for a realignment ¢f the research organi-
zation, and much thought and attention was given, fcllowing the staff
conference in mid-year, tc these problems of reorpganization which bore
fruit cerly in the followlng fiseal year.

Paralleling the self-appraisal and self-criticism within the
Service and the Division which has disturbed administrators and in-
vestigators alike, a largeo-scale analysis covering the entire field
of governmental and privatc research has been under way by the
President's Scientific Research Board, In-providing factual informa-
tion end completing questionnaires for this Roard a oonsiderable amount
of information 'bearing on the structure of the Division's research
program was compiled. Classifying all fields of scientific research
into three categories: (1) basic, with its special divisicns of
(a) fundementel end (b) background, (2) applied, and (3) developmental,
it was found, for example, thet the research program of +this Division,
Judged by the amount ¢f funds allotted o each field, is divided =as
follcws

1. ©Basic Research 39,07

n. Pundamental 4.2%
e Backpround 34.8%

2y Applied Recearch 51417
;é. Developmental Researchk 3.7
Total 53.84

Gverhead 642
érand Total 100,07,



It will be noted that more than half Oftthg;wérk of the Division is
¢oncerned with applied research and that more?& third of the remeinder is
background rosearch. Little opportunity is afforded for work in the devel-
Opmental field or in the fundementel field of mure science, although many
of the studies condugted are cf thé highest theoretloal: importance. Back-
Eround and applied research is research with a purposs, and it is for this
reason that virtually all of our efforts are classified in this way, = The
Purpose ever kept in mihd is the disoctvery and development of moans and
Systems of managing -. fisherv rescurces to assure their oomplete utilization
&nd permanent productivity. '’

Funds for the support of thesc activities during the fiscal year 1947
Were inereased appreciably over those available during 1946, although a large
Share of these funds was derived by transfer from ccnstruotion agencies for
backproynd and applied studies in connection with water impoundments. The
Following teble presents a summary of the funds available end expended during
the two fiseal years for the five hudgetary prcjects for:whioh they were
appropriated.

APPROPRIATTONS ~ TIVISION OF FISHRRY RIODLOGY

‘ ‘ T8 T 1547
IZSQGCt ' : Aveil. Expond, ‘ Avail. Bxpend.
114 commercial Fishery
Investirstions . oo .
Regular $333,000  4332,000 1/ & 552,100 & 552,000 1/
Transferred 295,500 190, 600 = 264, 100 208, 300 =
Sub-total 628,500 522,600 816, 200 760, 300
115 Shellficheries 115, 600 118, 500 176, 000 1178, 000
116 Inland Pisheries 53,000 53,000 49, 800 49, 800
U7 water mmlity & 40,200 40, 206 47, 700 47, 700
“ollution - ' :
110 cporating of 28, 000 27,000 34,00 34, 000
Fish Jerdone : . .
frand Total 8¢, 300° THR, 800 1,123, 700 1,087, 800

E? Unexpenden BAlanos remaint BVellable in;folloﬁing fisocal year.

e ————

" Contrary to expeotétion funds. available for' the publication of -techniocal
Teports of iivestirations were agein inadequate. The reflection,of this
®Ondition ia reen in the list of: publications by members of the Division
Whish appesars ns the last section of this report, partioularly the small
Qumber of papers published in the official series 'of the Fish .and Wildlife
Service, This 1ist, however, doés not show the very considerable number of
TeLorts on conpleted investipetions whioch should be published in order to
P8ke the informaticn useful.



ALASKA FISHERY INVESTICATIONS, George . Kelez, Chief of Section
GENERAL

. Nuring.the fiscel year of 1947 investigations were continued on
the red salmon populations. . of Rristol Bay and the Farluk River, the.
pink ‘salmon populations. of southeastern Alaske, and on the herring
populations of Fogiak, Prince "illiam Sound end southeastern Alaske.
The. collection and enalyses ofﬁst&tisties of the fishlnF areas of
rlaske were continued. A new project "Improvement end expansion of
Salmon Spawning frees"” was initiated in sontheastern Aleska,

In Bristol Bay.impowbent experiments were conducted to megssure the
effect of gill-net mesh of. various sizes on the - -populations .of red
salmon. Aerial photographs were .made of mirrating salmon which proved
of considerable value in the determination of the magnitude of es-
capements, Investigation of red salmonm et Karluk provided sufficient
date for the prediction of low abundence in the season of 1947. Ob-
servetiong made at Little Pert Valter indicate that the pink salmon
fishery will oontinue to fluctuate at a low levél of ebundance during
the next two oyeles. The herring investigation through studies of %he
abundance of ‘the populatiohns was able to'teotmmend "coteh quotas” for each
of the major fishing districts. 4 notable recovery in the southeastern
district has been effected by this system of management. Statistisal
information reletive to the condition of the varlous Alesken fisheries
wag prepared by the statistical steff for use by members of the Service.

Field work wes conducted by steff members in Alesks during the
greoter part of ‘July through Ocdtober of 1946 and April through June
of 1947. Cooperative use was made of the Service's aircraft and
surface vessels to osrry on the investipgations.

PROJECT T, SALMON RRSOVRCES 'IN BRISTOL  BLY

Investigations of the red salmon populations oft Bristol Bay, which
were practically suspended during the war period, wers pursued on a
somewhat larger soale this year. Field aotivxties during the first
guarter included continued observations at’ Brooks Lake weir, pilot
experiments on stream tagging of adult fish and effeots: of crowding on
success of spavning, further experiments on aerial mensurements of

spawning ‘populations &nd general :surveys of ‘the ‘Bristol Ray spainiing arecs’

The run of red sdlmeon through thé Brooks Lake Weir, which %érminated
during fugust, wos 122,114 red salmon. - Thiz very olosely approximated
the ‘count during 1941, when 125;948 fish. pnssed the weir, Sinoe the -
ma1ority of this’ populetion are individuels-in their fifth yenr, 1941 18

the “parent" yeor:for a considerable proportion of the 1946 fish, The
salmon paok of 647,325 cnses in‘the Bristol Bay district was approximetely

15 percent below the averape number antiocipated but well within the .1imits
of the prediotion,

Puring the winter months o report on the predicted yuns for each of
the 4 major fishing distriots of Bristel Ruy wee propared, together with
an analysis of fishing intensity whioh these runs could normally mointeim

for the Division of plaska Fisherles prior to the annual fisherises hearinl;5
in Senttle.
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Subsequent o the completion of this report, & survev was completed
of all data obtained during the period of years when only seasonal col-
lections were maintained and no analysis was possible due %o lack of
personnel. This very considerable mass of data has now been lergely
carried through preliminary preparation and tabulation, - This material
includes sex, size, weight, and age data for adult fish, together with
various morphological charaoteristios for racial separations, and age
and size deta on dovmstream migrant fingerlings. A portion of the sta-
tistical datn on the inshore fishery hes also received preliminary treat-
ment prior tec enelvsis.

During April *'r. feorme Ficher was appolnted to the staff of the
investipation. Tis four vears of previous field experience in Bristol
Rav and subseguent experience as biologlst for the Arizona Game and
Fish Commission will Treatly facilitate progress on the limnological
rhases of the investisntion.

*r., Micher and Mr. Peck, with temporary personnel, .left for the
field in May. An exceptionally late spring breek-up has greatly hampered
activities to date, but the Prooks Lake weir has been reinstalled, quen-
titative limnologlcal semples obtuined, ocolleotions of migrant fingerlings
token and traps installed in the Naknek and Kvichak Rivers for obtaining
adult fish for tagring., It is antioipated thet several thousend fish will
be tagged during the coming month to obtain informetion on the time of
appearance and specific distribution on the spawning grounds of various
races of salmon in each of these rivers.

Cooperation heg heen meintuined with the research staff .of the
rlaska Snlmon Industry, 1Ino., who will conduect studies in the Nushagek
end Fgegik River areas of the distriot during the 1547 senson.

TROJECT IT. SHLMOW POPULLTIONS OF THE XARLUK RIVTR, KODIAK ISLAND.,

In the pursuance of the sockeye studies nt Karluk, the enumeration
of the annunl runs and the determination of the ape composition of each
run hns heen carried out each yvoar since 1921, and is one of the most
important and enlightening pheses of tho Farluk vork, since it yields
data »hich are necessary to the conduot of. the other sub-projects as well
ns to the immediate control of the fishery. This phase of the work is cov~
ored bv sub-projects 1 and 2-vhich are so olosely tied up as to be onlmost
inseparable. Topether they make possible o messure of the numbcr of fish
comprising each run (catch plus csoapoment), a determination of thd number
of fish in ench run which have been produced by ench of the sevoral pre~
ceding brood ycars, and an nocount of the relative success of each of the
various sized escapements obtainod. These data are obtained through
counting the annual esoapement, through snelyzing the catch data each
yoaur, and through obtaining nnd reading the nges of an cdequate number
of scales taken ench year from the Korluk run fish,



The 1946 counting weir at Kerluk continued in operoation-until.
October 20 by-which time the run wus definitely over. - Four hundred and
forty-two thousand, -seven hundred and seventy-two,. fish pessed through
the weir-during the season, with 130,472:of these comgtituting, the.
fall -escapement. . This wns the 1owest total. escapement obtained since.
1922, ¥hen the patch data- became uvaileble it was detormingd thet the
entire run of 1946 totaled only-670,000 sockeyes., This wns' approximately
helf the lowest. run ever, recorded (192?), and thus marked an. slarming. .
decrense in the Karluk population.

During the early winter the npge composition of the run was deter-
mined through reading scnles obtained. from Karluk fish during the summer
of 1946. Return-from-escapement data were brought up to date, ond a study
of these date made 1t evident that the poor run' of 1946 was caused by
the low survivals ‘of the broods from 1940 and. 1941. (1940 produced
few 6-yenr fish, and 1941 produced very few Hevear figh,) As the ratio:
of S~year fish of one year to 6-ycar fish of the noxt is relatively
constant, it beonme evident thnt we oould oxpeot the 1947 run to have
very few 6-year fish., On-the cverage; S~ycar fish plus €-year fish oon-
stitute about 93 percent.of the run of any one yenr. It was evident;.
therefore, that unless' the brood year of 1942 proved to have becn ox~
tremely successful, o very poor run-was in prospect for 1947. A memo=
randur wes prepered. and submitted to Mr., Seton Thompson advising him that
we’ could not reeasonably expeet’a run of more then 589,000 fish at.Karluk
in 1947, and-thet:it might prove to be oconsidercbly less than that amount.

2 further study of the data brought the conclusion %hat, under
present preductivity levels obtaihing in-Karluk Leke, we might roason-
obly expeot’ the best returns to bo obtained. from an escopement ef approx-
imetely 700,000 fish,’ the escapement to be divided equally between the
spring ond fall runs, This informntion was included in the aferementioned
memorandum.-

The 1947 field seasonh begtn when Mr, Shuman and Mr., Nelsom, ficcom-
penied by four temporery essistants, :left Seattle vie Naval fir
Traneport Service airplane for Kodiask on !May 20.  Some deluy wne caused.
by adverse weather,.but the counting weir waos installed and closed at-
7:00 P.¥, Moy 26. - The following evenimg 18 fish passed through tho
gatea. By the end of the firet weel in June it had become apparent
thnt the spring run was not developing well, and-on June 7 at 6:00 P.M, all
fishing in the Karluk area (nnd throughout the entire Kodieok district).
wee halted indefinitely. Despitec this protection  the esocapement by June
28, wa only 166,479 red salmon. -Thus the dire’ predioction seems to
have been Justified,

'then the counting weir wns moved to.the outlet of the lake in
1945 it became necessary to establish tho' time' required by: the fish to -
swim the 30 miles from the site.of the fishing grounds to the weir. This
was necessary that the escppements might be correlated with the catch
ench day., Tagging was done at the river mouth in 1945, the fish being
recorded over the counting boards at the welr. LAn analysis of these

)



data 4ndicnted that the cerrection factor of 11 days (which had been
chosen arbitrarily prior to the togeing work) was sufficient. . To be

surc of the results, this tngging was repented in 1946, TYhen the

1946 work was summerized it was found that the results were approximately
the same for the two yenrs. . Thus it has been established that mean
traveling time for the spring run fish is 6.5 days, while the mean

time for the foll fish is approximately 11 days.

The study of the individuality of the spring and fall runs con-
tinued throughout the vear, chiefly through a study of the histery of
the two runs. 211 data for the Karluk run were broken down into the
spring ond fall periods. It was found that :the spring runs from 1921 to
1945 were rather oconstant, only the 1946 spring run showing a marked
doorense. M tho other hand, the fall run has deorsased constantly .
(though not stondily) during the same poriod. Theso data were graphod,
the spring runs being shown os o straight line, while the fall runs
weore represented in percent of the spring run each year. An exponential
curve (fitted to the data by leoanst sguares) was prepared for the fall
runs, This showed a geomotrioal deorense in the ratio between the two
runs, In 1921 the fall ourve was 210 percont of the spring; in 1936
they were equal; in 1946 the fall ocurve was 62 peroent .of the spring
ocurve. Thus, the fall run has suffered far greater depletion than has
the epring run. These and other data indloate that the two runs are
seperete and independent,  though this is by no means proven. This is
nn important point, for no intelligent study of the biolegical problems,
nor control eof the fishery cen be made until the relationship has been
established.

The individuality of the populations within tho lake system was
studied through 1946 and is being studied more intensively in 1947
through a tageing and. tag recovery program. During 1946, 0.5 percent
of each day's escnpement was tagged at the welr, recoveries being made
later on the spawning beds. It was found that o mean time of 34 days
olapsed between the time of tagging and thoe appenrance en the spawming
gravels. On the beds nll fish wero counted, beth tugred and untagged,
the rntio between the two  being of vrime impertance. It was found
that the recovery of tagged fish was only 72 percent of thet oxpected
for the spring run. Recevories were too few during the fall peried
to permit any oconclusion. .Brnd thp escapement (during the spring run)
been onloulated on the ratio of tegged to untagged fish on the spawning
beds, the fipure would have been set at 430,500. Aoctually it was
312,000, a differonce of 118,500 - or an error of 38 percent. Thus, tho
method dees not appear to be dependable.

It was decided to conduct o more ocomprehensive pragram in 1947.
This year the repulation half-inch celluloid tags, applied with all-
nickle pins are being uscd. Tach day 1.0 poreent of the escapement is
tagred at the weir, and it 'is planned to conduet, throughout the season,
stroam surveyd twico ench week, at which time e recording of all fish,



both marked, and unmarked, will be mande. The u§o of soveral different
colors mnkes ‘it possible to tag with a differont color combination each
doy, so thnt the ‘date of applicntion can be determined without molesting
the spawning fish, It is belibved that con81dernblc ‘Anformrtion cnn bhe
obteined on the time of appearance on the 'streums of the fish which
enter the lake. It is nlso believed thnt the degroe of roliability onn
be estoblished fer this method of enumerating the esonpement in strenms:
where no counting weir cen be maintained.

From the tapging results ‘6f 1946 1t appears thet there is a definite
tendency for the early run fish to enter the smaller spawning streams,
though the number of 'recoveries (96 for the season) was too small to
be conclusive, It also appears that the fall run fish spown less in
the trihutary streems (and therefore, more in the littorul zones of
the lake) than had been believed, for almost no fall~tagged fish wore
reoovered on' the stream gravels. It is hopsd thot-the 1947 progrnm
moy yield mere definite date on theee points,

Sub-projeot 4 woe apprbﬂched for the fir#t time since 'the beginning
of the last war. Chemical anelyses of the lake nnd stream waters are
being made throughout the 1947 sonson, The stations established by
dJudey, Rich, Kemerer end Menn (1926-1920) are being used, cnd their
methods, so far os possible, have been ndopted. Bosides the chemiséal
work, & quantitafive plankton study is being conducteds "It is hoped
that these studies will yicld some informntion rogardlng the ecologieal
changes which are believed to have tnken place during recent venrs,

During the pnst scveral months, considerable time vms devotod

- %o the preparation of a monuscript which presently will be submitted
for npproval. This deals with the condition of tho fish populntions
in the Karluk system, advances' theories regarding the couses of the
declines, and suggests remedial mensures. It surmurizes the data on
esch of the several phnses of the recent Knrluk investigations.

PROJECT III, PINK SALMON PFSWUPCEu OoF SOUTHEAoTERN ALASEK

The cemmercial pack of pink salmon in southeaetfrn Aloskn in 1946
dropnﬂd to o low ef 991,713 ceses. This wne the fouwrth consesutive
year of below-normal pink snlmon cetches in seutheasteérn Aleske and the
lewost production since 1927. The peack fell 855,000 cases short of. the
10 year avernge. This low pack can be atfributed to three outstanding
factors; first, the poor showing of pink solmon in the northern geetion.
of southeastern flaskas socond, the size of the pink salmon that ro-
turned to the streams in ell distriots; end third, the time of appear-
ance of the runs, The poor’ return had becn indicated in ‘the spring
of 1945 by the small fry migrntion et Little Port Talter. ' The unex-
pected small size of the {hdividuel pink salmom, roturning to all dist-
riots further reduced the size of the packe The canneries reguirod
25 pink salmon per onse instend of the normal 17 pinks per ease.’ This
factor 1n itself reduced the commercisl catcoh by one third. The time
of appearance influenced, somewhat, the size of the pack. In some
districts runs never developed and in othors they appearcd so late that
the fishing genr was limited for time in which to meke thcir catchos.
The recommended flexibility for sensonal closure in all districts proved
very satisfactory in administering the fishery. If it had not been for

this flexibility of closure the 1946 pink snlmon pack would have been
fa



considernbly smaller. This system will be omployed again during the
1947 scnson. '

The upstream migrotion ot Little Port ¥alter was the poorest
thus far rocorded since 1934.. .\ total of 933 pink salmon movéd into
the stream to spawn from:'3eptember 9 %o Octeber 10, 1946. Of this
numher 60 peroent were males. Length and welght samples revealed
those fish to be quite small, thus corroborseting the industry's
high fish per onse figure. Observations were continued at the station
throughout the winter on fertility, inocubation and ‘mortalities oaused
by meteopologiocal oconditione affecting the egrs and fry. By December
it had been determined that appreximately 40 percent of the plnk salmon
cgps spavned in  Sashin Creek died either through lack of fertilization
or improper environmental conditions at the time of spavming. Observa-
tions mrde in the strenm during Jenuary, February nnd March revealed -
henvy losses of pink salmon frv due to ¢ontinued sub-normnl temperatures
provailing over nll of southeastern Alaske ot this tlme. Here again
the loss of developins fry wes oxcessive, which practically wiped out
the few remnining pink éalmon fry that had survived to the yolk 'sac
stages Thus the abgcnce of pink sAlmon fry et Little Port Walter
thls svrinpg wns not unexpected, since all Indications pointed townrd
a low frash water survival, If other 'streame in the district suf-
fered similor losses, then it is remsonable to expect that the return
of pink snlmon to the castern distriot in 1948 will be considernbly
below avernpe.

The anticipated delay in the downstroem migration of pink salmon
fry at Little ‘Port ™nlter became a reality ns climatologiocal conditions
continued at sub-normal levels. On April third Messrs. Rebert Bridpge
and Leslie Fneign left Seattle, Woshington, abeard the -motor: vessel.
"Brown Recr" to assist with the operAtion of the downstream fry pounting
weir ot Little Port "alter. Upen the veasel's arrival at the stotion
the field orows assisted with the installeation of: the fry counting-
welr tnd hod 1t in operation April 9the The first migreting pink
galmon fry-did not appear at the weir until rpril- 156th, tho-latest’
dnte on'record for tho start of the pink salmon:fry migration at the
station.. Messrs..Bridge nnd Wneign nssisted stetion feremon:Jerrold-
‘Olson with the operation of the welir until May 8¢h; ot whichetime
they proceeded north to work with the Bristel Bay: Investigntionsand
were replacéd by Messrs. Kenneth Stanton and’'Ralph.Williams. Mr.
Stanton was relieved  for stream $urvey duty on May 29th, by Mr..Jomes
Drewry who nssisted nt the welr-until June llth, at whioh time it wee
dismantled end stored until next serasn, ‘

Tha 'operetion of thé weir thls spring completed the seventh .con-
secutive yerr. of pink. salmon .fry ‘counts from Seshin Cregks It vas
the smallest downstrerm Prv-count récordéd at the, station.to. date.:
record low of ‘1,184 pink - salmon fry.were ocounted at the weir and.of
‘this number 966 lite frv:were raeléased to-procsed:geaward.. See
tnble next pape:



FIVK SALMON FRY COUNT AT LITTLE PORT V.LIER,  ALLSKA
April 14 through June 2, 1947

Weir Weir Weir Teir

Date count Nate count’ Dnte count * Date Count

dpril ‘ T.pril May. My
14 0 27 3 10+ 147 +.200% 23 1
15 1 28 0 11 3 24 11
16 0 29 312 2 25 0
17 0 20 0 13 3 26 0
18 2 ey 1 2 14 31 27 0
19 .0 2 '3 15 11 + 1* 28 0.
20 0 3 23 16 60+ 5* 29 0
21 0 4 T 17 6 30 - 0
22 6 5 15 18 , 3 31 0
23 0 6 32 - 19 490 June - 1 1+ 2*
24 11 + 1* 7 4+ 6% 20 13 2 0
25 0 8 6 21 8 Total 066,

* Pry killed ot weir - total 218,

This wvesr the migration'was very spesmodic and at no time did
it develop any consistent pattern of nightly movement from its fresh-
water to marine environmem%. -The greatest number of pink salmon fry
(490) migrnted on May 18th, at which time the water in the creck wos
at a normal lovel and the night was purtly cloudy, affording darker
then usual night time conditions.

From o potential 736,000 pink.salmon eggs spawned in Sashin Creck
in the fall of 1946, a total of 1,184 fry were counted at the weir this
spring, which gave a freshwater survival factor of 0.2. percent. . This:
18 the lowest freshwater swrvival fipure that has been obtained; at .
Little Port ™alter. This year'!s survival is eleven times lower than
the averape freshwater survival of 2.2 percent. .. Adverse climntological
conditions prevailing at Little Port Walter and. throughcut southeastern
rlaska during the inoubation period greatly reduced the. freshwater .
survival of the 1946-47 stock of - pink salmon.

pdditional obseervations ‘taken at the welir insluded counts of 551
coho salmon fry, 1 chun fry, 44 Dolly Varden trout, 340 Rainbew trout,
and 81 8teelhend trout. Approximately one hundred steelhend trout
move into the stresm to spewn-esch spring in April and }May. The steel-
head complete their spawning by the middle of June-and immediately:return
downstresm to saltwater where they toke wup a feeding migration, not -
te return to freshwater until the following spring.
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PROJECT TV. THE HERRING RESOURCES OF ALASKA

Through continued study of the Alaske horring fishery ourrent
data en the ubundrnoe of the stocks in ench fishing distriot were
ebtoined. Conolusions, rocched through the enalysis of thease datn,
were subnmitted to the Division of Alaskn Fisheries, which is oharged
with the management of the fishery.

4 biologist was stntioned in each major diétriot'during the
fishiny period to sample the ocatoh for oonposition a8 to slze and age
of fieh. A total of 12,500 individual fish were measured and welghed
with the age of ench being determined by examinatlon of the Bcoles.

Analysis of the date involved the measurements of relative abun-
dance through onloulation of the return per unit of fishing effort,
the determinntion of the rates of recruitment oand mor tality within
the stocks, and the prediction . of abundance and” nge domposition in
the coming vear. Specifio recommendations on the amount of catoh
that should be nlleowed in ench district in 1947 were also proparcd.
Results of the investigntion as they pertain to the condition of the
fishery in ench district are briefly roviewed.

KODIAK

. Herring operatiens in this district during 1946 were very suoc-
cessful, as shown by the faot that four plants empleying o total
fleet of 16 vessels, received e total of 378,000 barrols of fish.

A total of 308,000 barrels wvre taken within the queta aren, 60, 000
in the Resurrection Bay area, ,and the remaininp 15,000 in the CoJk
Inlet area,

. Relative ebundence, as oaloulated from the return per unit of
fishing effort, deolined from that of the previous yoar. Although
ojceptionally large oatches wore made dyring the latter part of
September and early October the belew avorage catohes of July and
August lowered the index for the season as a whele.

Anelysis of the Pgo composition data demonstrated thoty the-
fishery.wns supported prinoipallv by . the yeor classes of 1943,
1942, 1941 nnd 1940 as 3~, 4-, b=, and G-year fish respectively.
The pwrcontnga contribuhion of these venr classes (13 18, 23 'and
25 percent) oclosely. npproxim&ted the oompositlon a8 predioted from
the data of the preceding year. The greatest deviation occurred in the
1942 ¥i8Es where the. peracntage oontribution of 5~year fish excueded
hat which had been anbioipated.__Thk ontering 1944 year olass con-~
tributed 11 peroent,.as 3-yoar fish, which is more than the avarara
contribution made by yosr olasses pntering the fishery for thﬁ firast
time,
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i forecast of the ebundance and the enticipated percentage con-
tribution of each year class was made for the season of 1947. This
prediction was based on the average ratios of increment and decrement,
or the manner in which a year cless will augment or decline in aveile-
ble numbers with en increase of ages. These ratios which have been
calculated from the perocentage contribution in successive years of all
year classes contributing to the fishery in the past, were recalculated
to include the date obtained in the season of 1946. They show that
on the average there have been 4.4 fish in the catch in their fourth
year for each one present in 1ts third; 1.4 individuals in their fifth
year for each one present in its fourth; 0,7 individuels in their sixth
year fer each one in its fifth; 0.8 individuals in their seventh year
for each one present in its sixth; and that the established ratio ef
0.5 individuals past age 7 surviving for each one present in the tatch
of the preceding season, has remained substantially the 8AME o

These ratios were used to estimate the petential yield of all year
clnsses now within the fishery on the basis ef their contributions to
date. These calculations show that in 1947 the principal support of
the fishery will come from the year olasses of 1944, 1943,°1942, and
1941 as 4-, 5-, 6-, and T-year fish. As judged from the estimated
strength of these year classes 1t is anticipated that the abundence
will be slightly less than in the senson of 1946.

PRINCE WILLIAM SOUND :

Operations in this district’remained on a smell scale. Only %wo
plents operated and they received a total catch of 103,000 barrels:
Of this amount 77,000 barrels came from the adjoining Aasurnection Bay
area and only 26,000 from within the Sound, The fall run which has been
the mest important centributer to this fishery in the past again failed
to appear fer the sixth consecutive year.

The collection of data on the catch and its cemposition was con~
tinued during the 1946 season. The’small operations of the recent
years and the feilure of the fishery to make significant catches
within the distriet has net provided adequate data for the calculatien
of ratios of increment and decrement for use in predicting abundance.
Since fishing operations in this district have not been normal indices’
of abundance as caloulated from the return per unit of fishing effort
are not available. The assessment of the strength of the year classes
has been obtained only from a consideration of their percentage con-
tribution to the catch in relation to the estimated abundance of that
yoar, A promise of increased abundance for the summer period of the
1947 season arises through the fact that the 1944 class will then be
in ite fourth vear. Since the ocatch of 1946 consisted mainly of this
year olass it can be expected to dominate the catch in 1947. " In the
Kodiak end Southeastern distriots this year class has proven to be
exceptionally successful and since there is & positive correlation of
size of year class among the major fishing arees it may be of dominant
character in Prince ¥4lliam Sound. If so, it should be able to make
a substantial contribution to the fishery in its fourth yeor.

12



The possibility of a fall run in this distriot rests wigh,
the number of the 1942 oclnss thnt still romein in ‘the stocks.. This
year class will atbain its sixth vear in 1947 and should therefore,
contribute prinoipally during the fall period. If-its failure to
contribute in numbers to the surmer fishery of 1945 and 1946 was
due to faotors of availability rather than to low abundance it-
rnay yet be sufficiently numerous to contribute during the fall
period of .1947.

recormendntion which was submitted and snbsequently-adopted

nrnvidna for » oormon psatch quota for the two districts of Frince

"11liam Sound. and Resurrection Ray for the 1947 geason. This
recommendation wius hased on the ohgservation that the catoh 1n the
latter area hed markedly inoreasod ovor the mst several yoars while
At the same.time the ontoh within the Sound had declined., Mo
positive date is available as to the relationshin of these popu=
lrntions since funds have not heen aveilable for a taggping propram.
The shift of the fishory supgests, however, that these populations
may belonpg tn a cormon stogk which may vary its feading migration
batwaen the two loca]*+iﬂs. It is also. nostible that the Prince
Tilliam Sound stocks may.be joined by popnlations from other areas
on the Resurreotion Ry “nndinp proundS» in a situation comparable
to that existing in the Tebenkof area of Qoutheastern Aleaska where
the area is jointly ocoupied bv a portion of both the Sitka and.
the, Craig populations. In view of the low. abundance of the
Prince William Sound stooks.it was considered advisable to proteoct
them against the probability of excessive. axploitqtion in the
Resurrection Bay aren, '

In view of the growing importance of the .latter area all data
available are beinp tabulated for analysis. IMr. Elling has completed
tables on the catch of each year;, the catch by statistical areas and
ten day periods; the return in harrels per each set of the nets; and
the mean weipght and length at each age for each year.

SONTHRAS TRRM

The 1946 season was the most succesaful . since the area wAs
reonened in 1943, Three nlants, emnploving a total fleet .of 12 .vessels,
ohtained a combined catch of 200,007 harrels. . 0f . this total 214,000
harrals were taken from the Cape (mmeney area and the remainder from
the ¥uiu Island prounds. This catch, made by a relatively snall fleet,
indicates the extent to which these populations have been restored.
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The catch date which were collected during the fishing season
were analyzed lo obtain an index of ebundance for 1946. This index
was 116 as compared to 104 in the preoceding year. The rise in abun-
dance was caused principally by the entrance of the exceptionally
successful 1944 year class into the fishery in its third vear.- Con-
tributing factors were the maturing of the fairly successful 1943
year class into its fourth year and the large contribution of ‘the
deminant 1942 year class in its fifth year. The contributions of
these three year olasses constltuted 83 percent of the total cdtch.

The date accumulated since the reopening of the fishery was
used to establish rates of increment end decrement for the purpose
of forecasting abundence and age composition in the season of 1947,
The ratios show that for each:individual of & given brood that has
entered the fishery in its third year there have been 4.4 individuals
of the same brood year as 4-year fish in the succeeding year; fer
each 4-year fish 0.7 individual as S-year fish; for each 5-year’
fish 0.6 individuals as 6-year fish; for each Geyear fish 0.5 indi~
viduals as 7-year fish; fer each 7-year fish 0.5 individuals as 8-year
fish; and that for each age over eight the number will diminish by
approximately three-quarters in each succeeding year,

The measurement of the potential yields of the various year
closses within the fishery and the prebable size of their contribu-
tion in 1947 indicates that the abundance will be high, A series of
exceptionally successful spawnings (1940, 1942, and 1944) have bhaen
ins trumental in restoring the abundence in this district. The antici-
pated increase over the already high level of 1946 will result from
the attainment of its fourth year by the yeor class of 1944, It is
at this age that ench year class makes its maximum contribution to
the cetch. As measured by the contribution of its third year this
brood appears to equal in numbers that of 1926 which contributed
approximately one ‘billion: individvals during its span in the fishery.
It is anticipated thnt 70 percent of the.ocatch will be from this year
olass as 4-year fish, six percent from the 1943 class as 5-year fish,
and 11 percent from the 1942 class as 6~year fish,

An artiocle entitled the "Necline and Pestoration of the South-
eastern Herrinpg Fishery" has been under preparation by Mr. Kolloen during
the final guarter. The purpose of this report is to account for the
marked fluctustion in abundance in the light of the ‘biological data
sccumulated over. the years of investigation; to review the methods used
in predicting sbundance; and to cemment on the probable future of the
fishery in this district.

PROJECT V. FLUCTUATIONS-IN TIME OF APPEARANCE AND ABUNDANCE OF ALASKA
SALMON RUNS.

It was shown in a manuscript, "Time of appearance of pink salmen
runs in Southeastern Alaska" published in Copein, that, in genersl,
the runs of pink salmon have been getting later in the secason as the
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years: progress. -No attempt was made to explain this general trend.
However, sines the pink salmon migrations have become late in the

season thronghout southeastern Alaska and since they ocomprise. approxi-
mately seventy-five. percent of the catch .in this area, the épening and
closinq dates for the fishing seasons have been set from two weeks to

a month later in 1947 than in previous years. The effect of this later
season upon the catches of other species should be studied. Chum salmon
are second in:’importance in this region, ocomprising 15 percent of the
catoh. Therefore an analysis of the daily catoh ef chum salmon by traps
wasg -begun.

tssistance had been given various members of the bielogical staff
with stetistlcal problems arising in their work. Aid wes.given Mr.
Hooker in the compilation of statistics of the Alaska Peninsula red
solmon trep fishery ond the Bristol Bay gill net fishery.

The planning, of an experiment to determine the. effect on the
Vitamin /. content of dog-fish livers, during, sterage wns disoussed with
¥r. Fs B, Senford of the Technolorioal Section., Singe the livers ore
very expensive and the analysis of the livers for vitanin A involves
& grent denl of laber, it wns desirable to.determine. how smnll a sample
could be used and yet obtain nelinble results. Qpe gxperiment ae plamed
wns oarried. through and the results anelyzod by 'members of the Teohnologi-
cnl staff under Miss Vaughan's direction. Two reports on this experiment
have been written for publication and are in the proocess .of being re-
viewed for publicetion in Commercial Fisheries Review.

TROJFCT VI.. ALASKA TISHRERY STATISTICS

The months of July, August and September were devoted to giving
assistance to the Division of Alaske Fisheries in Juneau, by supplying
data on the current abundance and time of appearance .of the pink salmon
runs in southeastern Alaska. Current daily Jrap 1ifts were obtained
by radio from all of - the canncries opora+1ng in the area. From these
data comparisons were made with former years to détermine how the present
runs compared with those of former years,

During the months of Qotober and Novembar the work of summarizing
the Cook Inlet trap dete was begun, but woe put. aside at tho end of
that time to work on Bristel Bey data which ‘was in more urgent need of
attention. York on this Bristel Ray paock. datn wee oarried on through
December, Janusry and February. During March a comparison was made
between the runs at False Puss ond Bristel Bay..,The same.method of
comparisen was employed as thet used by Rich and Ball .but wherecas
they found.that the two argas fluctuated togethepr prior to 1928, the
years 1936:to. 1946 were found to vary independently of .one . another.
Adverse woather conditions: and war bothginterfered, aerlously with
operations in these latter years end mey ncoount for the fact, that the
cntches in the two areas varied more or less independently of one
-another,
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v+, Hacker devoted SQme ‘of histime to 'purchesing supplies for the
»laska Investigntions and to supervising thé repair ond¥8onditioning’ of
the. vessel HERON ‘so that it can be used this season. Further work wes
also done wi E the Bristol Bay pack date as well as with the False Pase
data.

Tebulation of the trap catches of salmen in Southeastern Alaska
was continued throughout the year.® The daily récerds of all salmon '
traps operated in Alask# during the 1946 season wére received end in-
dexed. Mr. Hacker left vie air for Bristel Bay on June 22, to Btatis-
tically analyze the red salmon runs as they eccur.

PROJECT VII.  IMPROVEMENT' AND EXPANSION OF SALMON SPAVNING ARELS

The AléAska stream improvement program, authorized to begin initial
surveys in July 1946, has completed its. first year of activity. The
purpose ef this survey is to determiné the barriers to the aseent of
the spawning salmon, the e¥aluation ef the spawning areams now unavail-
able to the salmon and the development of planis for the removal or sur-
mounting of these obstaclee. In order to loéate these barriers and
ascertain the feasibility of such improvements oh & ebst-production
basis it is necessary te first survey the: situation from a biological
as well as from an engincering viewpoint.

pter meking preliminary preparations for the field:survey, Mr.
S. J. Hutchinson was met in Ketehikan, Ootober lst, by a ficld staff
aboard the 7.”,S. BROVN BFAR consisting of Messrs. S. H. Bair, V. O.
Brewington, R. F. Halverson, J., I. Hodges, . 1, Morton, and S, E,
Pederson. During the next four weeks forty strcams were surveyed
starting in Dolomi Ray on Prince of Vales Islend end ronring north
along Etolin, Mitkof, FKosciusko, Baranof, and Admiralty Islends to
Pavlof qarbor on Chiohagof Island. Of these streams, 27 wore surveyoed
from a biological stnndnolnt, mapped, and phoﬁogrnphs taken of their
barriers. In addition, engincering topographioel surveys were mnde
of the falle in Navy Creok, Burnott Inlet, Etolin Island; Beauty Creck,
Dolomi Bay, Prince of Viales Island; and Falls Creck on Vrangell Narrows,
Mitkof Island. The field staff returned to Seattle November fourth.
From that date until the first of April they were¢ employed in anclyz-
ing these dotn., Preliminary reports were prepared on 15 of theso
streams and recommendations were made for the 'irmédiste improvement
of 7 of them et an estimated cost of (400 yOUU.

Field parties got underwey‘egain on April 3, 1947, when Messrs.
Brewington, Halverson, Hutchinson and Mor ton left oeattle eboerd
the F.W S, BROWN BEAR fer Southeastern Aldske. Mr, T, Kenneth Stenton
Joined ‘the survev T perty at duneeu. After discharging supplies and
personnel at Juneau and Little Perd Valter, Alnska, the survey party
nraoeeded to Bunter Bay at the southern tip of Prince’'of Wales Island "
where the first strean survey wes undertoken,
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"Then surveying the streams a motor. vessel the BROVIN BRAR or
BRMNT was used as a hase of operations. Ship to shore movement wes
by outboard-powered skiffs. ./ preliminary reconnaissance of each stream
was made to determine what tvpe of survey should be conducted. If the

stream possessed no barriérs to migrating salmén estimates were made of
stream lengths, widths, and depths; azimuths were measured and the per-
centage of bottom usable as spawning area was estimated. A generel
description of the bottom and adjacent terrain was also made. If the
spawning area lying above a barrier was found to have a potential value
insufficlent to justify the cost of making the barrier pessable to
migrating salmon a similar. procedure was follewed.

"hen a stream was found to possess a barrier which feasibly
could be made passable, greater care was taken in making the survey.
On such a streem it was necessary to traverse all the sultable
spevning aren, since the total potential area to be gained would need
to bte suffioient to offset, by inoreased salmon production, the cost
of improvement. The procedure on a stream of this type 'was to obtain
aoccurate measures of length, width, and depths from selt water to the
upper limit of potential spawning area, indioceting the location of
prominent physiocal characteristics such as bars, pools, types of rubble,
tributary rille, islands, rapids and casocades. Included on the drawing
were recordings of +he heights and nature of ‘the banks and of the sur-
rounding terrain,

The helghts of bherriers were measurod when pousible- if this
proved impracticable they were oamloulated by triangulation. If the
height wns so great thet an eoccurate measurement was not necessary an
estimate wns mnde, The flototion method was used in determining the
amount of flow of streams. '

During April end early May 1947 approximntely 60 streams were
surveyed in the wes%t coast crea of southeastern Alaske with operations
ending in Pert Beauclerc, Kuiu Island, At the completion of this sur-
vey in early May the F.".S. BROIN BIAR returned to Seattle and the
survey staff was transferred %o the F. 1'. §. BRANT in Ketchikan fer
surveys in thet district, Mr,. Jemes H, Drewry joined the field orew
at this time. Approximntely forty stresms were surveyed frem Portland
Canal northward through Behm Cenal to Casmano Polnt and Clever Pass.

After June lst intensive surveys were made from MeLean Arm tm Cholmondeley
Sound on Prince eof VWnles Island.
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Activities were terminated -im Tunean - @anal on Kupreanof Island
where .two davs ‘of aerinl surveving proved its value in locatlng un-
-reported falleg, and for directing survey crews. o such falls. -The
aeriol survev econducted bv Messrs. Hutchinson end Morton from an.
amphibious plane piloted hy !'r. Delmar Freimuth covered the Duncan
Cenal - Petersburg area and the northwest section of Kupreanof Island.

In 6 hours of Llying +ime. 74 streoms were aerinlly surveyed., ‘It was.
possible to determine in a few minutes whether or not a stream con=:
teined a barripr, and if so its location and the approximate length of
potenticlly useful stream bed ebove the barrier. The work of the ground
crews was facilitated by ug}ng information previded by the merianl survey.,
A number of streams which were observed from the air contained no bar-
riers; thus, oonsidereble time and effert wus saved on the .part of +the
ground crews in thelir search for barriers., The aerial survey required
only ‘e few hours whereeas it weuld have taken the ground crew a month

to eover the same arsa. This type of survey ef all streams in goutheastern
Alesks 18 hipghly recommended and should precede any reconnaissanoce

by ground orews,

This spring the survey parties werc in the field 75 davs. Ono-third
of this time was spent in necessary travel and two- thirds in. sctual
stréhm survey.. f-totel of-120.streams werc survcyed of which about 70
were congldered useful as salmon—spawning streams, while tho,remnining
50 were olessed as of doubtful or of ne vealue to selmon because of the
very steep gradient or small size. Twenty-three potentially productive
streams surveyed were oonsidered worthy of careful mecasuring and mapping.
At present 19 of these appeer %o offer 3Justification for 1nprovement.

If these 19 streams wore improved at en estimated cost of /1,300,000 .
they would provide roughly 209,000 square yards of new spawning aree
for the salmon.
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NORTH PACIFIC FISHCRY INVESTIGATIONS, Joseph T. Barnaby, Chief
GENERAL

The studies carried on by the section North Pacific Fishery
Investigations have, during the past fiscal year, becn concerned
primarily with (1) the effects of water use projeots on the anad-
romous fish runs of the Columbia River, and (2) the probable effeots
that future prejects may have on the resource. :

Funds for the investigations were contributed in part by the
Service, in part by the Coerps of Engineers and in part by the Bursau
of Reclamation. Hewsever, due to the uncertainty of the amount of
funds that was to be available, whioh-prevailed until quite late
in the flscal ysar, an orderly nrogram of investigation could not
be carricd out. A number of studies that ware being carried on at
the béginning of the fiseal yeoar had to be torminated or severoly
curtailed during the period because of lack of funds.,

Late in the first half of the fiscal year 1t was decided by
higher authority that preparation of reports on the effect on tho
Tishery resources that might result from the construction of pro-
posed water use projeets would come under the jurisdiction of the
Office of Rlver Basin Studies. Pending tho setting up of a staff
to carry on this work, mombers of the ssction continued te prepare
reports on the projects, with the Section Chief acting, in addition
to his other dutles, as Distriot Coordinator of River Basin Studies.,

Of particular interest during tho year was Congressman Richard
Welch's visit -to the area in July, at which time the Section Chief
accompanied tho Congressman on & trip to Bonrneville Dam to inspsct
the fish facllities at that project. Also of importance was the
Congressional hearing of the Committee on Merchant Marine and Fish-
criss whioh was held in Portland on August 14, The Seotion Chief
rend o proparcd statoment on the effect that ocertain propesed dams in
the Columbla Piver wonuld have on the fish pepulations of thw region.

During the last quarter (June 10-20) the Seotioh.Chief procesdsd to
California whore he oconferred with Drs. Rich, Moffett and Sette in
regard to preblems of mutual interest. A trip was made with a member
of Dr. Moffett's staff to Shasta Dam, Coleman Hatchery, and the Deer
Creek Station.
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- The Section Chief attended the meetihg of the American Assocla~
tion for the Advancement of Scisncs June 17-20 in San Disgo and
read a papsr entitled "Dams and the Columbia River Salmon" befors
‘one of the meetings of the Socl:ty of Ichthyologists and Herpotolo-
glists.

wWhile in Californisa Mr. Barnaby also conferred with Messra. Croker
and Fry in regard to the degre¢ of success they had exporienced with
elsetrio fish soreens, and with Vr., Hanson in regardsto csrtain'in~
vestigations he was ocarrying on at Bonneville in connection with the
mortality of adult salmon.

During the previous thres quarters,rsports completsd and sub-
ritted to the Kegional Offlce werec as fellows:

Yillapa River Skipanon River

Puyallup River festport “lough

Umqua Harbor Laks Crockett

¥ilton-Fraewater Konnewick

Charlaeston Slough Chehalis River

Columbia Slough Purple Creek Water Power Project
gmith River Vale

Umgua River

- During the past quarter the fellowing reporte were completed and
submitted:

Yakima River Flood Control
Jelse~-Roberts Project
Tokotes Project -
Wenatohce Project
- Detroit Project
Meridien Project

PROJECT 1. FIUCTWATIOQS IN ANNTAL AND SEASONAL ABUNDANCE QF SALMON
Aiin TRCOUT PQPULATIONS.

The studies of abundance of Columbia River fish pepulations have
two primary objcetives: (1) estimation of the economic value of
populations which may bg affected by proposed water-usesxprojocts,
in .order that possible fish losses may be compared with elaimed -
benefits; (2) determination of tho relationships betwesn fishing
intensity and catch, so thet reeommendations may be made to state
agencies and to the fishing industry regarding regulation of the
fishery, - At present the first of these is most important, sineco
the Fish and Wildlife Servioce is charged by law with the reviow of
all proposals for Federal wator-use projeots whioh may affect
fisheries resources.

The studies weore commenoed Wy Nr. Silliman the boginning of the
fiscal year, and with the excoeption of one quarter's help from Measrs.
Johnsen and Hodges, have been carried on solely by him. Progress
reports on the individual subprojects follow.
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Study of Catch-per-Unit-of-Bffort of Columbia River Chinook Salmon.

Becauso of lack of clerical help this study has beon restricted
to the catch of a single specios (chinooks) by n single type of gear
(£ill nets) in a single river zone, BEven with thess restrictions,
however, the measure should provide s good sampling of thc abundance
of the chinook runs ns they enter the river.

As an initinl step performance records for 4,600 fishermen who
fished during the period 1907-1940 were prepared; using these and
considerable supplemental information preliminary analysis led to
the setting up of a standardized procedure for oaloulating catch~-
per-unit. This procodure oconsists of four main steps: . (1) a list
is prepared of all fishermen who made landings in each month of
- enoh palr of seasons being oompared; (2) tho catohes of each fish-
erman are swmmed and listed by ‘standard weekly periods (whenever
a fishorman made no catches during a given week he is listed as
having made a zero catch if 10 percent or more of the ether fish-
¢rmen made only one dolivery, and if he made. ons or more deliveries
during the preceding and succeeding weeks); (3) catches of all
fishermen en the list are summed by weeks for each of the two
seasons being oompared; (4) a final summation is made for seleoted
parts of the season and the totals se, secured are used in obtaining
a ratio betwesn catohes-per-unit for the two scasons.

During the fisoal year oatohes per unit ¢f fisghing effort for
selected periods of five fishing seasons have been caloulated.
These statistios represent the oatch per fisherman week for the
given poeriods {corrected for variations in fishing efficisency).

_Yoar May June-July August-Svpt, Season
1936 483 532 1307 751
1937 574 464 1806 903 .
1938 443 351 1418 701
1939 352 443 1725 823
1940 67 199 1812 673

These figures bring out even more strikingly than the total
catch, the much greator decline of the spring and early summer runs
as compared with the late summer and fall runs, At proesent the two
most plausible oxplanations seem to be: (1) that the August 256 to
September 10 closod season hes afforded some meaaure of protection
to tho late runs, and (2) that the early runs, boing composed mainly
of up=-river fish, have been expoaed to 'more men-made hagards than
the later runs.

21



Estimation of Troll cateh of Columbiae River Cliinooks

Since the Columbia River stock of chincok salmon is known (from
“tagging experiments) to contribute significantly to the intensive
oceanie troll .fisheries, it is necessary to have some estimates of
the size of this contribution in order to kmow the total ocatch of
Columbia River chinooks. A “4agging program to secure new direct
evidence could not be undertaken due to e shortage of funds, so a
statistical study was started during the fiseal year for the purposo
of obtaining the bust possible estimates from the available data.

The study has now been completed and'a report has been prepared
thereon. After some revisions suggested by Dr. Rich, it will be
submitted for processing as a Special Seientifioc Report. The analysis
indicates that thg troll catch of Columbia River chinooks averaged
about 8,000,000 pounds for the period 1936-40, and 7,000,000 pounds
for the period 1941-45.

Study of Average Weights of Columbia River Chinooks.

In order that the c¢atches of salmon may be compared with the
counts at Bonneville and Rock Island dams, it is necessary to convert
the former from the-pounds  in which they arc reported to numbors of
fish, To do 8o requires average weights of salmon oeught, which
fluctuate a great deal both within and botwsen seasons as well as
from point to point aleng the river. During the fiscal year an
analysis was made of ‘average woight statistics for 1933-42 gathered
by Dr. Rich or his assistants and those for 1943-45 gdthered by
Mr. Bryant at Astoria. Theso statlstics consist of total weights
and number of fish for hundreds of leads aggregating over 250,000
individual salmon. Analysis of this mass of data has yielded
weekly average weights fer each of two river regions during each
of the seven seasons involved, and has indicated the type of samp-
ling needed to sesours better data with less effort in the future.

The sampling system indicated was the securing of the weights and
numbers of fish for at least one lead of fish each week from each of
thres recoiving stations ineach of the six river zones. Becausc of
the shortage of available manpowsy (¥, Bryant must do the averago-
weight sampling in whatever time he oan spare from the collection of
marked salmon at Astoria) this ideal sampling system is not being
fully realized during the 1947 fishing season, but even so some
improvement in the sampling of average weights has already been
achieved,

A repert .on the subject, entitled "Intra-seasonal and Irter=
seasonal Variations in Average Walght of Columbia River Chinook
Salmon (Onecorhynchus tschawytscha )" by Ralph P, Silliman, Willis
H. Rich and Floyd G. Bryant, has been prepared and is in the process
of being submitted for processing as a Special Scientifie Report.
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FROJECT ITI. .FISH -PROYFCTION AT DAMS AND DIVERSIONS

Fishwoys design-

Flans submitted to the Faderal Powsr fommission: bysbhe Tdaho Powey
Company, for the proposed 5C,000 k.w. power development, at Lower Salmon
Falls on tho Sneke River nedr Magorman, Ideaho, wdre referred to the Fish
and Vildlife Serviee by the Federsl Power Cormission for approval of the
project from, the standpoint of f:sh‘protootion. ‘The proposed dovelcp-
ment designed flor penk-lond operation,” will have & maximum difference
between tailwater and forebey levels of 63 féet. A fish ladder, in-
corporated in the plana, was rodesigned through the combined efforts
of Mossrs., Rair end Holmes. Of special significence was the automatic
rate controls at the upper five weirs 'of the ladder, necessitated by
a diurnal fluotuetion of 6 feet in forebay elevation. At the lower
end of the ladder, an automatic regulating pgate wes -included in the
redesign %0 maintain a normel drop in water surface of one foot at
the entreance weir. Standard ledder pools were made 6 feet wide, 8
feet long, and with a minimum depth of 3 feet: Upon cempletion of a
plan based on the recommended changes in ladder alignment and con-
struotion deteils, Messrs. Barnaby and Pair made & trip to Boiss,
Idaho, to disouss with various members of the Idaho Fish and Game
Cormission and the Idaho Power Company the redesigned features and
the effect of peak-loed operstions on fisherlies resources in the river
both above and below the proposnd development,

A trip was made by Mr. Balr to Oroville, Taghington, in oconnection
with the oonstruction of twe small timber fleh ladders at the Zosel
Mill Darm on the Okanogan River, and deviations of the oonstructed
ledders from the plans were discussed with Mr. Zesel, the owner. These
ledders were designed for a difference in eperating level between
tollwater and forebey levels of 3 to possibly slightly more than 4
feet., Fach laedder consists of three pools, each pool being 6 feet
in length and ebout 4 feet in width.

During the fisoenl year 1847, fish scrcens were operated and mgih-
tained by this séotion at the following locations:

Vapeto Canal on Vakima River, near Parker, Vn.
Sunnyside Canal on Yakima River, Near Mapato, Wn.
Prosser Tower Canel on Vakimn River, near Prosser, e
Tieton. Canal on Tieton River; west of Yakima, "m.
Ahtenum Canal on Ahtanum Creelk, west of Yakima, ¥n.
Fepehorn Ditoh on Methow River, near Winthrop, "n,
BRlock Cenyon Dam on Payette Riven, near Emmett,. Idahe
Eagton Dam on Yakima Rlver,.nenr Enson, ¥n.

014, Indian C&nal on Yakima “River, .near ‘fapata, Vin.
Pishkun Reservoir,” néar Choteau, lMontana.
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The Wapnto, Sunnyside, Prosser, Tieton nnd Ahtanum screens are
paddle-wheel operated rotery-drum screens; the Foghorn Ditch and Black
Canyon sereens are rotery-drum scrocns powered by electric gear-head '
motors; and the Faston (Kittitee), 014 Indian, and Pishkun screens are
of the parallel~bar type.

At tho’"apato screen, four of the ten paddle-wheel shafts bhroke
during the 1946 season of operation. All of the shafts broke at the
point where the pnddl@awhepl hubs were keyed to the shefts. Since an
enalysis of the failures indicated that the remainder of the paddle-
wheel shafis would suffer the same damage, the paddle-wheels were racon-
structed, utilizing 5" D. extra-strong pipe for the shaft to avoid
unnedessary weight of solid shafting and for cconomiesnl reasons. Also,
in an-effort te avoid the expense -of providing new bearings, the ends
of the old paddle-wheel shafts were cut off and provided with céllers
to fit inside the ends of the pipe. These stub~sheft and collor units
were then welded to the pipe. The original paddle wheels were constructed
with twe splders.:-(hub and spokes), spaced 5!'-0" eon centers, while in
the reconstructed pnddle wheels o third spider wns ndded with the three
being placed 4'-6" on centers, The paddle wheels at the Wapate fish
sercen are 121'-0" in dicmeter and are provided with paddlé ‘boards. 101 -0"
in length. The center to center distance of tho supporting berrings
on the pnddie-wheel shnfts is 13'-2",

In addition to time devoted to eng1nﬁering activities, cooperation
was given to the Bureau of Reclémetion énd various fish and game de-
partments of "ashington, Idahé, send Montana. FEngineering essistance
wvps also furnished to the Division of fame Fish and Hatcheries, in
conrection with the d¥sirn of en aerator for well water et the Leaven-
worth haetchery and the preparation of a plan for a fish-food mixer,

Pish Screens

Tn correction with the operation of the Pishkun Reservoir fish
screen near Fairflield, Montana, £ crane barge has in past years been
anéhored in front of the-fish-screen structure to provide a mesns of
removing screen panels from the structure, in the event the fish screen
should become clogred with debris. However, experience has indicated
thet it was unnecessary to have the barpe launched each year, so it wes
decided to keep the burpe on the skidway at all times, until an occa-
sion should arise whirein it would be required that the berge be put
in service, The original skidwey was desipned for accommodating the
barge at the lewer level mminteined in the reservoir during the winter
season and was nearly submerged’ at the normal reservoir level, 8o a
skidway'extension was desigried by Mescrs. Beir and Lambert te - ‘provide
accommedations for the barge above the maximum reservoir water surfeace.

Esch winter at the rotarv-drum fish sercen in the Presser Power
Censl, near Prosser, Washington, the lower half of eoch of the eight
121-0" diameter paddle wheels hae had to be dismantled to eliminate
the poesibility of dnmege due t6 ice. To obviate the loborieus tusk
and operational costs created by such & procedure, paddle-wheels storape
racks 7 feet in helght have been designed by liessrs. Pair snd Lombert
for installation on the wealls betwéen edjoinins sereen bays. As a
means of removing the naddle wheels which weligh about 2400 pounds cach,
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& boem 15 feet in length has been designed for attachment to the exist-
ing gantry crane on the project.

A contract has been awarded for ‘two new ring gears and piniona for.
the Prosser  Power Canal fish screen to replace two existing ring-gear.
drives .on the 11'-0" diameter fish-soreen drums. The existing ring
gears that will be replaced were originally installed before the. 1943
season and, due to lubrioation difficulties, did not give the service
expected. At present there are two of the new type. ring gesrs of the.
heavier construction, and, after,a season of openation and provmaion
of a gatisfaotory means of lubriocation, it aprears that the .new ring gears
should last the 1ife of the project.

In the past, considerable difficulty has been encountered at the
Prosser soreen from the laock of proper transitions at the upstream and
downstream ends of the soith end wall, Material from the csnal benk
slides into the end soreen bay, partially obstructing the flow of water
and f11ling the by-pass trench in front of the screen with heavy deposits
of sand and grevel. Transitions have been designed by Mr. Balr, utiliz-
ing sacked conorete riprap on a 1 on 1 slope.

Contracts were ewarded for the furnishing of steel shafting and
electrioal equipment to be used in oonneotion with the electrifiocation
of the Echo Feed Canal fish soreen near Echo, Oregon. This fish screen,
censisting of five 6'-0" diameter soreen drums, was originaily provided
with paddle wheele, but, bue to extreme fluctuations of water surface
in the oanal, the paddle wheols were found to be impractioal.

Steel relnforcement schedules were prepered for the proposed
parallel-bar type af fish screen, designed for the sovth outlet of Nelson
Reservolr located near Malta, Montana, in order that complete contraoct
‘plans will be in readiness when construction funds beocome available.
The detniled 'plans for +the structure were prepared by Messrs.: Bair
and Burner during the fore part of 1942, but, due to the war and the
situation regarding oritical materimls, the project was deferred
indefinitely.. The prepesed fish soreen is 23 feet in height, 40 feet
in width at the hottom, 12 feet in width at the top, with screen
panele placed on a slope of about 45 deproes. Te individuel soreen
panels are 4 feet wide by 10 feet long, and provision for their
removal is included in the plans in tha form of a stiff-leg.dorrick
mounted on top of the structure.

The operation end maintenanos of fish sorsens in the Yakima Valley
has been ocontinued by Mr, Holoomb, assisted by Mr. Argetsinger and
temporary laborers, and hes boen more or less routine in nature for the
past quarter. Mr, Foloomb has, howevor, doveloped and installed a
dovice %o pive saticfactory lubricmtion of the ring gears at the Wapato
and Prossor Fish soreens. The device -consists of a V-shaped metal plate
with & notch out out to give a fairly clese fit over the pinion gear
that drives the ring goar attached to the end rim of the screen drum.

In the meshing of the pinion with the ring gear, the lubricant is squeezed
sut over the edge of the pinion, and the notched metal plate sorapes

the lubricant off the sides of the gear and piles it back en the teeth

of tho pinion,
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In addition to routine screen oporotion and the skidway extension
work at Pishkun Reservoir, Ir. Holcomb, duyring the fiscal vear, installed
two 11'-6.5" P. D. segmental ring gears with 2 DP teeth at the Prosser
fish sereen, completely rchabilitated the four.8s-0" diameter screen
drums at the Tieton project, and completely reconstructed the 12'1-0"
diameter pnddle.wheels at the Viapato fish sereen. Rohambilitation of
the Tleton screen drums consisted of adding two new end-rim assomblies
on each drum, recevering the drums with 3-mesh/inoh‘#42 wire. galvanizod
wire cloth, and providing new side and bettom seal assemblies. In re-
bullding the Tapato paddle wheels, o hollew shaft of S-inch extra strong
pipe wos used, with solid steel stub shafts welded to eaoch end. A third
spider (hub and spoke) was elso incorporated into the rebuilt paddle wheels.

Fish Weir Design

A new weir design was prepared by Messrs. Bair and Lembert, in coopern-
tion with Mr. FKelez of -the Alaska section, for the Chignik Yeir on the
nrhirnik River in Alsska. -The new weir design consists of all-metnl
tripods, spanned by structural steeol stringers, with pipe used as pickets.
™e plans coll for a *rial section ahout 30 feet in lenpth to be used in
the deeper part of the river, where the normal depth of wnter is about 6
fect., Consideration was glven to the installation of the new tvpe of
weir with metnl tripods, stringers, and pickets, as the existing weir is
of wood construction, and considerable difficulty hes been expcrienced
in an effort to ¥ecep the weir of wood construction from floating.out
of place. This condition is accentuated by the fact that the weir is
located in a section of the river affected by tidewater to the extent
that the entire weir is submerged, The tripods are 9 feet in hoight and
are submerged by approximately 2 feet wt the higher tide levels. To
prevent fish passing the welr at  +these times, a wire fence 4 feet high
extends above the walkway level st the top of .the tripeds. One of the
principal features of the metal tripods is that all three legs are adjustn-
ble. The front leg, which is on n &lope of about 1 on 1-1/4, is composed
of a 6" M 10/ beam, with the adjustable part afforded by a 5" [ 6.7/t bolted
to either side of the beam at the lower end. Holes 6 inches on centers are
drilled in the several pieccs to provide for ndjustment. The rear legs -
ere 5" D. extra strong pipe inside of 5-1/? D. standard pipe with holcs
drilled through both pipes 4 inches on centors to provide for ndjustront
of the leg lergth. Vhere the river bottom contour is somewhet .irrepgular,
the adjustoble lems mllow for instnllntion of the tripeds in such a manner
thrt the tripeds will not. be tilted in any dircection rnd -the wnlkwny sip-
norts for adjncent trinods will be nt the same elevetion. The weir was.
desigfied for the use of 3/4" m, strnderd pipe rs pickerts. The pickets
are inserted from the wallbwnw throush 1-1/%" D. holes. drilled in the web
of 4" ® 10 beams at 2 5/1€ inches on centers. ‘ '
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frtificial ontlets for reservoirs

Considerable time was spent during the 1947 fiscal year by Mr.Bair
end Mrs. Barker on the desipn and preparation of complete detailed
plans for facilities to he used in determining the feasibility of
collecting seaward miprant fingerlings in reservoirs that have no
surface outlets T™he finperling collector consists prineipally of
& timber flume 10' -O" in width, 48'-4" in lenpgth, end 3'-6" in depth,
with oil barrels secured to each side of the collecter to provide
buoyaney and stebility. Near the' center. of the collector is & box -
trep provided with a hoist for lifting the trap from the water. As
a means of producing an attraction flow at the entrance to the col-
leotor, the’ vlens call fer the installation of twm 10 H.P. outboard
motors at the reer of the box trap to provide a flow of 30 second- feet
of water through the collector.

Passage of Fish at Ronneville Dam

As indicated by the following table cemputed from data furnished
by the 1., $, "ngineers, the escapements of fish to spawning grounds
ahove Bonreville Nam were unusually good during the querter,

Turber of F18h Counfed Through T1Shways at Bonneville neam.
Januery through June

Vear : Chinook Rlueback " Steelhead
Salmon Salmon Salmon
1939 n2, 340 29,623 11,789
1040 73, 406 50, R45 11,401
1941 79, 323 24, 8R7 10, 658
1942 52,287 12,637 9,636
1043 70, 240 4,534 10, 3272
1944 35,228 3,115 10, 764 -
1945 54, 808 2,089 12,498
1946 97,571 7,881 22,239
Av.1939-46 68,238 18,076 12, 420
. 1947 159,064 59, 383 1@,990

The count of spring chinook s&lmon WO S bv far the greatest of
the ning venrs of record. It wus more than dOuble the average of
the enrlier verrs of record und more than onc and o half times the
largest preceding year. The good escupement appeurs to be general
throughout the upper spawning ereans, This is shown by the fact that
the oount at Rock Islend Drr, on the main Columbis, which was 7,584
chinoeoks by the end of June, was 2.8 times the average of the ten
preceding years, and ten percent greater than the largest year of
record. - On the Vekimn River, the count at Roza Dam wus'Z,nS? chinooks
at the end of June, which is more than 4 tirmes the average of the
preceding 7 years of record und 2~ 1/“ times the largest preceding
count. larpe cscapements also are reported from the Sneke River system\
in Idaho.



The count.of blueback salmon at Bonngville Dam also has bgen
exceptionally hlgh. The run .of thls snoc{as starts in June and about
reachos its.peak by the end of thnt month.‘ This, year's. count, ip to

the end of June was. morc than 3 times_ the.average and equaled the
maximum of the,elght preceding years.

The spring run of steelhead trout; which as usual was confineqd
mainly t$ the months of March, Anril, and May, about equaled th¢ aver-
age of previous records.

iT. Holnes he's devoted the greater part of his timo durlng the
quarter to arnalysis of data. collected during ¥ho past saven ysars
from a series of marking experimants that were designed to determine
tho extent of mortality of salmon fingerlings in passing Bonnavills
Dam. A report on this work will be completed soon and will be sum-
marized in the next quarterly report.

¥t, Holmes alsorhas been representing the Service in ‘the consid-
eration of fish protection at MeNary Dam om' the main Columbia River
approximatély 140 miles above Bonneville Dam. There have been soveral
conferencas for the exchange of views betwoen repr»sent@tives of the
State fishery departments, the T, S. Engxneers, and our Sorvico, Ob=-
gservations also have been made of the hydraulio models of the dam
thet have been constructed by the J. S. Engincers at Bonneville. As
a part of the MoNary Dam study, Mr. Holmes is conducting a series of
experiments .to détermine tho offects of pressure, .particularly the
sudden release of pressure, upon salmon fingerlings. These experi-
ments will furnish information regarding the danger of injury to the
fish as a résult of passing under lift-type spillway grtos. The
results of the experiments will be ruported later.

Fingerling and'adult studies nt Bonneville Dam

One of the maior problems in connection with ths passage of
enadromous fishes at a large dam such as Bonneville, is getting the
dovnstream migrante safely past the structure. Although adequate
data are not at hand from all experiments, it is.established.that
considerable mortality occurs in the epillways and turbines., The
Bonnsville Fingerling Studide are directed toward determining the
distribution of migrants from shore to shore and 'surface to bottom
in the Bonneville forebay and then developing equipment to guide
them away from the hazardous areas into safe routes for ‘passing the
dam,

During the early 1946 season a system of fyke notting was devel~

oped. These were oporated at variois distances from shore¢ and at

various depths in the forebay, but owing té delays in ‘comploting the
nets and interférenoce from spring floods, little information wns ob-
tained in 1946.° ‘A naw type of fingerling trap, the inclined plane
trap, was developed by Mr. Holmes 4nd 'rlaced in operation in all

the bypasses of the auzxiliary water supply system at Bonneville
Dam., They were raised every morning and evening, the fish identi-
fied as to species, measured and then released to proceed on their
seaward migration,
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Bypass trap catches of chinobk salmon fingerlings at Bonneville
Dam wero as follows:

Date Total No. Fingerlings Caught

Jily - 1948 480
August . - 1946 104
Soptember~ 1946 18

Qctober -~ 1946 144
Wovember - 1946 156
December - 1946 133
Jmnuary - 1947 3,026 *
Fehruary - 1947 12,116
March® - 1647 5,700 *.
April - 1947 7,391
May - 1947 7,625

* During January, Fobruary and Mareh, 18,347,439
chinook fingerlings wore rolzased from hatcheries
up river.

In January, Pebruary qnd Merch of 1947, funds again became avail-
able to continue the Ronruvllle studles. Tyko nets were operatsd under
the dircetion of Mossrs. Burncr and “ebor throughout the quarter in
tho power hoise channel, A preliminary analysis of the results of
the data indicates thnt seaward mlgrating snlmon fingerlings utilize
the full width and full depth of the channel during their seaward
migration, Tho greetest dopth of the bottom channel of the forebay
is 72 fect bolow normal pool level. The largest oatchos of the fyke
nets were mada at depths of from 26 to 50 feut., However, it appears
that the flngurlings are fairly evenly dlstributed from the surface
to virtually the bottom. This information fulfills the first re~
quirement of tho Bonneville studies in that it detormincs the type
and placement of ogquipment used to guide fingerlings. It rules out,
for uxample, the use of surfaoce gear such as sheoer 'serosns,above surface
lights,or shalldw water equlpmont near shoro,

During the quqrter the fyke netting has been oontinucd under
high wator conditions., Floating logs and debris have displaosd rafts
and anchors so thut they cannot be kept in alignment but in spite of
theso difficulties at lvast four nets havo Besn kept fishing at all
times up until lay 5th, when the forebay level was raised from'72 feet
to 82 fcot to maintain a 50 foot head at the powsr house. Ths result-
ant strain on anchors and lines 4s well a8§ nets proved too much and
fishing was stoppsd. ODuring this and the preceding gquarter over
6000 fingerling. migrants were taken in the fyke nets. These were
idontified ns to species, counted, a sanple taken for comparative
study and the remainder released. In somparison with sam»les of hatchery
raised flsh reloascd upstrenm from Bonneville Dam it has been established
thot not all of ths flngerllngq caught' in bypass traps and fyke nets
nre hwtchary fish, in spite of the fact that 25,348,395 of the latter
wore releasod In a four and one-half months veriod. Theso upstrean
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releases are made known to the observers at Bonneville who can then
estimate the time of arrivel of the fingerlings in the traps and re-
cognize the stock from samples submitted by the hatchery, At this
time it was .considered desirable to continue the fyke netting in
order to obtain the seasonal distribution of m1grants, to work out
the age at migration and also to separate the various stocks on . the
basgis of age and length measurement data, even though these are cone
sidered by-products of the fingerling studies.

In order to obtain additional information on the effect on
fingerlings of passing through the turbines at Bonneville, a draft
tube trap was designed to be operated at the turbine outlet. The
trap 1s composed in part of a truss 40 feet long which spans onse
half of the draft tube of Y2 turbine, and was installed Just prior
to the spring flood. The truss holds thres fingerling box-trap units
of orthodox design, but each differing slightly in that high veloclty
baffles are installed Yo catch fingerlings as they emerge from the
draft tube. Weé ha¥ve been unable to operate the draft tube trap be-
cauge of  the unusually high tailwater prevailing during June. Some
demage to the bottom of the trap units has been caused by legs shot
out from the traeh sluiceway. Repairs will be made us soon ag high
water abates sufficiently so that a work crew can get under the truss
whieh now is suspended one foot above the surface of the tallwater,

As part of the experiments to determine the possibility of di-
verting downstream salmon fingerlings into safe ochannels of migration
studies have been under way in connection with the installation of a
string of under-water lights whioh would, in effect, producec a traveling
wave -of light similar to thaet on a theater marquee., The experiment has
been delayed due to the diffioculty of obtaining the preper resistors,
rheestats and other necessary equipment. However, much of the equip-
ment is now at hand and-is being assembled and installed.

As a further part of the investigaetions to determiné metheds of
diverting fingerlings into safe chammels of migratien, data have bsen
and ppe being assembled on supsrsonic waves, It hag¢ been sscertained
that the frequenocies ussd fer the deteetion of fish and othér objocts
in the water have llttle or no effect directly, on the movoment of
schools of fish. These frequencies are in the neighborhood of 20,000
to 30,000 cycles,. It is apparcnt that if any sound frequencizg would
be effeotive they must bowof either higher or lowsr frequency than the
20 t0°30 k.0. band, While numerous inquiries havc bsen mads of firms
dealing in supersonices, oquipment suiteble for our recds has not as yot
been found available,

Ever sinco Bonnevillo Dam was constructed, therc have beeh reports
of dead and dying adult salmon in the river bolow the dam, presumably
a result of fish boing injured in attempting to pass the structuro
and not finding the fishweys. The Service was pressed to oarry on
observations both above and bslow Bomneville to determine tho extent
and cause of mortality of salmon. A rough draft of a manuscript on

30



last senson's observations has been completed and is being glven
a final revision by the authors, Messrs., Hansen and Zimmer, who
carriac. on the work oconcurrently with the fingerling studics, as-
sisted by Messrs. Bagwell and Jensen and the Corps of Engineers!'
resident bielogist.

¥r. Burner atbtonded a cenforence with Messrs. Holmes, Milo
Bell, Morris Litt, Prod Abbott and Robert Moore at Portland regarding
a prenosed tunnol expsriment to be oconducted at Bonneville Dam to
determine the recaction of adult migrating salmon to a dark passage
such as may be built into the Washington shore ladder at MeNary
Dam. Little is known at the prosent time as to how fish will react
in dark ‘passcges. Bquipment is being installed in one of the fish-
ways at Bonneville Dam so that the upstream migrating salmon may
be couwntsd below and above a darkened ﬂhssagu. The Corps of Engineers
are providing and installing all of the noocossary equipment and Mr.
Burner will meke the blologleal observations.

The study of scasonal fluctuations in tempecrature of the
Columbia River and its tributarics wns oontinued during the past
four quarters. Data obtainad weré ormqniZud i..8,, classified, aver=
ngad, and analyzod for pregrossive studiss relating to the offects of
water use prejeots on fishery resouroces., «hile these data have only
slight value at the prosent time, they will booomu of ingreasingly
greater impértance when additienal dams, which will affoet the water
temperature, are construoted in the Columbia Basin,

PROJECT- VI. SALYON AF) TROUT T THE UPPER COLUBIA RIVER

In Moy Mr, Hanavan dompleted exteasivc changas in a Report on
the Grand Coulvc Figh Maintenance Fregram and forwarded the repert to
Dr. Froderic Fish fer further rovision and early publication.

-Preliminary analysis ef returns from an oxtensive serius of
marking exparimnnts cenducted on the Grand Ceulee Project wore oon-
tinued ns time permitted. Roturns from the 1939 and 1940 broods are
new complete and will be roperted upon in the near future., In the
course of thos¢ experiments more than 1,000,000 fingerling fish
wore markad and, thus far, more than 5,000 marked adults have boen
racevered, mainly by Mr., Bryant, from the commercinl fishery at the
mouth of the Columbia River. Information provided by the expsriments
will be of valne in any program designed to prsserve the salmon and
stoelhead trout of the upper Columbia River from the effects of pro-
posed vewsr and navigntion dams,

Acrial surveys ef the spawning distribution of salmon in the main
stems of the Columbia and Snake Rivers wére initinted in the fall of
1946 and will be resumed during the spawning period in 1947, The
initianl survey served to emphusize the previously unreoognlted im-
portance of thsse mailn streams ns spawning grounds fer the fall chinook
rung; which inelude nearly 80 percent of the ochinook that pass Bonne-
ville Dsm., Nino hundred and ninetesn nesting areas, many containing
more than one redd, wore counted on a single inspection of the Columbia
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between the confluence of the Snake River and Grand Coulee Dam,
a distance of 280 miles. Turbidity prevented inspection of the
lower ‘Snake River or of the Columbia helow the Snale River con-
fluence. Most, if not all, of the spawning grounds of these im-
portant runs will be destroyed by projected "lowser rivér" dams.

PROJECT  SPECIAL STUDIES OF EFFECT OF DDT.

}r. Hanavan is conducting a study of the effects of DNT on trout
streams in northern Idaho. 1In sprgying 391,740 acres of forest land,
at the rate of 1 pound of DDT per acre, the Bureau of Entomology and
Plant Quarantine, has underteken the most extensive aerial distribution
of TDT vet attempted. The treatment area included several excsllent
trout streams that suppert pepulatiecns of rainbew, cutthreat, ani brook
trout.

As the effects of the spraying may continue for several months,
complete results are not now available, The direct effect upon trout,
however, appears to be negligible, One trout, a rainbow, was found
dying of D)IT poisoning but this was a diseaséd and anemic individual.
Other trout obsédrved and examined have appeared Yo ¥e normal. In
several streams cobtoids and suckers were killed, and in one stream
impoundment there was a heavy loss of catfish., Bream'and dace are
widely distributed in the streams of the area and apparently were
unaffected,

Frogs were occasional vietims of DDT but the greatest upset
in stream scelogy resulted from the virtual elimination from many
stream sections of all invertebrate life excepting annelids and a
sparse population ef molluscs.,

Quaentitative samples were obtained befere "nd after treatment;
aquatic ferms by means ef o square foot riffle sampler, and serial
ferms by the use of flypaper. The decline in serial forms was almost
as grsat as the dsclin® in aduatic life with taddis fly and the smallur
deptera as prinecipal vietims. Trout stomachs obtained befere snnd
after treatment contained smts. As no change in ths abundance of
ants was discernible this food might be of impertunce in preventing
starvatien or the migration of trout to less suitable ctresm habitats,

The effects of D'T were most pronounced in stream segtions re-
celving a direet application of spray. Stream sections three milss
or more Below treated areas were found to contain normal complements
of riffle erganisms and surface hemiptera.

‘Observations will te made later in the suhmer to appraise the
recovery of trout food organisms and, so far as pessible, the ultimate
sffects 'on the trout populantions.
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CENTRAL VALLFY FISHERIFS INYRSTIGATION, James W. Moffett, Chief
GENERAL

These investigetions ere concerned chiefly with the life history,
behavior, and abundance of chincok salmon and striped bass populations
in the Saoramento-fan Joaquin Piver systems. Salmon populations were
ccunted as they miprated upstream to spewn in Tuclumne end Feather
Rivers and in Deer and Battle Creeks. ¥%stimates of the numbers of
adult salmon were made in.Sacramento, Yuba, upper San Joaguin, Stenislaus,
Tuolumne,qand Merced Rivers. The spewning behavior, egg incubation, and
subse cuent At rE E0Fns, of resulting . salmon fingerlings were observed
clcsely on the rivers and creeks mentioned. A salmon-tagging program
sponsored by the State of California was alded materially by cocperative
tageing and reccvery ectivities. The movements, sizes end ecology of
fishes inhabiting or passing through the Sacramento-San Joaquin Delta
waters were brought under investigation prsparatory to more detailed
study relating te changes in delta dymamios resulting from the Delta
Cress Channel and pumping plantse. Sixteen major river basin reports
were prepered and submitted to the Regional (ffice end several others
were completed exceut for final arrangement intc recommended form,
Hearings, oonferences, and disocussions, tco numercus tc mention were
held or attended relative to River Basin Studiss and investigational
programs. The research and supervision attendant to the Shasta Salmon
Vaintenance Frogram was continued. DNaily weter temperature records
were meintained at thirteen stations throughcut the Central Valley,
and air tempersture recordings were made at six key pcinte in the
network. Central Valley Investigations were drastically reduced in
scope in enticipation of cuthbacks in appropriations for fiscal vear
1942, The uroville and Modesto Districts were discontinued in June,
and six empoloyces were either terminated or trensferred. One employee
was detalled to special work in Alaska.

Reperts completed:.

The Chinfoﬁ felmon Petential of the Alternate Iritutary Plsn.

& Preliminery "epcrt on the Fish snd wildlife Aspects of the
Alternete Tributery Plan, Sacramentc River ®asin, 7alifornia

A Report on Fish end wildlife Rescurceos in Relaticn tc¢ “!inor Power
Projsct Mo 735 (Ferni Creek) Federal FPower Commission

Pespense 0 Pyblie Notige from 1. 9. Sngineer 0ffice on Noyo River
Harbcr Improvement

A Preliminary Report on the Fish and "ildlife Aspects uf the Prosser
Creek Project (Truckee River) U. S. Engineer Office’

A Repert on the FWS Aspeots of the North Fork Project Mokelumne
River ns Fropesed frr C.nstruction by Pacific Gas and FBlectric
Company, “Major Power Froject Noo, 137, Federal Power Commission
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A Comprehensive Report on the F&W Rescurces ¢f Lahontan Basin
as They Relate to Genersal water Develhpment Plans of the Bureau
of Reclamsticn,

‘Revisien-cf "A Preliminary Report on the Fish nnd Wildlife Aspects
cf the Tpper Secramentc Piver Tributary Plan (flternete tc .Ircn
Iron Canycn Dam)"

b Report on the FiW Aspects of Pine Flet Prcject, 'Kings River,
{alifernia, U. 5. Engineer Office and Bureau of Reclamation

Recommendaticns for Fish Protecticn on Minor Power Freject No.195¢
(Prrley Creek) Federsl Pewer Commissicn

Cecmments tn Reccmmendoticns for Fish Protecti-n Comected with Mader
Power Project Yo, 120 )Scuthern Celifcernin Edison Company) Federal
Power Commissicn

A Preliminary Report on the F&W Aspects of the Big Dry Creek
Preject, Sen Jeagulin River Pasin, Califcornie

4 Repoert on F & W Rescurces in Reldtion to the Weter Dovélopment
Plan for the Proposed Kdaweah Rasin Terminus Project ‘

A Report on F 4 W Redources in Relatlon to the Water develupment
Plan for the Provwosed Kern Rlver Basgin, Isabelle Prcject

t Repért of F & W Rescurces in Relation te ‘the Water Development
Plen for the Propcsed Fédther River Besin, Roeck Creek and Cresta
Projects, Pacific Gns and ¥lectrie Co., Federal Power Commissicn

A Report cn the F & W Aspects of Rculder Creek in Relation to £on=-
structed inor Pewer Project Fo. 1348, Federal FPowor Commniseicn

Mpstrean Migretion of Adult Salmsn

The 1946 ontch ¢f selmen, bath chincok cnd silver, in Cnlifornia
weters was the largest in 25 years ¢f reccord., The tctal eateh amcunted
to 13,649,673 prunds and the Saoramentc~San Juequin River oatches were
6,462,050 pcunds. Upriver esoapement intc Centrell Velley strecoms gen-
ernlly corresponds t¢ the ccmmeroidl take in the leower river and can
be considered reletively lerge for the 1946 senscn,

Chincck salmon in Centrsl Valley sireams were ocunted at four
logcaticns during the fiscsl year 1947. Fall runs were ctunted into
Pattle Creck, a “%ributary %¢ Saoramentc River; Feather Rivor st Sutter-
Butte Dam; and Tuclumne River, a “tributary to Sen Jeaquin River. The
oenly spring run ccunted was thet entering Deer Creek. Summnrics of the
ccunts cbtained are presented on'next page:
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¥
Counts of Spring and Fall-Run Salmon
in Streams of Central Valley

Ccuntiﬁg Staticn -and Salmon Counted

Time Fottle  Feathor.. Deer . Tuclumne

Pericd Creek River Creck River
4/9-13 5
4/14-18 835
4/19-23 647
4/24+28 362
4/29-5-3 559
5/4-8 257
5/9-13 2
5/14-18 2
9/11=15 19
9/16420 43
9/21-25 116
9/26<30 402
10/1+5 421 647
10/6-10 923 260 2’
10/11+15 1,119 341 4,683
10/16-20 998 266 6,114
10/21/26 4,188 1,219 4,569
10/26-30 380 538 6,226
10/31+11/4 1,942 166 16, 914
11/5-9 2,904 . 76 9,615
11/10-14 2,169 '8 5,583
11/15-19 1,168 50 3,134
11/20-24 250 16 399
11/25-29 39
11/30-12/4 1
12/6+9 |
12/10-14

Totals T8, 502 L AT 57,250

* The Decer Crecek ocunt was made in the spring of 1947. All
others wore made in the fall cf 1946,

Reonuse of the urgent n:ed for nocurate estimantes of the salmon pupu-
lation, Seoramentc River and its tributaries ahove Red Bluff, California,
were under eonstant observnticn during the fall and winter migration, and
spawning periods., No actual counting ¢f salmen in Snoramento River wes
pessible, but as.a result cf thcss cbservations, the follewing estimate wes
made: A, Spring run--

Trapped at Keswick Dam 2,391
Rettle Creek populaticn 2,450
Pstimated number spawning in main river 25,000

' ' : 29,841

R, Fall run--
Trepped nt Keswick 7,560
Rattle Crcck populnticn o unt 16, 502
Tatimated number in main river 40, 000
Fatimnted number in tributary strenms 3,000 67. 062
2

30 Total estimate ’



The use of available tributary streams cther then Battle Creek and
Clsar Creek for spawninw purposes wag 10 percent in 1946 because of
drcught and late rains

Fall-run salmon entering Rattle Creek were ccunted es they entered
the helding area of the old Battle Creek Station. During the perimd
October 1 to December 3, 16, 502 cf them passed that peint. Flecds of-
fected ccunting after Wovember 20, so therefore, the total given is minimal.

The spring salmon run intc Teer Cresk was first ncted in early April
but high water prchibited installatlion of the counting welr until April
12. ©Shortly after that date, irrigation demands on-Deer Creek reduced
stream flows drastically and the salmon had difficulty negctinting Ston-
ford-Vine Tem. Despite low water and relatively high temperatures, the
upstream migration followed the usual psttern throughout April and cerly
May. However, conditicns changed very rapidly ond the ccunt was discon-
tinued Moy 16, Low and very warm stream-flows killed ndult salmon below
Stenford-Vine Dam and prchiblted entrance ¢f additional fish frocm Secra-
mento. River. The maximwn water temperature in Deer Creck rosc above 80
degreecs T. on Mey 19 and remeined above that print until May 23, At the
same time, volume of flow dwindled to practicnlly ncthing below Stanford-
Vina Dam.

Cbservaticns made chove the oounting weir befcreo it was installed
and subsequent censuses in Deer Creck Canycn heve furnished evidense to
support thc conclusion thet, at lezst 1,000 salmon pusscd the ocunting
site before facilities fer control or uld be installed.

Facilities t¢ count and trap full-run sclmon 1n Deer Creek were
instnlled in the fish ladder over Stonford~Vina Dam, Low water condi-~
ticns prohibited the entrance of the fell run intc Deer Creok and none
recched the traps.

Ccunting of ndult salmon at Sutter-Butte Dem on Feather River began
September 10, tnd continued until November 22, 1946, when high water
stcpped further obscrvation. The Feather River run arrived at Sutter-
Butte Dam in small numbers during the first two wecks in Septenmber, gradu-
nlly incrcesed to a minor penk in early October, declined throughout the
first twenty dnys of October, Ingreased t© a seasonnl psak on Ogtober 23,
and dropped off abruptly to less thon 100 fish per day fur the remainder
cf the counting seoson, The total number of. salmon ccunted was 4,167,

. Sutter-Butte Dam is ldeated upstream frem what is now eonsldered the
moin galmon spawning ground of the Feather River and many salmon entering
the river stopped before they reasched the counting staticn., Systematio
surveys of the area below the dam provided relinble estimates of the
salmen in that part of the river. Counts of live and deed salmon plus
e ocnscrvetive allowance for fish not seen. totaled 6,927, The sizc of the
Feather River fall-run salmon populntion in 1946 1s estimated at 11,100,
T™wo hundred and forty-slx stoelhead trout were secn during the ocounting
poricd,
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Salmon entering the Tuoclumne River, a tributary to Sen Joaquin River
were cocunted ns they passed over the Modesto City Dam.

The early portion cf this migration wns delayed for about three weeks
during September and Octcbor by industrinl and demestic polluticn. The
dissolved oxygen oontent in the lower nine miles cof Tuolumne.River was
below .threce parts per millicn for woecks and during oritical periods it
drcpped to zeros. Carp, suckers, and cther fishes were killed in great
numbers although some carp and mosgquite fish monnged t¢ survive.

At the request of the State of Celifornie and this Service, nddi-
tional water was released from La Grange Tam, far up on the Tuclumne,
and the polluticn was nbated to the peint where salmon oculd cnter the
stream. Counting began on Octeber 10 and ocntinued until November 20, when
the Modestc Dam was remcved frem the river. A toctal of 57,239 salmon were
ocunted, and while the dam wes boing dismantled an estimated 4,000 salmon
pessed upstream. The populaticn estimate fcr the 1946 fall seascn was set
at 61,200,

Compered with counts mede in cortain other years by the State cf
Californis, this run is not excepticnnlly large. During 1940, under
oircumstances similar t¢ those now present in Tuclumne River, 122,448
salmen were oountcd over Modesto Dame The run of 1941 was much smaller
amounting to only 27,208, In 1944, the run intc Tuolumne River approxi-
mated 144,000, Exaot figures for that year ere not yet published.

Average hourly oounts during 29 days of. the sounting season demone.
strated o blmodal frequenay distributicn foer the doy. The greatest period
of abundance cocurred between the. hcurs of 6 and 1l a,m., and a secondary
increase in mcvemsnt was cvident botween 2 and 6 pems During the night
hours . numbers were oomparatively low, but quite stable.

Observaticns and Studies of Natural Spawning:
and Egg Inocubation in Central Valley Stroanms

Red Bluff Distrioet

The water flow situetion in Saeramentc River during spawning, egg
incubaticn and subsequent emergence cof fry was especially oritical because
of drought and the need to store all available water. In eccaperation
wilth Bureau of Reclamaticn-offiolals, surveys «f the spawning grounds
were . mede to cbserve tho beohavior and relative safety c¢f eggs and young'
wunder varioue schedule of water relense frem Shasta Dom,

During the entire spowning seascn, 5,200 .tc 6,700 gsecond-feet of -
weter had been released from the dam. Salmen utilized riffles at this
flow which would not have been availnble at lower flcws, Ccnsequently,
when the river was lowered, many nests were abcve water line.
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The follewing flow schedules were maintained below the dom:

Jane. 1-24 - 5,700 %¢ 5,200 seccnd~feet
Jans 24 -Feb. 1 = 5,200 second~-feet for 18 hours
2,500 sccend=-fest for 6 hours
Feb. 1-28 - 5,200 seccend-fe:t for § hours
2,600 second-feet for 19 hours
Feb. 28-Apr. 17 - 5,200 seccnd-feet for 8 hours
. 2,000 sgecnd-fret for 16 hours
rpr. 17=21 - flow inereased t¢ 5,000 sco nd-feet
ftpr. 256=29 - - flow incrensed to 8,500 second-foet
Lors 28-Jans B - flow increcased t¢ 6,500 second-fect
Jone 6 ‘ - flow reduced t¢ 6,000 secoond~feet
Junz 6 - flow reduaced tc 5,250 second-feet
Junc 11 - flow increwged to 6,000 sscend-fect
June 14 - flow increased t. 6,500 scecrnd~feet
June 23 ~ flcw incrsased tc 7,000 second-fect
June 27 = flow inereased to 7,500 seccnd-feet

Under' the flow schedule established February 1, about 10 percent of
the nests in Sacrementc River were exposed. sufficiently tc endanger alevins
and advanced fry. The recommendaticns of this office wére for a minimum
flow: cf 3,500 second-feet during the month of February if exposed nests
were t0 be adequately covered with water, Two stcrms, cne in mid-February
and the other ifi early Merch, insured the completi~n of egg incubation and
downstream migration.

Spring-run adult salmon displayed a marked tendency t¢ remain in
Seeramento Rlver below Reodding, Celifornia, during summer, Optimum
we.ter temperatures;, clear woter and abundent. flow may acocunt for the
stilling of the migratery urges Such behavior on the part of the salmen
i1s in direcct occntrast to habits displayed beforc Shaste Dam was built.

The same tendency was displayed last. year. ‘Those salmon bogen spawning
late in Auguet but only ‘scattered. females occupled the beds until early
September when the penk of egg depositicn ceeurred., Spring-run salmon
had virtually cumpleted spawning by +%he end of Septembery o full sdix weecks
before the falle-run spovning penk was reached.

Spavning of the fall-run pcpulaticn in Sacramente River began in
late October, increased rapidly during the first two wecks in Ncvembor.
and reached 1ts period of maximum intensity Immediately thercafter.
Spawning was evident well into Decomber althcugh at a very much rcduced
rate.

Some orncern has been felt for the safety of eggs -depusitcd by
spring-run fish in-riffles heavily utilized by the fall run. This ccncern
wos, scmewhat rellieyed by streom cbservaticns and water temperature studies
cver the past senscn, It 1s quite evident that spring-run progeny were
either hatched or in the eyed-cpgg stage before ths fall run began to
spawn. On the basis ¢f seaward migraticn studies, practically all spring-
run eggs hod hatched and rcsulting fry had storted dcwmstream by LDecember
20.
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The spawning of spring-run salmen in Deer Creek was very sucoessfuls
Proctically no unspent female¥;/FCund during inspecticns of the stream
made on July 13, August 27, September 5, 6, 17, and 18,  Use of. the fish
‘laddor over 1CWOr falls wap, extenslve thie year and the. five-mile. stream
section above the ladder’ was adequately populated with spswning salmon.

A program to observe natural spawning. under. controllod pondit1ons and
to test the offiolency. of the subsequent Anoubation of eggs in Deer Creek -
wag disrupted by fluod waters which removed.all control structures. Opera-
ticns wero then’ transferred 4 netural eonditicns-as found in Antelope Crdek.

Eight salmon nests in this s¥roam were marked for study. One nest .
wag cpened each week beginning Docember, 11 and ending January 3l.' A
rendom spmple of éggs was.recovered from each nest. The egg stratum in. all
nests ‘wag frcm 10-14 inches below the surface of the nestse:

Rosults of *this study indioate & high degrvc of survival among egg
deposited. The peroentage of live eges in the eight nests examined was
found to be 92. 3 (3,011 eggs .in samples .- .2,778 alive - 233 -dead.) -

‘ Oroville Diatriot The spawning secascn of .fall-run salmon in Feather
and Yuba Rlvers begen during the last two weeks in Ootober. Spawning

did not reach a penk until about the third week in November and it was
almost oompleted by the second week in Decembar.

In both streams the best and mosk extensive spawning grovels:are
believed to be situnted below the canyon-like portions of their drainege.
It was estimnted that over two-thirds of the Feather River selmen spawned
below Oroville this senson. It is known that practicanlly all of the Yuba
River fish uscod gravels. below Daguerre Point Dam beoause of the inaccessi-
bility of the fish 1udder over that dem at s tream. flows which existed
this year.

The amount of spawning gravel available to, Feather .River salmon is
regulated v sume extent by the operption schedules of two major -canals:
whish dlvert water from that stream; .when these canals are shyt down early-
Much more gravel is made avelleble by the inercased stream flow.

) Surveys of spawning beds of spring-run salmcn in.Middle Fork, .Feather
River resulted in oounts of 89 redda and 174 salmen in.3-1/2 miles of
8tream, Thore aro meny miles of  such spewning ground in Feather Rivenr
Available to spring-run fish, and Af this 3-1/2 mile secticn is indicative
of the oonoentraticn elsowhero, the spring-run must consist of -thonsands
¢f snlmon.
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Meodestc District

~Spring-run chinock salmon in San Jeeguin River below Friant Dam
spawned while river-flow was maintained at about 1,450 second-feet by
release from Friant Dam. After spawning was ocompleted the Bureau of
Reclomation found it necessary t0 reduce releases at Friant Dam %o
conserve water. Fishery interests were notified, and, by aegreement,
reductions were started Ootober 29 and oontinued gradually to Novémber
14, when they were held constant at 427 second~feet. During.that time,
biologists observed the effect of reduced flow ~n spawning beds: An
aerial and ground study of San Joaquin River was made by the Modesto
District staff and thelr recommendaticns were that the river should be
maintained at o' flow stage not lower than 750 sécond-feet. However,
biolcgists of the State of California desired to follow the prcoess of
egg incubaticn in several exposed riffles and a request %0 the Bureau
of Reclematicn for morc water was delayed until December 24, The flow
was inoreased to 800 'second-feet on thet date,

The Service bilolegist in.ocharge at Modesto recommended thet for
efficient production of young salmon, flows in the San Joaquin River
should not be reduced more than one~half the flow at which adult salmon
spawned.

The spawning beds of Stanislaus, Tuolumne, Merced, and Son Joaguin
Rivers werc patrolled regularly. Power and octher water demands combined
with o rather dry winter militated against the effectivencss of spawning
in.all: the streoms.

:In the Stenislaus soattered nests were observed along with dead and
partislly spent salmcn. There weas eyidence of greetly fluetuating
water f£lowe which resulted from power demand relenses from Malones Dam,
During pericds when power was not belng generated the river flow was
reduced to ebout 150 second-feet and many partially or wholly completed
salmcn nests were exposed for long periods of time., ‘Poaching was quite
general whenever the low river stages ocourred. Uktilization of aveilable
spawning -gravel -in this river was very light: Many mcre salmon ‘oould
be accommodated there if water flcws were stabilized ond poeching reduced,

; Few galmon were able. to reach, enter and use Mereced River. Generel
water flows were low during the fell season and only enough water was
being-released frem Exchequer Dam to satisfy dcwnstrcam demands. The
totel flow was estimated at 100 sesond-feot ncar Mérced Folle and at odly
‘a few seccnd-feet below the Merced-Waterford Bridge, 18 miles downstream
from theree.

Observations of spawning behavior and riffle use in the Tuolumne
River were impeded by turbid witer



Seaward Migration of Young ‘S4almecn and
Movements of ¢ther specles
in' Contrel Valley

A rather extensive invostigation intc thé downstream movenibnt of -
young salmon and ‘the movéments of cther fish ahd ihvertebrate specles
was undertaken thls year. ' Fyke nets wero ‘tporated at the following 1%-
caticns: Saoramentc River at Balls Ferry, Squew Hill Bridge; and Tclahde
Landing; Deer Creck near Vina, Californiaj; Feather River 4t Middle Ferk,
Oroville, and Yuba-Sutter Boat Club; Yuba River at Marysville; San®
Jeaguin River near Anticeh, at Livermore Yacht Club (0ld River), San’
Jeaquin €ity, and Hernden; Stanislaus' River ncar Riverbank; Tuoluihne
River at “Mcdesto; and Meroed River at Shaffer Bridge.

Ped Bluff Distrioct

‘Fyke-net oatehes of fownstream migrant ochintok salmon in Sacramento-
River at Balls Ferry, 35 miles belcw Shaste Dem, anid &tksguaw Hill Bridge,
about. 68 miles downstream from Balls Ferry, yielded some rather striking
results,

The staticn nt Balls Ferry was located in precisely tho same plaock
where sampling has been done 8ince 1943-44, The pattern cf seaward
migration desoribed by this year's oetches (Table 1) bears wery little
resemblance to pntterns. vbtained in previcus years, ' In eachH of the
scascng prior toc the diprent one, hetting did not begih until éfter
January 1. In the ‘ourrent season netting began cff Decsmber 11, 1946
to meke sure thet sampling had begun prior to'scawdrd migration
However, oatchec on tho first day demenstrated that' young salmoh were
tlready in the river ‘and in'subeoquent gatehes 'the numbers}f §Pcasda
rapidly. A peoek in abundmnce was roachéd 'in the last two wecks of
December which waeg nct approached thncugﬁout the remainder of $hé scasen.
The migrants in thesc December bdatohes ware almost certainly progeny of
8pring-run adult salmcn. Peouliarly encugh, these ycung must hdve been
8pawned as cggs carly in September or even in late August.

The distribution of the entire migration over time was -definitely
crowded toward the early part of the seesi'n. During the first 25 days
of notting (December 11 t¢ .Janwary 4) 47.G percent cf the total oa%ch
was taken. In tho 1945-46 scason 4t was Merch 1 before a similar per-
centage of the total eateh had been taken. ‘Previcus seascns!' eatches
deseribed a rather uniferm distributicn eurve over time. Catches were
low in early January, increased pgradurlly throurhcut that menth to peak
8ither - in late January or carly Fsbruary. There is scme indiseticn of
bimodality in curves for these seascns due ¢ the ‘appearance of & seccndary
Peek in abundance in late March. The bimndality is assumed tC reflect
the maximum downstream mevements of the spring nnd fall-mn salmen
Progeny, respoctively. It may be pessible that the scaward migrent
Progeny of springerun adults have nover been adequately sampled bacouse
¢f the late dntee when notting was begun. On the basis of water tempera-
ture the 1945-46 spring-run brood shculd have hntched earlicr tham the
}946—47 bricds  River temperatures averaged abrut 4.5 degrees ¥, wefrmer
in 1946 during the incubaticn pericd.
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Uniform water temperatures ‘belcw Shaeta Dam may have accounted for
the early and almost sporadle hatching of thé spring-run progeny in
1946-47. The maximum daily weter temperature during fugust 1946 was
56 degreea and the minimum dally temperature was 50 degrees F. A maximum
temperature ¢f 58 degrees and a minimur of 52 degrees F. wore recorded
in September. In October the recorfer was cut of service between the
fcurth and the twenty-first,”but indications are that the maeximum tempera-
ture was 57 degrees end the minimum 52 degrees F. November ‘Fecords dem~
cnstrate a gradual decline in water temperaturc from e maximum of* 55
deyrees early in the month to & minimum uf 50 degrees F. tcward the end
of the mcnth. Both maximum and minimum temp@ratures remained ' within a -
two degree rengs above or belew B0 degrees F. throughcut Decembér.

Records of eatches for the 1943-44 season are quite fragmentery

&8s are those of the 1944-45 seascn. The catches in 1945-4€, hcwover are
practically complete and can be occmpered directly with the 1946«47 catchas
since all sampling ‘factors were slmost identical. 'If records for both

seasong are adequate quantitative samples of the downstream migraticn,
the number of migrants moving seaward this past season 1s greater than
anything ever expericnced since records were made. The catch per- hour
for the 1946-47 season to and ineluding April 19, is 18.9 while that
for the 1946~46 seascn, terminated on the same date, 18 only 2,5 fish.The

ithﬁfisgly approaches the last one in terms of cetch pef heur is
19&4-45 when & rate of 7.9 was obtained. When it 1s considéred that

the bulk of the 1946-47 season '‘catch wns made at a tife when tnly spring-
run migrents were moving, the 'size of ¥he spring-run adult crep’which
entered the'river in April, #ay and June of 1946 must have bocn very
large ¢r the reprcductive process and Bubsequent hatching' must hive’
been remnrkably efficient. Fykc-not sampling of - tho 1946-47 seaward
migration nt Squaw Hill Bridge; ebrut 68 miles downétream from Rells -
Ferry and scme 40 miles belcw Irsn Cenyon Dam 8site, wns begun on Deocmber
19, and' continued, whenever pessible,” throughout this quarter. RFigh
wator and debris interfered with continued operaticn and direct oom-
parison of tht results presented in Table 2 (ocntained in our files)
with those cobtained ot Palls Ferry is nct whelly satisfactery. Judging
frem the oarly ootches made, scme downstresm migratisn was occurring in
late Deecember, but in no measure oumpsrable to thnt recorded’at Ralls
Ferry., Frocm Jenuary 21, on the catohes increnscd until the peried
Februnfy '6-9, when, durihg 34 heurs of fishing, 3,674 young salmon were
coughts The rate cf catch for this pericd was- 108 fish per hour. This
peak in abundance cccurred six weecks leter than the peak at Brlls Ferry,
If the samc fish were involved &t ench ptaticn then six weeks were reguirod.
for the salmen to move downstream about 60 miles. It is believed that the
rote of deowrstream movement is infliencéd by flccds, 8ilt and othep
faoters which extrted little cr nc influence on this sogment of the
migratinn. Therefore, the rate of movement ns ovidencéd by this com-
parison shculd not be generally applied,
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.A check of fish releases from (oleman and M1ll Creek Hatcheries
eliminates these souroes of abundance from consideration as an influence
on the catch rate at Squaw Hill- Bridge. No releases from elther hatchery’
had been made prior t6 Februery 9:

Following the peak in abundance early in February, there ensued an
abrupt decline in cetch~per-hour rates. High water and flocds in early
March prohibited fishing, ocongequently records do not adequately. por-
trey the oharacter of the dowaizirsem movement. There is an indiocation
of inoreased dewrstream movement in ‘mid~March when-56.!5 salmon were
caught per hour of fishing., This peak ‘in abundanoé tapered off gradu-
ally toward the end of March. There is no .consistent difference be-
tween :length-frequency distributions for the two stations. Semples a't:
both stations indicate a trend toward larger migrants as the season
progresses. During the early season, salmon teken at Squaw Hill Rridge
were consistently larger than those at Bells Ferry.  The average lengths
of salmon migrants teken at each station are: Balls Ferry 39,5 mm., and
Squaw Fill 40.1 mm. ’

Fyke-net fishing at Deer Creek started January 1, and was completed
May 20," 1947. During the .period of net operation, 272 nmigrants were
captured in 1773 hours of ficghing, or at the rete of 0.15 migrant per
hour. Toward the end of the fishing period, the net did not function
effiociently beceuse of ‘extremely low water-flows in Deer Creek. Young
salmon could be seen moving downstream, but they were not taken by the net

The migration was quite similar tio those sampled in the past, as
for as distribution over time is concerned. There was a gradual in-
crease in numbers of migrants through Jenuary and early February. In
the period February 15-19, & seasonal peak was reached which gave way
very rapidly to almost nothing. A rain in late March caused a momentary.
rise 4n the catch rate, but 1% gradurlly deolined t¢ the zero point by
May 20, when fishing wes dirconbtiniod. Usually the net is fished until
the middle of June, but a ocoxbination ¢f low water flows and high tem-
peratures practically elimincts¢ all anedromous species in the lower
portion of Deer Creek in Mid-fay.

Rgoause of low water whioh prohibited the use of Deer Creek by
fall-run'salmon, all influence of fall-run progony on the length-
frequency distribution of migrants wee climinated, In past years these
fall-run progeny complicated the late seanson oatoh and confused analyses
of the spring run seaward migration.

Qgpville Distrioct:

Catohes of seaward migrant salmon at the Feather Rivér stations oon-
form rather locsely to a general pattern. Fishing of the nets began
during the last half of December 1946, and until the -end of Januery
practically no salmon were taken. With the exoepticn of Oroville, the
8tations showed an inoreascd cAtoh-rate in mid-February which declined
abruptly before the end of the month., There was o gradual rise in ocatch~
rate at nll stotions from March 1 on, until a seasonal- peak was reached .
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at the Oroville and Yuba-Sutter stations during the period March 27-31.
After & rather rapid decline a secondary peak was evidenced at all sta+ -
tions over the periocd April 10-20. -The-oatch-rate declined gradually from
that time on, until practiocally no ocateches were made In mid-May,

It is of interest to oompare the catoh rates cf this seeson with
those' of last season at Yuba-Sutter Club., Fishinpg was not started until
March.14, in the 1946 scason asnd the cateh-rate was lower exocept in the
latter part of the seascn. Otherwise, seesonal and secondary peaks
were oonourrent with those of the 1947 season,; and the paktern of mi-
gration was almost identiocal as regards distribution over time, This
similarity between migrating. seasons on Feather River contrasts greatly
with the dissimilarity between the seme seasons on Sacramento River at
Ralls Ferry.

The seasonal peck in catcherate for the Ridwell Bar Station cn
Middle Fork occurred 1ln the pcriod February 10-14 end. demonstrates the
predominance of spring-run salmon in that stream as compared tc fall run.

The productive potential of the 35 miles of spawning ground be-
tween Oroville and Yuba-Butter Boat Club is clecrly demonstrated by the
differences bétween ontoh-rates at the two stations. The oatoh per hour
1of fishing at Yuba-Sutter Boat Club was, with few excoptions,’ much
greater than that at Oroville, the uppermcst of the two looalities, The
differences toward the end of thd sampling season might be more pro-
nounced were 1t not for the loss of many young salmon tc irrigation
diversions ‘belcw Oroville. The magnitude of thése lossses was. demon-
strated by sampling ocarried on.last year in the conals.

Sempling of the Yuba ‘River ‘scaward migrant salmon- ‘population
yielded results whicH indicaté little or no relaticnship to the pattern
shown by the Feather River study.  The oatoh per hour by the. Yuba River
net rose quite abruptly from February 5 until February .20 after whieh -
date 1t declined slightly but .then ocontlnued to rise until a seasonal
peck was renoched during the. period Marech 12-16; a full two weeke ahead
of the peak in Feather River. There was no abrupt decline in oatch.
rate following the seasonal peak, Catchos deolined gredually until
the time period in whioh the seesonal peak occurred on Feather River
end then dropped abruptly. The Yuba River migration was virtually
ocompleted by April 20.

Betwoon the mouth of Yuba River and Daguerre Point Dam whish fepms
a partial if not complete barrier tc salmon migraticn, there cre approx-
imately 12 miles of broed, gravelly stream bed. Vhen ecverod with
water, thiz stream section is ideally suited feor salmon spawning, It
is quite possible that the recmarkable prcduction of young salmon dew
mons trated by the net ocatchcs oeccurred below Daguerre Point Dam. Water
flowe 4n Yuba River were tco low during. the upstream migration of adult
salmon tc netivate the make-shift fidh-ledder over that cbstruction.
There oexists also the possibllity that-many cf the-ycung sdlmon cnught
were produced by spring-run fish which negotiatéd the dam during April,
May, and -June ¢f 1646.
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Dolta District

‘ne .of "the most important factcrs in the solution of .fishery proh-
lems oreated by the Sacramento-San Jeoaquin Delta Cross Channel end the
Delta-Mondota Canal to be constructed by the U. S.. Bureau of Rﬁolamation
i o thﬂrough knowledge of movements, locations, end seasonal abundanoce
of the varicus fish spcoies inhnbiting the channels of the Delta.  Fyke
nets ‘were plaoed at strategio locations in the Delte as follows: San
Joaquin River near Anticoh on August 15; Saoramento River near. Tolonds
Landing on September 19, 1946; and in 0ld River near Livormare Yacht '
Club (site of the Delta-Mendotn Pumping Plant) cn Januery 21, 1947.
The nets were rigged to fish both ebb and flow tides by susponding them
to a bucy-supported cable by means of a swivel line.

Numerous. specles cof fishes were taken: during the WEars. The most .
importent speclies were:

Striped bonss ~ Rcoocus saxatilis

Chincok salmon - Onoorrhynchus tsohawytscha .
Smelt - Spirinchus thalelchthys

Smelt - Typomcsug olldus

Catfish - Iotalurus catus

© Other specles capturcd but for'whiéhﬁrecords;nre not,pnesentqd
herewith are:

Shed - plosa sepldissima

Starry Tlounder - Platichthys 'stellatus rugosus
Sacramente pike - Ptyohoohsilus grandis v
Rluegills - Helioperea inolsor

Cottus - Cottus asper o

Stickleback

Lamprey - Fntosphenus tridentetus

Green sunfish - Apomotis ovunellue

Crapple-
Saeramento Perch - stterocarpua traski
Fmbioctooidad

Gobiidne

The ontohes of striped bass at Antioch and Telonds Landing demons
sirete o dcfinitc movement seaward shortly after the ycurng bass become
free—swimming. The fyko nets ubed do not effectively oeatoh, fishes. smaller
then 20 mm. in length. Consequently,: the' early life histiry. and nbun-
dance cf the bass ocannct be asocrtained withcut tow net operaticns.
Because cf delays enoountered in servioing the reocently aoquired launch
"Rooous," 1t wos impossible to make the tows necessary te. desoribe the
enrly stages. Sempling of eggs and larvas of striped buss by the State
of (alifornia indicate a wide distribution thrcugh the channels of
the Deltn.
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It is apparent that growth of the ycung bass is quite rapld.,
During the twenty-five day period, June 9 tc July 4, the average length
increased 10.0 mm. in Saoramento River and 10.1 mm. in San Joaquin River.
If growth during the current season is similar to that of last year then
the ‘young bass will have reached an average length of 55,8 mm. by ‘late
August and 85.9 mm. by mid=October. Once the young bess approach ‘90 mm.
in length, the sampling efficienoy of fyke nets decreeases. Therefore, ’
the apparent disappearance of young bass during winter months may not
actually ocour.

The first striped bass taken in the 0ld River net at Livermore
Yacht Club were captured June 13. On that date, twc specimens, 145
and 175 mm. in length, were taken. These bass are probably yearlings.
The first catches of bass fingerlings of the year were made June 25.
Catches were ocontinuing at the close of the fiscal year but in very
small numbers,

Catches of the twc species of smelt common in the Delta channels,
were large espeoially in the San Jogquin River, during the winter months.
However, by the end of April, adult smelt had practically disappeared.

It is surmised that the disappearance may be coincidental with the
spawning of these species. Many sexually mature individuals were cap-
tured in February, March and April, and larval smelts were teken in
early May. Presumably many of the adult smelt die after spawning and
the extent of this mortality should be explored.

The passage of chincck salmon through the Delta is refleoted by
the summaries cf ontches madé at the fykeenet statitns . This yenr's
moevement of salmon through the Delta began almest 'a month later than
seasons of previous reccrd. In 1899, the first downstream migrants
were captured by Rutter from Georgiena Slough during. the week of
Jenpary 20-28, More recent studles by the State of California, at
Hocd, Caelifcrnin, on Sacramento River reecrd first arrivals of salmon
during the weocks of February 4-10 in 1940 and Jonuary 14-20 in 1941,
Salmen did not reach the Tclands Landing net or the Antioch net in any
approcinhle numbers until the pericd February 17-21. Operaticns by
the Stnte of California near Messdale, Califcrnin, at the head of the
Sen Joaquin Delte showed miprants reaohing thet pcint February 4-10 in
1940 end January 14-20 in 1941. A comperison between the Antioch and
Messdale stations is nct tcc apnropriate because of the grcat differ-
ence in their lceationse Seaward migrant salmon should pass Mcssdale
much earlier than the Anticch location since the tWL ore aot cppesite
ends 'of the Delta.

Altheugh' fishing began March 3, 1947, nt the Liverimore Yacht
Club on 014 River, o channel of San Jonquin River, no salmcn were taken
prior %o April 21. After that date, salmon 66-7g45 mine " in length were
token until June 6. The perird of grentest nbundance occurred during May.,
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Physical oonditions influencing the: downstream migration are
evidently several, but one of the principal elements -seems to be the
heavy rains necessary to inorease run-off which moves the salmon oceen=
ward at a more rapid end constant ratee Coincident with the start of
this year!s migration through the Delta, there was a merked.inorease
in volume' and turbidity of the river water.

Catpish were important ocomponents of fyke-net catoches throughout
the Delta during the winter and spring months, Thesé oatshes are merely
samples of the -resident populations existing in the vioinlty of'the netsw
Catches in the Antiooh and Tolends Landing nets were much smaller in
numbers and size of fish than those in 0ld River. K Otherwise, the
catoh summeries .40 not reveal any wilfull movement or other phenomena
associated with truly anadromous or migratory.specles.

Modesto D{atrict:

Downstream migrant salmon were sampled -in .Staenislaus, Tuolumne,.
and Merced Rivers and in the San Joaguin River at two locatjons; one at
Herndon below Friant Dam about 20 miles, and another at San Joequin Clty
below the mouth of Stanislaus River,

Reoords for vthe San Joagmin River near Herndon are a gocd illus-
tration of the migretory. pattern of spring-run chinook salmon fingerlinge
in a stroam where oontrol over water-flow exists. Following e drastio -
reduction in river flow whioh was at 1ts worst during the late stages of -
egg inoubation, the discharge of the Sen Joaguin River was increased
to 700 seaond-feet in late Deoember and gradually inoreased from then.
until the end of April when the flow was sbout 1,500 second~feet.

The oatoh rate incremsed remarkebly shortly after sampling was
started and renched n seasonal peak on January 20. Thereafter, 'a de-.
cline in ocatch rate opcurred until a more or .less oonstant level was.
reached during the period Januery 27-Februery 18. ‘

_ Catohes after February 18 decreased.rapidly until .fishing
was stopped on April 8.  No fall«run selmon were able to utilize San -
Joaquin River above the mouth of Merced River din -time to produce o
offspring prior to May l. Oonsequently,; the migratory pattern obtained
8t Horndon reflects movements of spring-run salmon progeny exclusively.

There is some resemblange between the migratory.pattern obtained .
&t Herndon and that recorded at:.RBgllsg .Ferry Qn,Squamento;Rivanppqﬁcth
patterns dqisplay an initial bulk movement at the stort ofi the migra-
ticn and then a gradusl tapering off. in abundance. : Further comparison
based ‘o the mid-and late-semson oatoh retes .are compliocated by the
Presonce in Snmoramento Rivgr of .a large feld-run population.. There
exists 1ittlo rclationship between the two potterns as regerds time
of mipration. Salmon in Saoramento River left the gravels of thet
stream about a month earlier then salmon in the San Joaguin.
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The seaward migration fr.m Tuolumne River consists almost entirely
of fall-run salmen progeny. From the beginning of the migration in
mid-January there was a more or less gradual increase in catch rate
per hour of fishing until the peried April 1-5 when e very marked
incrense in the satch rate occurred and a seasonal peak wds reached,

A sharp decline in oatch rate was recorded following that/time and
fishing was unsuccessful by April 30.

Two factors ‘affected the migratory pattern of young salmon in
Tuolumne River.  River flows at the net site were almost uniform at
an estimated 1,500 seodénd-feet until March 31. After that date, re-
quirements for irrigation storage reduced the river flow to sbout
150-200- s€oond-feet for the remainder of the seasén, The maximum’
catch made April} 1-5 was undoubtedly due tc the flow reduction.
Migrants were confined tc a lesser volume of water, while the fyke
net fished a greater proportion of the river volume and obviously '
caught more salmon per hour. Water temperatures inercased abruptly
in midipril from 65,4 degrees to 71.5 degrees Fi'and undoubtedly:
hurried migration. The effect of 'the temperature change is reflected
in the eegondary peak in catch rate for the period April 15-19.

Downs tream movement of Meroced River salmon begen rather abruptly
in mid-February and increesed with one major irfegulerity until 'a’
seascnal peak was reached on March 10. The migration décreased
abruptly following tfmt date and waes practically ovér by April 14, when
fishing was stopped. ‘

Water flow in Mérded River femainéq ‘almost donstant at 50 seccnd-
feet during the ontire season of netting end nothing 6f a mejor
character effected the stream.

Foth spring and fall rurs of salmon are known to use Merced River
and it cen be assumed that the migratory pattern desoribed by enteh -
rates reflects the emergence of progeny of the two Yuns. Catch rates
show s rather marked bimodality with the first mode on February 24
and the sedcrd ‘and larger on March 10. ' The first mode, ‘presumably
resulted from the movement of spring-run progeny while the sdeond mode
was formed by an overlap of the spring run with the scasdndl penk nf
the fall-run progeny.

Water flows in ‘thé Stanislaus River fluctuated widely during the
spawning, incubation periode, and seaward migration of the salmon.
Many rHests were altornately expesed and inundated and many young salmen
were isolated by changes im flow. It is remarkable that any salmon
were able tc migrate seaward successfully under the very errati'c water
flow regime oocasioned by cperaticn of' #eloncd Dam,
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Fishing began cn January 2@ and the first salmon was teken
January 24. The oatch rate was very low during the first three weeks
of sampling, but inthe following threce weekly periods catches increased
until a seansonal peak wne reached during the period February 25 to
March 1. This inorensc in catch rate ocourrecd during a period of
relatively wonstent river flow and it coan be assumed, that 1t was a
normal downstream movement.. A scound peak occurred March 24-29 when the
disohargé from Mclones Dom was suddenly inoreased from 100 second-fcet
te about 1,300 seocnd-fest. As this peak flow was reduced, oatches
8lso declined. The rivor flow wns increased markedly, April 14-19,
but tho increase was not refleoted in the catoh rates, It was oon-
oluded that practically all cf the migronts hnd left the river by
carly Maye. Fishing subseguently theretc yielded no ocatches.

Cotches of seaward migrant salmen in San Joaguin River at Sen
Jonquin City downstreem from all of the above-menticned tributaries
are .sumnarized in Table 25 (sce files in office). OSnmpling at this
stetion began Januery 21, but no salmon were taken until Merch 10.
Seattered individusls were taken after that date, but it was not
until May 6-]0 that significant oatches were made and following that
period, ocatches per hour deolined tc even lower rates. Flshing at
this site was disecontinued on May 23 beoause of the necessity tc clese
the Mcdesto District. However, there was nc indioaticn that an in-
crenge was ovident and river temperatures had riscn to a point where
migration through the lowor pert of the river wns hazardous or even
impossible.,

There is scrme indlcation thot many seaward migrants frem San
Joaquin River reach the Delta by routes cther than the main river or
ere lest 4o the fishery completely. California State eatch receords
for this seanscn’ at Mendota, the major peint of diversion for San
Jooquin River wonter, show that at the peak of migraticr only abeut
16 porcent of the dnily oatches 'in fyke nets, were recovered in the
méin ‘stream while the remainder were made in diversicns. Mendota
is about 37,5 milcs downstream from Herndon and above the mouth of
Merced River, When ocompared with rceords for pust years, the sea-
ward migration from San Joaquin River at Mendota thig seascn was
found by the State to be abnormally small,
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, To illustrote the losses 'in diversioms of :seaward migrant ‘salmon,
o summary of the State's records is given belew:

Catehes .in T » : o .
San Joaguin - Percent Catches in - Percent Catches in Percent Grend

Date .  River  .of tectal Helm canal® of total Main Canal™*of totaltotal
Feb,22 189 16.84 1,004 84,16 1,193
26 14 6457 199 93443 213
Mar. 3 15 15.00 85 . 85400 100
11 -8 33.33 10 86.67 15

12 5, 83,33 1 1667 6

17 3 100,00 0 0,00 3

18 1 100, 7% 0 0,00 1

19 ) 0 0.00 0 0,00 7 100,00 7
20™** 0 0.00 8. 100,00 8

21 0 0,00, - B 100,00 5

22 0 0,00 9 100,00 9

27 0 - 0.00 5 100.00 5

28 -0 0,00 7 100,00 7

29 0 0.00 10 100.00 10

; 31 1 204 OO 4 80400 5
Apr. 1 1 5,88 18 94.12 17
2 0 0.00 T 100.00 7

3 0 0.00 2 100,09 2

4 O 0,00 3 100,00 3

8 % " 1l4.45 - 8 B5485 7
Totals . 232 ) , -}, 302 ‘89 1,623

* Helm Canal openecd February 17 -

*% Main Cenal opened March 19
**% Fyke netting in San Joaguin Rivep terminated; too little ourrent -

Patterns of seaward migratiod as displayed at the various stations in

the San Joaguin River: sys tem do not: regemble eachdther &ven remotelys 80
many complicating factors were operative in each of the streams sampled, -
that the dissimilarity betwsen migratory patterns is not surprisings Drought
conditions in Sen Joaguin Valley dyring the past winter certainly altercd

the seaward migration and rendored the records cbtained very much atypical

of any average yecar. High water temperatures probably restricted the free
movement of young salmon once they reached the mein San Joaguin River. It

is believed by some that a large portion of the salmon production in San
Joasquin Vallcy was lost before it reached the lower reaches of that stream.
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Central Valley Water Temperature Studies

Contral Valley streems are generally ouite warm during the hot.
arid summers especially in thcir lower reamohes. The temperature problem
in Central Valley waters is further aggravated by major stream diver-
slons for irrigation and power productlon. Studies designed to. explore
the suitability cf such strcems for anadromous fishes must cohsider
the thetmal cycles existing therc.

Recording thermometers wore obtained after much delay due to short-’
ages, and stations werc established at the following points: Balls .
Ferry, Souaw Hill Bridge, Knights Landing and Walnut Grove on Sacramento
River; Coleman Hatchery on Battle Creck; Deer Creck Station on' Deer
Creek; West of Orland on Stony Creek; Daguerre Point Dam on Yuba Riverj |
mouth of Wegt Brapch of Fecther River; above junction with Yuba River
on Feather River; Wicolaus on Feather River; west of Stookton on San
Joaquin River; Modestc on Tuolumne River. Hand thermometer records
wore made at Oroville on Feather River. Thermographs werc set up to
reoord the temperature of Anderson-Cottonwood Irrigetion Distrioct
Canal at 1ts beginning and end t¢ lvarn of temperaturec. gradients in
canals,

Thermometer stations were established by the State ¢f California
at strateglo locations in San Joaquin Valley and on Amerioen River,
These records have not .been inoluded in this report, dbut, betwsen the
State nnd the Serviece all important streams werc brought under obser-
vaticn,.

Woter temperature reccrds at Balls Perry, Sqdaw Hill Bridge,
Enights Landing nand #Walnut Grove on Saoramento River are practiocally
complete for--the first six menths of 1947. Pallg Ferry 1s 36.5 miles,
Squaw Hill Bridge 93.5 milos, Knights Landing 226 miles, and Walnut
Grove 259 miles below Shasta Dam. Comparison of daily reoords at these
8taticns ylelds on interesting portrayal of the heat uptake or loss
"in Sacramento River.

In order %o more clearly portray the temperature differenccs ex-
isting at thase atntions, the daily records have been summarized end
ape presented ag monthly averages in the next tables

Tomperatures at Balls Forry, the statioh nearest Shasta Dém are
~Practicully as high or hipher dquring Jsnuery ond February as those
down river; beginning in March a. divqrgenoe between the tempcrature
at Balls Ferry and 'the .reccrdings nt.Knights Lanﬁing and Walnut Grove
beocmes apparent, .It inoreasos throughout, April, May, and Junce The
temperature .at Balls Ferry 1s 2.5 degrees higher in Jrhuary than at
Squaw Hill, Tempcraturoe at beth stations arc almost identieéel in
February, diverge 4 degrees in March and April, 6.5 degrecs in May
and §.degrecs in June. Squoaw Hill average tcmperaturea are higher
thnn those at Balls Forry after Fobruary.

+ Extreme variation in scosonal and daily temperntures characterizes
the waters in Deer Creeck. .Tha temperature extremes were 34 degreos ond
56 degrees in January, 40 degrees ond 56 degress in Feﬁ?uarv, 44 degrees
and 6] degreecs in March; 43 dogrces and 74 degroos in April, 55 degrces
oand 84 degrees in May and 57 degrees and 82 degrees Fe. in June.
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Monthly Average Temperstures - Sasrdmentc River

- JANUARY

FEBRUARY

MARCH
Station - Avg. Avg. tve. Bvgs Evge Avge
location  Mex. Win. Range = #ax. Min, ' Range = Maxe. Min, .Renge
Balls . f- ‘
Ferry 48,5 46.8 41 ~-51 50.1 48.0 46-52 5 52 .6 49,7 47,5-57
S quaw » E _ :
Hill 45,7 43,2 41.5=48.5 49.9 47.1 4355 65647 51.9 49 -60
Knights , o
Landing = 49.1 43.6 B35 . -52.5 53,7 6l.7 50-67 5648 .54.,2 42,5-62
Walnut ' : .

APRIL MAY L JUNE

Station Avg. Avge Avg. Ave, Avg. Avg.
location Max. ¥in. Range Max., Min, Range Max. Min. Range
Balls o
Ferry 55,6 49,8 - 45-60: 5542 50.9 50-57 58,1 52,5 61 ~62
Squaw -
Hill B9.4 53.8 46-66 82.0 67.0 52-85 62,9 58,8 53 «87
Knights o
Landing. 62,6 .57.3 51-67 68.8. 65,8  6l-74 70.4 67T7.8 65,5-74
Walnut : ‘ - ,
Grove 62.85 59.8 5565 68,9 66,0 6273 - 69,2 65

71.1

~-75

of that stream,

differential of 2.3 degrees to 13,5 degrees F. in April and tay

The maximum stream temperhturec of 84 degroes F. was recorded May
21, "It culminated a period of rapidly rising tempernture nnd fole-
lowcd after the daily maximum had reached 80 degreecs or over for. two
days. :
four conseoutive days after May 21,  This pericd of high water tomper=
ature was suffiociently exterded to step all upstream as well -as down-
stream migration and to kill antdromcus salmoncids in thet seven-mile
portion of Deer Creck between its mcuth and. the beginning of Deer

reck Canyon.
of over one degree per mile between Deer Creek Cenycn and the mcuth

The daily meaximum tempersnture renched 78 degrees or over for

Previous- récords show n water temperature increase

It 18 of interest tc note thd't there wos nn average temperature

between the coclder Sacrementoe River and Deer Crecok.
months spring-run adults entered Deer (reck even though they entered
water 13.5 degreés Fo Or more warmér than that in whioh they found

themsolves ., '

”
‘B2
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- Fexthor River, -at Yuba City, became tco werm for trout and salmon
in the latter part «f May.. On May 21, the meximum temperature wos 83.5
degrocs and on May 29 it was 84.5 degrees F. In mid-June the river
temperature reached 85 depreca F. aftor having been at TO degrees-or’
below through the first 10 days of thant months At Nioolaus downs tream
end below the ‘mcuth of Yubs River. the Feather did not booome as warm
in either May or June except on Juyne 25 when the maximum was 87.5 de-
grecs Fo  The maximum temperature at Nicolaus wes 78.5 degrees F, in
May. The effect of the lower temperatures in Yuba River during May
ond June as recorded at Daguorre Polnt Dam probably accounts for the
lewer Feather River tomperatures at Nicoleuss Yuba River temperatures
did not excecd 65 degrees F. in. May and 75 degrees. F. in' June. ‘It is
not unreasonable ,t¢ assume that Yuba River cooled Feather River when
1t 18 borne in mind that less than 200 seocnd-foét of water was escaping
the lowermost Feather River diversion at Sutter-Butte Dam.

Alr and-water temperatures in. Stony Creeok, & wost 31de tributary to
Saoramento River, were recorded by thermograph October 17,% 1946 to
April 30, 1947. The recording station is looated west of ‘Orland,
California, and below Stony Gorge Dam 0peratcd by the U. S. Buréau
of Reclemation. Failuro of the thermograph necessitated temporary
Suspension of recording until rupairs could be effooteds The water
temperature record shows a much grcnter range betweon dally maxime -
and minima than wes observed for. any othor atream over the seme period.
It is quite unusual that diffcrenoos of about 10 dogrecs F. should
be displayed in wintcr when the gencral tendenoy is toward similarity
botween maxima and minima. An-explanation might be derived frem the
rolationship between volume of flow and phiysical character of the
8troam bed on the one hand and constangy of temperature on the other.
Small streams spread.cver broad stream.beda reflect air temperdturcs
mére direotly thean,do large rivers oonfined to deep channels,:

West Branch of Feather River appeared t6 be 'a favorable stifeam
into which salmon and steelhend trouvt ¢ound be moved when the dams§"
were built on Feather River as plonned by, the Bureau of Reolamation’
and Us S Engineer Office. However, water temporatures ‘virthally
eliminate’ that etream from further oonsideraticn as a spring~-run holding
area unless meoans are found wherceby the stream flow oan be stabilized
and temperaturc held below 65 degrees Fo The "stream reached 74
degrees F. or higher during seven days, cut of the last ten in Hays
Minimum -temperatures during the samg period were, 70 degreas F. or
better. Both minimum and maximum temperatures rose above 70 degrees
Fe .on June 15 and .remeined ahovo that figure for thg remainder of the
minth, From June 24 on, the maximum reached was .80 deprees F. or
higher ecrnch day and the minimum temperaturo rangud‘bctwecn 73 degrdcs
&nd 78 degracs Po.
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It is..of interest tc .cocmpare the Sen- Jomguin River temperatures
with. thcee reccrded. at Walnut: Grove ¢n'.Saeramentc River since-both.
stoticns are at thehead ~f the Delta area. The Walnut Grove. tempera-
tures hove been discussed in comnection with thermal gradients in.
Sacramernito River. Summer temperaturces in the Saoramento River at this
point ere remarkably low 68 compared with Sen Joagquin River. At no
time since ~peraticn began hns 'the river temperature at Walnut Grove .
risen above 75 degrees Fo .

The San Joadquin River temperatures at Stockton reached T1-degrees
in April, 78.5 degrees in May, and 8l degrees F. in June. Irrigation-
demands along the San. Joagquin reduce river volumes materially by the time
the Deltva is rénched: During the spring months of - 1947 the iriver was
reduced to a 1l00-seccnd-fcot flow abovs the mouth of Merded River-and
practically all water reaching: the Delta :come from'tributary stresms below
that pcint. The low volumes of flow in Sen Joaquin River are reflected in
the muoh gredter rangé between daily minimum and-meximum femperatured.
The usual range amounts o about 10 degrees while in Saorgmento River
the range seldom excéeds 4 degrees.

The thermograph installed 2% -Modestc on Tuclumne River was scmewhat
erratic in its operation,” It was mounted on a. pier of a railroad dbridge
and excessive vibraticn caused occasionnl logs of calibraticn. Frequent
cheeks of the thermometer with a standard instrument;: especially used for
that purpese, kept the record:comparatively accurates

Maximum doily temperntorés in Tuolumne River.inereesed gradually
through Februery; Mapch and eadrly April, in sbout the same measure as-would
be expectéd oconsidering the onset of spring. :However, beginning on
April 10;,: a very marked rise in .river temperature occurred:and maxime
of B0 degrecs F. were reccrded on April 14 and 15. The maximum daily
tomperature remains high, between 73 degrees and 82 degrees ¥, through-
out the remainder of the period-of recorde.- The increase:in-river tom-
perature coincided with reducticns in:river volume due to storage re-
quirements et Exchequer Reservolir.

Fecundity cf .Femnle Salmon and Length-Weight Relntionships of Salmen
Measured. 6n Feather and Tuolumne ‘Rivers '

During the countlng activities at Sutter~Butte Dom cn Feather River,
62 salmon were welghed and measured. Of this number, 30 were females
which averaged 87.8 centimeters (34,5 irches) in length ond 20409 pounds
in weight; and 32 were males which averdged 74.0 centime tors (29.1 inches)
in length and 12.97 pcunds in weight.

Fleven femnle snlmon were token from Feather River during the foll
migraticn cf 1946. The average number of eggs per female as determined
 from this somple is 6,525 which resembles the average of 7,000 derived
from o larger series of egg occunts obtnined from Sacramento River salmen.
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The egzs contained in 14 sets of ovaries, taken from t&gped ‘salmon
recovered ' from’ Twolumne River duriny counting operations in the fall of
1946 were counted. 'In the’ 14 cases the number of eggs per. female ranged
from 4,698 to 7,524 and averaged’ 6,438. The, number of eggs - per pound of
<Balmon~averaged 394.

Selmon from which these -eggs were teken’ ‘oannot be oonsidered .random
samples of the Twolumne River population since all speoimens were previ-
ously taken by gill nets such as are used by the oommercial fishery.

These nets.seleot for medium and large-eized s&lmon and 4o not edequately
fish ‘the smaller size proups. Females in the sample.were: betwéen 30.5 ‘
and 25.5 inches and avergged 33.5 inches in length and were between 13.5
to 19.25 pounds (average equals 16,32 pounds) in weight.

Scale samples were taken £ram 75 tegged salmon trapped at Modesto
Dem on Tuolumne River. The outer edges of the scales were badly eroded
and it was impossible to determine the age of the fish. However, the
scale nuolei were clessified as to type, either ocean or stream. Twenty-
threc specimens or 30.6 percent were found %o have spent their first
Yoer-in fresh water.

The average length of the salmon oolleoted was 34.75 inches and the
average weight was 18.6 pounds.

Shaste Salmon 'aintenance Program

Instellation of e coffer dam ecross the fishway at Keswigk Dem by
the Bureau of Reclametion stopped the summer activity of the Shasta
Salmon Meintenanoce Frograme The hauling of spring and gummer salmon -
‘wes resumed on July’ 10, when a flume lcading to the fiahway and & seoond
Qoffer dem were plaoed. As of September 30, only a,llg salmon had been
hauled to Coleman since that time end 1,467.of these were -hauled in
September. There is some indication that the inorease in numbers of
‘8salmon taken .in September is the result of a prespawning migration of
8pring-run fish, Flows in the river were gradually reduced heginning
August 23 and may have accounted for some. of the migration. -Flow
- Féduotions were made as follows: August 23, to 8,000 second-feet;
August 30, to 7,500 second~feet; September 4, to 7,000 second-feat; -
Septeriber 9, to 6,500 seoond~feet; end in September 16, to power
domand. with a 5, 000 second-foot minimum, Over the same, period the
- temperature of water released from Shasta rose from 50 degraes Fo to
53.6 Dogrees F. "

Plans for the fall season operations in' the Shasta Plan were laid
during oonferences at Ccleman Stution. On August 20-21, 1946, 1t was
agreed to: (1) postpone repair  of Rallp Ferry rack, (2) seck per-
migsion. to use Anderson-Cottonwood Irrigation Distriot Dam as a stop
rack end oounting station, (3) operate Keswick fish traps (4) count’
611 adult'salmon into Rattle Creck (6) release fingerlings at Coleman
Station Ogtober 1-15, (6) mark 200,000 fingérlings from the 1946 brood
year,
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These plens had to be changed. The ultimate operation included:
(1) Maintenance of Keswick trapping facilities in operation and trapping
of fall run there, sincee the Andersomn~Cottonwood Irrigetion District
Dam could not be used as a stop rack; (2) Counting 2,000 salmon pagt
Anderson~Cottonwood Irrigation Tistrict Dam beginning November 1 (count
made in 2 days); (3) Trapping these fish at Keswick to determine speed
and completeness of upstream movement; (4) Trepping and spawning. Battle
Creck fall run for eggs at Coleman. :

Since fnderson-Cottonwood Irrigation District dam ocould not be used
ags & block after November 4, 7,560 salmon were hauled from Keswiock be-
tween Yovembsr 4 and 26.

Summary of Coleman Operations,. 1946

Battle. Creek " Keswlok Pattle . Keswick:

Native Spring Creek = Fall "
Spring Run Run  Fall Run Run

Males killed for fish food 768 1,108 4,100 3,838
remales used for fish food 70 22 1216 0
Females spawned 328 236 1,801 2,379
¥ales spawned 145 85 501 523
Spent fish recovered (females) 67 57 100 6
Dead from other causes (males) . 570 434 383 408
Dead from other causes (females) 481 260 179 69
Fish unaccounted for 13 0 0 0
Hauled to TNeer Creek - 167 - -

Released to spavm naturally -- 24 3,551 337
Totals 2,450 . 2,391 10,831 7,560
Fges obtained 1,476,000 1,287,000 11,131,000 14,403,100

Total eggs : 28,297,100

The small loss of females’in the lot hauled from Keswick is remarka-
ble. Only 2.8 percent of females available died before spawning. The lowest
previous loss on a lot of fall run salmon was 265.2 percent.

The sex ratio as established from 19,116 calmon handled at the hatchery
in 1946 was 2.1 males to 1 femele.

Twenty-nine 2-year-old grilse salmon from lots of marked fish (brood
year 1944) released at Coleman Station in 1945, were recovered as they en-
tered Rattle Creek during the 1946 fall migraticn period. Fourteen .of the
marked salmon were fish released in'the spring (fpril) and the~remainder
were from the lot releas=d in the fall (Ootcber). Spring relea§887 BERS,
aged 6.47 pounds in weight and 23.8 inches in length. Fall relecased salmon
averaged only 3.83 pounds in weight and 20,8 inches in length. Differences
between the two lots wculd indicate that holding in the hatchery is not
economically sound. IHowever, conclusions should not be made from this obser-
vation since it is likely that the differences will be overcome in future
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General Activities

Fvaluation was made of salmon spawning and nursery grounds in Clear
Creel; North, Middle and South Forks ¢f Cottonwood Creek; Little Cow,
Sfillwatur South Cow, Bear, Elder, Thomas, Paynes, Antelope, and Mill
Creeks, all tributary te Sacrﬂmento River. All of these streams are
11VPIV units to be developed in the Alternate Tributery Plan as proposed
by the Bureau of Reclemation. Thers are approximately 20,400 salmen
nesting sites in these streams whioch, if rrovided with dependable water
suprlies, weuld sccommedate 61,200 salmen where practically none are
Accormedeted under present conditions. This new salmon crup wculd be
worth, conservatively speeling, [186,200.00 in direct revenue annually:

- %o commoreial and sports fishermen.

In cocperntion with the State of Califoernia, persomnel of the Delta
distriot tapred 2dult salmon taken in the Delta area with gill nets.
Tnpging expeditions werc made on July 2, 12, 24, August 10, 29, 30, and
September 14. Follswing the close cf the flShlnP season on “cmtvmber 26,
daily tarcing expeditisns were mede hntil detober 1l. Three hundred and
Ninety~-cne salmon and 26 striped bass were tagped during that period.
Recoveries from the tagging prograin have not be:n summarized' by the State.

“‘any of the tags were recovered by the Service. In the Tuoclumne
River salmon pcpulation were 86 individuals which had beon tagged in the
Nelta. of this number, 79 tagged fish were recovered, 4 were scen, and
3 were taken with tag scers. Three taegzed salmon were taken on the last -
day of conuting, end it is very likely that additidnal tegped individuals
moved upstream after the dam was removed. A superficial check of the
humbers on recovered tags revealed thnt practicelly all of the fish taken
In Tuolumne River were topred in the Deltn after the olose. of the ocommer-
cial fishing seascn, These results demcnstrate that virtuallv all «f the
Tuclumne River run passed through the fishing grounds after the season
had closed and centributed littlse or nothing to the salmon omtch. Thure
1s indicated a need for revision of present legislaticn sc thet all runs
to Central Valley streams might be equatly utilized.

raville District personnel undertcok the lcenticn of, ‘and made
tlens for, the comstruction ¢f e crunting weir on. Feather River early
in this fisecal venr., The chjective of the scarch was to find a weir . i
leeation s near to. the meuth of thet river as phv81cﬂl conditicns weuld
permit. A site wns lionted but difficulties in cbtaining materinls and
land lesses forced abandomment of plons for o weir. Formissicn was ob-
teined tc crunt salmen over Sutter-Butte Dem; o less desirable site
bacause of its location above most of the goud spawning gruuhds used
by fall-run salmon.

A rather in*ensive survey cf the lewer Feather River drainnge was
made in Mnrch, 1947, t¢ dotermine when the first spring-run adult s salmon
arrive in that stream. Up tc Yarch 17, nc salmor were soen although
numercus steelhead trout were obsorved nmigrating upstream to spawn.
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The Croville District steff werked cver Feather River flow date and
made observations throughcout the Nerth Tork of that stresm te fix a
schedule of minimum flows which will be reouired below diversicns tc power
‘plants ncw being planned by the Pacific Gas end Electric Company. On the
basis cof data obteined o repcrt was propared which recommended stipulations
fcr protecticn c¢f fish and recreaticn tc¢ the Federal Power Commission o be
ineluded in the license fcr the prejects. ' '

Cenferences with: the Pureau of Reclamation t¢ discuss fishery problems
releted tc the Delta Cross Chennel and the Delte-“endota Canal were held
cn several occasions during the year. Fishery interests went on redord’
ns recommending ss their first chcice <f plans o sclve the fishery problems
the ccnstruction of the clused-chanrel versicn of the ercss delta scheme.
The clesed channel, in brief, consists of an artificial waterwny from a
diversion point cn Sacroamentc River ncar Walnut Grove, around the Delta
te the Delte-Mendcta pumping plant.

&s o seecond choilce, scresning of the Delta-Mendnta pumping plant
and the Delta Cross Channel (cpen version) intake and construction cf
a by-pass cenal for fish from San Jeaguin River t¢ Tuteh Slough were
recommended. This by-pnss canal would originete in the vielnity ¢f
Mossdale erossing ¢n San Joaguin River and would describe a course
ercound the scuthwest side of the Delte past the Delta-Mendota pumping
plant and thence tc Duteh Slough, somewhet upstream from the city of
Antioch snd sufficiently removed from the Delta tec aveid influence cof
pump drafts. This canal weuld have a eapacity c¢f 500 second-feet of water
which wculd be diverted from Zon Jeaquin River. It weuld net only ocerry
the majerity of San Jeaquin River anedroemeus fishes but weuld alse re-
ceéive fish screened from the Delto-Mendota eansl intake.

A 26-foot Higgins built launch wes procurcd from 1. S. Army surplus
in April. She was put ¢n the ways frr a major overhoaul and first became
available for usc in July, 1947. She is t¢ be used feor making not tows,
dcing experimentsl fishing and collecting cther scientific dota in the
Delte Investigations '

During July, 1946, o serics of rnreliminary %tests was crnducted at
Cervict Creek in an effort to determine the effects of cortain commer-
cial weed killers ~n tr<uts. The expsriments were sct up in hatchery
trcughs, with varicus c ncentrations of chemicnls flewing intc the pocls
containing fish., Observaticns were made on the lengths of time required
tc produce distress and death in the different specics and size groups,
and noctes were taken c¢n the actions ¢f the fish on expcosure to the
various hsrbicides. The fishes tested were: Six-inch rainbow trout,
three-inch rainbow trout, two-inech brock treut, twe-inch lake chubs.

The chemicsls used were: Dow Contact Herbicides end Doew Selective
Herbicide, both derivatives of dinitrc-O-secondary butyl phenel;’ 2, 4-Dow
Herbicide, 2, 4-Dew Weed Killer, Dow ¢ 654, and the sodium snlt ofe

2, 4-D, nll derivatives cf 2, 4 dichlorophenczyacetic acid. During

the ccurse ¢f these tests, certain plant and aocuatic insect material

were alsc treated with chemicals.



The results of the experiments are shown in the follewing table:

Concentretisns Required te Kill Fishes
“in p. p. m.)

- .&=inch .
8-inch 3-inch %Wastern .2-inch
Rainboew Rainbecw Brock Leake
Trout Treut Trcut Chubs
Tow gelective Herbicide. 12 B P 12 12
Drw Centaet Horbicide 100 . 100 100 1,000
2,4 Tow Terbicide . No kill 101 1,017 ot
at 1017 - tested
2,4 hew Weed ¥illor 990 99C  Wa kill Not
2t 990 - tested
Now G 654 204 204 204 100
Sadium salt of 2,4~ Q80 - 980 Not Nes

tested  tested

Additicnal studies should be made t dotormine, the effucts of
these chemicrla on other fishes, on submerged aguatic plents, and on
agquatic invertebrates.
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SOUTH PACIFTC FPISHERY INVESTIGATIONS, Osoar T. Sette, Chief of Section
GFFERAL

Pilchard Studies

The rarked decrease in pilchard landings which occurred in 1944-45
was follewed by a more disastrous decline during 1945-46. The following
table showing-the cetches in 1000's of tons by ports during the last
ten seasons illustrates +this:

San Monte~ San Frean- Calif- Wesh, & PRritish

Pedro . rey clsco ornia Oregon  Columbia  Total
1937~8 109 104 200 417 34 48 409
1928~9 145 180 244 575 43 52 671
1939-40 93 2217 211 532 50 6 577
1940-1 170 165 118 455 4 29 488
1941-2 146 250 1886 583 23 60 676
1942-3 200 183 116 501 2 66 560
1943-4 122 212 126 474 12 89 575
1944-5 175 235 136 548 -- 59 €07
1945-6 169 142 83 396 2 54 432
1946-7 3191 27 3 221 10 4 235

These statlstics 1llustrate the fact thet the fishery at San Fran-
cisco was a complete failure and that a% Monterey only slipghtly less
so. The resulting hesvy concentration of wvessels in the Sen Pedro
fishery caused an actual increase in the catch there, although the
abundance was apparentlv no hicher than before.

"his decrease in the catches may be attributed to two factors.
Pirst, there are, as a result of a succession of poor year classes since
1940, less pilchards in the sea to be caught. "hether this low recruit-
ment is the result of a series of unfavorable hydrographic circumstances
or whether it mey be also partly attributed %o the fishery is a moot
question end stands in need of much further study then it hms been possi-
ble to give it so far. 1In addition, 1t appears thet, particularly et
the northern Califernie ports, the fish have not been available to the
fishermen to the usual degree. Whether this indicates that the fish
are not present in northern waters, or are present and not showing up
on the fishing grounds there, the effect is the same: the catches in
northern waters have shown e marked decline in relation to those in
the south during the past two seesons.

This unsetisfactory condition of the fisherv and the equally un-
setisfactory condition of scientific knowledge regarding the dynamics
of this fishery, particulerly with regard to the causes of fluctuntions
in recruitment and availability, hes coused the industry to hecomo
greatly concerned. 2s the result of a series of conferences held with
members of this staff, and with representatives of the California Pureou
of Mnrine TFisheries and Seripns Institutions of Oceenography, the industry
people have deternined to promote viporously a propgram of oceanic re-
search desipned to surply enswers to the vexing questions confronting
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this fishery., ™o that end two hills have boen in+roduoed in the Cali-
fornia Strnte Lepislature, oro to provide ‘500,000 s ‘yesr for Soripps
Institution to carry on'oooénopronh:onl studios and’ unother to tax the
catch an extra 50 cents a ton to enable the necessary concomitant
biolorical studies to be carrivd on.’ This latter fund would be ex-
pended by a committece of 1nduqfry and State repreosentatives, advised

by a tochnical committee of which n represcntative of this staff: is

o momber. The industry and State people expect to be able to allot
some of these funds to be éxpended under our supervision.

A pood deal of time of various members of our staff has bsen
spent during the past year in prepering estimates requested by the
industry in conncotion with the sbove pregram and in conferring with
industry and State representatives in regard thereto.

A oonference of Pacific pilohard biologists was held in Sean
Froneisoco on Mey 28, 29, and 30, and wos- also attended by Dr. IHubbs
of Soripps. Institution beocnuse of tho prospective partiolpation:.of
‘thet organization in futurc work. The work of the various organiga~
tiong during tho past year was roviewed, snd it was agreed that the
routine work of sampling the cntch and oompiling routine vitnl sta-
tistlos therefrom should be continued as bofore, with some.modifications
in the sampling at San Franoisco in anticipation’'of a possible repédti-
tion of last senson's poor oatches. 1I% was cspeolally urged that the -
varlovs orgenizrtions dé whatever thov ocould within their repular
budgets townrd petting rondy to undertnlko the expanded program, funds
for which ar= being considered hy the California Stnte Legislature.
To this end, Soripps Institution expocts to carry out work on the
methods of collecting lnte larvae and juveniles, on rearing young-
fish from eppgs, and possible on m: thods of plankton analysis. The
State of Californin expects to conduct a trial run of lopg-bonks in
the San Pedro fisherv. For our part, we oxpnct to continue work én
high speed plankton collecting gear. to thet oxtent which our funds
will permit.

Fellowing the oonference of .pilchard biologists, & conferenge
on ocennegraphy along the Pacific Const in relmntion to the fisheries
was held on June 2, attended by Dr. Barnes of the 1. §. Hydrographio
Offico, by Dr. Sverdrup of the Seripps: Institution, by representatives
of the flsheries egenolos of the Freifio Coast States and-British
Celumbiu, end by scilentists of this staff, The needs for ocenno~

rraphionl work off the Pocifie Const were reviewed. It was brought:
out that there is =& pur+ioulnrly gront necessity for oarrying on
repented surveys in wnters: yp. to’ 300 mileés offshore in order to de-
termine the -short period fluctuntions which are of great importance
to the fisheries. The Hydrogravhic Office will probably be unable

to participnte direotly in such work becnuse of limitations of
persormel and lnck of equipment, but it -oan assist in instrumentation
and in obtanining the ooopcrﬂtlon of the Mavy and Coast (usrd so. far
ns practicnble., The cooperation of the Coast Guard in ob%nining
repular bathvthermograph sections off Sen Franocisco and "Cnpe Flattery
hos already been obtained through the initiative of this seotion and
with the cooperntion of Seripps nnd the lydrographic Office,
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- The extensive oceanographicnl program, funds for which are being
considered in the crlifornia Legislature, wonld give excellent coverage
of waters from lower (olifornia to Orepon. The Canadian Government is
in the process of instituting a program of detoiled oceanographical work
of f the Canedinn Peoific Const, whioh will provide comparable data in
those weters. WMo means seems to be at hand for obtaining such daota off

- the "nshinoton snd Oregon Consts except as the two projects nbove-montioned

can he sitretched to cover parts of this arca,
COLLATERAL DUTIES

In addition to the duties reported on nbove and under specific proj-
ects below, thore heve been o number of miscelleneous nctivities during the
prst year which have occupied o good deal of time of various staff membors.
Confercnces and trips of vessel inspection undertaken to ossist the Philippine
Fisheries Progrem in getting under way hove required severnl man-weeks. Mr,
Sette has spent o considerable share of his time in revising fer publicuation
deta on the Atlantic meckerecl. The repert on the work of the office of the
Coordinster of Fishcries has beon completed snd is undergoing final revision.
One Inter-Americen Fellew, !, Francisco Lars, from Rrazil, was supervised
during the lcst 2 querters,

These proJects, involving n good 'deel of clericul work, place on our

‘clerionl €aff a work~load too grent to be nccommodated. A5 & result it is

necessary for our scilentific staff to prrform many clericel dutles not
commensurate with their professionnl rrades.

PROJECT T. PILCHADD PISHERY DYFAMICS

Sub-project l--Size snd age composition of the stock

a. Rogults of sampline of the commercinl entoh in 1946-47
Tstimr tes of rge of pilchrrds sampled from the cormereial
eotch during the 1946-47 senson were made Jointly by two
members of the stnff of Californie State Fisheries Labora-
tory and one of our staff. The estimnted percontapge age
composition weighted to the totnl numbers of fish taken in
ee.ch port gives the following estimates in millions ef
f1ish of each age caught in Prcific Coust ports:

San y

* San - S3en Mont~ Pron-. (Celi- Vesh- Brit, Pac. TOTAL+ TOTAL+" TOTAIA

Year
class Age Diege FPedro erey cisco fornie ington Col, N.W, 1946-47 1945-46 1944-45
1946 0O 0,04 2 10 - 12 - e - 12 - -
1945 1 16 -~ 668 B4 4 772 -~ == - 772 249 471
1944 2 12 478 22 3 513 - e - 512 929 1227
1942 3 8 313 32 2 355 1 1 2 358 869" 721
1942 4 2 99 19 4 124 32 5 128 454 642
1941 5 1 44 10 1 56 3 1 & 60 231 676
1940 6 0.2 7T &5 .1 13 13 6 18 31 170 246
1939 7  0.04 2 4 2 8 6 6 12 20 61 73
1938 8 0.04 2 0.2 0.4 3 1 1 2 4 16 17
1937 9 -- e 1 1 1 0.2 1 2 3 2
*Applicable to 1946-47. 62



Flsh of older year classes were notably less.abundant than
formerlv. = There vas marked dep&rture from the . mortality
trond of the five precedinn seasons. . .There was unusual
abundance of l-ring ?ish in California, nnd, for the first
time in five scasons of sampling the cormercial catch for
ages, fish of the vear, or O—rwng waere prosent..

The rogion of eatches may account in part for peculiari-'
tics in age composition. More than 80 percent of Californiats
totaul was landed in San Pedro, and sampling of the "avallable"
pillohnrd population was thus primarily in a region normally
productive of younger ege groups. In the previous S-year
period the 2-ring fish have usually predominnted in- San Pedro,
and the doridnance of l-ring fish has not occurred. There
1s sore promise thut the 1945 year class Ais stronger than
the inooming year proupa since 1939. Tho older age greups
ore usually less abundant in gsouthprn Crlifonnia so that
this mey partially explain the striking departure from the

norm fer the whole const and apparent undereavailehillty of

older ages in the oatch.

Fvidence from the growth rates of the past five seasons
shows thut there has been n rather oonsistent inerensoe in
rete of growth of the more recent year olassos. Thore.nre
indicrntions of 'this nlso in the glzc composition of this
senson's nge groups.

Summaries for publication of size and apge date ocollected
since 1941 are nenr completion,

Studv of determination of age by means of etoliths  In |

order %o extend our fge annlysis of the pilchard Tishery
back to the periloed prior to the adoption.of our present
routine age analysis through sealo snmplos, and .gain thereby -
oxtromely valuablé dnta on mortnlity and recruitment retos

in anrlier vears, under less intonse fishing, 10,000 otoliths
from fish sqmplnd at Californin ports during the sensons

from 1932-3% tv 1936-37 by the quifornia Stnte Fisherilos
Leboratory, and a substontial number collootod in. British
Columbia during the same period by the Fishories Rescarch
Roard of (onade, were made avallable to us for age determina-
tions by the ubove agenoles.

Comparative studices of the roadinps ohtnined from etoliths
and from'scnles of young pilohnrds hed beon. quite completely
studled previously; however, it wnes realized that similer
studios ‘should bé mnde on'the adults before underteking the
completo ‘study of the ‘otoliths from provious seasons, Cen-
soquently speclal onllections wore made of approximately 500
etoliths and goales from the same fish for these comperisons,
and s detalled study of them has been made by Mr. Mosher.
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*t. continued.-

Readings were made of ‘the scales in the usual menner
without reference to the fish length or 'the otolith. Readings
of the otoliths were then made independently without refer-~
ence to the fish length or the scale reading. Cemparisons
were made by matehing up the scale and otolith resdings of
the seme fish and noting the fish length.

'mons the results obtained were:

1) Ape olasses one %o seven were found in these samples,
the fish ranging in size from 166 to 252 mm. in stendard
length.

2) In'mpproximately €8 percent of the total readings the
otolith and scale determlnation agreed perfectly as to

the age indicdted. Approximately 88 percent of the disa-
greements were in doubt only as between ene of two adjecent
-ages such as between & three or a four. Less than 12 percent
were in doubt as to eges two or more years apart such as
between a two or a four, or as between three or more ages
such as between a three, four, or a five.

3) The percentage age composition of the sample as computed
from the otoliths agreed quite well with that obtained
from the scales, and when tested statistically gave a
reasonably high probability of representing the same
porulaotion.

4) Average sizes at each aggjbomputod from otoliths gave
at least o5 rensonnble values as those computed from the
‘sonles, and possibly better ones in' some respects.

5) The ege determinations by both methods were examined
by various methods, the results of which indicate that the
otolith presents a satisfactory mecans of estimeting the
age of individual adult pilchards.

Thie preliminary study of thé gonparisdn of seale and
otolith readings of the same fish is nearly completed,
needing’ only a-few final computations and. the writing upe.

Reading -of the otoliths of the early seasons' collec-
tione can nov’ be undeértaken with assurance that the date
obtained will reprisent with substantial acoureocy the nge
‘composition of the fish sampled., Further tests of otoliths
and scales from the 'same fish of lurge size. are antlolprted
from-time to time, however, in order to maintain 'as accurate
o sheck a8 ‘possible on the future soale and otolith weadings.
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Sub-project 2--Abundance off California

rased on the studies of relations of .boat-cateh to vessel charac-
teristics reported on below (sub-project 4), two statistios of sucocess
of fishing were devised, each measuring a different aspeoct 'of the ap-
parent abundance. The average catoh per boat per night's fishing during
8 given lunar perlod ‘was taken as a measurement of the success the
fishermen met with in finding schools of pilchards. The size’ of the
schools when found is. reflected in the average size of landings made.
The first of these factors is independent of vessel size and the sta-
tistic used is simply the average catch per night's fishing for all the
boats fishing during a given lunar period. The second, the average
landing size depends on the hold capacity of the vessel which in turn
1s related to its pross tonnapge. The statistio used is, therefore,
the average size of landing for & vessel of standard size (85 gross
tens) estimated from the regression of landing size on gross tonnage
for the given lunar period. These two statistios may be employed
separately er combined into a single statistic of "success of fishing."

Employing. the ebove statistios, the prewar season of 1940-41 has
been compared with the war season of 1943-44 for.+the fisheries .at San
Francisco and San Pedro. It has been found that the average number of
landings and average size of landing do not wary together, 'prebably
indicating variations. in schooling hebits or behavlor of. the £ish in
different years. Rather significant disorepancies between the results
of this method of- boat-catch anelwsis from ‘those of: the chain-link
system are ovident, partioculanly at San Francisces The reasons. for
these differences’are being sought in a more detailed comperison -of .the
elements meking up the two different measuréments.

Sub-project 3~~Boat Catch Analysis of the Oregon-ﬁﬁahingﬁon~Pilchurd
Fishery, 1936-1943

This analvsis has been completed and it is expeagted that . & terminal -
report will be submitted in the early part of next quarter.: Due to the
nature of the fishery, the method of ocomparing the performance. of iden-
tical boats betweon successive seasons could not be used, Userwas made,
therefore, of the relationship between boat slze and catch size and a
boat's performance was rated in termes of 1ts potential performance, as
estimated from this relationship. Levels of abundance (ineluding the
effects of varving availability) es measured by catch par-unit-of-effort
are presented for the seesons involved. The catch per~unit-ofi-effort fluce
tuates around a level of about 140 tons .per boat-week. ‘Continuation '
of the serios would be diffioult or impossible due to the disruption of
the fishery by cdonditions obtaining during tho war,

Sub-projeot 4~-Correlation of Beat Characteristics with Catching gpility

The statistio at present used to measure the aprarent abundenge of
pilchards in the Californis fishery-is derived from a comparison of the
contches of those bonts which fish during camparable luner periods of.
both of two Buccessive seagons., During periods when the domposition: ef -
the fleet is undergoing rapid transition, as during the war period, this
"linkage" mothod docs not utilize the oatches of & large fraction of
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the fleet. Any alternative method, howevor, must of necessity ocontain
corrections for changes in catching ability of the vessels of the fleet
a8 they change in size end ‘design, For these reasons there have been
undertaken &nalvses of data on boat characteristies end their relatior-
ship to the success of fishing. The success of fishing is reflected:
"in two faghions, the success in locating nnd cetching ony f£ish, and the
eizes of the oatches when catches arc made. Tn order to laya founda-
tion for possible future analysis of cacH  of these factors, the rela-
tionship of vessel characteristics to cach of thése was studied.

The hold capacity of ‘the fishing wvessels was 'selectéd as the char~
nctorlstic most directly related to ‘the size of deliveries on the basis
of o prelfminary study. Since thd hold capacity is not available for
ell yoars, it  was necessary to use some.other charsncteristic which ap-
pears in the ship register. During the war years when each vessel wns
required to obtain a government permit the hold capacity figure was
available for all vessels and ‘& dtudy was mede of the relationship
between hold capacity and gross dnd net tonnage for the seasons 194344
and 1944-46., It was found that hold copaoity cen best be predicted from
grose tonnage and further dnalyses, therefere, used gross tommuge as a
meagsurement of -hold oapaoity.

- It was *found that the mumber of landings mede in s given period,
the messurement of sudcess of “oatohing any fish at all, ie indeperident’
of the gross tonnnge of #he vessél. It was found that the averdge
eize of the landinge durivig o glven Peried, However, 4nereases with
the gross tonnage of the 'vessel nnd that thé regredsion is roughly
linear over the ronge of vessel sizes ‘and levels of abundance gtudied.
Lampors boats snd purse -seiners have, as might be expected, different
relationships of boat size to catehing ability and must, therefore,
be tredted sepsrotely.

Devintions from the regression of size of catch on pross tonnage
are not correlated with deviantions from the average power of the pro-
pulsion machinery for vessels of 'a given size; from this we infer
thet the speed of the vessel 18 not an important factor in determining
the ‘size of its catceh, within the ranpe of spdeds in the present fleet.

PROJECT II. #VAILARILITY OF PILCHARDS

Sub~projeet l--Experinental Fighing

A draft repert hos been prepared on the results from the Pearl
Harbor surveys, oarried out in the spring of 1946, :sovering sonar -
Fooubing nnd anulyses of coeanogrephic and plankten data. Thie report
will be submitted in thé . near future.

Study of the bathythermograph dedta has shown that, 'in géneral, the
coldest water was inshoré -and temperature inoreased in the seaward di-
reotien, Assuming 'thet temperaturcs 'approximate densitics, isothormal
chapts for the thiddle of May indicate o southerly drift about 50 miles
off the coast between Sar Franoiseo and Ano Nuevo Point, turning’
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somewhet south of Ano Nuevo and going sharply eastward toward Monterey
Bay. There was also an eddy in this ourrent bending shoreward seuth-
east of the Farallon Islands., BRT's taken during the following six weeks
Indicate that this latter eddy shifted in and out so that the water be-
tween the Farallon Islands end Point Montara shifted from warm to colder
then warm, and then colder again. By the middle of June a relatively
strong southeasterly ourrent had developed just west and south of the
Ferallon Islends.:

Pilchard eogrs were token in three plankton collections, ond pil-
chard larveae in three hauls also. The eggs were collected during June
at water temperntures nbove 57 degreoes F. The usual temperature on-
countercd was much lower than this. Anchovy errs were teken throughout
the period of sampling; they were present in about a third of all sam-
ples colleoted, and occurrcd in oonsmdnrnhle numbers in some samples,

The volume of plankton collectedxin individual samples neer shore
wag found to be oconsiderably larger on the average than those col-
lected further seaward. The average volume of samples collected at
night wns considerably larper than thot collected during daylight
hours, However, in both these aspects and in other ways as well, the
ma jor groups of-plankton animals differed markedly. On the longest
seaward cruise, a rich gzone of plankton was enoountered on both the
outward and inward lines at some distance from shore. The volume of
plankton token in this rono was several times as Yarge as in hauls
token on oither side.

Experimental fish dcoutiﬁg

At the request of the San Francisoo sardine industry o Navy blimp
made flights off the cosst of central California, on October 14, 16, 17,
18 and 28. Mr. J. J. Dorsey noted as observer for the industry; Mr.
Aplin of the Californin Fish and Game, went as bilological observor on
the first three; and Dr. Osgood Smith, of this laborntory, on the last
two flights. ‘

Schools of fish were sighted on the.l4th, northwest of the Faral-
lones, nnd on the 28th near Bodega Ray end southoast of the Farallones.
Following the first ocoasion fishing boats reported the schools*to bo
anchovics, and follnwing the second, the fishermen ceould not find any
fish schools.

Sub-projeot 2~~Pillchard populations

The meaning of differences in rates of growth, os ovidenced from
the study of scnle patterns of pilchard caught in different perts of
the range of the spcoics, has mot pr-gressed appreciably owing to primary
effort toward publicntiﬂn a8 soon as possible of all age nnulysis dnta
go far accumulated.

Analysis and write-up of growth data ~bteined fr m experimental
rearing of two sots of genetically simllar Platypoeocilus under different
temperature conditions 1s similarly held in abeyenco.
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PROJECT IIT.,  REQRULTMENT OF, PILCHARDS

Sub—project l-—Spawning surveys of 1939, 1940, and 1941

A manuscript dealing with "4 record of pilchard.eggs and larvae
collected during surveys made in 1939 to 1941" has been prepared, and
will be submitted as soon as it can be typed and circulated among . .the
cooperating State agencies for comments and criticism. The paper con~ .
tains a series of tables giving data on the individual huuls, and on
the number of eggs and larvae collected at each station. The data on
pilchard eggs and larvae are given in terms of "standard hauls." The
egg data is broken down into ‘the several days of-apawning'present in.
each sample. The larvae data is summdrized by 1 mm. size classes. The.
paper includes a short. account of each survey, a description of-the
gear and methods of operating the gear, methods employed for determining
the volume of water strained and for standardized hauls, data on vertical
distribution of ‘pilchard eggs and larvae, and a discussion of identifi-~
cation.ard separation of pilchard eggs and larvae. It will affoerd the
basis for further analytical reports on growth, drift and mortality.
of young stages.

;Sub—pro1ect 2~Correlation of year class sirength with meteorological
and OC°dL.Lf’ "cndltlons. '

A stndy of the numbzrs of fish caught in each year from each year~
clags had led to a method cf estimating year class size from-the age
compositign data and statistics of the catch. It may be briefly de-
gcribed as follows; During a period when the intensity of +Hg fishery
is roughly constant, the total mortality rate of each yea } Rould ve
the same at comparable ages. The gelectivity of the fishery at younger
ages i§ also expected o remain constant under such conditions. This
makesg it n0331b1e 17s) establlsh & normal curve of change of abundance
in a yEdrnclass -ag 'it passes through the fishery.  The deviation of
the average abundanice, threughout its life, of a year-class from this
normal curve may be taken as a measurement of the abundance of the
year-class relative to other year—classes.

"Applying this method to the catch and age analysis data-of the
fishery from 1941-42 %o 1945-46 it has veen found that the, year-clagsés
from 1933 to 1936 were subnormal. Thée years 1936, 1937, and 1940 were
about average, while 1938 and 1939 were outstandingly good, the latter
being some 21C percent of "normal." Year-classes 1941 to 1944 have been
subnormal,

It has Leen found that a’ good correlation exists between summer.
salinity at La Jolla ard year-class strength, perhaps connected with
amoant of upwel’lng off the California coast.,

The summer sallnlty at la Jol’a, in turn, has a very high. correla-
tion with the amount of the winds from the north during the preceding
winter, as inferred from the average monthly pressure gradient off central
Californid -The préssure gradient data have been made available by the
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Navy weather Central in San Francisco for the war years.

In order to establish a basis for future stydy of the short time
fluctuations in the current systems which seem t¢ have an important
influence on the recruitment of the pilchard stock, arrangements have
been consummated for Coast Guard weather vessels operating from San
Francisco and Seattle to take bathythermograph sections to a distance
of 300 miles from the coast on their way to and from their assigned
duty stations. These trips are made at approximagely 20-day intervals
and follow the same track each trip. Thus over 4 pericd -of time it
is expected that data of considerable value on the variaticns in the
cwrrent systems may be amassed. The B. T. slides from these sectiofis
are processed by Scripps Institution whence enlarged photographic
copies of the slides are sent to us routinely.

Sub-project 3--Experiment with plankton catching devices

Preliminary plans and designs for three types of plankton col-
lectors, operable at ordinary cruising speeds of nine or ten knots,
have been drawn. They have been derived partly from the "high
speed net" used on the Pearl Harbox, combined with current meters, etc.
One of these, combining some features of a bathythermograph and a
current meter, has been referred to the Wooda Hcle Oceanographic
Institute and the Seripps lnstitute of Uceanography for suggestions
and.possibly final engincering.

A simplified version, embodying a current meter, weighted head, and
diving vanes, is now being constructed and will soon be given sea -
trials, through the.courtesy of Scripns Institution of Oceanography.
Further developments will await the outcome of these trials.,

PROJECT IV, EFFECTS ON FISLYVS CP' TED ATCMIC IXPLOSIONS

Sub-project 3--Pelagic fishes

Routine trolling operatidns carried out by three WS'S were
continued in the vicinity of Bikini, Rongelap, andRongerik Atolls
through 17 August, 1946. During the entire period 251 boat-days of
Iishing were amasged in all areas. The total catch was 4625 fishes
digtributed among 23 species. The bulk of this catch, plus several
hundreds of preserved fishes taken under a light at night, in plankton
net hauls, e¢tc., records, and gear, left bikini on August 19, aboard
the USSYP636.  This ship went aground about 32 miles south of San
Francisco on September 13 and the cargo was virtually a complete loss;
roughly 15 percent or less of the preserved fishes were recovered and
snly 119 troll-caught fishes were salvaged. The prcposed c-mparison
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of tunas of commercial importence from the northern Marshalls with
samples from other arees is thus prevented, . This comparison-was
of considerable importance. The loss of the preserved material
leaves a considereble pgrp-.in the systematic collections, since the
fishes lost. were largely from habitats not worked by others.

Fortunstely the boat-catch records were all saved. A considerable
prréion of this fiseal year hes been devoted to 4 catch per unit-of-
effort enalvsis of these records. A manuscript embodying :the results of
this analysis hee been prepared.and will) be submitted in the early part:

“of next quarter in its finel form.

PROJECT V. PRELIMINARY INVESTIGATION:OF RACIFIC TUNAS.

Parlv in Januarv M'r. Schaefeér proceeded to Costa Rica aboard
the Pacific Fxplorer. Mr, arr relieved him on March 6 and continued
field obhsorvnatirns until May 12. During t“is nreriod observetions
were mede on the bait fishery in the Golfo de Micoya and on the live
bait and purde seine tuna fisheryv off Costa Rice and Panama. Prelimi-
nary date were obtained on the biology of the wellowfin tuna end, to
e lesser extent, on the oceanic skipjack including size composition
of the stook, feeding habits, aggregntion habits, morphometric char-
acters, and maturnation of gonads. Condition of yollowfin gonads
indicated that spavming must take place in the late winter or spring
months in the arca visited or -in some nearby erer. Collections
of bait fishes were made, as well as oollections of small pelagic
fishes. ' Among the latter is a good series of & young scombroid not
yet specifically identified., Primory emphasis was placed on obtaining
information which will be' fiseful in planning future tuna investiga-
tions and on gathering dato not obtainable ashore.’
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GULF OF  TMXICO TTSHERY INVESTIGA TTOMS, I V4iam W, Anderseon, Chief of
' Seotion

PROJECT I,  OONDITAT AR SERIMP TAGATNG FYFPRIMANTS ALONG THR MORTHFRN
YTIXETCAY COLST ’

During the month of 'arch 1947 o program of shrimp tagging wos
conducted nlons the nor+thern Mexiean Coast. The purpose of this
experiment wns to determine whethor or not a suspected mipgration
of shrimp was occurring botwoen Texns and 'exiocan waters. - Since
there is no osteblished ‘fishery on the upper Mexicon Coast, the
shrimp were tngged during the early spring so thnt if northward
migration wos ooourring the tagged individuels would be reocovered

in the Texns fishery. BSuch & movement weuld fdllow the pattern found
to exist on the South Ltlantio Coest.’

In all, 1,000 tegged individuals were relensed along the Mexioan
Coast from a distance of appreximstely ten miles below the Rio Grande
River to approximately one hundred miles below the border in the
vieinity of Hut's Rayou.

Ry the latter port of Muy, approximately two menths after oom-
Pletion of the: tngging, returns had recched o total of 130 or 13
percent of the relénses. These roturng were soattered from below
the border in Mexionn waters 4o o distunce of approximntely 76
miles north of the border in texns waters, By far the gréatest
Peroentage of returns’ were made in Texts wnters in the -violnity of -

“Rrazos' Sentingo Pass just north of the Rio Grande River. During
April terped  individurls were secured o maximum distance of 25 miles
north of the border and in June e raximum distance of 75 miles north
of the border. Severnal individuale  had traveled a minimum distence

- of between ©0 end 100 miles" from the point of relense. ™ith the
excention of one “shrimp, whioh was recovered a few milee aouth from
the point of release, thé tarped individuals all displeyed.a north-
ward misration,

Returns from this experiment to date -are-extremely encowraging,
and sinocc the .tagped individuals are rapidly moving northward along
‘the Texns cornst we have hopes that the next month or two will yleld some
very valuable recoveries,

PROJECT II. WATRR HYACINTH STDI¥S

Early in June, due to the need for immediate work on the Service's
pary of the water hyeointh program, Mr. King was detniled to work with
"r. Lynch und Dr. Mottley on that projecct., His activities in this work
covered the following subjeots:

Ay Fffects of the water hyaocinth on various types of water in
Louisiana

1. Lﬂk@ 8
2+ PRlvers
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Z. "aters on Federal refuges
4. - Payous
5. Terrow plts

R, Specirl stndies on ponds of the Ronnet Carre Spillvay

Coe ®n Investipntion of certnin Floridsa wntors.

ND. Rottom favna studies ‘

7. The water hwme’nth ns n food nroducor

™. Plankton studiles

. Fffeocts of control methods on fish

H. Tveluetion of damoge to frosh~water fisherios by the water

hyeointh.

In cddition, Mr. King assisted in the preparation of the final report
on the water hyncinth studlies which was published by the Service under
the title "mffects of rquatic Veed-Infestations on the Fish and Wild-~
1ife of the Gulf States," by J. J. Lynch,: Je E. King, T. K. Chamberlein
and Arthur L. Smith, Jr.

PROJRGT III. FISHRS OF TN SOUTH ’”L.NTIC *ND GULF COASTS

During the course of operetions with the vessel "Pelican" on
ghrimp studles an attempt was made to keen raocords of all Tish tnken
“in the hundreds-of trawl haule made along the South Atlantic and
Gulf Coastss It was thought that very valuable informetion on the
bottom fish could be thus obtrnined dncidental to the shrimp studies.
In the course of this work it was necessary to collect and preserve
large numbers of fish, since the  identification of other than the
common species wns impossible aboord the vessel. In order to make
the fish reonrds usable .the identification of the prescrved speci-
mens is necessnry, as they are a key to the records teken. Arrange-
monts were made for Yr, Isaac Ginsburg of the Ichthyvologionl Leboratory
to spend some time in Yew Orleens to. exemine the collection., As e
regult, "r. Ginsburg wns in New Orleans during the month of May at-
which time the c¢olloction was gone over and tentntive identifications
made on most of the specimens with the assistnanece of Mr. Anderson and
Yr. ¥ing as other duties permitted. It will be nocessary for the
collection to he shipped to Mr. Ginsburg at the U, S, Netional
Yuseum for further study and comparison before final determinations
cen be made,
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NORTY AND?MIDULF‘ATLANTIGIFISHERY‘INVESTIG&TIONS;,Lionel A+ Walford, Chiof
of Seotion.

PROJECT I. THR T"1')T7OCK AND JDDOCK IISHERv waard Schuck, Projeot Leader

Mew Tngland Londings of Hnddook durinp the onlendar venr 1948 -
semounted to 18,787,880 pounds of sorod and 108,113,555 pounds of large,
or 126,901, 435 pounds of all sizes, as compared with 127,449,590 pounds
in 1945, o

A more complate undérstanding of the faotors affecting the abun-
dence of hrddook on Georges Rank, and also on- the Wove Scotian Banks,
must be obtnined as rapidly as possible. This necessitates evaluating
‘recrulitmont, and an acourate index of recrvitment is diffioult to obe
tain without the ape composition of the population throughout the wvoars
considercd.

s the first step in this direotion, an analysis of extensive length
frequencies (about 807,000 mrasurements) has produced the size frequency
of the total eatoh of ‘lerge, serod, end nll sizes of haddock taken from
Goorges Bank in'wrch of the four seasons of the years 1931-1946. The
analysis of this large quantity of datn was carried out under Mr. Schuck's
dirsction by 'iss Monshan and Mr. Phillips, at times:assisted by Mr,
Stringer and Mr. Arnold of the Srlmon Investipgntion.

The total number of hadtlock caught on’ Georges Rank during recent
years were oomputed from these  studies to be as folluwgg

T fotal catoh in.

Tenr. © ., numbsrs of fish
1931 34,980, 894
1932 32,548,089
1922 20,528, 33%
1934 15, 616, 600
1935 28, 564, 768
1936 31,422, 84%
1037 32,527,625
16328 33, 570, 243
1039 28,629,192
1940 31, 346, 203
1941 47, 484, 367
1042 41,209, 358
1042 32, 0”6 899
1644 28,702, 381
1945 21,422,229
1946 32,678, 770
16 years 504, 066, 884

Lvernge per
. Jear 31, 604,180
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rge’ determinations of all available gcale collections taken
from Georges Bank populations from 1931-1946 were mado concomitantly
bty Mr.Schuck and Mr, Arnold. The surmarization of these date is at
present being completed by 'ecsrs. Phillips end Arnold, Such readings
will be applied to the sigze compositions in order %o obtain the ages
of all fish in the-total catch during thess years and seasons, and thus
the contribution of the various yeer clesses, eto., on fleorges Rank.

It is important that the accumulated date for the major Neva
Scotisn nenks be analvzed also, and it is plammed to initiate this
wor¥ if adequate persommel are avallable for the next fiscal year.

The ealculation of length of fish from a knowledge of the fish
length-scale radius reletionship was cerried out for samples of Georges
Rank fish caught in Season L of various wears. Previouslv, the rola=-
tionship hetween fishlength and scale redius was studiedsat some
length by *r. Schuck and was reported upon in o papor presented at the
f. Ao 2. 8. meetings and in-a manuscript submitted for mublication.

It.is planned to complete the studies .on Georges Bank growth over
the 1931-1946 period during the next fiseal ienr. To spoed up the
‘analysis of these date, key punch cards have been ordered for their
tebulation end summerization.

The abundance of haddook on feorges Bank hus progressively dropped
in the past three years: due to o scarcity of scrod haddock whioch has
resulted from the relative failure of the 1941, 1942, and 1943 year
olasses,

Tn 1944, 1945, and 1946, gerod haddock on ﬂeofges Bank were less
ebundant thean et any time since 1929, 1930, and 193]. Figures on catoch-
per~boat-per-day for recent years are;

Serod cateh-per-boat-per-day

Yoar in pounds
1932 4; 102
1932 2,840
1934 3,049
1935 4,512
1936 5,018
1937 4; 528
1938 5, 760
1939 5;254
1940 4y 627
1941 8,525
1942 8,616
1943 7,000
1944 2,727
1945 2, 560
1946 2,982
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This scarekty of sorod 48 also ‘shown by an approximate measure
of - the relative ccatoh of fish spawned in various yoears.
Relative number osught a8

Year ‘spawned. . Year .caught three-vear-old fish-
1934 1937 2,218,000
1935 1938 4,101,000
1936 1939 1,717,000
1937 1940 2,949,000
1938 1941 8,967,000
1939 1942 8,159,000
1240 1943 5,001, 000
1641 1944 - 1, 386, 000
1042 1945 947,000
1543 1946 444,000

As oan be snen, verv few of the haddock spavmed in 1941, 1642,
and 1943 were caurht a8 three-year-old fish. This caused the catch
of scrod in 1944, 1945, and 1946 %o be very low (most sorod are 2-3
vears old).

The extreme scercity of sorod in the past three years mekes it
seem that large haddock will be even more scarce in 1947 and 1948
then they have been recently. The failure of three successive spawn~-
ings makes it very dmportant that those fish spawned in-1944, 1945
and 1946 survive in good numbers.

Concern ef the fish industry end of the general public over the
soarcity of haddock has increased greatly during the pas't year, ‘as
reflected in several mapruziné and riewsphper artiocles and in the dis=
cussions of & meeting of the North Atlantlo Section of*the Atlantio
States Marine Fisherlees Cermission ar May 2, ‘At this time, Dr. Walford,
ahd Mr, Schuck presented a summary of the haddook -situation and out-
lined possible methods of* consérving babv haddook, which at the present
time are landed and déstroyed 4in-large numbers hy otter trawlers
compriging almost the total offshore haddock fleet.

Tt 18 imrortant that the dbaby sorod that are now on the banl
shonld survive to An age of at lenst three years in order that:

1. The smnll numbers of mature spawning haddock now:on the
bank be inoreased.

2.  "ha maximum mnrketable poundape from these year classes
be ohteined.

The average weight of a haddock at the end of two'years, .80 pounds,
is five times its weipght at the end of one yeanr, .16 pounds; and a
twowyanr-old fish nearly doubles in weight if left on the bank one
more year (prows from .80 to 1,56 pounds).
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In regard to the size to which baby haddock on Geerges Bank should
be pretected, it is possible to compute the benefits, in terms of pound-
npes aveilnble and value in drllars to the fishery, of leaving one-year-
old baby scrod on the Bank to the ages of 2, 3, 4, 5, and € years. The
figures in the following table scssume an initial atock of 50,000, 000
one~year-old haddock asnd a ten percent naturcl mortelity of haddeclk
ennually. The values in dollars nre hased on the 1945 values %o the
fishermen at the ports of PRoston, fGloucester, Portland, and Mew Bedford
of s

3.14 cents e pound for round sorod heddock (l-and 2-year olds)

7.33 " om0 oo " " (3-yerr~elds)
7,91 " " " "o large " (4~, 5-, and B-year olds)
i Fanual
*versge Mantity of fish Value increase
Age Length  welght Py number By veight - of fish  in wvalue
Years Inches Pounds Pounds Dollars Percent
T~ —TE 0.18 50, 000, 000 T, 500,000 "TIE,;B06 =~ < < =
2 12.0 0,80 45,000, 000 42,300,000 1,328,220 345
3 1€.6 1,56 40, 500,000 83,180,000 4,631,094 249
4 2042 2.66 36, 450,000 96, 957,000 7,669,299 66
5 21.7 3e34 32,808,000 109, 568, 700 8,666, 884" 13
6

23.3 4,10 29,524,500 121,050,450 9,575,091 10

. Considering the total and percent inorease in wvalne, it onn be seen
that the protection of buby scred from 1 to 2 yeers of age ray result
in sn inorense ef 345 percent; protection from 2 to 3 years of age may
result in an increase of 2492 percent; snd protection from three to four
years of age may result in an increase of €6 prrcent.' Thero nppcnrs'to
be good rerson to protect baby haddock until the end of their third year
but relntively little andventage to protect thém until the end of their
fourth year.

?1lthough the cull of haddock, o8 recognized by the New Fnglend Fish
Fxchenge lists scrod (the smnllest recognized category of haddock) as
from 1l- 1/? to 2~ 1/@ ponnds (gutted weight) at +the present time numbers
of baby hnddock ns smell as 1/2 pounds are 1andwd}

Ir 1/2 pound (round weight) baby gerod were protected until they
hed reached a weight of 1.56 vounds (nge 2 vorrs), the result would be
about 63,180,000 pounds of scrod at the vnlue of 7.33 cents a pound
rather then sbout 24 million pounds of low-nriced (2.14 cents a pound)
round sorod, or an overnll incrcasc~ of about 39, 180 000 pounds or about
42,800,000, an increasc of 515 percent in valud.
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It appenrs officient to protect haddook until they have attained
an ‘averege welght of 1.5 pounds which ocorresponds to a length of about
16-1/2 inohes or 42 ocentimeters (fork length). This size is usually
attained by the average Georges Rank hnddoock at the oempletion of its
third yenr of 1ife, which occurs in the spring (March). Such protec-
tion would, in addition to producing s much greator poundage from any
veor olass, result in mony fore of the year class spawnyy ot least once
(mozt Georges Pank hnddock spawn at the end of their ‘third year),

The adoption of (1) minimum mesh size for off'shore otter trawls
and (2) a minimum market size for haddock was recormended to the Atlantic
Ctrtes Marine Fisherles formission et the May meeting, ~ Fxact recon-
mendations are being prepered e* the present time. The papers of W.
C. Herrington published in 1935, 1936, and 1941, whieh called attention
to the destruction of baby heddock end reported upon experiments with
larper meshed trawls, are the busis for these determinations. Recom-
mendations by the ‘Service as to minimum siges -for other offshors species
teken on the same grounds as heddock have elso been requested and date
are beinpg assembled on this subjeot.

PROJRCT II, @ THW ABRIMTDANCE kﬁD YTRLD OF OROVNDFISH, Miss Stone, Project
' ‘ Leader

In Yarch 1947, surmary statietioel ‘tables, Hased on Mfurrent:
Fishery Stetistics" and groundfish abundance  data, were furmished the
Yashingkon Office, indiceting the annuel catoh-per-dey trend for had-
dock, cod, and rosefish for the Wew Englend and Nova Scotian Banks.
The date for haddock nnd cod covered the period 1930-1945, while’
‘those for roesfish were for 1935-1946, These data show that a pro-
Portionately inoremsing amount of “the total catoh Has ocome from the
morg distent banke Auring recent vears. '

Sub-pro jeot 1~—Abuﬂdaﬁoa_oﬁ rroyndfish

During the last six monthg, the meothods uséd in thé abundanse
analysis heve been reviewed by *iss ‘Stdne with a view to'their slmplifi-
cation., MNuring the roviewing proocess, certain inaccuraciés in the data
were correoted.  Poutine computations have oéntinued, yielding a monthly
ontch-por-day's fishing effort’'for ench of the specles of groundfish -
for the Wew “ngland end Nova Scotian Banks.

The method of the abundance anelysis wes explained at the June semi-
nar in Cambridge. The abundance annlysis is based upon the ocatch-per-
duy's fishing effort of a solected group of Boston otter trowlers olas-
8ified ns to efficienoy. Current date are secured through the daily
interviews with a representative of erch vessel und the weigh-out
Sheots of the Noston 'tsh Exohenre. The oatch for the "Study Boats"
is nssipned ncoording to the sreas and subsrens fished und the depth
zones, Sniling date nnd arrivel date rro sooured from the interview
8horts nnd aotunl fishing time orloulnted with "lost time" as woll us
Sailing time to and from the bankd deduocted, From this information,

& oatch-per-day for ench species for each month is computed by dividing
the ngegropate ocatoh in pounds for the arse under consideration by the
number of cnleulnted dewrs! fishing effort in that aree.
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‘The: abundence index- is based upon :the. aggregate catch of two
“boa’t proups. .The relative efficlence of the two boat groups selected
was determined by an analysis of their relative catching ability. This
wes done. to meke possible the pooling of ¢their catches so that one curve
of abundance could be obtained for each area. The days fishing are,
therefoore, corrected aconrding to the relative efficiency of the two-
-boat groups before the catch-per~dey is caleculated. The monthly aggre-
rate .catch deta for each species for a selected -area and depth (or -
combination ef areas and depth) divided by the number of oorrected days
fishing in that area furnishes the unit ef measurement "catchsper-day."

“The fundamental question which arises in the construction of en
index of abundance from catoh=per-day data revelves around the method
of . cormhinetion of the data. .Statietical prooedures must be chosen ,
which are pertinent to ‘the. blologmy of the fisherve The catch=per-day
data for successive monthe are grouped in four scasons of three months
each., The first quarter, Season £, includes Februaryv, March and April;
Season R, Yay, June and July; Season. C, fugust, :September, and October;
Season D, Movember, December and January. -The present method of aver-
aring the cetch-per-day date involves *he use of & brse peried and the
caloulatien of a peometric mean ratio weiphted by the number of days
fishing effort for erch season. Thet 1s, the seasonal index for each
gquarter is obteined by caloulating the weiphted peometrio meon of the
catch~per-day ratios for each month of the querter to the correspording
base period. - The mean ratio thus found for a given season 1is applied to
the base catoh-ner-dav for that scason resylting in a quortverly ocateh-
per-day index expressed. in pounds. The ennual index 48 obtained from
e simplc aritimotic mean of the catcheper~day index for the four seasons.

- The method of averaging chosen for the groundfish abundence snalysis,
thet of nvernging rutios, fellews in general pattern which 1is used
often in the construction of index nurbers of business activity and
chanres in price level. The method of retios implies. thot the index
numbers are developzd en a relntive basls, thet is, ns the ratio ef
the sotual eccurrence to the expected or "basec." The ratie fer ench
month is weighted by the number eof doys fishing effort during the
month. Velghting was introeduced because of the variation in the
number ef deays fishing effort upon which the averares are based.

The. use of & base peried whieh devlintions rre mecsgured from hes
sevorael ndventages from the point of view of both biology and stetis-
tics. It rakes possible the construction of n sessonnl ocurve of abun-
dence for cach specles, and 1t is fronm .this- gurve that rolative chenges
are measured. Use of a base period provides e ready means of esti-
meting the level of abundence fer, o serson for which deata are insuf-
ficient or nissinpge The sensoncl rotlos for three setisons prior

nnd three seagons following the quarter for which dota are nissing

or insufficient may be- averaged, and. this average ratio then epplied.
to the bnse for the scnsen, resulting dn a reasoncble cetirete of

the level of abundance for the "missing season,”
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The roometric mean rether than arithmetic mean nverage of ratios
wag chosen originally in nreference to an arithme¥ic averapge, inasmuch
88 the geometric mean is not in danger of distortion from the asyrretei-
cal distribution of parcentngc devietions. Theoretiocally, therc is no
limit to the nossible pereentege of rise, while the possible percentage
of fall cennot exorcd 100, The crses of extrhordinary advance, there-
fore, tend to reise the asrithmetic mern of 'n §eries more than coses
of extroordinary decline tend to depress it. In tho caldulation of °
the peometrioc mean of retios, an ineronse in one of the: Ltems is ex~
tetly offset bv a provortionate decreasc in nnother item,

L review of the .dnta alresdy analyzed according to the nbove mothod
Indicntos the possibility of using o more simplified prooedure to yield
substantinlly the same rosults with much less work. Also, hacause
the finul results may he donsidered no more rocurate than the oripinal’
dote, refinements of meéthod whioch are time-oconsuning, but which tend
not to change any sipnificant figuros in the result are unnbodssary.
"hat is fundemental is thut the index for each seascn be. hased upon
Bufficientedays fishing to furnish'a relinble Average. Whenever data
&re sparsae, 1t would seom preferesble to estimnte the index for that
Scagon by the method deseribdd aboveé £or £1lling 'in o missing sedson,
rather than to caloulnte it from prssibly erratic informatior. If
this proccdure is followed, weighting by dave fishing may be eliminated
without substentinlly changing rosulté. hn arithmctie nedn may be
Substituted for the geomotrte mean in averaging rafios idasmuch ng
review of the dataindientes no wide variability during months “in the
8Ame genson, .

Still another surprestion involves the use of the appregate
entoh for each threc-month period for n riven species, without rofer-
enoe to n bnse period, except £or the purnose of £illing in missing
datr, The entcheper-day for nny sesson may be fouind merelv by dividing
the senson's aprrernto ontoh of a specics by the numher of dayvs fishing
for the semson, "his vrovides, in effeot, a weipghted drithmetic aver-
ape of the threc-month poriod. The annuel index is o simple arithnstic
mean of the four sensonal indiose. The method of ratios would be used
onlyv when data for a scason wore missing or insufficicnt %6 provide a
relieblo averapro.

There is some difference of opinion concerning the use of cal-
Culated ns apainst interview fishing time for the purposes of’ computing
fishing effort, Caleulnted time, 4in preferends’ to interview time,
wis chosen oripinelly beoausc it wes felt that osleulated  tire, in
the long run, would be subjeot to less varirntion’ fron the “"personal
Gquation" then interview time. Caloulsted time,
however, is subjeot to variction becnuse of woather conditions af-
feoting running $ime in the diffcront scnsons And is affected by tho
. pergsonnl equetion" to some oxtont also,” inusmuch ns "lost time" is
deducted on the besis of interview dAnte. The use of intervicw in-
8tend of onlouleted fishing time would simplify the prooedure considera-
bly. Thon onleulrted fishing timo is used, it is necessary to check
eomputntions enrcfully bectusc errors ot this point mey seriously
“ffect the ontch-per-dny.
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The results obtained. by simplified procedures will be explored
further during. the next fevr.months,

Sub-project 2--fbundance of Rosefish

. Dr. Perlmutter, rssisted by 'iss Dee, investipated various
methods of evaluntding the trends of abundance.-of rosefish, using the
Glovcester fleet for the purrnose. Interview datn was available .
since fpril 1942. A random sample of 33 vessels which had fished.
for réscfish «t least six months in 1943 and 1944 respectively vwas
studied. The tohr) catceh and dnvs fished in ench bioloriecal aren
(determined by various eriteris whioh will be discussed elsewhere)
by cach bont were obtained, and these date were analyzed by four
diffcrent methods: I!Method 1, Original Date~The original total catch
of all bonts was divided by the total number of days fished by all
boats to obtain an uncdjiusted catchwper-dny.. Method 2, Cipar Iidge~
Cashes Adjustment--The relative efficiency of each boat wans determined
from o comparison of its catch-per-day in the Cigoar Ridge-Coshes bio-
logloal erea 1In July through September 1943, From this, facters
were derived which when multiplied by the total catch of each vessel
would bring it up to a reletive efficiency ef 50,000 peounds per day,
thus equelizing any differences in the efficiency of the vessels:

- cemprising the sample fleet, Method 3, Mt. Desert-lMatinicus Adjustment--
This method wns substantially the sams as Method 2 except that the
feotors used were .derived from the catch-per~day of the semple fleet

in the Mt, Desert-Mntinicus bicloglcal area in July through September
1943, Method 4, Crmbridpge lppronch--The procedure as outlined by Miss
Stone in the nreceding sub-project was used.

. 111 biological arecas were studied by means of Methods 1 through .
3 while Method 4 wes applied only to the Cigar Ridge~Ceshes Araa snd
the Mt, Desert~Matinicus Area whioh comprise the two most importmnt
fishing grounds in the Gulf of Maine. The data for nll methods have
been sumrarized by elght-month periods, March through October. The
period Vovember throvgh Februery was excluded since the catch-per-~day
information 1s subjeot to considerable fluctuation due to weather and
1s less reflective of aoctual abundonce  of fish on thw grounds than.
during the other eight months of the year.

Surmnrized bolow are the oatch-per-day for the period March
through October, 1943~1946., The cotoch-per~day for each year is in terms
of e percentcge of the four~year average,

Cigar'Ridge--Caahes-Area

Year .- Tiethod 1 - lethod 2 - Tiothod & I%thod.4

Unndjusted Data  Cigar Ridge-Cashes  Mt.Desert-Mat. Cambridge Appr
: : L4 justment . Adjustment '
1043 128 126 126 120
1944 104 a7 107 108
1945 84 79 81 89
1946 83 . 99 , 86 - - 83




ﬁt. Desert-atinlocus Ares

Vear T Tgthod 1 T Tethod 7 Tethod 5 Tethod 4
Tmadiusted Deta  Cipar Pidpe-Cashes  Mt.Desert-lat. Cembridge ippr.
AdJustment _ Adjus tment -
1922 124 120 125 117
1944 94 108 101 102
1945 85 86 82 78
1946 97 89 92 103

The same general trend is shown in all four methods with the
catoh-per-day in 1946 below the 1943 level. The trend of the catch-
per-day for the entire rulf of “aine for the venru 1942 flhrouph 1946
was also in close apreement using 'ethods 1, 2, and 3, These results
Plus informetion obtuined in sub-project 4 of the rosefish investipa-
tion are now heing incornorated in a renort on trends in the abundance

of rosefish.
PRAIEM TTT,  PLOMNDRERS AMT THR FLOMTUR RISHURY, Dr, Rovee. “roject Leader

. Routine collections of* morket news data, statxo*iqs on landings,
and port intervievs at Mew Redford for the U1v1310n ‘of Conumrclal
Fisheries, as well as scale samples and leng+h-meqsurementq of ‘the
oommerninl catch of wellowtall flounder, were interrupted but once
during the fiscal wear. ™is interruption was brought about due to
8 dispute hetween fishermen and local buyers. After one month of
waterfront idleness, during which tlme the activities ef the flounder
Investipation personnel were directed towards summarlzing and oom-
Piling masses of date that 'had been previously collccted, the dispute
was settled and routine collections werc once more made.

A menuseript, "The Stocks and Migrations of tho Yellowtail Flounder™
has heen oompleted by Messrs. Poyce and Buller, indicating that:

1. The principal yellowteil stock existe between Nantucket Shoals

and Long Tsland and mixes very little with other stocks,

2. Lesser stocks occur in Cape Cod RPay and off Cape Cod, in the

northern Gulf of 'mine, on Georges Bank, and on thw Nova Socotian

Ranks .

3. Off southern Massachusetts therc is a seasonal mipration to the
stward in the late fall and an oastorlv movement in the late

sorinr.

4, "ost of thn omtoh is taken along the 26~fathom ourve from of f

Montauk Polnt to Nantuoket Shoals.

To determine fishing mortnlity hy tagping studles, abundance
trends, nnd ape composition,? tapring exprriments were completed during
the fiscal yenr., In July, 158 fish were tapgod southeast of No tmen's
Lend fror the Fish and "ildlife Sorvice vessel SKIMMTR. In August,

228 fish were tarpred nt the "Corner" from o commeroinl drapger, the
S¥I™TR having been abandoned for further tapging vork due to its
1nﬂdfquﬂcy and badlr necdod repairs, It had been hoped that a
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ranlncement, a former fishing boat, was to he secured from the Navy,
but the originnl owners chose to buy back the vessol, thereby leaving
the flounder investigetion without an adequate vossel Tor tappring and
experimental fishing operations. * preliminary analysis of thHe last
tagring experiments conducted with the SKIIMEER, at which time a live
box with running sea wrter was used to hold the fish prior to tugging,
Indiceted better returns and thet there is possibly & tugging mortality
brought about by rough handling threugh mikeshift tubs or nons at all
obeard ocommercisl draggers. All togging operntions have been suspended
until a replecement for the SKIMER has been securcd, er the research
vessel, ALP; TROSS TIT is put into eperation. '

Poutine collections of scelo samples and'lenpth frequencles of the
commercial cnteh from the main stock and from the lesser stocks, when
they heve been landed in New Redford, have Been made by Ir. Buller.
Further work on age annlvsis from scale reading has boen suspanded
pending the delivery of a new microscope., Vhen. scnle reading is resumed,
the age, length, sex, date, etc., of egach fish wil] be entered on A
punch card.

Dr. Royece hes completed a monusoript, "The Spnvming S=ason of the
Yellowteil Flounder," indicating that epawning ocommences ebout April 1,
off southern assrchusettd and is almost 100 porcent completed by July 1.

Nr. Perlmutter published 'n paper entitled "The Distribution of the,
inter Flounder, Pscudopleuronectes americnnus, and its bearing on .
Manmgement Possibilitirs rnd hng now in press a summary paper cntltled
"The Tinter Flounder, Dsrudopleur,onoctpe americenus, end its Fishery."

Results‘obtained are ns follows:

1. » deoline in the abpundance of blackbeck fldundors together with
the withdrawal of vesscls from this fishery hns resulted in o lowered
cateh in recent vears, compnared to the peak period, 1928 through 1931,

2., "nto obtained from Fish and Wildlife Service hatchery oatch
records and fisherments log book records show a drop in abundance from
the early 1930's t» the present, of 63 percent in the RBoothbay liarbor
region nnd of 31 to 40 percent 4in the area south of Capec Cod.

3. Tnférmntion on the eerly 1ife history and distribution of Voung
bleackbrck flounders nnd the sizé and age composition and distribution of
fieh subject to the commercial and spert flshorics, indiontes thet the
young are the product of loctl spavming rnd thnt the sport ond cormércinl
fish@ries draw on & resident stock of primarily edult fish.

4. " Since voung blackback flounders cre thg,pfodugt_of local spewning
and the stocks of ndult fish drown upon by the sport rnd commercial fish=-
eries remein highly localized, 1t follows that ench of these resident
gtooks offers the s&mc management p0°Fibilit108 to nearby comrmunitics
e8 do their olam, ovstcr,,nnd scoellop rwsources.
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 Dr. Perlmuther partly revised a'manusoript ‘titled "Tffeotiveness of
Hntchery Plants in Maintaining the Supnlv of "finter Flounder, Pscudo-
Plevrondctrs smerionnus," which surmrnrizes a nreliminery study to
evalunts artiTiolal pronngation of blackbacl flounders.

"ROJPOT TV, THR LORSTRR AMN LORSTUR WISHNRY, v, Seattergood, Prodect
S - Lender. -

The cnuse of heavy lossns ‘in some ™aine lobster pounds during the
fall of 1946 wns discoverad to be a baoterinl infection, the name,
Caffkyn homnrii boing proposod as the causative agent.

Teliable interpretntibn of length-frequencics hus been impossible
in the prst beeause it ronearcd impossible to separcte léngth-frequency’
deta into growth clnsses, nnd experimental results gave serious disorep-
fncies when applied to length frequenecies, Using 1939-1941 datn, a
method of deteérmining the growth per annual shed of lobsters within.
the lepnl-sige rdnge from length-fréquency samples wes devised. The'
method depends on known chnrnoteristios of ‘the lobster and the lobster
Populsition such as non-migrantion, absencs of selective fishing by size,
88 shown by teering returns, end a relotlvely short poriod of shedding.
nder these conditions, it 'is possible to aossumo various growth rates -
And oompare ratios of successive growth clessas from year to vear.

The oriterion for selecting the proper prowth rrte is’ tekén as the
sorrcletion confficient between the values of successive ratios. Tt

is found that an assumed growth of 7/16 inchss ber annunl shed gives:'n
correlation coefficient of ,43l; nn assumed growth of 8/16 inches a:
correlation of +974; and an assumed prowth of 9/16 inches, e obrrelation
of 651, The mnnual growth per shéd of lobsters through the lepnle-size’
range is, therefore, oconsidered to'be verv close to 8/16 inchos,

*nalywsis wag restricted to the 1939-1941 datn to aveid complica~-
tlons arising from n chenpe in size limit ih 1942 and’ a repidly in-
crecsing catch from 1947 to 1946. TFinhl onlgulntion of correlation
coeffioisnts, howaver, 18 hasrd on All lengthefroquency ‘datn from 1989
% 1946, 4 panor outlining' the mothod has bern submitted for oritieism.
I the method proves vnlid, it will be of tromondous vrluc' in determining
Such basio informntion as annual reecruitment, nnnual mortality, survivel
to moturity, rnd escaperent beyond the maximum legal-size.

The r@intionship between wonter temperature and days required for:
deVOlopment to the fourth stagae of larval lobsters was found to he a
loparsthmio stroight line with the equation:

Log, ¥ = B3.6605 - 1,9207 Log X

%here y 18 time in days, x is temperature in degrocs Contigrades ' The
bemring of this relrtionship on costs of heanting wnter in the rearing

of lebsters is examined, and it 1s shown that the tempersture of maximum
hO“ting cost is nw/h~1 where w is starting sea tomperature snd n is
1.9207, 1t is further shown thet in the typleal hatcheory situation

“here production ‘depends on the nurher of lots of larvae whioh can be

Put through %he station within a lirited hatobing season the maximum

€08t of mroduction is 2nv/?n-l and thot this maximum lies sufficiontly
olos: to w so thet 1t s vossible to cxcced it with great advantage at the
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beginnine of the season when water tempereturcs ere-lows  The nature of
these relationships are such thet there are no voints of minimum cost.

Fxperiments in delavine the development-of lobster eprd’to facilitete
uniform hrtchery output were comnleted and showsd that the hatching period
can be aprroximr4ely deuhled by holdihy err-benring feriales in sunken cars
to trke ndventepe of lower bottom temperatures,

Pxporinents to-determine fretors necessary to the survival of lob=-
sters bevond the fourth ssnge indicnte that these factors cre still
undetermined.

tn 'explonstion of the inorease-in the Maine lebster ocatoh during
rceent years is given in n paper by Mr. Herrington. The probeble fnotors
cnusing . the increanse ore found to be mv incrense in the size of epawning
stock in 1936, 1937, and 1938, which would determine the recruitment
seven yzurs loter and o reduction in intrmspecies competition extending
frem 1938 to 1939. ' These chenges apporen¥ly -were brought sbout by u
reduotion in the minimum legel size from 3-1/2 inches to 3-1/16 inches
in 1935«

PROJECT V. “FF' ENGLIND SALMOF RRSTORLTION, Mr. Stringer, Project Leador .

During the 1947 fiscal year, the sglmon program meds ~the most
progress of ‘any yenr since 1ts inception in 1940: The pressures of
other work incident to the war were renmoved, and rore-time could dbe
devoted to: the blological problems. The shortnge of help, however,
sti1l reduced the amount of effective work. 1'r. Edgar L. Arnold, Jr.
vas hired ond reported for duty on Movembar 17, 1946. This wns too
lnte for field work during the 1948 scoson,

However, "decsplte the advesnces thet were mnde, ‘the severn out in
sppropristions mrde by the Congrese during the spring of 1947 cnuscd
the comvlete élosing of the. proiect for en indefinite poriod. - This is
unfortunats in sevornl’respecgs,thh forcmost -of which is the lurpe-
plonts of marked fish which were expected to rehurn in 1947. More
fish viere plonted which nre due to return in 1647 +than of nll previons”™
stocking. Much of "the data which should be obteined from any returns
must now be abandonsed. £ second paint whieh mekes the -torminction of
the program unfortunate is the discovery of & smnll stream bordering on
the Mewschorn Vildlife Refuge which apresrs idenl for experiments: on
salmon. F third fecture 1s'-the increased efficicney of. the hatchery-in
rearing salmon. Many new techniques heve besn introduced, and studies
of diet end disease have beon Inaupurated.

Stream surveys of the St. George, Pemaquid, and Ducktrap rivers
were carried onm in 1946. These surveys, althoucgh complete in . themsolves,
were only preliminary in purposc. At 4ts presont : stepge of development,
the™ prepgram does not need the more .oxtensive stream surveys. The 'informa-
tion colleoted wrs ‘converned meinly with the stocking -exneriments or |
problems related 46 thems Temperature, stream flow, spawning and nursery
areas, dams, .and fishwnys were the main features considered,
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The. most importent problems of the salmon program during 1946 were

the populetion :evnluctions ncoessary for nocurate  information on morinli-
“tv of woung .fish in the stream, the esonpement of smolts to the sea, and
the number of meture serlmon which return to tho-river. Thege date would
dotermine the strenm oonditions which were limiting restoration. Tvelun-
tion of these detn mede ncoessory the installation of fish-tight barriers
at seleoted points irn the stresms Construotion of these barriers is
difficult. . Thev rmust be fishetight, ensily cleoned, strong enough to
withstand hirh wvater, casily instelled, ~nd relatively cheap. Preliminary
work with screens of hardware oloth and examination of reports of this
troe of sereen, ne well as the rotary soreons and bar rackes used else-
where, showed them to be unsetisfactory for our purpose. Preliminary
ideas and drowings were mnde and from these a small scnle model was
constructed of n new type of bar rack., Tests with the model proved

the 1den fonsible, and o full-size fenoc wns constructed in early 1946,
The “ence consists of floxible sections lirked togethor through sup-
Porting posts nnd held in place by wire rope fastened to anchors on the
8trenm brnk. The ssotions consist of three redwood beams, one close

to the strecm bottom, onc about 4-1/2 feet above this, and the third
Pldwey between the other two. To the ferward ddpe of thesc benms are’
frstoned brase rack pletes or spaoes, similar to-the 'teeth .ef & combi’
Into +he slots formed by ;these teeth and at right angles to the beam

“re placed boars of_l/% x leinch stecls The spaolng betweon :the .bars

is l/@:inch.‘ These bars form tho rock or soreen. The bars. slide

frealy in the slotp and orn be.driven into the bottom so that no base

°r bed lop 18 neoessery. ’

. ™he full-size fenoe wos tosted in the Pemaquid River from fugust
to Vovember 1946 rnd proved very matisfnctorv. Leaves and debris were
2llowod to nooumulate on the fence .during the latter part of the peried
until there was o 23=-inch diffsrcnoe in wntor levels above and below.,
"th this difference,no, Leaks or underoutting epnecred and no hlowing
inder took place. /ftor fabrication of the prrts, the fence wng in-
8%n1led in two davs by four men rnd removed in onc dav. The 35 feet
of fenoe - constructed cost approxdmately. 800, ‘

£ peper piving more detniled construction notes, diasrems, and
Pletures hns bren submitted to the Central 0fficc.for publientibn.

The fenge vnes ingtnlled in May 1947 on Li%tle Falls Stream which
bOrdors the Moosehorn 1"1ldlife Refuge. This stream was alse planted
"ith Atlentioc salmon in JAy. Lit%le or no follow-up of &his projeot
W1ill bo possible, however, heosuse of the terminetion of the program.

Information conoerning the life history ef the Atlantio salmon
788 oolleoted. whenavor possible during the yésr, Twenty adult salmon
Were tagped last fall after the fish hnd been atripped for spowming.
They wore relensed in the Maching River from whioh they were taken.
This torping wes to trrnce time of seoond spawning end -homing instinct.
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211 samples of fish taken from the marked planting werc meesured
and welghed durineg December. The arithmetic moon length in millimeters
for the vrrious ages is os follows: 1/2~vear old - 38.6; l-year old - 61.7;
1~1/2 yesrs old = 79.5; 2 years old = 103.1; nnd 2-1/2 vears old .~ 153.0.°

Improvement in growth snd condition ‘of fish - held in-the hatchery
over the winter wns cbteined. The addition of more meat, principally
liver, to the diet seemed to relicwe the -criticeal anemic condition. -

The introduction of sorting and prophyleactic mensures .to the hhtchery
methods alsn contributed to the Improved condition of fishe. This is the
first winter in which gnin in weight has been obinined. Fxperiments are
being designed rend set up undér the direction of Dr. Arthur Phillips

to study further the dict requirements.

The rarking by fin'elipping of fish to be plrnted to test the best
age, size, time of yerr, and locality in the stream was continucd. ‘Approxi-
mately 25,000 Atlantic salmon were planted in the Penobscot River during
1946. The Pemsguid end Nucktrap Rivers received plants .of 19,766 and 16,133
silver snlmon respectively. These plantings bring the total number of
fish planted by the Investipgantion-to 584,296; of which, 387,236 were Ats
lantics and 197,060 gilvers.

Although returns were cxpected in approximately 66,000 Ltlantics .
end 96,000 silvers in 1944, 1948, and 1946, none appeared. Because of
this lack of Treturns, it wes decided to chenpe the objectives of the
progrem somewhnt. £ small stream wns picked end plems were mede %o stock -
this with sea-run salmon. Stream improvements and predator control would
be started to make the stream ds sultable as pnssible. Counting fences
would be instolled to count dovm~-gtream migrants ond returning ndults.
These operntions wbould be directed toward the establishment of a prun of
salmon. However, the decision to drop the program came before this wos
gtoarted.

tporoximntely 181,000 Atlantic srlmon were “nlanted in May end
June 1647 as follows: - Penobscot Piver - 90,500; Machies River ~ 45,250;
and Little Palls Streem - 45,250.

Four silvern salmon grilse veore caught by smelt fishermen in Pemaquid
Parbor in Wovember 1946. These fish weighnod nbout 2 pounds nnd were
probebly from the plents made the previous spring. Four marked ftlantic
salmon have beer cnught this sprine. Three fish with both ventrels re= .
moved hevw heen taken on the ‘Ponobscot, ard one fish with  the adipose
and right ventral missing caught on the St Georpe. These fish were
from the 1942 brood year and were planted in May 1944,

" Tests -of two types of -Denil fishways were oarried out. during 1946.
These were to find an internal design which would be Petter suited to
conditions in New Fngland. The tests were riun on models in a small
stream, ~ Hydraulic date were collected and small trout were used to
test sultnbility. The Denil type, from experiments conducted at the
University of Iowa snd from our ovm %teets, seemed the best for the lew
water conditions in Few Fngland. Fxperiments with full-scale modcls
using adult sclmon were plenmed for 1947 dbut have been dropped.
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A manuseript summarizing the. work of. the program since its foun-
dation is béing prepared. A mews rolease on the roturn of marked
salmon hes been forwnrded ¢o the Centrel Nffioce.

PROJRCT VI. ‘THR ROSFFISE APD RNSEFISH FISHRRY, “r, Perlmutter,Project Leader

P detnilad history of the fishery is necessary to understand reny of
the changes in the catch and nbundence of rosefish on the various grounds.
From the inception of the fishery at Roston in 1935 through i¢s shift
to Glonerster about 1078 and to the present, ohanges hewe. ococurred in
the nets, engines, and fleoet compositian as well ee in the fishing
grounds, ~ Information on these various aspeets of the: history of tho
fighery has boen obtained for the past and is being recorded ourrently.

. Based on irformation on past and precaent total catch by biological
srees nnd abundence studies, en article titled,"The Future of the Redfish
FiShﬂry," was prepared for the ‘Gloucester 'mster Mariners! issociotion
Year Reok fer 1947. In the period 1942 through 1944, 10 perocnt of the
rosefish londed at Gloucester wns tuken on Nove Scotian Benks. By 15485,
%2 porcent come from there. In 1948, 54 peroent of the fish was from
Yove Sootinn Banks. Decreased abundenoce of rosefish in-the adjncent
Gulf of Maine waters and faoilure to discover new grounds within thnt
repion ere the prinoipel rensons for the sharp rise in the catch ef
rosefish in Nove Scotlan wnters. Glouwcester redfish landings will
continue ns large as in the past seversl years only if new, highly
Productive grounds are discovered and fished. ' :

* revised snd expanded menuscript titled "Biglogy of the Rosefish
(Sebastes-marinus): hge end Grewth of Immature Fish in the Gulf of Malne
and off Vestorn Nove Seotim,". propared by Perlmutter and Clarka, is
nonr gompletion. A brief obstract of the prper:is es follows:

1. Examinntion of opsrculer bones, otoliths, and qéalos indicated that
8erles would he the btest meterinl to study in dakemining the ege of
rOSﬁf‘,‘[sh,

2. Ry o comparntive study of sonles from differcnt hody nrens, it was
dotermined thet sanle samples should be taken from beneath the pectoral
fin in o replon defined na the "vegtornl pateh,”

3. The annulus was defined and the time of annulus formotion ‘deter-
mined by n study of tho scale margins, throughout a year's growth.

4. Indsependent readings of a random sample of the scales by tho two
investipators showed 84 percent asgrecment. The remaining 16 peroent
dsapgrremont wog in the order of one annulus .

5. Fragmentary dnte on the size of fish before seale formatien indicntes
the possibility thnt the soale does not form until the spring of the

Year following the birth of the fish. Since it has been determined in
our studics thet young roscfish nre liberted in the Gulf of Maine from
mid-Mry through eerly Soptember, the first annulus of the sctle represonts
More then the first year's pgrowth.
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6. bAnnuli could be readily-distinguished in fish-less than approximately
225 mm. but were more difficult in the larger fish. Size-at-maturity
studies oarried on in 1947 and 1944 in the Gulf of Maine showed that

g2 percent of the males nnd 99 percent of the females less than 235
millimeters in fork length were irmaturé, end in the western Nove Scotian
tren, 88 pergent of the males sand 98 percent of the femeles under 225
millimeters  were imrmature, Consequently, beceuse of time limitetions,
the preliminary study of the age and growth of rosefish was limited to
figh in this sise range which constitutes primarily immature fish.

7. Atpe ond growth of the rosefish in the Gulf of ™ine was caloulated
ueing both « modified Lee Method developed at the Cembridge luboratory
nnd the -File Method, which were found to give identionl results.

8., Yo preat difference could be found in the cnlculated lensths at erch
ennulus between different biologlenl Arers within the Gulf of Maine or
for dnta collected at different times of ‘the wenr.

9. "e calculeted length at ench annulus in the Gulf of Maine and the
regtern Yova Scotian frea is as followsy

rfulf of Maine Yeostern Wove Scotian Area

T Rork Standard  Mumber ' Foryx  Standard Humber

O @ 3D U s A D

snnulus Length © MNeviation - Qf Fish  Annulus Length Devistion of FPish

52 7692 208 -1 47 8,20 104 .

76 10.52 297 2 €9 10.40 104

99 14.82 251 3 92 12,90 103

121 17.37 2038 4 112 14.10 95

139 16.89 139 5 132 15.50 92

154 16.72 90 6 150 17.30. 82

169 19.47 38 7 187 12,50 T4

189 16.51 12 8 181 18.60 62

218 ceree K3 -9 193 17.00 42

. o ceeey ree 10 208 15.00 12
. N secos veo 11 225 ceves 1

10, T™he cnlonlztcd grovth Yo each nnnulus rnd hetvieen annuli for the fulf
af Yoine and the ™estern Yove Scotion iren is ns follcws
. fulf of Taine Tumber
snnulus Aver.growth in mm. frowth TYerago Stoandard of fish
+o ench annulus period prowth in rm. Devintion
®irth to

1 52 1 52 7,92 308

) 76 12 23 8.91 297

3 100 2.3 24 8.79 251

4 122 3l .22 7.24 203

-r '

2 1% aza 13 g1 1

7 e £-7 15 A b 39

8 102 78 15 .78 12

9 769 8-9 16 e 3

10 coe v .o oo .o

11 . "voe ve I I [



-Western Yoveo Socotien Area:

“vor.growth - . . Tworupe © T T Wumber
\ in mm. to Crowth rrowth - Standard o of
Zhnulus ench: annulus - period in mmi . Devimtion fish
, “HIrth %o - ' '
1 47 1. 47 8+50 104
2 69. 1-2. ) 7,08 104
* 92 P 23 6, 80. 103
4 112 Bt 21 5,62 0B
S 1324 bmb 20 5,22 97
6 15% 5+6 19. . 5476 2
7 170 6-7 17 5.15 7.1
8 187 Te" 17 ' 5.08 62
9. 20% 8-9 17 4.69 48-
10 220 9-10 16 - 4,72 I vE
11 242 10-11 pa e J$
\ - - N . o

11, Comparad to othorA“+1an+io speoles n? preat commercinl’ 1mpnr+ance such
Rs hrddock, end, nnd mackerecl, the rosefish is extremely glow growing.

Mnilar rnsulta have been obtained by Russian fisheries' workers et Marmansk
vegtirnting the species: in the Parents Sea, Preliminary unpublished date
collected by Tnmplem&n on rosefish in Newfoundland waters also are in agree-
Ment with our findings. The implications of these findings are being studied
N relntionship to results obtained from other phfsos of the genersl rosef*sh

inVuStigntion..

The same random fleet of vessaels which wms used in 'the abundence analysis

Tenorted under Project IT-wns also used to detormine flshing oconcentrations
°th in the Gulf of 'tine and off Move Scotian Rrnkse. Rased on interviewed
Plshing effort for the verrs 1942 through 1946, six virtunlly distinot -
1sh1n¢ conocuntrutions were losated within the Gulf of lMaine as follows;:

In the M, Desert-Mutinious Aren to the north; in the Monhejen-Jeffrevs-
Plnttg tron to the west; the Dast of Gloucester-Highlands Aren in tho
Southwegt; the Cirnr Pidpe-Cashes fron in the conter of the fulfj the Grand
']nnn Areq from Mr. Desert enstward to the' tip of Yovr Scovia.

T™e distinotive Aifferenoss in the sire composition and the peroentrre
Porngite infrotion (with the copepod Sphyrion lumpi) of the fish contnined
In eoch fishing concentration araen would Indicste little interchange of fish

etweon these areas., Inforretion on this aspect of the prohlon has bheen
Surmardgzed nnd a report is now beinpg prepared by Dr. Perlmutter

Tt hns been stnted above thn+ the size compositinon of the stocks in the
VArious hiolorical arens over the period 1u:0-1946 indiontes little inter-
ch”nﬂﬂ of fish nmonr arens. The size composition hns also berm useful in
“Xplaining what is happenins t~ tha rosefish nopuletion,

89 .



Indepondent babulations of 7ele and. female length frequencies by
four-month periods (iarch-dJune, July-0ctobér, Novomber-February) for
each yenr from 1942 throush 1946 for each bilologlienl arcn show a pro-
‘rressive. decrecse ih the number cf males over 250 rm. in length and
females over 280 mm. in length cnd o eorresponding increasc.in the
number of .fish under these sizes, "Sizo-rt-muturity" studies carried
ot 'in 1942 ond 1944 show that these smuller fish are mostly irme-
tures ond the larger ones nctures. Considering the lenpth frequencies
~lone, one of two things hrs happened to the rossfish population in
the Gulf of *aine. TFithoer there has been a reduction in the totcl
nurber of moture fish or the nurbor of meture fish has remeinéd the
some and progressively larger numbers of immature fish hove entered
the fishery in the past few yecors.

To determine which of these two hypothescs applies, by meens of
length-woipht datn which was collected Aduring 1943, the catch~per-day’
information obtnined in Project IT was broken down in%to two ocetegories;
namely, the crtch~per-dny of primerily irmature fish, meles loss then
250 millimeters in lenpth end females less than 280 millimeters in
length, ond primcrily meturs £ish, mAles and females lnrger then
these gilzes. This wng done independently for erch biolopleal aren
by four-month periods and then combined by the cipght-month interwal .
March~October frori 1942 throurh 1946, using: “ethod 1, Tnadjusted
Datss Method 2, Cirar-Ridge~Cashes Adjustment; Method 3, Mt, Desert<:
Yatinicus *djustment. '

The results ohtainéd for the Gulf of Maine ns n whole shown in: the
table below are summarized by the following rethod. The aversge catch-
per-day for the five-yenr period 1942 throupgh 1946 vms obirined sepn-
rately for the immature and mnture fish. Then the ceteh-per-day valus
for eagh of these size c¢ntepories for the individual wvears was celou-
lrnted as .& percentage of the flvesyenr avernge. ~This wos done 80 that
rcsults obteined by the use of lNethods 1; 2, and 3 could be-dircetly
compared.

Gulf of Meine -

Imrma tures , ~Metures
METHOD - TETHOD
1 2 3 1 2 3
MiparRidpe - ME.Des Mat, Cipar Ridpe-  MbuJDes.Mat.

Vegr 'ﬂo.édj. Cnshes e~ fdjustment Yo.udj. Coshes Ldj. "Adjus tment

-

1942 88 85 - B9 122 121 123

1943 108 104 106 120 119 119
1944 101 66, 103 98 a5 -9
1945 84 93 - 91 85 82 8
1946 108 120 111 75 82 78
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All three methods pave very similer results. It is evident that
the catch-per-day of the irmature fish has been more or less the same
over the five-year period 1942 through 1946, fluctuating up and down
8%t random, . Yowever, the catch-per-day of the mature fish hes been
declining steadily. Since the ape and growth studies show an extremely
slow rate of growth in the rosefish, the decline in the catch-per-day
of the mature fish oan be attributed to their removal hv the fishery
8t a faster rate than they can be replaced by the growth of the small
fish. These findinrs are being sumrmarized in pgreater detail in a
report now being prepared by Nr. Perlmutter.

PROJUAT VIT, SPROTLL IMVRSTICLTIONS RELf TRD M TR VIORK.

"r. Royze completed & manuscript on this subject in January 1947
and forwarded it to “ashington. A brief summary is as follows:

Pata on the total sales »f fish from vessels to the vrimery whole-
salers in Roston, Gloucester, and Mew Redford, were aveilshle covering
2 period bhefore and after +he estahlishment of price ceilinms. The
price ceilinrs allowed an shnormallv hirh rargin for the vrimer:y
wholasaler. Tirms controlling vessels rensrally increased their volume
of business, and many new dealer-vessel owner corbinations wers forméd.
Nespite larre reductions in the volume of fish handled by some {irms,
no, firms went out of husinesz. Rlack markets caused the preatest
changes in the distribution of whiting and sea .scallops, It -was
concluded that because of the diversity of business practices within
the industry,'it was impossible to.impose price oceilings without
causing chenres in the distribution.

FROJICT VIII, . T7F .L® TROSS III. Dr. Royce, Projeet Leader

Reoonversion for fishery resenrch of +the fLY.TROSS ITI is now
underway, Tt will 4involve changing the entire superstructure of the
ship and rearrenping the space on the lower decks mideships for scion-
tists!' quarters snd & fish hold. ™he enpine room will be left almost
intact. Dr. Rovee reports the following:

"ongie lines of the ALR TROSS TII will be wery similar to ‘those
of the larre Roston otter trawlers. She will have a hirh head with
a Majerform bow, Laboratory and officers' stntercoms will be located
on the mein deck aft, ™he main deck midships will be left clear for
the handling of fishinr rear, Longth over-all will be about 179 foet.
fiross tonnape wi'l be mbout 400,

w A erew of 21 plus B sclentists will be the rerular operating
complement. Vxtra quarters will be aveilable so that the ship can
earry a totrl personnel of 37,



"The research propram for the ship has not-vet been outlined in
detail. The present knowledge of the Yew Fnpland fisheries hes been
reviewed ot length and the most urgent problems have been. stated, '
Reting immzdiate considersation is the need for more knowledge of the
selectivity of nets and the proper construction of un .otter trawl
of larger mesh for the protection of small fish. 2 second urgent
requirement 1s the need for -dnformation of the effect of otter trawling
on the bottom. It is plenned Yo study this with submarine photo--
grephic equipment.

"Mumsrous lesser problens such as tasping for the studv of the
migretion of hrddook ns well as the collection of the youns stafes
of yellowtnil flounder and lobster are being considered. These and
severel others sare smell but imporitant links in the chein of informo-
tion which hmas bren essembled ashore,

"The avnilehility of & resecrch vegsol suoh ag the ALBATROSE 11T
which ie equipped for efficient handling of otter trawl nets presonts
an unequslled orporturity to attacl. fishery resesrch on a nevw bhasgis,
It presente the onportunity for the development of o sampling tech-
nigue which will pormit the direot estimetion of the actual numbers
of many kinds of fish of 211 catchable sizes on the bank, It will
permit, at the same: time, the measurement of ssveral hyvdrogsraphic
fertures which are’ thourht to influence fish populrtions. Herectofore,
this complete progrem hae been impossible. The problem has begn at-
tacked in roundabout ways snuch as hy estimating the sbundance of fish
end by tageine. TNevelopment of a stnndard somnling technique with
an ottanr srewrl net and the use of such o techinaus throughout: the
range of a fish pomalation could snswer many of the urgent problems
in determining the offéct of, fikhing on .the hrddoek, redfish, and
other fish ponuletions. o

The operntion of the ALFATROSS III nt first would be confincd
mostly to the Yev FEngland bunks which include Georpes Renk, Culf of
Meine, end the vicinity of - Montucket Shonls. It is from these banks
thet Vew Englond catches a major part of its fish and in turn supplies
the country with the mojor part of its fresh cnd frozen fillets, Our
fleet fishes the Mova Spotinn Benks too, but these fish populations
ere fighed by the people of severel other nntions. . Pesearch and
congervetion here must be o cooperative enterprisc among netions."

o7



MIPDLA ATLANTIC FISHTRY IMTSTIGATIONS,
PROJRCT I. SH:D IMVRSTIANTIMMS, Louwella B, Cnble, Project Leader.

Suh-proieet 1--Trends of ahundrnee

Monneotiout River: The cetch of shrnd in the fonnectiout River
hns continued to inornase the past three verrs in contrast to a serious
drop that wns ocourred in the catch of *he nearbv Hudson River. . In
the ronnecticut, the catch in 1947 of 1,084,000 pounds is approximately
20 persent rrenter than the last provious pesk ontches of 1903 and 1904,
fnd 15 times the eatches of 1971 and 1982. The larger oatches, since -
1931, do not represent overfishing but nn actual increase in the popu-
lntion. The &tudvr of some 7,000 soale samples ghows that' the per=
centnpge of ' old figh in the populntion hos continued to rise during
the same.period.

Hudson River: In the fudson River tho increase in preduction .
of the shrd fishery hnas beon halted, at least tomperarily. The spee-
tocular comebeck stared by the fishery in' rocent yeors came.after
30 years during which the fishery remained at nnnr—doplotlon lovels,
The oatch suddenly rese from 438,000 pounds in 1934 to 5,000,000 pounds
in 1944, PRut now, we find those geins dwindling much as simllar pains
were lost nenrly 50 yenrs upo. Eeoh btime the deoline hes been much
more rapld than the bulldingeup prooess.: Tn- 1945, 4 million pounds
werc taken from the Hudson population, in 1946, only 3 million pounds
could be obtnined nnd some inerenses in gear had been made.. This year
the catoh dronped apain, barely totalling 2 million pounds.. The study
of sovernl thougnnd sorls semples shows there have been: two reocent
yenrs in vhich there was a partial feilure in reproduction. In 1943,
the inercment of wvoung shad meking their first spovming mipration
(virgine) woe less thon one half normal size, nnd agédn, in 1946, the
Increment of virpins wns oxtromoly low. The acouruleted offect of two
small yrar classes hes moterinlly roduced the size of the Hudson -
Plver povulation. A larpe oolleotion of sonle samples was made this-
- 8oring by the Yew YVork Consarvetion Depnrtments These sofles will be
studird to learn whather the 1947 slump in the ontoh wes due to still more
reduction in the size of the pormle+tion by a third small increment
of virrins,

™o nrico of shad held up well through the peak of the run this
year, bringing an averape of 16 cents per pound to tho fishermen.-.

Chegnpenke Bayv: A8 determined from the study of ¢,000 to §,000
gcnle samples collecetad ench year the peroconteape of old shad, in the.
populations of some lMaryland rivers, has risen from less than 10 peroent
of the runs in 1940-1942 to approximrtely 30 percent in 1946. In' these
rivers reproduction has been good und the fishing rate somewhet reduced
by license reduction. In other rivers, whore the fishing effort hne
not been reducod but maintained at the level esteblished befere the
Penapement Plen beorme offeotive, the populrtions aprear to be holding
their owme



tccording to cetch records collected by the Stete of Marylond as
reported deily, wecekly or monthly by the fishsrmen ws part of their
oblig=tions ne license holders, tho 1947 ceteh of shad wes ene million
pounds lerger thrn that token in 1946,

In Virginis, there are, at present, no restrictions on the oatching
of shad other than thesc of the 1. S. Engineer forps requiring thet
prescribpd chrnnels be left clenr of nets and repulntions regarding the
gpacing of nets. The oldsr fish, there, make up 20.percent (1947) of
the run in the Jumes, 15 peroont (1047) in the Peppchannock, 20 percent’
(1943) in the th+aponi ond York Rivers, 12 perocent (1946) in the anunkey
rnd 12 perecent (1943) in the Chiockahominv.,

™his epring,*he Virginie Pisheries Cormission requested a Survey
of the shrd fisheries of. the State to determine the velue of prohibiting
fishing on the spavming rrounds. (/ prrtisl report of this work is con=~
tained under Sub-project 2). The State provided n bort on the Rappa-
hannock -River -for a survey of the sprvming grounds there. Several:
venrs age o 8imiler-survev wns made on the Pemurkevy River. As the
sonwning prounds of that river-extend into the Pamunkcy Indien Resérvo-
tion snd those of the Mrttaponi are in s similar reservetion, it would
he difficult, 1f not impossible, -to close those aress. Such action
wovld be opposed to treaty rights of the Indisns., Tince the Mattaponi
and the Prmunkiewr rivers are tributnrics to the York River and provide
the .spawming prounds for the shnd thet pass up the Yorl, it is apparent
that nothing con be done fqr these populsntions by thé method proposed.

The survey shows, further thut little would be accomplished from
the closure of the sprwming grounds without additionol protections

Sub-project 2~~Mlzrations uwnd mortelity of shad

Terzing experiments coenducted during this fiscnl yenr have beon
limited to the merking of Juvenlle shed pond-rearad ¢t the Hurrison
Lake Hatchery end relenscd in the James River, Virginie in Devember
1946 and sn experiment conduoted in cooperation with the Burenu of
Marine Pisheries, Few York Depertment of Conservotion in the marking
of down~run adult shad in the A4lantic Ocean off Fire Island, MVew
York during June of 194€. ’

The feagibility of merking Juvenile shed was demonstrated in 1941
with subsequent recepturcs from this experiment in 1944, 1945, end 194€,
It was found thet for +%he merked fish to survive the tapging operetion,
they must be held in » phvsiolosicsl snline solution until their wounds
healed, ™sts econducted during the tapring of juvenile shed in this
fisonl verr indicnted the further imnortence of accurntely controlling
the pH of the holding medium. T"hen the pF of the medium wes adjusted

to 7.4,survivel wns materinlly improved.

94



One of the difficulties encountered in rearing juvenile shad
to o size large cnough to tag, hns been the aceldentnl inclusion of
predator and competitor epecies of fish in the rearing ponds. The
undosirable fish probably have geined nccess to the ponds in the egg
or larvcl stages by passing through the sorsens on the inlet pipes
and by being trapped in the hatohing jars where the shed egrs are
hatched, This yenr new prooecdures for reering the shad were inno-
vnted. Ponds were fllled with woater which had been screened &s usuel,
nand then the ponds were chlorinated heavily using cnleium hypochlorite.
Following the dissipation of the ohlorine, the ponds were fertilized
aind innoculated with daphnin., Newly fertilized shad egps were then
prlaced in wire bottom flonts suspended In the ponds. After the errs
were hetched, the floate wore tipped to allow the fry to esocape.
Survival of the shad so far hns becn good. Thése shed should attain
a length of ebout 3 inches by Octeber at which time they will be
marked with internal topgs to detormine oocesn mortelity, time eof
ocean stny and meturity. The return of scnle samples with the report
of recapturnd tarped shad will sid materially in the interpretation
of scale markinss not now fully understood. Threse scale samples fram
gshad of ''novm age will help in deternininrgm which of many indistinct
sonle markines, on scnles oollected from the ontoh for spawning marlk
snnlysns, indicate vear marks., TPonds where the juvenile shad aro
bedng rerred arc loeated st the Rerrison Lake Hatohery near Charles
Clty, Virpinie and At Fairlee, Maryland. At Falrlee the work ls a
oooporativn project with the Nnrvlqnd ﬂﬂpartmant of Resovaroh end
“ducnt*on.

Taprly fisherios for shed were limitod to estuarine waters but
with the inoreased demand for shnd and the dovelopment of improved |
boats and gear, “ho fidherv for shad has oxtended to the ocean. This
extension hns not only prolonged the season when shad may be token, but
heg contributod Yo the: ovorfishin~ to which most. stoocks of shad are
subjfect on thﬂ ‘tlantio Coast. The extent to which these ocenn fish-
eries drow on individual spavming streams is not known, nor is it.
known which oceen fisheries draw on which spawning stroems,

2s o baels for eny monapement program administered by the Stotes
for building up snd mainteining ¢ hich level of productivity, the total
catoh for ¢nch streem's etock rust bs known. Beocguse all tagring date
rnd morphometric studies indiocate thet shrd on the Atlontic Coast ree
turn to their parent streoam on reaching maturity, thut part of the
entch taken within the rivar mry be dotermined from ontch record
materiale However, until shnd oaught in’ocean fisherios are traced
by tag~ing, to their streams of oripinm, there is. no wey to determine
on which stocks:these occan flsheries are drawlng and the extont of
their withdrrwel, The bigpest impediment fto traoing these shad to
their stroam of orggin hes been the lnok of n sultnble tns=-one which
will be reteined for at lenst ono years During thie fisonl year the
choek tap developnd by T, B, Cable hng been tosted on trout held in
trnks and pives every indlostion of heving s long retention.  Plons
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are now underway to mark ocenn céught ghad this fall using this cheek
tog to trece the streems of origin for ocern. cnucht shed off the const
of "rine. This exprriment should aled give information on rate of
travel ond the mizratory behnvior of the shed prier to entering their
spreming stream. Previous exprriments have not siven this infornation
as the shrd have not been tarpsad until they enter estuprine waters,

. The finnl runrter of this fiserl yerr his been:lorgely devoted
to a survey of the'shnd fisheries. of Virginin, which was rogquestad
by the Virginin Cormission of Fisheries.: 21l river fishermen of the
Stnte, nurbering nerrlv 1500 were circulnrized asking for information’
on cotch in the last two wears, their methed of -fishing, and the numbor
end locetion of thelr nets. A-lorge nurbér of ‘fishcrmen were . intor-
viewed pereonally. Salinlitles were determined for & number of stotions
in the spawning strenms.

E J
The date obteined from this survey have not been summarized as

yet. The eurvey does show thet the following conditions exis in the
fishery for éhrd in Virginie wrters:

l. ? verv large number of fishermen participate in the fishery.

2. YVerv few of these fishermen keep any scourcte record of
thelr catch,

3s The fisherles in the rivers vary widely in their cetch from
srason to season, ‘and from time to time during the serson,
In some Bections of the river, shrd are not available to
existing fisheries becruse of the confipuration of the river
bed.

4., Dnmg rnd pollution are menecing the perpetuation of shad stocks.

Sub-project 3--Interdependence of stocks of shnd along the Ltlentic Const.

Congidereble time wes' spent during the year in tHe applieation’of
the diserimindpt function to.raéinl date in.preparntion for a report on
thrt phase of the shad studies,

Sub-project 4--Fffects of Pollution on Shad -

——— g ——

Studv '6f the shed population of the Delewnre River was given specinl
emphesis in the progrem of this fiscnl yenr. 'This fishery, which pro- = |
duced from 15 to-20 millign Pounds annually «t the turn of the century, by
1946 weas reduced to 69,000 pounds. ' The 1947 Pipures are not in yet, but
from reports ‘of -individual fishermen, "1t seems probable thet the totnl
coteh will+be even lower than in 1946.

Pollution wus found to be -the mejor factor ceusiny the decline

and preventing recovery of the fishery in the Delewnre, also e limiting
fraetor in the production of some other rivers, . In the Deloware, abatement
of pollution is n prerequisite for restordtion of .the fisherv. Publiec
opinion is demending sbatement of pollution on many. grounds cnd it scems

ather certnin thaet some progress will be rade within the next few yedrs,
To whot extent cbaterment must be corried for the benefit of shed is not
vet knovm.



In "nshinpton lest September ot o meeting of the Technieal
Plenning and foordination Committee of the Division, nttended by
members of the ater Cunlity Scetion, the Middle 2tlantic Section
tnd the Oyster Investipation, a program for the study of pollution
48 1t offeots the shod *fishery in the Dolmwere River was discussed.
The program later was steted in definite terms et o meeting in Rurling-
ton, M. J., nttended by Dr. George Rounsefell, representing the Chief
of the Division, by Mrs "™m. €. Neville, Middle Atlentic Seotion Chief,
by *ige Louella ®. Cuble, In Charpe Shad Investipotions,and by Dr.

Ry *o Wastfrll, In Charge, ™ater Ouality Section and three of his
assistentss It was apreod that not only should information he obw
tnined on the extent and type of pollution in the Dolaware, but
o8pacinlly oxperiments should be made to lenrn the ranges of toleranco
of shnd, or other experimental fish, to difforent amounts of specific
pollutnnte in order %o detormine the standards of wonter quelity
reguired by shad and whethor the standards proposed by Incedel nre
suffiolent,

Reoause of the pollution in tha Delaware the onlv portion of ‘the
shad sprwming frounds in ‘that river, wherc shad may spawn successfully,
is s streteh above Milford, Pennsvivania, which hnflns approximntolv

130 miles above Philadolnhia. Although in 1944 and 1948. shad erprs..
were tnken in the plankton at several apparently suitoble locatlons be~
tween Philﬂdolphia and Fquinunk, nll but one of the ogRs taken’ below
Milford were dead crpsy  After mnking 2 survey of the pollution in "the
Delawnre, the: ”“tnr Quality. uection OXpPGeSOd the opinion (Water Quality
studies of the Drlawhra River with roferenca to Sh&d Pigrotion, by
Fllis, M. %, R. L, Wostfall, D. I. W@ver and 7. 8. Platner) thqt
"The mﬂjor disturbing ohqractoristio" wne low 'dissolved oxveen, during
the period of the spring mipratlon of adult shrd tq the sprwning
rrounds and of the fnll mimrution of vounr shnd from the nursery
grounde to the sea. The aren of pross polfhtion was found ‘in the
30 miles from Pennsville to Trénton. In this area the dissolved"
oxyren content of the water is daften less: than 2~ p.pems. Efperiments
of the ™etor Munlity Scotion involving studies of the effeot of weter
of low oxyren . oontent on Vounr shad - ghowed thnt they cormence to die
in wnters oconteining & p.pemy Catoh peoords and the plankton samples
show thaet some sh:d pass throush the polluted Pennsville-Trenton nrea
in spite of the lov oxyren oontent of the watep. This spring the up-
river fishermrn had the bnst senson in seveornl years, The fish werc
probably aidod by flood waters improving the renernl ocondition of the
vater.

Tollution abatement, if confined to the Pornsville-Trenton aron,
will permit more ndult shad to pass up the river but will not open
up the extensive potentinl spawning prounds from Philadelphin %o Milford.
Reports hrve been received thnt suvch hardy fish ns oarp nre killed,
ot times by pollution in this stretch of the river.
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The dissolved oxygen oontent of the water here was tested by the
Feater Ouality Section and was found to be well within the limits of
tolerance of shad. The tolerance of shad epps, larvee and adults for
chemical constituents of the water will require further study to deter-
mine the ceuse . of these up-river deaths of shad in all stages of de-'
velopment from the egg to the adult, and even of more hardy fishes.:

Refore the shed fishery in the Delaware Rliver may be restored,
it will be necessary to render usable apgain their spawning grounds
in their entirety.In addition to pollution, there is another grave
threat to the w«achievement of this goal. It looms in the form.of a-
proposed 115 foot dem at ¥allpack Bend, The chenges in the river
that would result from the erection of the dam would destroy both the
present end potentinl spawning ereas so sompletely thnt restoration
of the fishery would be impossibles

Pegtoration of the shad fishery of the Delaware would add mil<
lions of pounds of fine fishery nroducts to the nationrl diet ond
from two to three million dollers to the annual income of the Delaware
River fishermen from a 60 to 75 million dollar industry.

Reporte in prepnration
—— car

Louella ¥, Cable has been workinpg on annlyvsis of date for a
report on the shad population of the Hudson River as ohserved sinoce
1880, lso in preparntion are, a report on the method of scale.
annlvsis for deternmining age composition of the fishery end total
mortelity rates, ond a ypaper on the "Naces of Shed ocourring .on the
ktlontie Caast of the United States."

Edgar H. Hollls has & manusoript on the "Migrations of Shed in
Cheseapeake Bay as' Determined from Returns of Tags." He nlso has epent
some time tabuleting rnd analyzing the data from tagring experiments
in the Hudsen River end along the New Jersey Coest.

A third mnnuécripﬁ in preparrtion concerns the results of an
experiment in whieh juvenile shad were tagged for the first. time.
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MRZAT T.AKES FISHERY INYESTIGATIOVS, John Van Oosten}~0hierdf Section
GENERAL

‘The two matters of paramoint; interest to the Great Lakes Section
during the fiscal year 1947 were the treaty with Canada for the estab-
lishmoent of ‘international control of the Great Lakes fisheries and the
program for the control of the sea lamprey in the upper Great Lakes.
Unfortunately, completely satisfactory progress cannot bs reported in
githar.

Since April 22, 1946, when President Trumun forwarded the "Convention
botween the United States of Amerioca and Canada for the Dévslepment,
Protection, and Conservyntion of the Fisheries of the Great Lakes to the
Senate for sdvice and eonsent on ratification, no further aotion has
taken place., The treaty is, however, on the agenda of the Senatc For-
eign Relations Committee, and the oponing of hearings is’ antioipated soon.
In the meantime members of the Great Lakes staff have devoted considora-
ble time to the preparation of materials 'that will be noeded whon- the’
hearings are hold.” -

-Lack of funds has prevented'all but ‘small-sorlc participation in
the &ba- lamprey’ program, A dooperative’ projéot: of this Servide, the
Croat. Lakes States, and thé Province of Ortarid, '‘Money for this work
wag atthorized wheh tho Présidont signed ¥ Ji Res. 866 on'August 8, -1946,
but no appropriation was mads for' the past fisohl yoar.  Detailed plqns
of operation have b&én’ drawn up, - however, so that activitios- can be
started with a minimum of dolay'once funds do' hécome availeble.

During the pnst yoar the Groeat Lakes staff mnde substantial progress
in the complction of reports on various projocts some of which were
initiated not a fow yoars ago., At the present time three papers are in
proof, three are completed and in the hands’of the editor, and one,
nearly ocemplete, has been accepted for publication. *Work has been
resumed on other projects that were largely suspended during the war;
renorts on some of these should be oompleted during the ocoming fisoal year.

The few continuing prejvots that it 1s possible to carry with the
limited staff and facilities of the Great Lakds have been meintained
with a minimum of interruption. Among these projects are: ococoperative
lake trout investigations (with tho States of Minnesota, Wisoonsin,
Illinois, Indiasna, and Miohigan, and the Province of Ontario); the
annual sampling of the prinocipal ocommerclal specles of Lake Erie to
determine size, age, and yoar-class compositions the collsotion of
scales for the study of fluctuations of age and growth in the yollow
perch and lake horring of Saginaw: Bayj; the accumulation of data on the
age end growth of the smelt in various Great Lakes waters; the ocompila-
tion of the pounds and wvalue of the ocommercial production in ‘the United
States waters of tha Great Lakes (projcot in ocooperation with the
Divigiorn of Commercial Pisheries); analysis of looal fluotuations in
producstion, fishing intensity, and tho availability of fish in the Stato
of Michigan waters of the Great ILakes.
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‘Two fishery fellows have besn assigned to the Great:Lakes labora-
torize for training: Mr, Wagner Terrazas of Bolivia arrived in Ann
Arbor on January 16, 1947, and Mr. Yario Barreds of Peru on Juns 9, 1047,

As in previous years tho work of our Gruat Lakes section.has been
characterized bv active cooperation with othor Federal and.State agencies,
educational institutions, conssrvation groups, end other organizations.

The Universxty of Lachlgan continues to provide the Great Lakes
section with office and laboratory space and storage facilities for .a
car and for equipment. This considerate treatment is all thc m8re to
be appreciasted at tho present time when the University's facilities
are so bgdly -evertaxed.

Revieﬁ bf RepdrtsﬂigiPress or Accspted for. Publication

"ortality of Smelt (Osmerus mordnx, Mitchill) in Lakes Huron and
Michigan,: during the fall and winter of 1942-1943," by John Van Oosien,
in proof, to appear in:Transactions of the American Fisheries Soclety,
Volume 74. A oareful mnalysis of circumstances relating to and a .
detailed considoration ef all possible causes of the phenomenal mortality
which destroyed all but a few stragglers in the vast smelt pspulations
of lakes Huron and Michigan led to-the conclusion that death was the
result of digease(bacteria or virus). Although dircot evldence of
disease, is, lacking, all other causes can be ruled . ocut as inconsistent
with the facts--the manner in which the mortality spread, the death of
gmelt under a wide vnriety of conditions, the fallure of the mortality
to reach inland lakqs to which passage of fish from the Great Lakes
was blocked, and so on.

.-The aﬁelt mortality dealt a severe blow to the nation's wartime .
food~production program.- The total loss of yiold from 1943 through
1946 was estimatod ns about 50 million peunds.:

Some'fecdvery from the mortality was observed as early as 1945,
It wns cstimated that barring recurrence of the. epidemic complete or
nearly oomplete recovery might be possible by 1948 or 1949.

In Groon Bay the mortality was followsd:by a significont incroase
in the growth rate of smelt.

"Mistribution, atundanoe, and spawning geason and grounds of ths
kiyi, Leucichthys .kiyi Koslz, in Lake Michigan," by Ralph Hile and
Hilary J. Dsason, is now in pro6f and will appear in Transactions of
the American Fishsrics Soclety, Volume 74. - -From lay.through November
lake Michigan kiyls characteristically inhabit depths of 40 %o 50 fathoms
or greater., .There.ls ovidence that the occasional penstration of rela-
“tively larpge numbers of kiyie into shallower wator is the rosult of
exceptienal . hydrograephic conditions involving the disturbance of con=-
giderable masses of water. Temperaturos (in the neighberhood of 4 de=
grees C.) cannot explain the concentration of kiyis in.deep water as
readings only a fraction of # degree higher extended up to depths of
less than 30 fathoms., Possibly the distribution of food erganisms
or a proference for greater pressure, darkness and quiet water may
account for the kiyi's distribution.
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The abundance-of the kiyi, except as related to depth of water,
was more or less uniform throughout the great central basins of Lake
Michigan. They were secarce, howover, in the northenstern island reglon
where the currents of a hydrographically ocomplex area may create unsulta-
ble conditions,

In a ohart showing the geographical distributiqn‘of the kiyi in
Lake Michigan, 89 now locality rocords were added to the 22 previously
I‘Gportc‘:d.

Spawning bogins in late Scptomber nnd continuos through at least
the' first waok or:two of November. The peak of activities is in the
latter half of October. Spawning grounds are widospread and at +he
same depths oocupied by kiyls during the summer.

"ygo and growth of the kiyi, Lcuqichtwys kiyi Koolgz, in Lako
Michigan," by Hilary J. Deason and Ralph Hile is in proof and will
appoar in Transactions of. the American Fisheries Society, Volume 74,
With the oxeeption of the bhloater (L. hOV1) ‘the kiyi is the smallest
and most ‘slewly-growing of the chubs. Fomales do not attain a total
length of 10 inches wntil the fifth year of life or malss until the
sixth. -Aside from the. somowhat slower growth in waight of thé Fox
Islands kiyls (which are relatively light for their length);, no re-
gilonal differences of growth rate could be damonstratod. The seasor's
growth probably begins somo. time in May and most or:all of ‘the- growth
is completed:by the end, .af, August, YoungerLake Niohipan kiyis avaraged
smaller and qldcr kiyis lqrgor than Lako Ontlrio fish of oorresponding
age.

Age-group IV.dominated the 1931 samples from southarn lLake Mlchigan
and age-group V the 1932 collections from northern lake Michigan. A
trend was noticoable toward an increasc in average age from séuth to
north,

Moasurements of thousands of kiyis revealed that chub gillnets
wore muoh more selective with respeot to numbors of fish than with
rogpect to slize., To give ono example, in 1930-1931 the 2~ 3/@ inch mesh
ncts took kiyls that wore only O.1 inch longer than those in 2-1/2-inch
meshos but oaptured less than one~fourth as many. On tho other hand,
the gizo distribution of fish on the grounds must affeot considerably
the size of fish taken, fer gill nots fishsd in northorn Lake Michigan
in 1932 captured kiyis that averaged 0.2 to 0.4 inch longor than those
taken in tho snme moshes in southsrn Lake Michigan in 1930-1931.

In both the central basins of lLake Michigan and in the northeastern
island region (where kiyis wero light for their longth) the weight in=-
creasod o a powser slightly groator than the ocube of the length. Con-
dition (K) incroased during the summer to a peak in August and carly
September and then declined up to the time of most active spawning
(Octeber and early N(vember). Spawning itself was sccompanied by an
additional ‘lass of abeut 12 parcent of the body weight of females and
of somoewhat less than 2 percent of the weiéht of males.
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Females were strongly predominart in all collections buk were
relatively more plentiful in the summer (90 percent) than during the
spawning period (75 percent). Of more than 6,000 kiyis examined, only
11 were immature, '

Little exploited in the early fishery, the kiyi has become in-
creasingly important in the commercial cateh as the larger chubs have
declined in sbundance and mesh sizes in chub gill nets have been do-
creased, Present regulations on mesh size and closed seasons afford
the kiyi good protection but of far no guarantes against depletion from
overfishing,

"Turbidity as a factor in the decline of Great lakes fishes with
special reoference to lLake Erie," by John Van Oosten, was submitted to
editor and accupted for publication; to appear in Transactions of the
American Fisherics Socicty, Volume 75. This paper was propared as &
refutation of the widely publiclzed turbidity theory of Langlois which
holds: that turbldity is the major factor in tho abundance of Great
lakes fishes, especially in lake Erie; that turbidities have risen as
the result of increased soil erosion in agricultural regions dreining
into Lake Erie thus rendering it an unsuitable habitat for first-choico
species; and hence that'materials carried into the lake by tributary
streams and not destructive fishing practices must be held responsible
- for the decline of the fisheries, Doemonstration of the invalidity of
Langlois' views is essential to the future wolfare of the fisheries,
since acceptance of his theory would entail the abandonment of the
vitally important struggls bheing waged by conservationists to correct
fishing abuses on the Great Lakos and bring the fisheries under scien-
tific management.

Refutation of the Langlois turbidity thcory was made along the
following major lines of argument:

(1) Fishes are far more tolerant of turbidity than is commonly
believed. Turbidity values in the Great Lekes are far too low to
affect adversely the production of fish. Even in Lake Erie, the most
roily of the lgkes, tho mean annual value for inshore waters is only
27 p.p.m. For April-May, months in which meny fishos spawn, the mean
is somewhat greater (57 p.p.m.) but still rclatively low.

(2) Contrary to Lenglois' repeated assertion, turbidity in Lake
Erie is decreasing rather than increasing. » Comparisons of valucs bo-
‘fora 1930 with those of 1930 and later reveal a drop in.the annual
mean from 42 p.p.m. in the former period to 32 p.p.m. in the lat¥er.
For April-May the change was from 72 p.p.m. in the earlier to 46 p.p.m.
in the later period. Increasing ‘turbidity, thwrefore, cannot possibly
account for the declining abundence of fishes

(3) Ev1dence that streamsborns suspensoids from agricultural
regions cause the turbidity of western Lake Erie is weak and incon-
clusive, . IMuch more consistent with the facts is the beolief thatr wind
action is the major cause of turbidity and that bank erosion on tha
laks itself is the principal source of suspensoids.
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(4) There is every indicatior that Fake Erie offors an:exnellent’
not an unsuitable, habitat for fish. Plankton production is-rich,the
growth of fish compares most favorably with that in other waters, and
despite severe declines -the output of the fighes themselves is still
reasonably high. Furthermore, ‘fish produotion is greatest in the more
turbild westerly region. ’

(6) Extensive date on age ocomposition and the strength of year
classes failed t¢ reveal any correlation betwoen turbidity and the
success of repnoduction -of the principal commercial spécies. - Of
particular interest here is the ‘complete failure of Langlois' much
publicized prognostication that exoeptionally strong year dlasses
would be produced in 1941, & year with unusually clear water during
the spring.

(6) The proof of invalidity of Lenglois' turbidity theory to-
§%§g§£ with repoated mssooiations of inoreasing fishing pressure and de-
dbundafice lead inevitably to the conocluslon that overfishing is the
major cause of depletion of the Great Lakes fisheries.

"Standardization of methods bf expressing lengths entl weipghts of
fish," by Relph Hile was submitted to editor and aocepted for publi-
oation in Transaotions of the Amoricen Fisheries Society, Volume 75."
Variations in tho method of measuring the longths of fish and in the
units-employed to expross both lengths and weights are’ & major source
of inconvenionocs to United States and Canadien. fishery. workers in the
ugse of ourront literatures. Inability to think readily in terms of
the metric systom of weights .andmoasuros is sspecially’ troublosbhe.
After a review of the goneral problem of standardization and a consid-
eration of arguments for and against various procedurcs, it was rocoms
wended that in most of our fishory work we (1) employ the total length
(defined as the distance from the %ip of the head, mouth elosed, to
the tip of the tail wlth the lobes ocompressed to give the mazimum
possible measurement) and (2) uge tge nglish system of weights and
moasurements to express lengthy" THEEH\Wliontion of at least the koy
information in both English and metrioc units also was rocommended for
our more formal papers, and tho desirability of using the motric system
only in ocertain highly techmienl nrticles or in speoial situations was
recognized.

Groanter wniformity is ncuded also in the oxpression of ages,
in. the presentation of morphomstrio and other dota on lakes and
streams, nnd in the classification of the products of fish-cultural
vstablishments.:

"The nge, growth, and bathymetrioc distribution of the bloater,
Leuocichthys hoyi (Gill) in Lake Michigan," by Frank W. Jobes, was
submittod ¥o the cvditor and accepted for publication in the Papers
of the Michigan Acadomy of ‘Scienoes, Arts and Lotters, Volumo 33.

The bloater is the smallest and most slow-growing of the Lake Michigan
chubs. As an illustration of this slow growth the average oalculated
longth at the end of 6 years of lifo was only 8.9 inchos for tho males
and 9.2 inchos for the fsmnles. The corrosponding cnlculated weights
were but 2.9 and 3,2 ounces. Since all fish aged were eaptured off
Grand Haven, Michigan, the matter of rogional differoncos of growth

103




rate was not investigated. Fish captured . in 1928, however, had grown
more rapidly than had those taken in 1919,

‘Age-group IV dominated tho 1919 sample (41,1 percent). In 1928 .
age-groups 1I to VI each containad from 20.9 to.16,2 percent of the
collection,

The circumstance that the gill nets customarily took considerable
numbers of bloaters both in the customary manner and by the entangle-
ment of mouth parts in the twine led to an unusual relationship be-
tween mesh size and the length of fish captured: In 1930-1931 the
nverags length of bloaters from southern Lake Michigan decreased con-
sistently with inerdase .in.mesh size (five sizos fished) with from
9.2 inchos in the 2 3/@—inch mesh to 7.9 in the 3-inch mesh. Tho
frequency distributions were bimodal for both the 2 5/%— and 2 1 £-inch
meshes. The. three mesh sizes fished in northern Lake ‘Michigan in 1932
all took fish that werec of rabout the same size (range of average length,
10.6 to 10.8 inches) but which averaged 2.3 to 2.7 inches longer than
those captured in the same meshes in'1930~1931.

‘The weight of the Lake Michigan bleoater increased as the 3.168
power of the longths Condition (X)improved from May tm June and
remained nt a high-level ‘or increased in subsequent months,

No distinot trends ocould be dstermined in: changes of sex ratio
with age or during the fishing season,

Bleaters were captured at depths as shallew as 12 fathoms and as
deep as 97 fathonis, "but were most plentiful 'at 26 to 59 fathoms where
the temperature was 3.8 degrecs to 7.0 degrees ¢, In some months ‘the
larger fish seem to inhabit the deeper water.

The bloater was about 3 times as abundant along the cast shore
as along the west shore of the lower lake. Abundance on the enst
shore was about 2 1/3 time's ‘that in northern Lake Michigan, nnd that
in the northern region was about -1 1/? times that on the west shore.
The ‘greater exploitation with smaller meshes on the west shore probably
accounts for the relative scarcity of bleaters in those waters whereasg
less favorable envirenmontal conditions ars assumed as the reasons for
ths relative seorcity of the specics in tho northern region.,

"Ago and growth of the whitefish, Coregonus clupeaformis (Mitehill)
in Lake Erie," by John Van Oosten and Ralph Hile was accepted for
publication to appear in Transactions of the American Fisheries Society,
Volume 76. Although the whitefish has by no means ranked first from
the standpoint of production, it has always been an important commer-
cial species in Lake Erie. The general level of preductivity declined
at a relatively early dete., Desplte certain noteworthy but temporary
recoveries, the 1893-1945 annual yield in United States waters (1,212,000
pounds) has béen only 39 percent of the 1879-1890 mean (3,133,000 pounds).
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Age-proun TIT -was typicallv :dominant in"random saniples from
commercial . gear: (trap neﬁs, pound:néts, and largé-mésh gill ‘nets).
The .same age group aldd dominated most.samnles of the commercial. catch
(that is, whitefish rthat. equa’]@d or ‘exceeded ‘the legal minimum weight
of -1 ’/4 pounds) taken in ‘lete sdfmer, fall and early’ W1ﬁter, but IV
group fish were the more pelntiful in July when many .membeérs-of the
ITTI group were still undersized. Apparently the members of a year class
normally dominate the commercial.take adbout one vear but this year ex-
tends  over parts of two years of life (latter part of the fourth and
early part of the fifth).

The year classes of 1922 and 1926 were much stronger than aver-
ane whereas the 1923 year class was exceptionally weak. Ne correla-
tion was -detected between limiological-méteerolegical conditions and
the strength of year classes,

Although female whitefish- averaged longer and heavier then'
males, the difference was sufficiently small (length advantage of
females relatively steady at about 1/% inch in the third and later
7eurs) that growth ‘can be deseribed reasenably well for the sexes
combined. The Lake Erie whitefish was.a foot long in less than
2 years, 18 inches. in about 4 years, and 2' feet in slightly under
12 years, .The legal weight of 1 3/4 pounds Wwas attained toward '
the middle of the fourth growing season, 4 pounds in -betweén 7 and
8 years, and 6 pounds in abeut 12 years, Crowth in Lake BErie was
much superior to that repsrted for lake Ontario. Lake Erie white-
flsh were also. longer than Lake Huron whitefish during the first
5.years of life and heavier during the first six.. In later yvears
the Loake Huron fish were the larger. '

.The growth in length of.Lake Erie whitefish ranged from 16.0
percent above the 1924-1930 mean in-1927 to 25.0 pordant below™
average in 1920 There 1g '‘good evidence that the. annual‘fluctua=
tions in grewth rwto were correlated negdqtively with fluotuations
Ain the turbidity of water off Brio, JPennsylvania, in cortain months
(sspacilally May-June) and/or correlated positively-with -the amount.
of roinfall Auring July and dugust at the same locallty.

The weight of .the Lake urio whitefish inorensad to the 3.1523
powor of the length. The total length gqorrespomding to the leogal
wolght of 1 3/@ was 16,9 inehes, Available date on condition indi-
cated that X deolinod-continuously from August to Decembsr. At
spawning in Wovomber and Decomber female whitefish lost 11 porcent
of their weight, but no.logwm could be demonstrated for males.
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Apparently most or all males are mature as age-group III, but
there is evidenee that many females (possibly a majority) are first
mature as members of the IV group (end of fifth year). The sexes
were about equally represented in collections of summer and early
autum. Males were strongly predomlnant (79 percent) in spawning-
run collections.

Spawning commenced during the second week of November and was
continuing activély when the last samples were oollectsd at the end
of the first wesok in Deocember.

Progress in Curront Projects - Biological

Age, growth, and distributien of the longjaw chub, - lLoucichthys
alponae Koelz in Lake Michigan. The present study is the ¢ fourth of
{ts Type for specles of chubs in Lake Michigen. Dr, Jobes has com-
pleted all of the original tabulations and analyses in this investi-
gation and 1s currently proparing the formal report.

The longjaw is one of the more rapidly growing chubs., At the
end of 4 years of life, for example, it averages a little nbove 11
inches in total length and more than € ounces in weight (of data on
kiyis and bloaters earlier in this report), The growing scason must
begin early, for in 1923 the major part of the annual -growth had
taken plaes by June 15,

Age-group gominated the 1923 sample (53.8 peroent)'and age-group
IIT the 1928 collection (55.2 percent).  The oldest fish was a member
of the IX group.

Data on length failed to reveal any annual difference, or a
difference between the east and west shore with respect to the average
lengths of longjaws captured in southern Lake Michigan in 1930~1931.
Longjaws taken in nerthern Lake Michigan in 1932 were larger than in
the preceding years, averaging 1.0 to 1.3 inches longer than fish from
corresponding mesh size in 1930-19314

The weight of the lLake Michigan longjaw incressed to the 3.0606
power of the length. The caloulated length-weight curve fitted the
empirical data rather poorly. Condition (K)was best in 1931 and
poorest in 1932. The individuals of both Sexes were in poorest con-
dition in some month preceding August each year,

Females made up 76 percent of all oollectlons but were more plen-
tiful in 1932 (81 percent) than in 1930 (72 percent) er 1931 (68 percent).
Ths percentage of feomales increased with increase in age. Data on
monthly trends in the sex ratio were inocenoclusive.

The present study will add 129 locality records for the longiaw
in Lake Michigan proper and Green Bay to the 35 previously reported.
Longjaws were most abundant in 20 to 69 fathoms but were taken as deep
as 97 fathoms., Abundance was approximately the same along the east
shore of southern Lake lichigan in 1930-1931 as in northern Lake
Michigan in 1932. 1In both of these regions,. however, longjaws were
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about three times as plentiful as-along the west shore of the lower
lake. The relative scarcity of longjaws along the west shore is be-
lieved %p have been the result of more intensive fishing with nets of
smaller sizes af mesh,

Age 'and size cemposition of the cammercial catch in Lake Erie.
The, :anhunl -sampling of -the commereial cutch of Lake Erie, instituted
in 1943, was continued in the fall of 1946 when scale samples of 1,586
fish (1ncluding blue pike, clscoecs, saugers, sheepshead, wallsyes,
white bass, whitefish, and yellow perch).were cellected from Sandusky,.
Lorain, and Canneaut, Ohio, and Dunkirk, New York, on the south shore
and Wheatley, Ontario, on the north shore. Dr. Jobas made age determina-
tions for theso fish during the past winter.

These annual studies of the age and sizo ocomposition of Lake Erie
fish will in time provide a valuable baskground fer a bettor under-
standing of the pepulation dynaniics of the lake. The date have had
also & great immedinte usefulness in that they constituted an important
part of the information emploved to reofute the Langlals turbidity . .
theory. (See review earlicr in this report of Drwv Van Oosten's papor
on- turbidity as a faotor in tho abundance of fish,)

Age and growth of the walleye Stizostedion vitroum vitroum (Mitehill)
in Saginaw Bay, ond the walleya fishory of Lake Huron. After a nearly
complete suspension of aotivities during the war years, Dr. Hile has
resumed work on this extensive study of tho walleye, During tho past
year the last of the senle colleotions were read-and nearly all of the
tabulations propared for such phases of the ‘investigation as: long=-term
trends of production; ennual and sensonal treonds, beginning with 1929,
in abundance, production, and fishing intonsity; age .composition, in-
cluding ennual and semsonal varintions; growth rate (length and weight
at capture, enloulated lengths and weights, annual fluoctuations in
growth rate); longth-weight relntionship; sex ratlo; age and size at
maturity.

S8ince much of the analytio work remnins to bo ocompleted, only
limited and neosssarily tentative conolusions oan be offerod at this
time, Comments will bs limitod hore to the rather striking informatien.
uncovered to date on annual fluctuations, in grewth rate. The moro then
3,000 fish collected from 1926 to 1930, inclusive, yiclded cxtonsive
data on growth fluctuations in thu: period 1916-1929, ond a small colw:
loction of 288 wallcyes gove information on more recent growth:(espe-
cially for 19539-1942). During the oarliur of the porieds fluotuations
in growth of males and fumalos and of fish -in tho first and.in the later
Years of life followed the sume general trend. For the soxes combined
and for all years of 1life the range of fluctuations was from 12.8
percent above the 1919-1928 average in 1916 to 14.2 peroent below
averaps in 1924,

“nlleyes collected in 1942 had grown much morc rapidly than had
fish takon in 1928-1920. As illustrations, males captured at the ond
of 3 and 4 years of life in 1926-1930 hnd avorage total lengths of 12.6
and 14,4 inchss, rospeotively, as comparcd with averagos of 16.4 and
17,5 inches for malus of corresponding age in the 1943 sample. Tho
averagy welghts for these sams age groups were 0.59 and 0.89 pound in
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1926-1930 as against 1.41 and 1.69 pounds in 1943.

Calculated lengths of the 1943 walleyes indicated that a high
level of growth raote extendsd back well into ths 1930's.” This fact
in turn invites the assumption that the rocent high level of produc-
tion that began in 1932 may have baen to a considerable extent the
result of faster growth rather than of more 'successful reproduction.

Agc and growth of the smelt. Although it.has not yst been pos-
sible to sot up an organized pregram of investigation of the smolt,
the policy has been followed of accumulating data on age, growth,
length, maturity, ... at every opportunity. This spring samples of
about 100 fish cach were seccured from the St. Ignace region (Straits
of lnckinac) and from Wheatley, Ontario, on the north shore of Lake
Erie. ' '

The latter collection was of specinl interest, since it was our
first from Lake Erie and came from a region in which an important smelt
fishery promises to develop. The fine quality, large size, and rapid
growth of Lake Erie smslt, together with the ready accessibility of
the area to eastern markets make the outlook for profitable exploita-
tion of the species good. As an illustration of the rapid growth, smelt
from Wheatley were 9.9 inches long and weighed 4.0 ounces at the end
of 3 years as compared with 7.2 inches and-1.2 ounces for the §t.

Ignace fish of the same ags,

At a later date Dr. Ven Oosten plans to preparec a ropert on the
growth of smelt in the varlous Great Lakes waters.

Other additiens to scale collections. In continuation.of the
policy of making annual cellections of seales of lake herring and
yellow perch from Saginaw Bay, we seocured 205 scalc samples of herring
from the November spawning run and 208 scale samples of perch in May.
Yet another addition to our collections was a sample of 65 herring
supplied by a commercial fishermen of St. Ignace, Michigan,

Cooperative lake trout investigations. At a meeting in St. Paul,
Minncsota, on September 10, 1946, officials of this Service and of.the
Statss of linnesota, Wiscoénsin, Illinois, Indiana, and Michigan, invited
the Province of Ontario to join in the cooperative investigations and
changed the name of the Committee (of which Dr. Van Oosten is Chairman)
to the.Great Lakes Lake Trout Committee.

The work of the Committee continues to be confined principally
to an-evaluation of the results of planting fingerling fish. In
the fall.of 1946, some 151, 402 marked (fin-clipped) fingerling lake -
trout were planted in northern Lake Michigan, making a total of 411,394
marked fish that have been planted in the lake,
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Progress in Lurrent Projeots. -~ Statistieal

Pounds and value of the ocatck in the United States waters of the
Great Lnkes., The war~%1me ‘arrangement wheroby ths pounds and value
of The oommorcinl catch in'the United States'water of the Great Lakes
and.the Boundary Lakes are collected and compiled by the Groat Lakes
section and forwarded to the Division of Commercial Fisheries has beon
continued. This work was completcd for 1944 in the summer of 1946.and
for 1945 in Juno 1947, The State of Michigan ‘alse ‘was supplied with
tabulations of the 1945 ocatch by month and by gsar in Miohigan waters:of
the Groat Lakes (these statistios are published in the Blennial Report
of the Department of Conservation),

Analiysis of looal fluctuatipns. in the State of Michigan fisherles
of the Great Lakes. btrom these annlyses, oonduoted by mothods désoribed
in sevaral publioﬂtlons ‘of this office, therc are now available records
of loceal fluctuntions in the availability and-production of tho more
important: fish and in thu intensity of the fishcry over a 17-yanr period
1929-1945." ‘Werk on the 1946 .statistics wos cohsiderably deln\od because
of diffioculty in locatnng a suitable, statistioal assistant, The vnoaney:
has now ‘bosn flllad.

The adeption by the Province of Ontario of report forms and methods
of tabulntion and analysis develepcd in the Great Takes offices” con=~
stitutos an imnortqnt stap toward uniform and Qdequato statistios for
the Great Lakes,risheriea. ‘Ag. the result of .dorrespondence and con=-
sultations with Ontarlo officinls, . those methods wers installed first
in Lake On tario on an experimental basls. - Later, in March of this year,
Mr. H. C. MecXinley, who is. immediately in charge .of fishery statistios
for the Ontario Dopartment of Lands and Forests, spent four days in
Ann Arber dlsoussing with Drs. Van Oostén and Hilo dotnils of the pro-
pescd immedinte extension of the statistioenl system.to all Canandian
waters of the Great Lakes.

‘Sea Lamprey Program

Although the sea lamprey, a native of Lake Ontarle, 1s known to
have been present in Lake Erie in 1921, and to have penetrated as far
as central Lake Mlohigan by 1986, it is only within reoent years that
it has become suffiolently adbundent to sonstitute a major thraat to
the fishery. . This parasite nppears to be most abundant in ‘Lake Huron,
whore thore is good reason to believe that sea lampreys have 'been a
principal contributing factor in the dooline in ths production of, laks
trout from 1,372,000 pounds in 1939 to less than §0,000 pounds-in 1946,
Furthermore, lamproy deprodations are now reaching oritiosl proportions
in Lake ¥ichigan (espeoially in northorn waters), and sea’ lampreys have
been reported from Iake Superior as far west as Isle Royale.
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Members of the Great Lakes staff long have been aware of the
menace of the sea lamprey, and as far back as the early 1930's began
to gather information on this predator as.opportunity presented itself,
The almost, ¢omplete lack of funds and facilities for field work made it
utterly impossible, however, even to carry out investigations of -the
bilology of the sea lamprey, much less attempt to devise methods for
its control.

The first prospect for an effective sea lamprey program ceme in
August 1946 when the President signed H. J, Res, 366 authorizing
appropriations up to a-total of #100,000 over a 10-year period for
the development of control methods. _

In anticipation of Federal support, officials of this Service,
the States of Minnesota, Wisconsin, Illinois, Michigan, and New York,
and the Province of Ontario formed.a ocooperative Sea Lamprey Committee
at a meeting in St. Paul, Minnesota, on September 10, 1946, The
permanent orgenization of the Committee wes effected at a second
meeting in Ann Arbor on November 14-15, 1946, at which time Dr. Van
Oosten was elected Chairmen. At this Beoond sonference a detailed,
though necessarily tentative, program was worked out (a mimeographed
trensoript of the meeting was distributed to interested parties).

It is antiocipated that all of the Great Lakes States will participate
in the sea lamprey program.

Since no part of the funds authorized by H. J. Res. 366 was
appropriated during the fiscal year 1947, field activities by the
Great Lakes Section were limited to a brief survey of conditions in
northern Lake Huron by Dr. Ven Qosten during the last week of June
1947, Dr. Van Qosten has devoted a great amount of time, however,
to his work as advisor and ocoordinator in activities already being
conducted by Wisoconsin, Michigan, and Ontario, end tv the planning
of future operations,

As it stands now, the sea lamprey program can b»e divided into
three major phases: (1) the intensive study of the biology and
habits of the lamprey with a view particularly of learning its dis-
tribution and abundence and of determining the most vulnerable periods
of its life history; (2) the development and testing of devices and
techniques for the capture or destructicn of adult and larvel lampreys;
(3) the investigation of the effects of the lamprey on the fish and
fisheries-~frequenocy of attacks according to species, locality and
seascn~~-losses %o fighermen through inability to market scarred fish--
evidence as tc effegts ¢f lamprey on sbundsnce of fish (including
analyses of gommercial fishery statistics),

The states and Ontario are tc be primarily responsible for .(1)
and (2) above with the Service acting os a coordinating end advisory
agenoy and also contributing financial support (to the States).
The Great Lekes seoticn 18 to concentrate on the third phase of the

program,.
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EASTFRN'INLAND FISHERY INVESTIGATIONS, Chafles M. Mottley, Chief of Seotion
GENFRAL

The Section has made sipnificant progress on the research objeoc-
tives sot for the Tiscal Year 1947. Investigaiions c¢f the requirementes
of trout for 3 of the importent vitamins in the B-complex were completed.
Purther work was doner on the standardizetion of the treatment of furun-
culosis with sulfamerszine. The effects of TNT on fish and aquatio
orgenisms in larpe-scale field applicaticns were studied.” Methods.
for gontrolling emergent aquatioc vegetation with 2, 4D in fishponds
were werked cut. A Speclael Scientiflc Report on the effects of aguatlo
weed inféstations on the fish and wildlife of the Gulf States was pre-
pared and submitted to the Corps of Fnginecers. . An evaluation of the
effect of pond fertilization 'on the production of fish was made and
used ag o basis for .plaming future experimentael work. During the
spring quarter dnvestigation of new phases ©of the varlous projects
were started as indicated bhelow,.

Headquarters Unit During April Dr. Mottlev spent several days
in Rregion ¢ comlerring with the staff at the Albuquerque Reglonal Office
and planning a program of investipation for Conchas Reservolr,. New Mexioco.
In May he prepared s paper entltled, "Creel ‘Census Methode for ¥gtimating
Fleh Populations," which was given at the meeting of the Virginis Academy
of Sciences. Tn June a visit was made to the Fish Cultural Station at
Lamar, Pa., where the Section 1s ocooperating in a program for the com-
plete sterilization of the supply line, troughs, ponds end equipment.
Several trips were made during the quarter to the rosearch laboratorles
in conneotion with the plamning of the research program.

Leetown Research lLaboratory During the year Dr. Snleszko com-
Pleted the Job of organizing his laboratory facilities for oonducting
bactericlogical investigations. . The neeessary equipment has been ob-
teined and a battery of troughs for controlled experimentation and
treatment wes constructed.” Roth Dr. Snleszko and Dr. Gutsell have
been cooperating with the Divisicn of fGame Fish and Hatcherles in a
program for the ocontrcl of fish disemses. Trips were taken to Wythe-
ville, Va., and lLamar, Pa., in this connection and recommendations
for treatments were made. ¢ \'r. Saufly Be T'riddle was transferred from
the Nivisicn of Game Fish and Hatcheries.end is assisting Dr. Snieszko
a8 a bilological aid, S

Ur. Snieszko attended *the General Meeting of the Amsriocan Society
of Baoteriologists, Philadelphia, Pa., Mav 13 to 16, 1947. Two papers
were presented at this meeting entitled "!n Outbreek of a Pacterial Disease
of Lobsters" by Snieszko and C..C. Taylor, and "A Study of the Mioro-
Organism Causing n Fkaocterlal Disease of Lobsters," by F. R. Hitchner and
Snieszko, Abstracts from these papers were published in the prooeedings
of the meeting.
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£t the present time there are over one hundred stock ocultures
of bacteria isolated from the infected fish which are being maintained
for the future work. All cultures have tc be transferred to fresh media
once every month, because of the lack of desirable storage facilities
at the station. Sterage facilitles are being arranged, sc that the
sultures will need to be transferred less frequently.

Dr. Gutsell continued the enalysis e&nd interpretstion of the data
obtained from previcus investigations on the dlets of hatchery trout.
A series of papers 1s being prepared dealing with the growth and mor-
tality of trout fed dlets conteining 2ifferent kinds of meats and
dry feeds.

Certland Research Laberatory The Cortland Leboratory continued
its cg ram of testing varlous dletary supplements. Various commercial
suppleme ts falled tc increase the growth rate, decrease the cost of
production or have any visible beneficial effects upon brook trout.

The ccet of these supplements does nct appear tc warrant their use
in hetchery diets. WNew supplement experiments nre in progress and
will be ccmpleted this coming fall.

Paprike when fed at a level of 2 percent of the diet to breok
trout, causes & Mmarked cclorntion of %the fish, approximating the
color of wild fish. 1In the past such studies have been made with
the impcrted brands of paprike. Experimente were made in which the
efficiency of a domestic paprike was compared with an imported brand.
In all experiments the domsstic type was equael tc or superior to the
imported paprike. Tiémestic paprike is much oheaper for use in hatch-
eries diets. Brown trout were not colsorad by this substance. A new
series of experiments has been staurted t~ determine 1if the level of
peprike in the diet may be reduced and thus further lower the cost
of artificislly ccloring hatchery brook trout.

Tests of severnl practienl diets aore under way tc determine if the
standsrd Cortland Na. 6 may be improved upcn. Such experiments have
teen mode necessary by the lack of a supply cf scme of the ingredients
and the excessive costs of scme of the cthers. '

Tr°ining Pregranm rlasses of about 4 héurs ench week are held
through-ut the pericd from mid-September to the first,of June in which
instruction wag gilven tc personnel of the Divigicn <f ‘Geme ¥ish and
Hatcheries., Instruction conslsted of lectures, recitations, Jabora-
tory exercises and field trips in general nutriticn, fish oultural’
metheds (inoluding disease identifidation and eontrol) hatchsry -
manegement and fresh water biclegy. This past year twe men from
Region 1 attended the schcol in additicn to personnel from Regicn 5.
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RESEARCH PROGRAM

PROJECT T. (PHYSIOLOGY) NUTRITTSNAL RIWVVUIREMFNTS OF SALMONOID FISHES
Ae Mo Thillips, Prcjeot Leader.

Subproject 1--Vitamin requirements of salmonold fishes.

The study of the vitemin B requirements of trout formed the major
portion of the'gg tAand Laboratory's program during the past yedr.
These stud1837%.°§geding various levels of the different vitamins in
the diet 'of the trout ‘énd-after an elapse of time the trout were killed
and their livers were analyzed for their %itamin content. - That diet
zﬂusing'maximum storage was teken as the tentative requirement of the

rout. ' '

Studica were made upon the riboflewin, thiamin and pantothenic
aoid requiremonts. The experiment was so designed that the effects
of levels of -the vitamins in the dlet species of trout, water tempera-
ture and thé time of theidnalyses -oould be measured in one serles of
experiments. The datd were dtudied statistically by means. of analysis
of variance. “ ' ‘

Three species of trout were used in'all studies, brook, . brown
end rainbow trout, and the experiments were rum at water températures
of 47 and 52 degrecs F. Twe series of analyses were mede approxi-
mately two months apert. ‘

No difference wos found botween the requirement of “thé three
specles of trout for riboflavin. The requirement remained the same
at the two temperatures and over the two-month interval. The tente-
tive requirement was found to be between O.44 and 0.68 milligrems of
vitamin per kilogram of body weight daily.. Maximum storage was found
:0 be betwoen 15 and 16 mierograms of ribeflavin per gram of trout

iver,

The pantothenio acld studies showed that all three specles had
the seme requirement and no cffeot was caused by temperature. ' The
tentative roquirement was established at botween 0.97 and 1.25 milli-
grams of pantothenioc aodd per kilegram ¢f trout per day. There was a
difference in liver storage.in the cases of brovm and rainbow trout
betwsen the two seriles of ennlyses. The analyses made later in.the
seagon when the fish were larger and older, showed o greater nmount
of pantothenic neid in the liver than the earlicr series. Meximum
storage of pantothenio acld in’ the trcut livers was* approximately
18 miorcgrame per gram of liver. This was slighély less for the
rainbow and brown trout in the first series of analyscs..

The thiamin reouirement was found t¢ be between 02150 and 0.186-
milligrams per kilcgrem of trout per day for all three specles of
trout, . Temperature had no effect upon the roquircment but there was
n differcnce botween the twe series of onalyses. The lapger and '
clder treout (the seocnd sorics) hnd a higher liver storage' of thiamin
than the trout of the first serics of analyses. The average storage
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of thismin was approximately 4 micrograms per gram of liver, averaging
slightly less for the first serles of experilments. :

A series of experiments 1s at present in progress in which the need
of trout for niacin (nicotinic acid) and biotin will be established but hgve
not reached a point where conclusions mav be drawn.

PROJFCT II., (PHYSIOLOGY) ANEMIA IN TROUT

Suffocation experimentes at Cortland showed that as the oxygen:was
reduced and the carbon dioxide increased in an unaerated aguarium, the:
red cell count of the blcod-of brook trout increased rapidly for the first
hour after which it maintained the new level. The gas content of the
water may be an important factor which must be taken into account in the
early diaegnosis of anemia in ha¥chery~reared trout.

A mixture of pyridoxine, pantothenie acid and riboflavin fed in
geletin capsules to brook trout, failed to relieve the anemia which
developed whon the trout were fed a synthetie diet. The same three
vitamins and folio ae¢id did cause a signifleant rise in the blood count
of anemic fish, althoufh the rise wag far bhelow that resulting from
the feeding of fresh beef liver. Folilc aeid alone had no effect. The
anti-anemic factors of fresh meat appear tc be a complex mixture and .
not a single factor as once thought,

Fxperiments are in progress tc study further the effects of various
vitamin combinaticns upon anemia. In addition several commercial sup-~
plements are being tested for their anti-snemic value.

PROJRCT III (TOXICOLOGY) RFFRCTS.OF IVWSECTICIDRES AND CHEMICALS OV FISH
Fugene W. Surber, Project Leader and Dorothy D, Friddle, Riologi-
' cal rid, ’
gubproject 1--Effects of TLT on Fish

Both laboratory and pond éxperiments were performed during the period
April 1 tc June 30. An experiment using two rates of application of TDT
in oi} wes performed in concrete Daphnie ponds with largemouth bass ad-
vanced fry of an average length of 26.4 mm. All bass were killed in the
ponds which received 0.5 pound DDT per acre, while 100 poreent survived
in the control pond.

In another pond experiment, in collaboration with the Bureau of
Entomclogy end Plant ruarantlhe, houseflies: sprayed with DDT in oll at
the rate of 1.0 pound per.acre were fed to bluegill sunfish, 82 mm.
average length. . No bluegills were killed. This experiment, corroborates
an experiment oonducted during 1945, which failed to show that bluegill
sunfish can be:killed by feeding upon insects- sprayed with DDT.

In aquarium experiments in which NDDT~spraved housefiles were fed to
78 mm. (average) bluegill sunfish, several fish died. Though few showed
typical symptoms of DDT polsoning, as usual ‘the results of the aguarlum
experimernt were cpen to questicn,
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Arrangements were completed for the spraylng of a mile seoticn of
the St. Mery River in the Blg Levels Refuge near Vesuvius, Virginia.

Applicotions of DDT in cil at the rote ¢f 0.25 and 0.50 pcund per
gore were made in dirt-bottem ponds ocntaining golden shiner fry, 11.6
mms in length. All fry vigible in the ponds were killed at woth levels
of TDT, Apparently.golden shiner fry are much .more sensitive tc DDT
than Pdults, since experiments during October 1946 showed that adult
£0lden shiners oan survive 0.5 and 1.0 pound DDT per ac¢re treatment.

Subproject 2--Rffeots. of Yewly Developed Chemicalé on Aqﬁatio Organismé.

Three large plnts of whi*e water lilies Nymphaeo cdorata, on the
premises of the Fudora Farms near Lgesburg, Vir&inia were sprayod with
2, 4= cn June.4, 1947. Three 2, 4-D formulae were used. In cne plot,
5 peroent 2, 4-D scluticn propnfed frem the sodium selt of 2, 4-D wos
used; in the gseotnd, & § percent solution of 2, 4-D with tributylphosphate,
a oﬂuCIVﬁnt~ and in the third plet, a 5 percent solution of 2, 4-D in
triethanclemine and water. Preliminary observeticns showed that the
tributylphosphate formule was much the easlest t¢ use and coused the
leaves to curl before oompletion of the spraying,

The wateér 1illes, sprayed in Ponde 1~5 end 1l-14 surylived the spray-
Ing during the late. fall of 1946 when both leaves and peticles were
8prayed after the water was.removed, ‘Further offorts will be made %o
control thesc plants by additicnal applications with the tributvlphoa-
phate formula.

PROJRQT IV (DICKASKS) THRRAPRUTIC TREATMENT FOR FURUNCULOSIS
James S. Gutsell, Precjeot Leader, S. F. Snieszko,Collaberator

The pipe from the spring, distributing ditch and the 16 ponds of
roocewany type at the Upper Hatchory, Lamar, .were treated wlth ohlorine
after gpundown ¢n June 1ll. Ur, Yottley and Mr, Rodgers were present with
Dr. Guteoll while this was being dene, -They, together with Mr, Tanncr
and the entire staff of the Lamar hatchery, tock part in the cperaticn.
The residunl chlorine was chocked on the morning of June 12.

Twe papers, "Respense of Rreok Trout (Salvelinus fontinalis) and
Radnbeow Trout (Salme palrdnerii) to various dcsages of sullfameragine"
and "Rffect of Simultonoous Trcatment of Brock Trout (Salvelinus
fentinalis) and Rainbow Trout (Salmo pairdnerii) with Sullamerazine
and Calomcl or Carbarsone,”" have been mede rendy for finael typing,
Preparaticn of fimidhed greophs, eto.

The two esrlier pap.rs "The Value of Certain I'rugs, espcclally
Sulfn Drugs, in the Treatment of Furunculosis in Brock Trout (Salvelinus
fontinnlis)" and "Dosage of Sulfamerasine in the Treatmont of =

urunculcsis in Hrock Trout (Salvelinus fontinalis) "still are awalting
publiocaticon in the Transacticonms of the Amerilcan Fisherics Scoletby.
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Plans have been prepared for new experiments dealing with the
development of treetment methods for furunculosis. These expériments
are tc be started in July.

References were studied by Dr. Snieszko on the methods of deter-
mination ¢f‘the sulfonnmides 'iri the blccd and’ tissues, and-scme -
preliminary tests were carrled cut. Hewever, the célor sténdards
and the intensitv «f the color Dr’duced 4n ‘the tested blsod ¢f the
trout were teo faint to permi+ acclrate determination. After occn-
sultation with Dr. Beyer, s pharmecclegist, et the Sharp and Dohme
Company, in Philadelphis, it became clear that the accurate deter-
minaticon of the sulfonamides in the blocd and tissues is only pOSSible
with the aid cf o phﬂtoelectric onldrimeter, Therefore, further
~studies were postpomed until such oclerimeter ooculd bs- Cbtained.

It has been found that the blecd collection methods used for the
blecd cf higher anlmals have to be ocnsiderably changed for the
ccllection of the trout blcod. These e thods are now being developed.

PROJECT V. (DTSEAOFS) DEVELOPMENT OF CULTUBRE MEDIA AND METHODS :
" S. ¥, Snieszke, Project ledder, S. B. Friddle, Biologloal Aid.

Subproject 1——Art1ficial infection of brock trcut with B. Salmonicida

On June 3 e preliminery test was started on the artificiel 1nfec-'
tion of brock trout with B, Salmonicida. The trout were ‘divided in
four separate troughs as follcws:

Trcugh #l., 10 yearling brook trout, five of them were injected
H E a suspension of E. Salmonicidn..

Trﬂugh J2. 19 yeerling brock trout, five of them had one of
the pectoral ‘fins remrved and were- dipppﬁ for a few sccdnds
in a very diluted water suspensicn of B, Zalmonieida.

Trough ?33'10 fingerling wrock tréut, five injeoted as in trough.#.

Trough 4. 10 fingerling brock treut, five of them infected as
In"%rough 2.

A11 trcut were féd'regﬁiérlv'and the dead trout were redcrded,
removed and spot. cheoked bacterinlogioally for the presence of R
Salmonioida in the dcrsal vein end the kidney.
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Mortalities

Vearlinas : ~_Fingerlings

Date 'f‘rough T ﬁcuoh i) Trough 19 Trough 14

June 6 ‘l ' . 4

" g8 5 1

"o10 1 3 5

"o14 2

, preled pccled

n 18 3
Subtctal \ 7 5 5 5
__Tctal 15 10

This preliminary experiment indicqted that the artificinl infeo-
ticn Wy means of the intraperitcneal or intremusculsr injecticn, or by
clipping of the fins, praduced 100 percent mortality. The injected
trout died socner than the trcut infected through the clipped fins.
Therc were' some additionnl mortanlities in the fingerling trout which
probably were due to the naturel infection frem the artificially in-
fected treut. Additicnel tests were started because thils. question is
extremely importent for investigations invelving the marking of
hatohery fish.

§Bbproject»2--Fxperim6ntal trdughs;

The experimentald werk oh tho disoases cf‘fishus and their “troath
ment has been limited by the fact thet during the large pert of the
year the trcughe in the hatchery are used for the preducticn of fry.
Another limiting factor is the large size of the standard hatchery
troughs at Leetown. In order t¢ have o desirable quantity of fish per
unit volume of water, a large number ¢f fish must be used and the cost
¢f ford, drugs end chcmicals {s properticnntely high. Alsc the fact
thnt thc hatchery troughs are arranged in twe tiers with water flowing
from the upper to the lower troughs, inoreases the risk of uncontrolled
infection. In order to remedy this situation et the lowest possible
cost, a plan wae prepared for the partition of the eight standard
troughe into 24 smaller troughs, each with the separate water supply
and a separate outlet. The set-up is expected tc be oompleted early
in July.

When the experimental troughs are aompleted they will be used for
preliminery soreening tests, for various controlled experiments and
Boveral troughs will be reserved exclusively, as & kind cf small eliniec,
for the rapld selecticn cof the best treatments when a disease of doubt~
ful etiology appears at the Leetown Station or neerby.
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Suybproject 3--The preventive Treatment of Scme Fish Discases

A nsw subproject on the preventlve treatment of certain fish dis-
cascs was started. A detelled program of the procedures and aims was
prepared and discussed with Dr. Mcttley and with the whole staff of
the Leetown Station. Full cceoperation wes essured by Mr. B. Hagen and
the personnel cf the Game Fish and Hatcheries. C(oples of the plan were
delivered t: the ohiefs of the Fishery Biology and ¢f the Game Figh
and Hatcheriles. The projeot was approved and cpersticns were started.

PROJECT VI. (FISHFRY BIOLOGY) SMALLMOUTH BLACKEASS STUDIES, E. W. Surber,
Project Leader. ~

This preject was inactive during the war, but plens are being made
to resume the investigaticns. Ccnditions in the Shenandcah River belcw
Front Royal, Va., are still unsuiteble for bass due tc pollution, #n
attempt 18 being made to draw the attention of the State authcrities
tc thig situaticne.

PROJECT VII. (FISH CULTURRE) PROPAGATION OF POND FISHRS, ¥ugene W, Surber,
Projeet Leader '

Subproject l--Fertilizaticn of Hatchery Ponds

: A series of 14 ponds renging from 0.2 to 0.62 acre in area were
stccked on April 14, 1947, with bluegill sunfish at the rate of 20,000
per acre. Two of these ponds served as contrcls, -and the remedining 12
ponds were fertilized with a 10-5-6 inorganiec fertilizer, Ammenium
sulfate was the scuroce of nitrogen.

The szries of 14 ponds were arreanged in four blocks with one
ocntrel each in the first and frurth blecks. COne pend in each block
reccived ' 100 pcunds per acre, anrther received 200 pcunds per acro,
and a third 200 pounds of 10-6-5 inorganic fertilizcr per acre per
applicatirn at 10- -day intervels until June 12, e tétal of 4 or 5 appli-
caticns per pond depending upon the turb;aity,

The turbidity'méqsurements were taken weckly dUring the cperaticn
of the ponds, since the purpose of the experiment weg 4o produce water
bleem of m dertain density, vizi, sudh as would ‘prevent the- gerth of
the larger' aquatic plants. The main purpose of ths project was to
measure the production of blueglll sunfish resulting frcm different
quantities of fertilizaticn.
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In spite of the heavy apvliention of fertilizer, 'watdr bloom did
not appenr in manv ponds. Instend, large rasses of fildmentous alpne
or conrse vepotetion apnearcd, In thesc nonds the water romained clear.
"ater bloom seemed to appear where heavy water hloom forms in previous
Yeers were present, snd no relation between the emount of fertilizer
ndded and the productlon of vetoer hloom forms was found, In other words,
the nddition ef triple thonﬂmounf of fvrtilizar had no effect on the
production of water bloom.

The oontrol ponds averaged 92 pounds of bluegill sunfish per aore,
Ponds receiving a single appliontion of 100 pounds of 10-5-5 per acre
produced en’oaverage of 138 pounds per acre. Those ponds receiving 200
pounds peor aocre per eapplication averaged 132 pounds of bluegill sunfish
per rerc, while the smallest average production, 110 pounds per aore,
cccurred in the serics receiving 300 pounds of fertillzer per ncre per
application. In one pond receiving thres times the nermal application,
bluegill sunfish wore noted dying,

The sunfish in all ponds made excellent growth during the short
period of eperntion. They renged in aversge length from 2.0 to 2.7
Inches nnd provided fish of vory desirable size for stooking farm pends.
The results in detail are shown in- Table 1.

Sub-project 2--Tarm Fonds

During June, all of +the farm ponds which were ‘stocked in ‘October
1946 were seined to détermine whether the fish hnd survived, and how
well,  Tn two ponds, worv low survival occurrsd, and in each of these,
o large snanping turtle was removed with n seine.

Those ponds were restocked with fish of comparable size to those
vhich hed survived. (oarse vogctation was- removed by chemical trents
ment in thosc pords containing an excess emount. Fertilization was
resumed with 12-5-5 inorganic fertilizer. ' '
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Table l.--Production of bluegill sunfish in ponds at Leetown,
' Test Virginin, 1947

\ ~ Net
' Mumber Mumber Average  Net potnds
Pond Date Dete - deys  -per length ‘pounds per acre’ Percentage

ne. stocked drained operated acre  inches per acre per day  survival

A. Vo applicntions

H- 2 4-14-47 6-18-47 66 16,174 2.3  117.57 1.78 - 80.9
H-13 4-14-47 7= 2-47 80 13,258 2.0  67.25 0.84 6643
Average 1Z, 716 2.2 92.41 - L&l 7246

B, Single spplications

H~ 2:4-14-47 6~19-47 67 13,919 2.5 126.78 1;89' <6946
A+ 5 4-14-47 6~20-47 sg 10,204 2.5 " 142.71 2.10 si;o
H- 9 4-14~47 6~27-47 75 15,360 2,4 | 136455 1.82 76.8
H-12 4-14-47 7= 2-47 80 21,826 2.4 - 144.43 1.81 109.11/
Aversge . C15,327 2.5 137462 191 76.6

C. Double 2pplications

H- 1 4-14-47 6~18-47 86 5,625 2.4 66.13 1.00 28,1

F~ 6 4-14-47 6-23-47 ‘71 11,498 2.4 154.86 2.18 " 5745
H- 8 4-14-47 6-26-47 ~ 74 17,171 2.3 149,76 2,02 85.9
Bell 4-14-47 7= 1-47 79 18,850 2.2 155,10  1.96 94,3
rverage : 13,286 2.3  131.46 1.79 6645

De. Triple applications

He 3 4=14=47 6=19-47 87 10,448 2.3 86,98 1.30 52.2
"He 7 4-14-47 6-25-47 73 2,040 2.7 25479 C.35 10.2
H~10 4~14-47 6~30-47 78 17,240 2.2 136,88 1.75 86.2
H=14 4=14~4T T= 3=4T7 .81 © 15,703 247 189,07 2e33 78.2
Average 11,358 2.5 109.¢8 1443 56.8

. 1/ The totnl number of fish stocked in eacl pond wns estimated from weighing
of random semnles. The total number present nt the time of drainage of the
pond gives the actunl number produced, since these wore ocounted inditidunlly
28 well ns weighed, - : '
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PROJRCT VTII. (FISTT CULATIRR)  GFNERAT, DIFONOSTIC SERVICE, S. F. Snieszko

Piaﬂnostic Service nt the Leetown Station The trout at the Leetown
Station wire examined whenever thero was any suspicimn of any discase,
Severnl adult rainbow trout were affeoctcd by tumors sr oystse There
was a serious outbrealr of . gill disense among the rainbow trout finger-
lings in the oircular pools. Treatment with Rooenl was rocoimended.

In order to make this treatmont possible the volume of water in all the
¢ireoular pools hud to be measured and & table was prepesred for the
rapld determinntion of the quantity of Roccnl needed fer each pool.

It was found thet the treatment of gill disease with Roccal gave very
£ood nesults. The losses nmong the trented fishos were small, and

the procedure of the trentment was simple and fast, providing thut

the nceded information wee at hand. In order to aontrol gill disense
80 far 4t has been found necocssary to treat the affected trout:for
three days in succession, one hour nt a time, with 10 percent Roccal
diluted 1:50,000. The trentment wns repected during the second ond
the third weok in order to cure the disense entirely. So far there
have been no new outbresks of this disense. '

There were-severnl outbreaks.of costiasis and of fin rot, due to
AN unknovm cnuse. Tn emoh oase a one hour trontment with 40 percent
formalin diluted 1:4,000 rave very rood results,

Other Diapnostioc Services

1, TPreperation of a memorandum for Me. Hippine on the diseasec -
of the hluebnok snlmon. C ‘

2. "xaninntion of preserved goldfish fﬁnm the Neisser Brothers, -
Springfield, Mass. ' ' ; '

3, F¥xnmination of the prescrved épecimcns of brook trout fingerlings
from Smokemount, M. C.

4, Txaminatinn of white penéh from the Maryland lMarine Station
&% Solomons, Md, S

5, TFxaminoation of dissased hafrings from Maine.’
6. Txamlnation of the trout from Vhite Sulphur Springs, 7. Va.
7. The second examination of white perch from Selomons, Md.

*8, " Routine (not experimental) trentment of trout fingerlings at the
Leetewn Station.

9, TFxamination of oatfishes from the.Westarﬂ Maryland.

10, TFxaminntion of alblno brook trout finéerlings from Dallas, Toxns.

121



PROJECT IX. FISE PRODUCTION IN SOUTHFRN WETRWS. Te Ke Chamberlain,“Prcject
Leader

Subproject l--The Pisgoh Systom of Tréut’ Stream Ménagement

Infoimation ‘was '‘ebteined duning the winter-on--the recent develcp-
ments in the system of trout stream menagement gstablished at.Pisgah-
National Forest prior to ths war. An article on -the subjJeot was preparpd
in collaboration with Ranger Huber .for the October lssue of the Progres-. .
-8lve Fish Culturilst.

Subprcject Z--Water hyaointhrIn#éstigéticns

Nc furthey werk was dene on-this subprojeot. . A‘ﬁcte on .thg effoct
of hydrogen sulfide en Florida Everglades fish producticon wes prepared
frem data-obtained-while onthe weter hyaocinth detail.

Subproject 3--€onchas Reservelr Investigation

The fourth gquarter saw the start of the reserveir study program.
Practically: the entire 'quarter was spent at Conchas Ressrvcir in
New Mex%co; a problem leke in that.it hed begun.its fishing cercer. at
a partioulsrly high level, qnly- to fall in a few years t¢ a. level mare
than crdinerily low. Apparently it may be classed as a bordoer leke
betwesn the cold-water and the warme-wnter types of impoundment. ithen
two~thirds full of weter or less, Juging from its history, 1t shows
the characteristios of an excellent bess lake. When full, the beass
fishing fells off, water temperatures run sc lcw as t¢ reduce natural
. bass spawning, and it appears tc be a ccld-water lake that has gotten
off to a bad start with ite -fish populaticn: This is realized tc be,
an over-simplificetion of the problem, but it makes a starting point -
for o conslderaticon of knovn factse The reservolr hes been practicelly
full 21l ywar.

The reserveir when full stands at en cleveticn of 4,201 fect.
Much cf. the impounded water lics in twe canyons, ‘glving .stecp banks
and considarable water depth of a hundred feet or moerc. During the
lest of Moy and through June the surface temparature of the reservelr
roge geveral times sbove TO degrees but -never malninined such a temper-~
srture oontinuously for 24 hecurs. Through June the temperature at the
surface wos below 68 most ¢f the time with e iow.cne merning .¢f 52 degrees.
Winds have been almost eontinuocus with frequent severe storms that have
produced leke "turnovers” at least weeklys This has been determined,
by temperature readings at the surface and at a 70-foot depth. ‘As a
result of ~these winds snd the cvident mixing of the upper 50 to 70
feet of water to the extent that hes been found, there has pever been.
meny degrees difference in temperature botween the surface and the
70-fcot depth mark.. The difference hes not been found to be over
eight degrees at any time, nnd occasicnally is only four,



Fishing hos been extremely unsatisfactory, for which fact feur
factors nre tentatively advancoed ot this time. First, while the gome
fish population, prrtieularly of lergemcuth bleck bnss, appears quite
extensive, 1t appears t.c¢ limlted for the abundant supply of food.
Glzzard shad were introduced inte the reservair in 1944 end have in-
creased inte a heavy populnticn of excellent forage fish. This year
ot least there is evidence ~f unsatisfaotory. spawning of the black
bess, possibly beocause of the predeminantly low temperatures ‘which
fluotuate across the rocognized cptimum bass spawning temperature.
range.  MNow at the end of June apparently half the femaele tass are
still orrrying all their egps. In many cescs, at least, these eggs
rive evidenoe of being held dend ripe too lone ond of atqrting €0
disint<gratc. Third, the little difference in water temperaturc
botween the surfaoe and considerable depth epvears to have "diluted”
or spread out the bass pepulaticn through so muoh water that fishing
1s thercby slowed down materially. This may alsc apply te the cther
game fishes prosente. Tour, the inexpsrience of the average angler °
whe fishes Conohas Reservelir has been obvious, particularly in neeting
the speoinl problems nsscolnted with the spread of the fish popula-
ticn both over the ldke and apparently from the tcp to the bottom of
the leke. There 1s evidcnoe of this last and it i understandable
in view of the thorough mixing and aernting of the lake water.



FESTRY FISH~CUT, TR L. INVRES TIGATIONS,. Frederic P, Fish, . In Charge

GTMRRAT,

Fish-cultural Gﬁhsﬁltative Service

"he advisorv service, maintained hy District Biologlsts at the
firand Coulee "mtcheries and at the ZJoleman Hatchery of the Shasta
Wish-Yaintenance Projdect, continued throughout the wear. In addition
to the service extended to the Division ef Game Fish and Hatcheries
at these hatcheries through cooperative agreement, the Seattle Pathology
Laboretory éand the Corvallis headquarters were sonsulted for fish-cultural
advice by Federal, State and private fish culturists.

PROJECT . I, - PATHOLOGY

Sub-project l--Control of Colurmeris Disesase,

Preliminary experiments on the chemotherapy 6f lahoratory~indﬁced
colummaris infections were conducted et the Seettle Pathology Labora-
Tory by Dr. Rucker and Mr. Johnson. :

Silver salmon fingerlings, infected with columnaris disease, were
subjected to the standard one-~hour prolonged treatments with 1:50,000
Roccal (10 percent) and another group treated with sulfamerezine at
the €-gram. level. Subsequent mortality among the treated groups, &8s
well as among the untrested controls, approximated 90 percent indicating
1ittle benefit obtanlned from the treatments under test.

Prother experiment with silver salmon fingerlings involved treat-
ment with streptomycin at three levels. Some evidence was obtained
that 10 units of this drug per grom of fish per dey may be beneficiel
in controlline colummarie disease. The invivo observations confirmed
previous in vitrc experiments in which 0.1 units of streptomycin per
ml., of tryptone broth proved definitely bacteriostatic.

An exveriment was started on Lpril 24 by 'r.Slater at the Coleman
Hatcherv to determine the effiocacy of one p. p. p. pyridylmercurio
acetate in one-hour prolonged treatments as a prophylictic against colum-
neris disease. The disease has not vet appeared at the Coleman Station
this yeer hence no effects from *the treatment, nside from the fact that
it has not proven toxic, have been noted.

Sub-project 2--~The Tievelopment of Speoific Disinfechants
D /

The search for disinfectants efficacious in controlling diseases
among hatchery fish has heen continued at the three field laboratoriocs.

The varving composition of Roceal as received from the manufacturer
has complicated the use of this product which, to date, is thé only
disinfectant effective in controlling baoterinl gill discase. Observa-
tions by ¥r. Burrows at Leavenworth indicate that lots of Rocoal
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exhibiting a toxisity to salmon flngerlings at a concentration of
1:7,500 (10 percent Rooccal) must be used at & 1:40,000 concentration,:
or stronger, to be effective in controlling baoterial gill disease. -
Lots of Roocal with an initial toxioity at 1:25,000 (10 perocent Rccoal)
must be used at a 150,000 concentration, or less, to avoid risk of
toxicity in rowtine field trestments,

The varying composition of Reccal also led Dr. Ruoker and Mr
Johnson to investimate the toxic and becteriocidel .properties of the
separate homologs of the product in the hope of isolating and identi-
fying the toxie and/or hacteriocidal components. The results of Rucker
and Johnson:

Length of Conoentration Racteriocidal Concentration
carhon ohain tolerated by fish :-0.1% trvptone = Buffered water
6 125,000 1:10,000 1:10,000

8 1:25,000 141Q, 000 1:10,000

10 1,28, 000 1:25,000. "1:10,000

12 1:50,000 1:200,000 1:100, 000
14 _ 1:400,000 1:2,000,000 1:500,000.

16 1.1, 500,000 1:2,000,000 1:2,000,000

.18 1:800,000 1:1,000, ooo‘ . 1:1,000,000
"Recoal" 1,75,000 1:300,000 . 1:300,000

[ ——

. The results indioate that the toxicity to fish and ‘the bacteriocidal
préperties of the alkyl-dimethyl-benzyl-ammonium chloride series, of
which"Rooeal"is a mixture, increease more or less- proportional to the
length ef the carbon chain. The rate of increase of each is dispropor-
tionnl, hnwever, and the myristal (14 o&rbon) and the cetyl (16 carbon)
show the greatest disparity between a baoteriocidal ond a toxle concen--
tration. Field tests with myristal end cetyl carbon chain compounds..
will be made as soon as an adequate supply of each oan be furnished by
the manufagturer.

The verving oomposition of ‘Rooconl also heas stimulated a search
for a uniform product prssessing the desired ohomotherapeutio proper -
ties of Roceal. Cocperative studies have been mointained: preliminary
in vitro tests of promising disinfactants being made by Dr. Rucker and
T oTmeon at the Senttle Pathology Leboratory followed by field tests
under practical conditions by Mr. Burrnws at the Leavenworth Station.e
"Steri-Chlor" (trade name for a commercinl produot sontaining 16 percent
chlrramine-T) was tested et the specific.request of the Division of
Fame Fish and Hatcheries nnd rejected when found unsatisfactory. Both
laboratory and field ‘tests were conducted with Hyamine 1U-X and Hyemine
1622, The former proved tnxic to fish in o greater dilution then was
required to kill the fest nrganism in test tubes. Hyamine-1622 proved.
highly satisfactory in compnrative bacteriocidal ond fish toxiolty.
tests but proved ineffective against baoterial gill discase. An
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interesting development arose fromthe field-teésts with Hyamine-1622,

The characteristic filementous bac¢terium deseribed by Davis and usually
considered to be the causative organigm of bacterial gill disease wes -
effectively removed by Hvamine-1622. A smaller plaque-forming organism,
previously noted at Leavenwortl. and suspécted of ‘being the actual aetio-
logical agent (the characteristic filamentous orgenism may be merely a’
secondary overgrowth) wes not affected by the Hyamine-1622 treatments.
Only preliminery observations on the effect of seleative removal of the
microorgenisms were possible before all fingerling fish were liberated
at Leavenworth during the fall of 1946.

At present writing, pvridylmercuric acetate, Emulsol-607L, and
Fmulsol-607Y heve heen subjected to critieel in vitro teste at the
Seattle Pathology Laboratory and dre awaiting field tests at Leavenworth.

An experiment involving use of certain sulfanomides in controlling
an unidentified interral bacterial infection among blueback fingerlings
at Leavenworth is new in prorress. Preliminary observations indicate
that both sulfadiazine and sulfamerazine mev be of henefit in controlling
the infection. Sulfathiazole proved toxic to the fish and sulfamethazine
proved ineffective at the levels tesied.

A check upon the value of routine prophylactic Roccal treatments
at the Coleman hetcherv--where bacterial gill disease has not been recog-
nized-~has been 1in progress since March 19. No significeant difference
in mortallty is evident to date between the untreated group and the
group receiving weekly treatments at 1:50,000 (10 percent) Roceal.

Sub~project 3-=A Study of "rus Bubble" Disease Among Salmon Fingerlings

Increased egg collections during the fall of 1946 necessitoted use
of both wells nt the Leavenworth Station. Water from neithér well oan
be used directly in fishw-cultural operations becaise of high gee tension.
To correct thie condition, water must be run backweards -through the screen
chember to effect de-meration--the process precluding use of any reanring
ponds. Lack of rearing facilities in the early spring months sharply
limitsthe capacity of the Leavemworth Station which, in itself, is o
serious disadveantage in view of the progregsive upswing in ndult fish
returnlng to the (rend Coulee Project.

. Fellowing e conference with the Division of Game Fish and Hatcheries
Dr.- Rucker and Mr. Johnson undertook a .study of "gas buhble" disease’
4o  determine the basic cnuse so that proper facilities could be installed
for correcting the condition at Leavenworth, Tarly observations by
Burrows, Rucker, and Johnson conclueively iridiceted that the aoccepted
parallel hetween "gas bubble" discase in fishes and "bends" in humans
is erroneous. After considerable stidy end experimentation, Pucker and
Johnson were able to produce "gas buible" disease at will in the labora-
tory, In short, "pas bubble" disease appears
a8 a consequence of exposure to high concentrations of nitrogen at
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ptmospheric pressure and not, . as. generally ass sumed, from changee in
nitrogen pressure. After developing equipment and & prosedure for
producing "pas bubhle" disease when desired,. further lahdratory
studies were temporerily postponed in favor of an investigation of
new becterial infeotions that appeared ambng fingerling stock nt the
Leaverworth snd Entiat Stations.

Sub-projeot 4~-A study of. Unidentified BRacterial Infec+1ohs at the
Teaverworth and  Fntiat S*&tlons

The appearahce of unknown hacterial infeotions, acoompanied by
sharp and serious incresses in the dally mortality rates, prompted
an immediate investigation as to possible causes and oontrol measures
for the outbreaks. 'Various micro~organisms, inoluding Proteus hydrophilus
and an Actinomyvcete, were isolated from the gill surfaces and internal
orgens of infected fish and, which proved highly pathogenic to salmon'
fingerlings in oontrolled laboratory axperiments. Attémpts are now
being made to determine--if possible~~the role of these various micro<
orpanisms in the Leavenworth and Entiat outbreaks, -

PROJECT TI. FISH—CULTURAL METHODS

Sub-preject l-<-Biological Control .

During the past-year, the Leavenworth Labordtory personnel ‘have
withdrewn the surveillance previously, main+a1ned over ‘procedures. and
8tock at the three Grand Coulee hatoherleq. mhisg*® aotlon wae prompted
by the pressing needs of the research program end the beélief that the.
Grand Coulee Project -was passing from an experimental projesct to:one of
routine operation.

Sub-project 2--Diet Tvaluations

Limited funds precluded any nutritional’ experiments at the Leaven-
worth Loborntory during the summer of 1946. Mutritional work has been
resumed, however, during the past quarter-~funds fror a grant to the .
Division of Commercial Pisheries by the Alaska Fisheries Fxperimentael
Commission supnlving an assistant to oare for the fish on experiment.
The problems under study at Leavenworth emphesize use of fish products
and include: (1) a comnarison hetween the Cortland #6 diet and the
standard diet developed in 1044 at Leavenworth; (2) the effect of
various methods for processing fish meals upon the nutritionnl properties
of the nroduct; (3) an evaluation of diatomaceous earth and kelp meal
88 mineral sources; (4) the nutritional adequaocy of salmon viscera as
8 Bubstitute for beef liver; and (5) the nutritional adequacy of pre-
pared frozen diets in oemparison with the same diets freshlv propared.

Diet eveluations likewise have beocn undartaken by Mr. Slater a8t
the Coleman Stontion to investipate nutritional problems ‘pertinent’ to
the products available in California. In cooperation with the Divi-
sion of Gamo Fish end Hatoheries, a series of experiments was under-
teken to test locally available subgtitutes, and previously untested -
ingredients, in the so-oalled "standard" diet in use at the Coleman
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hatchery, The "Stendard Diet" at Colemen varies from the "standard
diet" at Leavenworth chiefly in the use of salmon caraess~-of which
& high pgrade product is availeble without cost at Coleman--in place
of salmon viscera which is difficult to ob®sain in California. The
veriants included in +the Coleman experiments include: (1) horse
meat in lieu of beef spleen; (2) Columbia River salmon viscera (epgs
removed) in lieu of Sacramento River salmon viscera; (3) a locally
manufectured bone and neat meal in lieu of "V, D." fish meal; and
(4) uge of Velp meal as an absorbent and mineral supplement, The
results obtained since the experiment sterted on April 22 indicate
that none of the ingredients tested possessed any advantage over
those in the Coleman "standard diet." -

Sub-project 3--Fungus Control on Incubating Salmon Eggs

The application of prolonged treatments to reduce the amount of
lebor required in removing infoertile eggs was investigated both at
the -Coleman Laboratory and at the Leavenworth Laboratory. T1nless
decd eggs are frequently removed from baskets or trays, fungus devel-
opment will rapidly kill many eggs surrounding the focus of infection.
In large-scale salmon operations egg picking constitutes a costly
undertaking.

At the Colemen Leboratory, Mr, Slater usecd six different treat~
ment schedules on 24 lots of eggs averaging 33,000 eggs per let
in studying the value of prolonged treatments with melachite green.
His results showed thot routine semi-weekly treatments with 1:200,000
malachite greoen--including a final pick-eff of infertile eggs--cost
#0.013 per thousand cpgs treated through the green stage.” In com-
parison, the usual procedure of picking eggs nt weekly intervels
cost %0,039 per thousand cgrs during the same stoge of incubation.
The ocomparison obteined by Mr. Slater is most favorable to epg
picking -for the percentage of fertilizetion on the egge used wos
exceptionally high, The lower percentage fertilization erdinarily
obtained at salmon hetcheries would greatly magnify the discrepancy in
comparative costs for those of treatment would not be materially in-
creased by the presence of more dead egps whereas the cost of egg
picking would be much higher--roughly in direct proportion to the
mortality.

bt the Leavenworth Leboratory, 'r. Burrows obtained equally good
results from treating eved eges with olther 1:1,000 formalin or with’
1 ZOO OOO malachite green.

Sub~progcct 4~-The Use of Rcccal Ice in Prolonped treatments

¥r. Burrews develeped o method fer &dministerlng routine pro-
longed treatments with Roccal appliceble to the circulating-water
type of rearing pond at the three Grand Coulee Stations. FRoceal wes
mixed with water in e 1:453 concentration ond frozen (one pound of
ice therefore contained one gram of Roccal). The desired weight of
chipped Roccal ice was shovelled into the pond under treatment nnd -
movement of the water evenly distributed the dlsinfectant as the ice
melted. Use of Roceal ice instead of the usual pump reduced the time
required to epply a prolonged trentment by 80 percent.

128



Sub-project 5--The Use of Physiological Seline in Salmon Spawninr
Operati-ns

Fxperiments conducted at both Leavenworth and Coleman indicated:
conclusively thet physiologiocal saline in spawning pails during egg -
vollection is of no benefit. provided good- spnwning technique is em-
pPloyed. The reewlts obtained &t Coleman show. that the use.of physio-
logical saline actually many be detrimentel .presumably becuuse of the -
factor -of a diluted conocentration of sperm. -

Sub-project 6--Waterherdenine of Salmon eggs in Transit

¥r. Slater found by correlation enalysis of the percentage loss.
to the 'eyed stage (emong 32 lnts of eggs averaging 36,500 eggs per lot)
that the elapsed time (limits land 130 minutes) between weshing the
fertilized egrs and the start of a four-mile haul by truck geve a ocoef-
fiolent (r) of «0,08, Mr. Slater's findings et Coleman eonfirmed earlier
conolusions by Rurrows et Leavenworth that'salmon.eprs may be transported
safely during the weterhardening progess.

Sub-projeot 7-+An Fvaluntion of Fep Fnumeration Procedures

Various rethods for enumereting salmon epfs were oritlocally
evalueted at the Leavenworth Leborstory by Jir. Burrows. Using hand
oounted numhers of erps, it was found that the "von Bayer" téchnique--
which is regulerly emploved at salmon hatcheries~--not only proved the
least mccurate but also the most time .consuming. The displacement
method for counting .egps, 'developed-last year 'at the Leavenworth..
Leboratory,was .found ta be the most acourate but it requinedvalmost
a8 much time as the von Bayer technique. The method developed jointly
by the bilologicel and fish-cultursl staff at Coleman was found to offer
the most acceptable compromise between aceurncy and ‘time required.

The results:

“Renpe of 1%%&0&1 "~ Fstimated Time Required te
Method 4 at 5” 1evel Tnumerate one million chinook ‘egps
"von Rayer" +1.61 to +10, 17” ‘8.5 mon hours
Coleman Meight ~5.4 to +5.4% ‘3.5 0" e
Improved - ’
Coleman Weight -¥.39 to +3.39% 3.8 " "
Displacement 2477 to +2.77% 7.0 " "

—
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Sub-project 8--The Carrying Canacitv »f Salmon~Cultural Rearing Equipment

A preliminary experiment conducted at Leavenwor th during the summer
of 1946 indicated that the environment of the Foster-Luces type of rear-
ing pond is more conducive to the development of ‘bucterial gill disease
than is that of the circular pool. The circulsr pool likewise was found
to carry o considerably greater poundage of fish per cubic foot of water
than the Foster Lucas pool. The observations of 1946 were mérely de~-
signed to estnblish limits for more critical studies to be undertaken
during the summer of 1547.

An experiment at Leavenworth designed to measure the optimum
carrying capacity of the standard deep type trough for varying sizes
of bluebnck selmon fingerlings was abandoned during the quarter after
an unidentified internal bacterial infection appeared among the stock.

£ cemparable experiment cunducted at the Coleman hatchery also
ended with inconclusive results following complications arising from
the spray painting of the hatchery interior, cleaning the water supply:
ditch, and several improper feedings of the experimental fish by the
fish-cultursal personnel. The results did indicate that water flows
of 5 g.p.m. ond 12 g.p.m. exerted no effect upon the growth rate of-
chinook salmon fingerlings in deep troughs. - The results also indi-
cated thet light intensity may be on important factor affecting
fingerling growth rates in deep troughs.,

An cikperiment is now in progress at Coleman to establish the
optimum ecarrying capacity of theé station raceways. The experiment
has not been in progress for o sufficient time, as yet, to warrant
conclusinns. ‘

PROJEET ITI. STIDIES IN THE APPLICATION OF ARTIFICIAL PROPAGATION

Sub-project l--A Critical Review of Columbia River Fell Chinook Propaga-
* ‘ tlon ﬂt the Spring Croek datchorv

Dr. Fish made an analysis of the production rocords ‘of the Spring
Creck (Big Vhite Selmon) hatchery during the past quarter century.
Although the adult fish returning to this hatchery must be the products
of artificinl propageation, little evidence of association could be
found between the number of returning acdult fish and the number of
fingerlings released. Indirect evidence wes found indicating that
unknowr, factors affecting the river populations ns o whole exerted a
greater effect upon the number of returning adult fish thoan did the
number of fingerlings released.



Sub-projeet 2--Hatchery Site Survey

A survey for potential salmon hatchery sites in the lower Columbia
Piver Resin (i.e. below the McNary Nam site), underteken during the
Spring of 1945, was discontinued in Septembhor 1946, for lamck of funds.
The datn acquired in thie survey is heing compiled in report form at
the present time,

qub-projcot %--In?erim report on the frand Coulee Fish-Maintenance
Proioct

Dr. Fish hag devoited considerable- time to the preparatlon of &
joint report with Mr. M. G. Henaven of the Section North Pacific
Fishery Investirations. ' This repart will irclude a record of the
Grand Coulee Fish-Maintenance Progect from i%s inception 1n 1939, to
the present time. Beocause 1947 promises to be a critical year for
determlnlng the suooess of the unprecedented fish-relocation project,
completion of the renort is being withheld until the returns during
the summer of 1947 are known. Aside from the 1947 records and the
inflnence they mey exert upon certein.conclusions, however, the
report has been completed during the past year.

Sub-project 4--Report on the Shasta Fish-Maintenance Project

The (oleman hatchery records, 1942-1946, were roviewed and
Summary dete on operstions were compiled end analyzed by Dr. Fish.
during the past quarter, These date will he presented as part:.of a
Joint report with Dr. Moffett, Section Sonthwestern Inland Fishery
Investigations, and ”r. Fred .J, Fostcr, Regional- Coordinator,. River
Basin Studies, thet was requested by the "ashington: Office. The
purpose of the report is $o outline the need for continuing financing
of the Coleman Station by the U. S+ Bureau of Reclamation.

Sub-project 5--Artificial Propagation of Aleska Pink Salmon

The use of artlficial propagation for supnlemonting natural
Proragation and for relocating surplus stock fronm areas of overabun-
dance to aress with diminished runs, appcars both economically and
biolopically feasible in the cese of Aleskan pink salmon. Following
Numerous discussions and conforences with personnel of the Division
of plaskan Fisheries and Section Alaska Fishery Investipgations, Dr.
Fieh prepared an outline of background information, salient problems,
8nd proposed investigations. The outline was submitted to the
Taghington Office. “



SECTION OV SHELLFISHARIES, Paul S. Galtsoff, Chief

GENERAL

Rehabilitation of Qyster Resources in Texas

After visiting the conast of Texas, in March, P. 8. Oaltsoff prepared
at the reguest of the Texas CGame, Fish and Oyster Commission 'a memorandum
summarizing his obssrvations regarding the State program of rehabilitation
of oyster bottoms.A high level of production of public ovster bottoms may
be maintained in Texas only through a system of managemsnt, whish consists
in the reshelling of bottoms, trensplanting of seed, and controlling the
harvesting. These operations involve a considerable initial investment
and require large operating funds which may not be 'available to the State
organization. BExperience in several Atlantic States shows that, under:
the present conditions, the replanting of one acre of bottom with seed
oysters costs not less than £150.00. With many thousands of acres re-
guiring reseeding, the rshabilitation of grounds may reqiire several
millions of dollars which are not available to the Texas Game, Fish and
Oyster Commission. The other alternative is, of course, the leasing of
depleted bottoms to private persons. According to the Texas oyster laws,
only those oyster bhottoms may be leased to private persons which have
been unprodu¢tive for Tive consecutive yeurs. This presents a great
ebstacle to the leasing program of the State.

There.are, however, within the State waters large areas of bottoms,
not listed as-public ground, which may be adapted to cultivation. The
State laboratory under the direction of Mr. Baughman undertook to study
this problem by making a number of experimental plantings with the view of
finding, a) what type of bottom is most suitable for establishing an -oyster
bed, b) what is the most desirable density of planting of shells and seeds,
and c¢) what type of ssed can bs used morc advantageously for planting.
This work is carried out at present only in Aransas Bav, because the
difficultiss in patroliing large areas make it imvossible to extend the
program to the grounds far removed from State hendquarters. ‘

fxamination of several plantings, made since January 1947, shows
that mortality among the oysters planted on newly established beds is
rather low and is confined primarily to small oysters, less than one
year oli, Reefs of Copano Ray provide the principal source of supply
of sesd used for planting. Conenc Bay ovsters nre usually of a poor
quality. On the reefs of this bay they remain thin, their growth is
dwarfed, and the meoats are freguently discolored,

On previous examinations thess oysters were found to be heavily
infested by Nematopsis. These observations were confirmed again in
¥arch 1947. The percentage of infested oysters was high and a large
number of cysts was found in the gills, blood vessels and in the mantles.
In spite of such heavy infestation, oysters transplanted from Copano
Pay to experimental lots in Aransas Bay showed remarkeble recovery.
Several wseks af'ter planting the shells mutorially incrsased in length
and width, the meats were firmer, whiter and contained a fair amount of
glveogen. So far, the experiments in transplanting Copano Bay oysters
are very successful and appear to be very promising,
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Salvaging seed from shucking heouses is another prinoipal problem in
the conservation of oysters- in Texas. Oystermen delivering oysters to
the shucking houses are paid by the number of gallons shucked from the
load, not by.the bushels of oysters deliversd to the plant. State oyster
Iaw requires that culls of oysters taken from the oyster.reefs be scat-
toroed, but in practice the law is'not enforced. Examination of shell
piles near the shuoking houses disclosed that every shell of an adult
oyster opened by the shucker had from two to ten sweed oysters, about one
inch long, attached to it. On the average, the shucking houses in Texas
destroy at least five young oysters for sach oyster used for thée market.
Very -often the shucker neglects to-epen gll the adult oysters in a oluster
and, after removing the moat of one, throws the rest away. These oysters
may be salvaged if thev aro immediately removed from the shell pile and
returncd teo the water: within 48 hours. Successful solution.of this
problem may stop further destruction of oyster resources, in Toxas and.
bring about gradual rehabilitation of oygter bottoms.,

Conference at the Univorsity of Miami

At the invitation of the President of the University of Miami, Dr. P.
S. Galtsoff attended enrly in April the confarence of the Advisory Board
appointed by the President to oconsider the, problems of the establishment
of a new Marine Binlogical Laboratory in Miami., Ths bbard was 'also ' ‘asked
to inspect several sites available near Miami and to;maks recommondation
regarding the most suitahle location for the laboratory. After three
days of deliberation the board made a numbor of suggestions regarding the
research in conservation of marine fisherles of Florida end recommended
that the Marine Laborstory of the University be recognieed as a research
agenoy:for the office of the State Supervisor of Fisheries,

RESEARCH LABORATORIES

. 8. 3hellfish Laboratory, Milford, Conncecticut, Victor I.. Lnosanoff,
Director.

A surveoy to assemble all available dnta on the nature and abundance
of various marine forms, except vertebrates, for Long Island Sound and the
Atlantic Ccean off Long Island was completed early in April and n compre=-
hensive report on the results wos submitted to the Chief of the Division.
The survey summarized data on all important nquatioc invertebrates in in-
shore nand offshore wnters indicating their esconomic. valuss and giving a
doscription  of the industry dopondent upon them.

-With permisslion of the Direcctor of the Sorviec, Dr, Loosanoff ap-
Peargd before the Stute of Connecticut Committee on Fisherics to testify
in favor of the measure which would prohibit- indiscriminate introduction
of all foreign speoles of shellfish in leoal wators., . The bill was passed
lnter by the State Assembly.

133



Two graduate students of Yale University, candidates for the Ph,
D. degree, applied for permission and are now working at the Milford
laboratory on their thesis problems,!r., William D. Partman is conducting
studies under the direction of 'Dr. Loosanoff on the 1ifd history of the
sulphur sponge which affects oysters.  ¥r. Joseph B. Foley is experiment-
ing with the effect ‘of radio-active salts on oertsin invertebrates, The
following bulletins were issued by the Milford laboratory:

Volume 11,

1 - On growth and transplantationr of oysters during different months
of the year

2 - Distribution and oocurrence of starfish on Comnecticut oyster
beds in the spring of 1547.

3 ~ Effects of DDT upon setting, growth, and survival of oysters.

4 - Obscrvations on gonad devclopment, spawning, and setting of
oysteérs in Long Island Souni.

Pensacola Research Laboratory, A. E. Hopkins, 'In Charge

The Psnsacola laboratory was inactive in April. In May, the per-
sonnel of the station recelved noticws of separation and were on terminal
leave. The operation of the station was discontinued because of lack of
funds for the coming fisecal year, It is Hoped, however, that the activity
of this station will be resumed if funds bscoms availadble.

Hampton, Virginia, Lahoratory, P. A. Hanson, In Charge

With the completion of the polliutional studies in the Hampton Roads
Area, the work of the Hamptorn Laboratory was discontinued in May end
personnel placed on terminal leave. Floating egquipment has bean moved
to Annapolis and a considerable portion of bactoriological apparatus
was transferred tc the Lestowm laboratorv. With the closing of ths
laboratory the work in Chesapeake Bay will be conducted from Annapolis.

Woods Hole Resenrch Laboratory, Paul S. Galtsoff, Dircctor

In April the Director approved the designationvof Paul S. Galtsoff
as Director of ‘the Meods Hole Station. With the closing of the hatchery
and discontinuation of hatching operations, the station was transferred
to the Division of Fishery Biology. Buildings and grounds of the sta-
tion, badly damaged by the hurricanes of 1938 and 1941, have been only
partially repaired. Laboratories on the seecond floor of the building
have been reconverted sftor the occupancy bv the Navy to their former
purpose and were open to investigators on June 1€, During the month of
June, the aquaria tanks woere rocaulked, pointed and thelr outside wood-
work pninted, Late in June contracts were awarded for asphalt tile floor
covering in the aquarium and the lobby. The workwas completed about
July 1. Invitations to bid were issued for repair of the soa wall and
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refill of grounds around the- Fishery Residence building and aleng the:
stroet.  The lowost did was within tho sum available for this purpose and:
it is hopod thot this urgent work will bc comploted within a short time.
Tho repuir of part of the sea wall is csssntial %o stop further erosien .
of Fishories grounds, which, during the past winter, reached a dangerous.
point and threatened to undermine the main streot of the town, The deci-
sion to ropair the sea wall along the street and to reopen the aquarium
is grontly appreciatced by the Woods Hole community.

The operation of the research laboratory and the preoposed opening
of the mquarium about July 10 wers made possible because uf the cooperative
agreement  mede with the Marine Biological Laboratory. In exchange. for the:
use of the six laboratory tables and storage tanks.in the hatchery room,
at the Fishery Building, the Marine Biological Laboratory agreed to supply.
the Fishery investigators with live material and certain chemicals, glass-
ware, and apparatus, PFurthermore, the Marine Biologieal Laboratory granted
the Fisheries investigators the privilege of using its library on the same
basis as. the.mgmbers of the Harine Biologiesal.Laboratory Corporation.,.

In view of absence of any floating equipment, except ene 12-foot
Skiff, the problem of obtaining 'live-material for .the aquarium presented
great diffloulty.. It is expeoted, however, that live fish and. invwerke--.
brates will be supplied both by the Marine Rielogical Laboratory and jthe
Woods Hole Oceanographic Institution. Local fisghermen elso have promised
their sooperation. A;sonsiderable number of living. spegimens. have begen
already collected in Long .Island. Sound and brought by truck from the
Milford laboratory.

Changes  in Personnel -

Miss Helen TLanday; aquatio biologist, P & S~1, was-transferred to
Annapolis and her place 'was %aken by Arthur S..Hale, aquatic bioclogist,
P, & S-1, transferred to Gollege Park from the Spsarfish, South Dakota,
Laboratorv. Mr. Hale renerted for,duty st College. Park on June 21 and
assisted Dr. Chipman in the field Survey of .Lynnhaven-Inlet, Virginia.

‘Mr. Albert . Sanderson was appointed as temperary clerk-stencgrapher
at Woogds Hole, Massachusetts, and reported for duty on June 20.

Convention of National Shellfishery Asseciation

On June 4 to 6§, Messrs, W. A. Chilpman, Jr.; J. B. Engle, P. 5. Galtsoff,
and v, L. Loosanoff attended the mnnual convention of the Wational Shelle
fisheries Associntion and Oyster Growers and Dealers of North America at
Asbury Park, New Jorsey, and presented the following papers:.

W. A. Chipman, Sensonal changes in the fattenlug of oysters;-

P. 8, Galtsoff, Respiration in oysters;

V. L. .Loosanoff, Effect of Turbidity on the rate of pumping of water
: by oysters; , : :

J. B. Engle, Distribution of oyster setting guldes thé Maryland
program of management.

Dr. V. 1. Loosanéff was elected Prosident 6f the National Shellfisheries
4dssociation. ‘
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FIELD TNVESTIGATIONS

At the request of the Chief of the 1. §. Ingineers, Dr. Walter A.
Chipman, Jr., mede a survey of Lyuanhaven Inlet, Virginis, for the purpose
of determiring the probable effesi of the proposed improvement of the
Lynrhavern Jolet on ovsters and crab fisheries of the Tnlet and its con-
necting wikers.  Tr. Crluman wac assisted in the survey by Arthur S. Hale,
aquatic Laciogist, and B Q. Zelinr, Liloviogical aid. Men and boats were
supplied Ly the Covus of Bngineers and the Virginia Commission of Fisheries.

Lynohaven Trnlal and its cornecting waters have produced large guanti-
ties of excelizui guslity oysiecs in the past, oysters which are distinctive
in flaver and gueiivy erd romrkev:d uader the naise Lynnhaven oysters. Ex-
tensive crab and clew [isheries are also carried on in these waters. A
dacline in fishery production and in the quality of the seafoods produced
has been of ngat concern to the people of the area.

Much of the decline in the fishery production has heen attributed to
the shonling of the waters and diminution in the tidal exchange, resulting
primarily from the partisal closing off of the Inlet by the construction
of £i111 areas for a highway bridge.

The Corps of lingineers is considering improving the Inlet by building
Jjetties and dredging the channels so as to allow the use of the waterways
by commercial fishing and oystering boats of greater draft and to give
sufficient tidal exchange to benefit the fish and shellfish of the inside
waters. 1In order te ascertain the present condition ef the shellfish
producing areas and to recommend changes for improvement, a survey of the
area was made in late June.

From the results of the survey it was found that there wns very slight
tidal exchange in certain aress, but the inflow of fresh water in small
amounts 1s mpparentlyv balanced by .evaporation so that, in the main, the
salinity of the wrters varies but little from what it was some 33 years
ago. Lowered salinity in the spring from excessive run-off does lower
the salinity of the watsr in the upper reaches but it is possible that
evaporation causes a rather high salinity to prevail in the late summer.

The most oritical situation as regards shellfish production lies in
the aczumulation of silt and the lack of water of sufficient depth fer
the cperaticn of boats for the preper cultivation of the shellfish-producing
bottoms. The complete report of the survey is being prepared for submission
to the Corps of Engineers.
RESEARCH PROGRAM
PROJECT I. PHYSIOLCGY, PROPAGATIOHN, GROWTI AND FATTENIWG OF CYSTZRS
Subproject:l-~-Metabolism of Oysters

A study of the mztabelism of oysters, carried on for several yoars and

interrupted during the war, has besn resumed during the present fiscal year.
The purpose of this physiological investigation is to determine the rateo of
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oxygen consumption and ths carbon dioxide production of adult oysters

during various seasons of the year.

This knowledge, it is believed,

provides a key to the unierstanding of the conditions inside the or-

ganism and in its environment which control
or, in other words, make the oyster fatten.
P. 8. Galtsoff with the assistance of "W. A.
to the study of the seasonal changes in the

oysters (subproject 10) conducted by W. A. Chipman, Jr.

the iaposiﬁion of glycogen,
The work carried out by
Chipman, Jr., is related
chemical composition of
The tests

made in the course of the present study were designed to answer the

following questions:

a) what is the minimum requirement of oxygen for

an adult oyster, b) are there significant changes in oyster metabolism
during various seasons of the year, and c) are thers significant dif-
ferences in the respiratory quotient of oysters of different sex and

during different seasons.

Table l.--Scasonal changes in the oxygen intnke of adult Long Island

0

oysters about 10 cms., long and 7 oms. wide. All
YSters 50-62 were tested in 1940, at Woods Hole.
ford, Comnectiout.

tests made at 25 degroes C.
All other tests made at |

The oxygen inteke is in ml. per hour.

July " Aug, - Sopt. Oot,  Nov. Dec. Jan. Feb. March Apr. May June July
2? 3.51 2.92 1.8 1.8 1,6 4 1.9
52 2.45  1.08 1.25 1.3 1,7 1.1 1.2
3.08 o . 2.5 S o
gg 3,65 2,10 2.5 2.8 1.9 3.3, 3.0
6 2.86 1.7 2.2 2.0 3.1 2.0
s 3.28 : 1.8 1.4 C2.2 3.8 3.0
Moy : 2.4, 1.8 1.6 o
Mo 2.4 2.7 2.7
Mog 2.9 \ . 2.8 3.1
-~ 2.1 2.2 2.4

Table 2.--Mean 0, intnke, in ml. per hour,

per ovstor, determined in July

3] . [

m@§°”e spawning, and 2 weeks and 1 month after spawning. The figures are the
N values compiled from 6 observations made at half hour intervals.

\\

OBTIME OF , _ QYSTER NUMBER _ .
SERVATIQN 1 2 3 4 5 6 7 8‘ 9 - 10 11

B .
®fore spawning 4.29
J\lly

Tw »
® woeks after 4.73 .02
sp&Wning

A\Xgu st

One

¢ month after 3,96
Spawning
August

2.38

1.98

137

5.39 3,00 5.13 4.01 2.55 5.84 4,89

.84 3.89 3.21 3.10 4.11 4.00

3,39 2,26 3.03 2,96 3.12

3.11 3.64 5.17

3,08 2.78 6.10

2.53 2.23 4.37



Under stable conditions of the environment, i. e., when the temperaturse,
salinity and pH of the water remain constant, the intake of oxygen by in-
“dividual ovsters continues at a steady level for a long period of time.

A decrease in the pH reduces the oxygen consumption, and at pH 5.5
respiration slows down to less than 10 psrcent of its normal rate,

A sudden decrease in the salinity of water from 31 to 24 parts per
thousand results in an increased oxygen consumption. Whether this effect
holds true for a greater change in the concentration of salts will be
shown by further experiments which are now in progress.

The respiratory quotient (R.Q.) was found to fluctuate from 0.7 to 1.2
with no significant correlation with the sex ef the oyster or the season
of the year.

Oysters which have beon kept for a lang time out of water show an
increased demend for oxygen during the first hour of the test. This is
due to the depletion of the oxygen supply in their tissues-~the so-called
oxygen debt, After the demand for 0, 1s satisfied, the intake of oxygen
falls to its normal level,

Several conclusiens of practical value to the oyster growers:-can be
drawn from these studies of respiration. Since the oxygen demsnd of
oysters is greater during the spawning season, an additional supply of
oxygen, greatly in excess of the normel requirements of adult oysters, is
neadsed for the spawn. It is, therefore, important that in establishing
spawning grounds the oyster growers sgelect such areas where the water
near the bottom is well oxygenated.

After the oysters are removed from water and kept in the air for
several days, their metabolic rate is greatly increased to satisfy the
incurred debt of oxygen. This fact should be kept in mind when oysters
are conditioned for the market in purification or storage tanks which are
frequently overcrowded.

An increased acidity of sea water measured by the decroase in its pH
value reduces the rate of respiration and oreates conditions unfavorable
for oyster metabolism. Acid conditions on oyster bottoms may be caused
by evercrowding, fouling of shells, and pollution ef water by chemical
westes.,

From the result of laboratory studles the inference can be drawn that
oysters of good quality cannot be produced in the waters containing sub-
stances which suppress their'normal rate of respiration. Likewisc, good,
fat oysters are not expected to be found in waters centaminated with trade
wastes or other materials which irritate thelr neuro-muscular system and
cause increased shell movement. The presence of these fereign substances
in natural waters increases the oxygen demand of oysters and results in the
burning up ef reserve material in their meat. OQOysters grown under these
conditions fail to fatten and are generally poor.

138



Subpro ject 2--Spawﬁing and setting of oysters in Long Island Sound,
V. L. Loosanoff and €. A. Nome jko

The main facts Of the 1946 setting season observed by the staff of the
Milford Laboratory are as follows: Setting began July 21 and continued’
until September 29. During this period two definite peaks were observed,
one occurring between July 28 and 'August 4, and the other between September
1 and 8, The intensity of setting was relatively higher during the first
Psak but the scoond wave ef sotting was.quite heavy and added considerably
to the commercial oyster set. During the setting season, members of the
oystor industry were advised through the medium of bulletins issued by
the ¥ilford laboratory about the setting, growth and survival of young
Oysters in different parts of Long Island Sound. o

Sprroject 3-~Fseding and fattening of oysters 1njnorthern waters,
V. L. Loosanoff . A

A series of experiments was conducted at the Milford laboratory to
determine the average quantities of water pumped by the oysters at different
temperatures. This study has been comploted and the matgrial is now being
Gnalyzed and tabulated for publiocation.

Experiments and analysis of the data on the offect of turbidity upon.
Oysters were completed and the preliminary report was prepared. Experiments
Consisted in observing tho change in rate of fesding and shell. movement
of the oysters whon exposod to silt, kaolin, chalk, and fuller's earth in
Concentrations ranging from Q.1 to 4.0 grams per liter. It was found that
&ven in the lighter conocentrations, the bshavior of the oysters was notiocea-
bly affocted as shown by the change in their sholl movement and by a de-
Cronse in the rate of pumping. In higher concentrations the rate of pumping
Wes decressed as much as 94 peroent. The observations closely resembled.
those made in previous studies by V. L. Loosanoff whers the oysters werc
Oxposed to largo quantities of miocreorganisms, such as Chlorells, Nitzsohia,
8te. In goneral, the raosults of the two studies showed a definite similarity
iﬁ the behavior of oysters in turbid waters regardless ef whether this tur-
Ldity was caused by a large number of microorganisms or by silt.

Experimonts on the offect of a low pH upon the rate of feoding of oysters
8lso progrussed far enough to form general conclusions. It was found that
Oysters exposcd for appreximately three hours to,water of pH between 7.0 and

*75 incroase the rate of flow. Below pH 6.5 the rato of flow begins to
deorease. The oysters oontinue, however, to pump water, although at a very
Teduced rate, oven when the pH is reduced to 4.2.

Subproj@ct 7--Biology of oyster spat and growth of oysters, V. L. Loosanoff
and C¢. A. Nomeiko .

Studies on the growth of oystors during each month of the growing period,
Which were begun in May 1946, werc completed. Obsorvations showed that the
OVSF@rs in Long Island Sound resumed growth in April and during that month
Achieved 2,2 percent of the total annual growth, The oysters continued to

Berease in longth until the ond of Wovember. Howevor, the rate of growth
&reatly varied during the differont months. The inorease in length was most
T2pld during May (22.6 porcont), June (19.0 poroont) and July (22.1 percent).
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During August and September the oysters still showed quite a rapid growth,
which was 12.8 percent and 15.9 percent respectively. During October and
November the oysters showed only 3.6 percent snd 1.8 percent respectively
of the total annual increase in length,

On the basis of this information, and of the degree of hardness of the
shell, a bulletin was issued to advise the oystermen during what month
dredging, and shifting of oysters may be practiced without causing much
damage to the oyster shells. In general, these recommendatlons mey be
summarized as follows:

In January, February and March the oysters may be shifted provided they
arc not allowed to freeze. April is a very good month for shifting. From
the middle of May to the end of October oysters should not be dredged or
mopped. The sccond part of November and December are good months for shift-
ing.

Obscrvations on the growth and survival of two groups of oysters, one
brought from Chesapenke Bay ' on May 20, 1946, and the other
collected from Long Island Sound on the same dato, are being continued,
The initial mean lerigth of the Chesapeake Bay oysters was 24,5 mm. and the
width, 20.7 mm. At the end of the hibernation period in the middle of
April 1947, the mean length for this group was 60.7 mm. and the width,
51.4 mm. The Long Island Sound oystsrs measured 23,9 mm. in length and
were 20.6 mm, wide at the beglming of the experiment. In April 1947,
the mean length of this group was 63,0 mm, and the width, 51.1 mm. The
mortality rate was much higher for the Long Island Sound than for the
Chesapeake Bay group. In general, the shells of the Chesapesks Bay
oysters are much heavier and sturdier than those of Long Island Sound.

Subproject 10--Beasonal variation in chemical composition of oysters,
N. A. Chipman, Jr. '

More and more attention is being given to the production of oysters
with high quelity meats. So often ar¢ we called into &n area to investi-
gate the failure of oysters to fatten properly and give a good yield that
consideration must be given as to what is involwved in this fattening
process. True fattening of oysters is reflected in a Jow water content
and a high carbohydrate content. Change in protein and fat are not of
particular importance -irn fattening. This accumulation of carbohydrate is
elmost sntirely in the form of glycogen, or animal starch. As the carbo-
hydrate reguirements of the organism vary, so does the quantity of glycogen
present fall or rise. In case of need it is apparently converted mainly
into glucose, and ultimately undergoes complets hydrolysis and oxidation.
Rise of temperature, increased functional activity and diminished food
supply are the chisf factors which may produce a reduction in the amount
of glycogen presunt in the oyster.
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In the course of studies made throughout a number of years, rather
¢xtensive information has been.collected on the chemical constituents
of oysters from a number of localitizs, particulnrly of the glycogen
content. Oystors have been analyzed from Long Island Sound, various
localities in the Chesapeake Ray, partiocularly in the lower Chesapceako
Bay, the Piankatank, York, and Jamos River, and n fow samples from South
Carolina, Texas, and other points.

If we examine the rosults presented in table 3, it can be seen that
the acoumulation of glycogen in the oysters follows a definite seasonal
Pattorn, ns hns been pointed out so many times in the work of other in-
vastigntors. There is a poriod of low glycogen in the late summer, whioh
1s followed by an inoreased storage of glycogen in the fall and early
winter until the time of hibernation. The peried of high glycogen is
followed by & sharp decrease in the spring as tho oysters resume their
8%tivity and spawn, reaching & low glycogen resorve agealn after spawning.

Table 3.--Psroentage glycogon in dried meats of oyséers from various
locnlities in different months.

Tong Isiand  Lower York Piankatank

Sound River River
August 113 12 “lo
Septomber 21 12 10
Qctobar 25 15 14
Novembar 28 17 13
Decembor 29 19 2R
January 27 20 24
February 35 25 29
March a7 .25 22
April 26 24 26
May 30 19 23
June 23 13 23
July 19 12 12

e The glycogen content of oysters collected from various localitios
Ollows the same seasonal pattern, but differ quantitatively. Thoe oysters
grOm Long Island Sound appear to build up glyocogen resorve earliocr in the
Q}l than do the oysters from the lower Chesapeake Bay. It should be
Pointed out that fattening of oysters has barely startod in September

When the oystering season begins, end thnt the same oyster would be fattor
And give a much groater yield if marketed in November and December.

p It was observed that fattoning of oysters from the same beds differs
rom year to year.

aa Attention should be direoted to the condition of the water, the abun-.

h nee of food and, perhaps, the type of food available during the late

%Emma? when the oysters are the most active and are vigorously feeding.

at}: 1 the most critical time of the yvar as regsrds fattening as it is
his time that reserve is being stored.
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Qutside factors regulating the fattening of the oysters, such as water
temperature, salinity, currents, availability and type of food, bring about
this regulation by changing or altering the inner or physioclogical activi-
ties of the oyster itself. It is through a study of the metabolism and
physiology of ths oyster, under both'normal and abnornmal conditions, that
we can interpret the mechanisms of fattening and the loss of this carbo-
hydrate reserve. It is to this end that future studies are being dirccted.

Subproject 11--Biology of the Qyster larvae,V;L.Loosanoff and H. C. Davis

Observations and experlments on the precocious gonad development of
oysters, induoing spawning, end the laboratory culture of oyster larvae
were continued at the Milferd laboratory. The work is still in a preliminary
stage, consisting largely in doveloping a standard method for growing larvae.

PROJECT 11I. BECOLOGY OF OYSTERS

Subproject 3--Ecology of oyster bottoms in Chesapeake Bay, James B. Engle
and Phillip A. Butler.

1. Spawning and setting of oysters Plankton samples were collected
at weekly intorvals at most of the stations used for gathering oyster
setting information. All oyster larvae were recorded and grouped into
age classes as follows: 1-4 days (straight hinge), 5-9 days (early umbo),
10-14 days (late umbo), older and ready to set ("eyed"), These renges
are somewhat arbitrary and mey wary with temperature and other environ-
mental changes.

The larvae per sample were less abundant in the upper parts of the rivers
and Bay than at the mouth or lower parts. This was true for all cases ex-
copt the Chester River. The difference is probably dus to the fact that the
mouth of the Chester River is wide and is therefore affected by the "Head
of the Bay" region where larvae were relatively few in number. The results
of the obgervations are summarized in Table 4.

Teble 4.--Average number of oyster larvae per sample.

Name of Station Straight Early late
: : hings umbo  umbe  "Eyed" | Total
Bastern side of the Bay
Gum Thicket (Tower) = =~ 56.7 19.2 2.5 9.2 87.5
Love Point 23.3 0 2.3 9 26.7
Tolchester (upper) : 50,0 13.3 0 0 53.3
Western side of the Bay ’
¥1ddle Ground (lower) '61.6 22,3 3.0 1.6 - 50.0
Man-o-wer (upper) 21.3 11.3 0 0 32.3
Chogtank Rivar : ' ' o o
Buoy (lower) -147.3% 114.5 30.9 9.1 301.8
Kirbys Bar (upper) 33,3 35,0 2,6 0 71,7
Eastern Ba
VITTRIT side of bay) 41.4 103.6 24,3 8.6 177.9
Boadkin Rock (W side) 80.90 186.0 20.0 5.0 291.0
Chester River ' 1
Love Point (lower) 23,3 0 3.3 0 26.7
B.2 5.8 0 389.1

0ldfields Bar (upper) 295.5 8




OQyster larvae appeared in the tributaries several weeoks earlier
(June 14) in the Bay proper (July 2 and 3). To some extent this was
also true of the time of maximum numbers of larvae. In the lower part
of the Bay the maximum number of larvae were found around the end of
July while in the upper paert it was recorded at theo end of August. In
the tributaries the maximum occurred several weeks earlier than in the
adjacent portions of the Bay,

2. Oyster setting in Chesapeake Bay and Tributaries during 1946
The observations on the setting of oysters in Chesapeake Bay and in some
of the tributaries were started June 12, and terminated &ctober 11, 1946,
Tho results are summarized in part in Table &. For the 1946 season in
genoral, the setting was heavier in the lower pertions both in the Bay end
in the tributaries. On tho eastern side of the Bay there was a sharp
break in the distribution of setting between Gum Thicket and Broad
Creek. The same definite break did not show on the western- side in a
parallel line of stations, although a gradual drop from 4.5 to O set
per 10 shells was evident as the "Head of the Bay" wns approachod.
From the study of thé distriovution of setting an inference is made
that tho "Head of the Bay" is not a good setting area.

Table &.--Total average oyster set on 10 shells taken from the test bags
Placed at the sampling stations in Chesapoake Bay, Chester River and the Choptank
iver quring 194s.
Chosapeaks Bay Proper

Yastern side- Wostern side
Stationl/ Total average Rangegf Stationi/ Total average Rangez/
oyster set on bot.sal, oyster set on . bot.sal.
— 10 sholls in o/o0 10 sholls in o/oo
Z BT 1780
Sun Thioket 102.0 12,81 widdle Ground 4.5 13,78
T TTEEE T 3.48
Broad greok €.0 13.37  Sandy Point 3.0 12,07
’ .27 T
Love point 5.0 13.65 Gibson Island 1.5 9.24
frosh T T fresh
Iﬁiﬁﬁggter _ 4.5 12,91 Nen-o-war o 8.08
Chester River Choptank River '
Bl ) 5,98 7.02
<Wts Bar 8.5 12.29  "B" Ruoy 58.5 12.59
. ' 5,70 T N ' 8.71
4 Ficlds. 2.0 10.28  Pinsy Island 10.5 12,59
7.65
Kirbys 0 11.29

l/ Stations are arrangsd in the table with the first in the colum representing
the lower portion of the arsa and the last the uppormost statioh.

%/ S?linity range is that of the period of the setting observations with the
f}gure on top in wach pnir the salinity for the week of Juns 15, and the
figurc at the bottom the salinity of the weck of Septembor 15.



The .period of setting end its pregress.through the season was
checked by exemination of.shell bags replaced at weekly intervals at
13 major stations. The intensity. may\ be considered light in most -
places but in isolated instances was sufficiently heavy to be of com-
mercial significance. This was particularly true of Eastern Bay where
one of the principal seel areas is located. The set hesre averaged
better than one spat per shell, i.s., exceeded 500 spat per bushel.
Likewise, setting in excess of 500 per bushel occurred at Gum Thicket
in the Bay proper, "®" Buo" and Piney Is*and in the Choptank River, and
Beadkin Rock in Tastern Zav. ” ,

Z. Survey of the conu 'tACns of cyster bars in Marvland waters

In Qctober and Hovember of 164F nil “hg major rars in.tee laryland

part. of Chesapoake Pay and trlkurxrxus weres visited by a survey party
~of biclogists of the Fish and Wildlife. Service, the oyster investigators
of the Maryland Department of Research and Education and members of the
Maryland Dopartment of Tidewater Fisheries. The principal items re-
corded were the age distribution of oysters on the bars, tho surviving
crop of 194€ set, the tTypes and occurrence of fouling organisms and

the condition and amount of cultech on the bars.

The, number of oysters both of merk:t and smaller sizes wsre
found to bo meager in the Bay proper, and the only bars with any
reasonnably sbundant supply were thosc recsntly nlanted by the State.
These arcas were small in acreagz. The progress in the State manage-
ment program has besn hampered by insufficicnt funds, and lack of
shs1ls and seed for planting., The areas workod under this program
made pessible, howsver, a stemming ef the decline in production
evident over the last few decades.

The 1946 oyster sot was found to be light in most places in the
Ray, very fow areas having more than 100 spat per bushel. The greatest
concentration of spat occurred in the vicinity of the lower Kent
Island and Poplar Islund en the eastern sids of the Bay. The sotting.
on the western side was gonerally lowsr.

, Cultoh on all bars in the Pay was inndzquate and hndly fouled
with barnacles, Bryozoa, Molgula, and silt, This may be onc of +tha
factors rzsponsible for the low intonsity of sotting in Marylend waters.

4. A study of th: ovster gonnds at two places with divergant
eccloglc 1 oni:"ons Thu e¢xtmsive flood waters ocrurring in the
upper Tonchns of dhaanpeake Rey during the summer of 1945 and spring
of 1946 rosulted in an oystar mortal* Ly ungroncklng 70 percont. The
oysters r,mq1n1ng alive were in an extromely poor ‘condition. In order
to obscrve the sflucts cf this adverse environment on the reproductive
activitics of the oystars, weekly cellections of ten or more market
size oysters wers made by rhillip A. Butler during the above spring
and summer of 1946, and at longor intervals during the fall and wintor.
Comparatlc samplos wore collected from Millhill Bar in Eastern Pay
where the environmental factors remsined fairly stable-throughout
the period, and the quality of the oysters was good.
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Of the 474 oysters examined, the Tolchester population consisted
of 40 peroent. femnle, 26 percent male, 33 percent undetermined and one
percent bisexual, The Millhill population comprised 72 peércent female,
27 percent male, 0.5 percent undetormined, and 0.5 percent bisexual.
The three bisexual oysters consisted of two cases of sex reversal from
male to female ~and one instanou of true hermaphroditlsm.

The signifioant changes which have taken place in the gonads. of
Tolchester pysters, as compared to the normal Millhill oysters, are
conoerned entlrely with the timing of the succes gsslve developmental
stogos,

Ordinarily, following the complete spawning of the oyster in late
summer, there. is a.period -of rest gonial proliferation, and then
aarly mnturqtlon of gamutes, by which time watar tempsratures have
decrensed and the oyster becomes inaotive. Consequently in tho early
spring tho magority of genads examined has many.cells partially dif-
forentiated and with a moderate degree of yolk already stored in the.
oocytes,. Oysters from.Tolchester, howevar, contained gonads in which
the majority of cells was still in the undifferontiated gonial stags.
This cendition persisted until late July when as many as half of the
sample still showed no development over the resting gonial stages of
the previous October. At this time oysters from Millhill were partially
to helf or more spawned.

The entirc cycle ,in the gonads of Tolchester oystars is character=-
ized by a lag of from one to two months in the normal seasonal develop-
ment of tho gametes. As a rule, one or sometimes two from each sample
of the Tolchester oysters exhibited gonad develepment which was entirely
comparable to stages found at Millhill during the same period.

Envirenmental factors had becoms sufficiently impreved, hewever,
so that in October 1946, a majority of the Tolchester oysters had
spawned complotely and in the peried from November through January
had become entirely similar to the stages reached in the gonads of
the control oysters at Millhill.

. Nater tempsratures throughout the poeriod were normal. At Tol-
chestor on May 15, 1946, the bottom temperature was 16.4 dogrous C.;
a maximum temperanture of 25.% degrees C,-was reached by July 25, and
from that time on it decreased gradually to 15.8 degrees C. at the end
of Octobar. . Temperatures at Millhill regularly averaged on¢ degree
highor during the psriod. The salt oontent of the water was loss
stable. At Tolchester, bottom salinitles fluctuated erratically from
0 to 6 o/bo in the. period Mav 16 to August L.. One fourth of the
records in this period showed fresh water. In August the salt content
increased steadily to 13 o/00 and remaiped near that lovel flor the rest
of the year, At Millhill, a salt content of 6 o/oo-was‘rpoonded Junc
25, Bofore and after that date the salt oontent inoreased steadily
to 14 o/oo. ’
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The deleterious effeoct of the environment on the physiology of
the oyster would appear to be due to the low salinlty ‘of the water.
Whether this effest is a direct inhibition of. the gamete development,
or an iﬁdiredt effoct such as removal of nutritional elements from
the water or causihg a foroed inadt1Vity of the oyster which prevents
it from Jleriving adequate amounts of food from the plankton; cannot
be stated with certainty. The fact thet from 10 to 20 perdent of the
oysters go through normal developmental timing in the génad dyole
would seem to indieate that the low salt ocontent of tho water acts
indirectly on the phjSIOlogj of the oyster, This is. indicated by
the fact that on examination thess few normally developing oysters
had empty digestive tracts, as did the oysters with poorly developed
gonads, but they contained a fair amount of stored glyqogen and
perhaps were ‘thus enabled to elaborate gametes at the usual time.

Summnary

Developmental processes in the gonads of oysters exposed for
protracted pericds to waters of low salt content were slowed by os
much as two months in the majority of the population examined. This
inhibition of gamete differentiatien is best indicated bv the’ fact that
in  the Tolchester oysters 33 percent of the specimens contained solely
undifferentiated gonadal tissue, while in oysters from Millhill, less
than, 1 percent of those examined were in that condition. Following
restaration of the normal salt content of the sea water, there was a
complete recovery and fulfillment of the typical gonadal cyole.

5. Relationship of environmentfto:fhe growth.of oysters

The following observations were made by J. B. Engle and P. A. .
Butlar to check the influence of the envirenment on the rate of growth
of seed oysters from Nillhill Bar, Eastern Bay. The seed was part of
the 1945 oyster sot on the above bar. Four groups of oysters of this
Bge wWere medsured and put into large wire cages, ene group was put
back at the place where the seed was procured; another group was sent
to Long Island Sound, Milford, Connecticut; a third was taken to
Solomons Island at the mouth of the Patuxent River; and the fourth was .
taken to Tolchester in the upper Chesapeake Bay. All tho ocages were
sugpended just off the bottom. The initial, observations and measurements
were made at the first part of the summer in 19486,

At the end of the fall growing season all the oysters were again
mezsured, and the amount of linear growth rcoumulated during the
period was recorded. The aversge length in millimeters and the .
percent increase are shown in Table 6. All. ovstnrs transplanted from
the sesd bed showed a greater increase in length than that of the
group left on the seed bed. 'The ingcrease in length was more in the
areas where the salinity was higher, At Milford, Conrecticut, whore:
the fall salinity was the highest, the increase in length was 173
psreont, while the control left in Eastern Bay, Marylend, increased
only 50 percent. .At Solomons Island, where the salinity is slightly-
less than at Milford, the increase was 93 percent. The percent in-
crease of the oysters 2t Tolchester (65 p)rcant) was slightly greater
than that of the controls (50 percent).
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PROJECT III. EXPERIMENTAL OYSTER FARMING

Subproject 1l--Controlled management of public oyster bars, J. B. Engle and
P. A. Butler

1. The offect of different densitles of oyster seed planting on the
growth and condition of the planted stook As an aid to the operation of the
Stato Managemont Plan 1t was nocessary to ascertain the effect of different
donsities of seecd oyster planting on the resulting growth and ocondition
of the planted stock, For this purpose three exporimental seed plantings
wero made during the spring of 1946 ot the.mouth of the West River; one
of 250 bushels to the acrs; another of 500 bushels per acre; and the third
of 1000 bushels per acre., The last measurements of theso oysters, made
in April 1947, showed that an averago length of tho 250 bushel planting
was 79 millimsters, the 500 bushel planting, 71 millimoters, and the
avernge length of the oyster in the 1000 bushel planting was 75 milli~
moters. Since so far there is no signifionnt difference 4n the thres
groups .of oysters it is planned to continue thuse obsorvations until
the oysters reach markctable size.

Table 6.--Growth of Millhill seed oysters planted in three dif-
forent locations outside of Eastern Bay.

} Number ' Salinity Longth in millimeters

Location of Nate in ' percent

oysters o/bo Minimum Maximum Mean Incroase
Milford, 429  5/13/46 25 03 44 22 173
Conn., 12/46 (Vo othar record) g0
Solomons 499 7/1/46 18 12 47 28
Island 402 2/1/47 ‘ 23 85 54 93
Tolehostor 397  7/23/46 11 10 58 26

o85  3/31/47 18 84 43 €5

Mi11hill 426  6/3/46 07 50 28
Control 385  3/24/47 15 14 71 42 50

2. The socasonal condition of oysters Suasonal changes in the con-
dition of oysteor moats from eight widely separated bars in Chosapeake
Bay and several tributaries wore studiod during the yoar. The ratio of
the weight of dried meats to the volume of shell cavity multiplicd by
100 was usod as a oriterion of quality. (Condition factor.)

Tho lowest valuos wure obtained in mid-summor nt the close of the
major spawning season. In oysters of 'fair' to 'good' quality tho oon-=
dition factor at this time was approximatoly 6.0, During August and
Septombor, ns water tumporaturvs doerease, food supﬁly increases and
oysters are onabled to store large amounts of food materials as well
a8 undergo considorablc growth, the condition factor rises steadily
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to about 10.0. During the winter inactivity the condition factor shows
only minor variations from this level. The increase in water temperatures
and food supply in the sarly spring 'is reflected in a slowly rising
oondition factor which attaitis its annual maximum in the period prior

~ to spawning. As spawning progresses, the condition factor slowly de-
creases and then drops abruptly to the yearly minimum.

_ Oysters from different locations, while following this general
pattern, differ in the walue of the condition factor. Striking differ<
ences were obtained in the oysters from those bars near the head of the
bay which had been subjected to freshots for periods of more than two
~weeks at a time. In the two months following the freshets the condition
factor in these oysters dscreased regularly and roached values as low
as 2.0, Following this, despite an early incrcase in selinity, the
condition factor of the oyster meats showed no recovery for as long as
nine months. After that a gradual improvement took place. Oysters
from bars subjeoted to fresh weter for periods of less than two weeks
did not exhibit this extensive injury. In locations where salinities
averaged above 8 o/bo. no constant relationship was observed between the
salinity and the quality of the oyster meat. The observations of the
chenges in the condition factor are summarized in the following table.

Table 7.-+The condition of the meats of oystzrs from the swed oyster
plantings of three different concentrations. Figures based on the ratio of
the dry meats to the volume of the shell cavity called the condition factor.

. T Condition Factor® ' ‘
Date = 290 bushcls 500 bushels - 1000 bushels

per acre per acre ‘ per acre
1548

April 10 7.95 7.48 7.61

30 7.22
May 1£ 8.41 7.33 9,95

31 7.59
June 18 10.63 8,43 9,05
July 9 . 7,46

16 9.41 |

24 7.29° 5.63 7,03
Aug. 6 - B8.73 - '

20 6.58 7.97 7.25
Sept. 4 - , 7.03

18 9.74 8,34 12,44
Oot, 3 , 9.77
Nov. 26 12.98 12.61 11.86
1947 . .
April 9. 11.74 11.74 11.24

* Ratlo betwswn dry weighf of ment X 100 ani'volume of shell cavity.
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PROJECT IV. PROTECTION AGAINST NATURAL. ENEMIES AND PARASITES

Subproject l--Control of starfish and erlls, V. L, Loosanoff and
D. ). Shipluy.

Juring April the semi-snnual survey on the distribution and occurrence
of starfish in Connecticut waters was completed ~ by the personnel of the
Milford laboratorv, In general, the results indicated that the distribution
of starfish remained more or less the same as that found in Octoher 1946.
However, there were indications that, as had been anticipated last ysar,

a very dense starfish population found within the section between Charles
Island and Stratford Point was moving in easterly and westerly directions
toward the cultivated oyster grounds., A warning of this invasion was
given to the oyster oompanies whose grounds were endangerecd.

Observations on gonad developmont, spawning and setting of starfish
were begun in the spring, Thus far no mass spawning of starfish has occurred.
Field experiments, oconsisting in luring starfish to especially made traps
baited with various substances, were conducted during the quarter. The
results so far have been rather inconsistent, indicating that starfish
lack well-developed sense of smell:mnd come in come in contact with prey
meraly by accidsent,

Subproject 1lA~--Observetions on the rate of movement of drills and conchs.

In order to improve the technique of trapping of drills {Urosalpinx)
and conchs (Thais), .it is necessary to learn moro asbout the movements of
these 'snails and about the factors that control their migrations, To fill
this gap in our knowledge a series of laboratory sxpsrimonts wero made
" by P. 8. Galtsoff end A. R, Noletriff at College Park with the drills and
conchs kopt at known tempvrathro and salinmﬁy. The problem of measuring
the rate of the snall's path was solved by a vory simplo mothod consisting
in plaoing the snail inside a light whoel, made of plastic, and mountod
on a horizontal axis. As the snaill crqwls along the periphery of the
wheel partially submerged in water, the whoeel rotates and its movements
are recorded on a kymograph.. ’ ' '

. Using this apparatus an 1nt(rest1ng difforence was found botwoen the
rate of movemsnts of Urosalpinx and Thais. At “the same temporutures
(20-22 degroes C.) end salinitios (24-25 o/00) the rate of crawling. of
Urosalpinx nover exceedsd 2 fuoot por hour, while Thais was capable of
moving at the rate of 2% feot por hour. In somo of the experiments the
snails continued to crawl without stopning for twelve or more hours.
Experiments conducted by . S, Galtsoff at Pensacola showod that the
drop of snlinity of water to 748 parts per thousand almost immobilized
the conchs, only a few of them being capable of: erawling at the rate of
loss than 1 foot per hour, Successful dovolopment of a quantitative method
of study of the bohavior of snails permits now a morv comprehonsive inves-
tigation of their reaction to tho changes in the environment and of their
response to various balts. It is expooted that the results obtained with
tho new tochnique may bs useful in developing more efficiont methods of
trapping thesec pests.
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Subproject 3--Distribution of Nematopsis in coastal waters, H,. tandau and
P. 8. Galtsoff '

The collection of oysters from many parts of Chesaveake Bay and
tributaries for the purpose of determining the distribution of the pro-
tozoan parasite, Nematopsis, was made during the summer of 1946, Sempling
was started in June and continued throughout September. In all, 75 oyster
bars were sampled in the north-south and east-west gradients in Chesapenke
Bay and in the tributarizs. Obscervations were made in the James, York,
Rappahannock, and Potomac rivers, extending from the mouths of these rivers
to their upper parts. Spot sampling was made, also, in Mobjack Bay,
Pocomoke Sound, and Nessawadox Cree¢k in Virgirnie, and the Patuxent, Chop-
tank, Severn, and Chester Rivers, Broad and Harris. Cresks, and Eastern
Bay in Maryland.

The examination of the oyster tissuss was made mostly in the College
Perk laboratory during and after the field sampling trips. All tissues:
were studied but the major smphasis for comparison was placed on the
presence of Nematopsis spores in the oyster mantle. On this basis it
was found that almost all of the 75 oyster bars studied had infeoted
oysters. Tho highest count of Nematopsis infection was 3500 cysts per
square centimeter of pressed mantle tissue. The lightest incidence of
infection occurred in the Potomac River, Maryland, and the heaviest in
the James River, Virginia.

No correlation was found between the distribution of the parasite
and ‘ecological conditions such as salinity, depth, and composition of
the oyster beds and bottom. No apparent relntion existed between the
condition of the oysters and the extent of the infestation.

During the trip to Texas and Florida, P. 8. CGaltsoff collected and .
examined samples of oysters near Miami, Plorida, at Port Isabel, Texns,
erid in Copano Bay, Texzxas. All the oystors were found hoavily infected .
with Nematopsis spores. Infection was particularly heavy inthe oysters
from Copano Bay, Texas. From previous obsgervations made by P. S. Galtsoff
it was known that these oysters are usually very poor and fail to grow in
their native environment. It was found, however, that efter being trans-
planted in Aransas Bay they show rapid and remarkeble improvement in quality
of their meat, in spite of the presence of large numbers of Nematopsis
spores. In the samples collected in March, the latter were so abundant
that they oclegged the water tubes of the gills and some of the gill vessels.
Port Isaebel oysters were found rather fat in spite of the presence of 4
fairly large number of Hematopsis,
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PROJECT VI. BIOLCGY AND CONSZRVATION OF EDIBLE MOLIUSCS OTHER THAN OYSTERS

Subproject l--Biological observations on.edible mussels and clams, V. L.
Loosanoff ‘ ' '

Attempts to raise larvae of the surf oclam (Maotra solidissime) and
the soft clam (Mya arenaria) were made at Milferd Laboratory during April
and May. It was found comparatively easy to carry larvae of both species
.through the early stages of development but thus far no setting of these
clams has taken place under laboratory conditions. This work will be
continued during the winter and early spring.

The Milford leboratory has conducted several exporiments on trans-
planting ocean quahogs (Artion islandica) from the deep water of Rhode Island
to the shnallow water of MilfTord [arbor. The purpose of the expuriment was to
dotermine whethar this species will survive transplantation and whether the
new environment will change the taste of its meat. It was found that the
quahog survived in the doeper water of the Harbor, anproximately four feet
below the mean low water mark where the salinity of the water is not much
reduced at low tide after heavy rains. However, the quahogs planted noar
the mean low water mark and above it died vory soon. Samples of quahogs
are oxamined every two or three weeks for ocanning and organoleptic tests.

Subprojeot 2--Blology of soft clams on the flats of Parker River Refuge,
J. B. Engle

A study of the distribution and abundance of the living organisms
in the upper layer of mud on the clam flats of Parker River Refuge, Massa=~
chusetts, was mde to determine the effect of large concentrations of
black ducks on the population of soft-shell cloms (Mya arenaria). A
series of quantitative samples were taken at the beginning of the 1946
duck hunting season early in October end in November and at the end of
the duck hunting genson during the first week in Deocember.

The animal population of the flats inoluded,in the order of abun-
dance,the following orgnnisms: Gemma, Mya, Macoma, Mytilus, Illyanassa,
Littorina, Polynices, small orustacea, Limulus, Mud Crabs (Xenthidae),
annelid worms, Ensis. Plant life consisted mostly of Enteromorpha, Ulva,
and Fucus, and a plant which has not been idgntified., Eel grass (Zostera)
was found in secattered clusters in the Hales Cove arean.

Small soft clams, widely distributed in all the aroas investigated,
werc abundant in the lower part of HMalos Cove. Pine Creok had a less
concentrated clam population. In most of the Hnles. Cove arca no signifi-
cant reduction in the clam population was noticed by the end of the duck
hunting soason. ‘

A reduction of 61 pereent in the numbor of small claoms was noted

only in a seoluded portion of Halos Cove. This aroa represented, howevor,
only 5,5 percent of the total area examined.
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Soft clams were fourid in the stomachs of 4, of the 8 black ducks
captured during the survey. The amount of soft clams present was small,
comprising only 9 percent of tho: total volums of food matorial in the
duck stomachs, It appeanrs that the presence of large numbers of black
ducks on the clam flats of the refuge had little effect on the soft clam
population except in & small secluded portion of Hales Cove.

| PROJECT VII. EFFECT OF DDT-ON OYSTERS AND OTHER SHELLFISH:

Experiments on the effect of épraying 70T on oyster shells used for
catching oyster spat were conducted at Milford by V. L. Loosaneff and in

the Chesapeake Bay by J. B, Engle and P.A. Butler. Because of the different
ecological conditions and considerable differencs in the’duration of setting

season, the results are not identical and are discussed separately.

P Expefiments conductad EE Milford;'Connecticut<

Studies on the effect,of NDT upon setting growth and survival of oys-
ters at Milford may be summarized as follows:

1. 1In general, oyster shells dipped. in g5 percent -solution .
of DDT in kerosene collected a somewhat smaller number of
spat than untreated shells., All the shells, of course, were
planted.at ths same time and in the same®place.

2. There is sorme evidence that the depressing effect of DIT in
kerosene will almost disappear 1f the treated shells are kept.
in tho .air for about two weeks before planting. This point.
will need some additional study, however.

3. The shells dipped in a 5 percent emulsion .of DIT collected
approximately only 1/9th of the number of oysters attachod
to the control shells dipped in the emulsion without DDT.
Further, the DDT in emulsion was found to be more toxio than
~its. solution of the same concentration in korosens.

4. Spraying of oyster shells with a2 & perpgent solution of DDT ‘
in kerosene at the rate of one pound per dore did not depress
the setting of oysters. Spraying at the rate of 3 or 5 pounds
of DDT per acre, however, may somowhat affeot the intensity of
setting, although this was not clearly shown in tho experiments.

5. Spraying of oyster beds with DDT solution or -emulsion at the
rats .of 1-1/2 pounds of DDT psr scre has caused no unusual
nortality among the adult or young oysters.. Tho beds sprayed
with DNT emulsion usually showed a lightor sot than cither the
untreatasd control bed or the one sprayed with a 5§ percent DDT
solutien in kerosene.

6. Observations on the setting of oysters on .concrete collectors
painted with a 5 percent solution in kerosene, with kerosene
only and on untreated controls showed that somewhat fewer oysters
set on the DNT-puinted collsctors then on the kerosene-painted
or the untreated control. The untreated oontrol ocollected the
largest number of spat.
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7. The average size of spat on the untreated collector was some-
what larger than that of the spat on tho DIT-treated ono.
However, the difference was insignificant.

8, Dipping of oysters in & 5 percont solution of DIT in kerosense
did not significantly affect their rate of growth or increaso
in weight, as compareod with the control oysters.

9. The shell movements of the oysters kept in the aquarium, to whioch
. a 5 percent solution of DDT was added in quantity approximating
5 pounds of DDT per acre, was not difforent from that of the
control oysters. No mortality was observed during the exposure
ranging from approximately & to 8 days and for 6 weeks after the
eRpOSUre.

10. The oysters which remained in the water to which a suffiocient
quantity of emulsion was added to croate a concentration of 1
or 2 parts of DDT per million parts of water, although showing
abnormal shell movements, survived periods of exposure ranging
from approzimately & %o 8-1/2 doys. It is doubtful, thorefore,
that such concentrations created under natural conditions for
comparativoly short periods would seriously affect adult oysters.
Howover, a possibility of indireot effents, such as destruction
of some organisms sorving as food for oysters, is not unlikely.

11. The treatment of ovster shells with a solution or emulsion of
OOT greatly interfered with the setting of barnncles, The shells
dipped in DDT solution in kerosene collected virtually no barnaocle
sot. :

R. Exporiménts conductod in the Chesapeake Bay,

Experiments were carried out during the sotting period of 1946 to
dotermine the effcot of DDT solutions on spatfall and on the attachment
of the various fouling organisms may be summarized as follows:

1. Treatment of cultch with DDT resulted in a 180 percent increase
in the number of spat as compgred with untreated shells and that
shalls treated only with kergsone or with water emulsion of DDT
had recolived a set of 17 to 37 psroont groater than that on un-
treated controls.

2. Spat mortality, as indicated by scars and empty shells (boxes)
ranged from O to 5 percent following the various treatments and
did not differ significantly from the untreated controls. Treatment
of shells with DUT slightly inhibits the growth of young oysters,

‘ but the inhibiting effoct of the DDT solution gradually dissipates.

3. Examination of fouling organisms showed that by the end of tho ex-
perimontal period, shells treated with DDT had only one-third as
meny barnnoles as the controls. Shells troatad with DDT contained
only 1/7 of the number of Bryozoa attached to tho untreatod shells
and thoir algal covornge was rcduced us compared with the untreated
controls,

4. No significant differencos were found in the use of DDT as a solusion
or a8 an ¢mulsion. Troatmont of. shcll piles with 5§ percent DDT for
fly control would have a benoficial effect on cultch, provided that
the shells oould be placed on the oyster beds one month prior to the

setting of the spat.
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ICHTHYOLOGICAL LABORATORY, Samuel ¥. Hildebrand, In Charge
‘GENERAL

The study of the Clupeidae of the Western Worth Aflﬂntlc was continued
during the quarter, and edditional accounts were prspared for the gencral
publication of the Seers Foundation, entitled "Fishes of <the Westeérn MNorth
Atlantic." The study of the Gulf Coast fishzs of the United States and the
preparation of a descriptive catalogue bascd on “them, too, was continusd.
The calls for the identification of specimens and for general information
by Fedsral and State agenciss, private orgenizaetions,’ and indlv1duqls, al-
though unusuallj numﬁrous, werc supplied prOmpth.

Pr. Hildebrand completed the study of the manhaden, gonus Brevoortia,
and finished >xtensive accounts of the four species coming within the scope
of the "Pishes of the Westorn North Atlantic,” onc of which is new. A
preliminary paper which ombodles a ‘doscription of the ncew specics, and de-
scrlptions of two littlc known South Amorican species, a key to all the
species of Brevoortis, remarks, oand extonalvn tables showxng relatlonshlps,
alsc was completed, '

A study of the "thread herring," Opisthonema oglinum, was undertaken,
and an account for the "Fishes of the Western North Atlantic" was completed.
Only one specics of this genus from the Atlantic, ranging from Cape Cod to
southern Brazil and tho West Indies, has been rocognized. In the course of
the present study bewildering variations were discovered., Some of the ex-
tremes of this. variation may rcpresent subspscios, er even speciés. Bven
now, with hundrsds of spocimens at hand, thore is insufficient material from
certain localitiecs to detormine the significances of the differences discovered.
In the general sccount prepared for the "Fighes of the Wastern Worth Atlantie"
attention is dirccted to the great variations, without attempting to dofine
their significanco. '

Accounts of all the commeroial forms of horrings of the United States
were completed for the "Fishos of the Western Morth Atlantic" during the year.
However, several tropical ponora of Clupeidas remain to be studied. As they
are not of much commercisl value, and little is known about their life histo-
rizs,  the sccounts will be brief in comparison with some of thosc alrendy
ertten, which for some of the mors important commercial specics run upward
of 25 typewritten pages.

Mrs., Ann S. Green took carc of the routins offic~ work, assisted in
compiling the figures for the tables on menhaden and catalogued the specimens
of Brevoortia and Opisthonema. Three drmwings of menhaden and two plates
showing 5ix individual scales and six ventral fins were completed for the
preliminary pepor on Brevoortia. ' The bibliegraphy for this paper was com-
'piled and tyoad.

Durlng the year Mrs. Gre(n has kept up with the rogular work ‘of catalog-
ing, filing, and general office routine. Siz drawings of young fish were
completad for thé¢ work on Panama fishes. Dight drawings of herring were
finished for the "Fishcs of ths Western North Atlantic" and ninotcen drawings
consisting in part of. structures, for the preliminary paper ort Brevoortis,
soms of these drawings to be used also in the ”Flshes of the Western North
Atlantlc." :
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The month of May was spent by Mr. Isaac Ginsburg in New Orleans
studying the considereble ccllection of fishes ébtained in the South
Atlentic and Gulf, eff the United States coest, in connection with the
shrimp investigetion, and which has accumtleted for & number of years..
The most notable part of the collection wes that .made by Messrs. Lind-
ner and “nderson on the "Pelicen" during'1938-42.

The collectién as a whole proved to be of unusual value and impor-
tance. The material was obtained chiefly offshore bty trawling. As this
method of collecting, employed in the shrimp investigation on an ex-
tensive scale and over an extended period of time, wes but sparingly
used in that region previously, it brought to lipht many species not
obtained by the more ocommonly used collecting methods, The preliminary
identifications indicate as follows. (1) Some species hitherto thought
to be scarce appear to-be not uncommon in deep water. (2) The col-
leotion contains some specles which were previously known from only
one or two specimens, some of them partlv dipested and taken from
the stomachs of red snanpers after being brought up from deep water.
(3) A few of the spocies obtained apparently are the same as were
descridbed only within the last few verrs. (4) Some of the species
might 8%ill be unknown. In any case, it became evident during their
study that the morpholopic and pgeographic ranges of many of the con-
toined species are but scantily or fragmentarily known.

Because of the lack of materiel for comrarison and the unavail-
abllity of neoded publications in the New Orlesns laboratory, espe-
cially the later literature published within the last 50 years, the
identifications made neocessarily were mostly tentative., It-was, de-
cidod then to ship the preater part of the collection to Washington
to compare with known specimens and with those of closely-related
species, and for definitive study and positive identification,

The rest of the quarterly period was spent in completing the
deseriptive part of the spvcle of the family Sciasenidee of the Gulfl
Const.

The following is a summery of the work done during the fisoal
year 1947. The pipgt - part of tho yvear was spent largely in re-
visional stnudies of the genern of the fanilies Fleotridne and Onbiidee.
A preliminary paper comprising an abstract of a revision of the genus
Rothvpohius wes prepared and is to be published in the Journal of the
TMeshine ton Acndemy of Science. The latter nwart of the venr was glven
ochiefly to a study of tho Gulf Coast fishes, 1in accordance with a
decision made by the Service of the desirnbility and necessity of having
a single work preperod vheore existing knowledge of Gulf Coast fishes,’
togother with oripinnl observations made, are brousht together and
treated compactlv., # plan of procedure was outlined to carry this
into offect. A kev to the families now known from the Gulf Const was
prepared +o serve as a puide, and to form a basis for improverment and
eventual publieation. The sclacnidaec was the first family tnken up
for studv because of its imporiance on tho Gulf Const.
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The most trout fishing for the most trout fishermen.
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Nnce. 2, pp. 78-81. :

Reprinted. Tex. fiame and Fish, Tex..Geme, Fish and Oystéf
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Se. . . . .
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fe,Be A. Westfall and #, D. TWllis.
Determination of water gquality. Fish and Wildlife Service
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B. . . )
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P. S. . . - . .
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. Sponges, Frneyelopedia Rritannien, New Editicn.

P. G, ond Walter A. Chipman, Jr.

Respiration in coysters, ‘nat. Rec. vol. 96, no. 4 (abstract).
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fmerican specics and Subspecies of Pathygobius with a

demenstration of a suppssted modificd system of
nemenclatures  Jour, of Washinpgton ficad. of Sci.
Voln 17)7, 'n‘r'c 8, pp. 275"234.
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Gutsell, James S. :
1947 Furunoulcsis end its +reatment. Prcg. Fish., Cult. vol. 9, no. 1,
ppe. 13-20. o

Hile, Ralph.
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¢f fish. DIrog. fish. Cult. wol, 9, nce 1, pp. 62
(abhstract).

Keleg, Gecrge. B. : '
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1946 Survival and mortality of frogen oysters. Anatomiocnl Record,’
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1947 Growth of cysterg ﬂf different ages in- Milf"rd Harbor, Connecticut.
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1947 Tiffeots of DNT upon setting, rrawth rnd survival of oysters.
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Lecgancff, ¥, L. and Charlos L uomojko.
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M Inveskiigatian of Fish-Maintenance Problems In Relation to
the Willamette Valley Project, Ry Joseph A. Cralg and’
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