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SECTION OF ANADROMOUS FISHERIES 

ALASKA FISHERY INVESTIGATIONS 

Mitchell  G. Hanavan, Acting Chief 

GENERAL 

Research was concentrated on southeastern Alaska pink salmon, 
the  major f i shery .  
survival  and spawning, i d e n t i t y  of races, f i s h i n g  i n t e n s i t y  and gear, and 
Ocean survival ,  A l ake  f e r t i l i z a t i o n  experiment a t  Karluk and Bare Lake and 
m i n i m u m  programs on Karluk-Bristol Bay red salmon and her r ing  were continued. 

Phases of t h e  pink salmon program were:: Fresh-water 

RESEAREH PROJECTS 

Spawning and fresh-water survival  of pink salmon.--The escapement 
of 112 pink salmon i n  Sashin Creek ( L i t t l e  Port  Walter), smallest  spawning 
escapement i n  17 years, pa ra l l e l ed  the  continuing decl ine i n  abundance of 
even-year pink cycle i n  Southeastern Alaska. 

To determine the e f f e c t  on surv iva l  of  crowding and exposure t o  
s a l t  water, i n t e r t i d a l  spawning s tudies  were continued i n  the  Big Por t  
Walter s tudy stream wi th  i n s t a l l a t i o n  of four  pairs of  screened pens in the  
f a l l  of  1950, covering t ide  l e v e l s  o f  plus  b.0 t o  plus  10,s. 
P a i r  of pens was stocked with t h r e e  r i p e  females and t h r e e  r i p e  males while 
t h e  o ther  received s ix  f i s h  of each sex. 
a t  plus  4-foot t i d e  l e v e l  where nes ts  were covered with salt water 70% of 
the  t ime j  good surv iva l  occurred a t  p lus  6-foot l e v e l  where nes ts  were 
Covered 30% of t h e  time, and surv iva l  was no t  greater above this leve l .  

One of each 

There was no surv iva l  t o  fry stage 

Analysis of temperature units, meaaured i n  spawning gravels of 
Sashin Creek, and annual surv iva l  r a t e s  of pink salmon f r y  f o r  t he  pas t  10 
Years i nd ica t e s  a high increment of temperature units usual ly  coincides with 
a high survival  r a t e  and that temperatures during t h e  l a t t e r  p a r t  of the in -  
cubation period may be more c r i t i c a l  than  temperatures i n  the fall and early 
winter. T h i s  analysis  i s  being expanded t o  determine if a similar r e l a t h n -  

e x i s t s  between surv iva l  and temperatures of flowing stream waters. 

Seven migrant counting s t a t i o n s  were operated successful ly  during 
This w a s  the t h i r d  consecutive Yew of 

Counts show sUbs tmudb  

the spring migration of salmon fry. 
Operation f o r  four of the s t a t ions ,  and gave a measure of changes i n  abun- 
dance of f ry  of brood years 1948, 1949 and 1950. 

f ry  production and survival. rates a t  two s t a t ions ,  l i t t l e  change 
at t h e  th i rd ,  and a decl ine a t  the  fourth.  The production of 19% brood fry 

good, and, unless o f f s e t  by poor marine survival,  1952 runs should $how 
first even-year cycle  increase  s ince  1942. 
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-=-u I d e n t i t y  of races.--Between July 2 1  and September 5 ,  1950 
17,527 pink salmon were tagged i n  Icy  S t r a i t  and Upper Chs thm S t r a i t ,  
The 14,500 f i s h  tagged before the  seasonos opening on August 1s came Prom 
t raps  h.wg ea r ly  through cooperation of  t he  industry"  

Sfvream recoveries  from a l l  sources totaled. 614 tagsp with t h e  
ama of  capture extending from Dyea i n  North Lynn Canal t o  Snake Creek on 
EtolSrr 131mdo Stream recoveries represented 3 0 5 %  of tags  applied; re- 
c o ? ~ e r i e s  from t h e  commercial f ishery were 6,573 o r  37$, f i g r a t o r y  pa t te rns  
as shown by stream recoveries  and by those from t n e  eommerzial Pishery were 
very similar, and are almost i d e n t i c a l  t o  those found in ~ L " Q V ~ Q U G  taggfng 
experiments, These show i n  general t h a t  the  f i s h  move Ithrough Icy S t r a i t ,  
pass Bouthward i n t o  Chatham S t r a i t  and then eastward i n t o  Frederick Sound 
and Stephens Passage, 
Chatham S t r a i t  ,, 

Minor offshootslead i n t o  Lynn Canal and South 

Fishing i n t e n s i t y  and near,--A study of da i ly  pink s a h o n  catches 
by t r aps  %;being made to determine changes i n  t h e  t i m e  of spawning mipa.- 
t i o n  and, i f  possible to co r re l a t e  these  changes with bmlcgfca l  and 
metenrolsgfcal f ac to r s ,  Since t h e  area present ing t h e  longest ser.S:es of 
M.st,or-fcal da ta  i s  the  eas te rn  sec t ion  of I c y  S t r a i t  D f s L r i c t  i n  South- 
eas te rn  Alaska, these d a t a  were chosen as the first s e r i e s  to  be analyzed. 
Three periods, embracing d i f f e r e n t  conditions of t h e  €ishery, a r e  included:: 

I> Years preceding 1924, when the re  w a s  p r a c t i c a l l y  no regula t ion  
of t he  f i she ry  and t h e  complete p a t t e r n  of  the run is avai lab le9  

2) Period bedinning with passage of t he  White Law f r i  192k,> when 
cloejng dates  f o r  the f i s h e r y  were establ ished,  I n  1928 rey;9lattions were 
extended fia provide both an opening and a closing date ,  FromV24 through 
1946 (zpenfng dates  were never s e t  s u f f i c i e n t l y  l a t e  .to prcvide pro tec t ion  
f o r  t h e  early p a r t  of' the  run b u t  the  closing da te  d id  p ro tec t  the  l a t t e r  
p a r t ,  For t h i s  reason d a t a  on the l a t t e r  part, of the r ~ x m  are  incomplete 
during t h i s  period, 

3 )  From t h e  year 1947 t o  the present,  t h e  opening date has been 
s e t  l a t e  f n  the season, thereby providing pro tec t ion  to t he  ear ly  p a r t  of 
t h e  migration, 
season 

I n  this period da ta  are t runcated at  both ends of t h e  

The problem i s  t o  develop methods of handling -trunzatcd da ta  to 
provide ind ices  t h a t  w i l l  be comparable over t h e  years, Pearsnn frequency 
distrrlbutfon8 are  being f i t t e d  by the method of moments -GLG da ta  f u r  t h e  
years 1.908 through 192j0 As a s ingle  type of t hese  d i s t r i b u t i o n  funct ions 
has not been found t h a t  gives t h e  c loses t  fit, a choice of d f s b r i b u l i o n  
must be made and methods of de te rmning  parameters of d i s t r i b u t h n  selected.  
Apparently e i t h e r  Type I o r  Type I V  will be the  best type of  I ~ U P Y T B  t,o use, 
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Ocean mor ta l i ty  of  pink salmon.--Experimental designs of t raps  
f o r  capture were developed and various shapes of c l ippers  f o r  more e f f i c i en t  
f i n  remova were t r i e d  during the winter. 
School of F isher ies  provided samjXles of red salmon fry. 

The University of Washington 

on 
95J 

The 1951 fry-marking program began on Herman Creek, i n  Behm C a n a l ,  

on A p r i l  1 4  to Old Tom Creek, east side of Prince of Wales Island, where the 
f ry  migration was more prolonged. Marking was concluded a t  this loca t ion  i n  
l a t e  June with a t o t a l  o f  124,002 marked fry. 

Apr i l  3. 
805 pink salmon f r y  had been marked. 

When operations at  t h i s  l oca t ion  were concluded on M a y  9u 
A l l  operations were then sh i f t ed  

Work a t  Old Tom Creek included experiments, which continued i n t o  
dd-July,  1951, on rate of f i n  regeneration following various treatments of 
marking s c a r s o  Observaticons ind ica t e  s ta rva t ion  caused a high mortal i ty  i n  
l a te  s tages  of the holding period; clogging of the s m a l l  mesh screen of t h e  
holding pens prevented entrance of food organisms. 
and c l ippe r s  made t h e  marking program successful  t o  a l a r g e  extent ,  Improve- 
ments t o  traps f o r  more e f f i c i e n t  operation under high-water l e v e l s  are being 
considered. Attempts w i l l  be made t o  obtain fhctory modification of t he  shape 
of c l ipper  which proved most e f f e c t i v e  i n  the f i e l d .  

Improved design of traps 

Karluk red salmon and lake  fer t i l izat ion.--The KarPuk counting 

The spr ing  escapement was  average f o r  t he  past f i v e  years;  the  
weir was removed October 9, 1950, w i t h  a t o t a l  red  salmon escapement of 
758,000. 
f a n  escapement was  75% larger  than the five-year average. 
escapement and run follow: 

S t a t i s t i c s  of 

EscaDement RUIl - Catch - 
Spring 379 278 657 

Total  758 504 1262 
F a l l  . 379 226 Ejo5 

Scale  reading of t he  1948 and 1949 co l lec t ions  ind ica tes  the 1951 
wi.I.l depend mainly on t h e  number of 63 and 64 f i s h  returning from t h e  

1945 spawning. 

Escapement i n  1951 has been low, wi th  a count of 254,L18 t o  
20,1951. 

A two-way counting weir was maintained a t  Bare Lake unt i l  Sep- 
tember 8, 1950; 551 adu l t s  were counted i n t o  the  lake  and 10,698 red and 
l J U 4  silver f inge r l ings  were counted out. 

Commercial n i t ra te  and phosphate fer t i l ieers  were introduced i n t o  
A t  two-day in t e rva le  un$il September 69 temperatures Bare Lake on J u l y  13. 

and Wcchi d i sc  readings were taken and determinations made Op. PH, oxygen, 
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soluble  phosphorus, and n i t r a t e  ni t rogen a t  p r o ,  t h ree  and s ix  meters. 
Light and dark b o t t l e s  of l a k e  water were se t  ou t  r egu la r ly  t~ measure 
oxygen production r a t e .  
during the  winter, The f e r t i l i e a t i o n  study continued with operation of 
a two-way weir a t  Bare Lake o u t l e t  i n  the spr ing of  1951, Fewer adul t s  
and f inge r l ings  were counted than  i n  1 9 9 ,  but  f i nge r l ings  were l a r g e r  i n  
both age groups represented. 
of t h e  lake water, bottom fauna, plankton, and r e s iden t  fish obtained by 
seining, 

Plankton counts of Bare Lake samples were made 

The cur ren t  program includes chemical analysis  

Alasks  herring. --Principal activity consisted of sampling the  
catch and co l l ec t ing  ca tch  da ta  f o r  major f i s h i n g  areas. Catch da ta  were 
used to determine r e l a t i v e  abundance while age composition da ta  were used 
t o  assess recruitment and mortal i ty .  

Fishing i n t e n s i t y  i n  the 1950 season remained a t  about the  same 
l e v e l  as i n  recent  years ; a summary of operations follows: 

No, of Fishing 
District  Plants Vessels Period- Catch Remarks 

Prince W i l l i a m  4 16 6115-812 7 193,551 
Sound 

Southeas t e r n  4 15 6h5-912 5 107,270 

Quota o f  275,000 
bbls ,  applying 
to Octo 1, taken 
by Sept, 28, 
r e su l t i ng  i n  a 
2-day closure.  

Quota of 180,000 
bbls  applying 
to Aug, 10, 
Catch t o  this 
da te  was 177,000 
bbls Fishermen 
abandoned d i s t r i c t  
on Aug. 27 because 
f a l l  run f aiI.ed 
t o  aiqear. 

Quota of LS0,OoO 
b b h ,  no t  t a k m .  
Operations termi.- 
nated i n  September 
because of herr ing 
scarcity. 
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A compqrison of sverage catch per  boat day i n  Southeastern f o r  

As 
the  1950 season with average catch f o r  combined years of 1943 through 1948 
gave an abundance index o f  36 i n  which 19b5 i s  the  base year at; 100. 
measured by the  index there  has been a marked decl ine  i n  abundance i n  tps 
d i s t r i c t  s ince  1947, when the index was 163. 

Percentage age composition f o r  t h e  1950 season based on 2907 
sca l e  readings of Kodiak herring, 2460 of Prince W i l l i a m  Sound herr ing 
and 2897 of Southeastern herr ing follows: 

Year 
Class 
Pear 

1948 1947 1946 1945 1944 19h3 1942 1941 1940 

D i s t r i c t  Of Life 3 4 5 6 7 8 9 1 0 1 1  

Kodiak 1 5 2  9 7 1 3  4 4 4 5 
Prince william 

Sound 

Southeastern 3 23 14 22 33 3 2 - - 

Reduction i n  s i z e  of  the Southeastern Alaska quota f o r  1951 was 
recommended t o  t h e  Director.  
received f r o m  t h e  year  c lasses  o f  1945 through 1948 and decl ining abundance 
as revealed by the  catch-per-unit analysis.  

This reduction w a s  based on poor recruitment 

I n  an e f f o r t  t o  improve accuracy of the catch-per-unit analysis,  
l o g  books were i ssued  on an experimental bas i s  i n  t h e  1950 season. 
Of re turns  showed determination of catch-per-hour of f i s h i n g  t i m e  was pos- 
sible,  a marked improvement over catch-per-boat day now i n  use. A rev is ion  
Of t h e  report ing form was made from improvements suggested i n  t h e  t r i a l  run 
and a l o g  book was issued to  each boat captain i n  19slo 

Field r cpor t s  show f i s h i n g  has been very  slow a t  Kodiak with a catch of 
Only 33,000 b a r r e l s  as of July 28. O f  this amount about 28,000 barrels 
have come from Chignik on t h e  south s ide  of the Alaska Peninsula, a d is -  
tfmce of about 200 miles from processing p lan ts .  Fishing i n  Prince w i l l i a m  
'omd has been f i a r  (95,000 bbls.), but very poor i n  Southeastern (39,000 
bbls.). Preliminary age composition ind ica tes  t he  1947 year c l a s s  has been 
the most important contr ibutor  i n  a l l  d is t r ic ts ,  

Analysis 

Sampling of the 1951 catch i s  being conducted i n  all d i s t r i c t s .  

B r i s t o l  Bay r ed  salmon.-- Only minimal work was carred on i n  
Br is to l  Bay during the year: 
Opened i n  the f a l l  of 1950 and proved e f f i c i e n t  during the  1951 season j u s t  
Cohcluded. 

The f i s h  ladder  a t  Brooks River falls w a s  
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Mro Efshhsr cooperated w i t h  Fishery Management personnel in. 
t h e  1950 and L95'1 seasox i n  maintaining cont inui ty  of aerial. v i s u a l  and 
p h o t ~ g ~ i p l - i i c  s - s r ~ ~ e y s  3f spawning grounds e 

Scale Col lec t ions  made i n  t h e  ea r ly  years of inves t iga t ions  were 
rea4 on a sample basts arid m w h  of o ld  unc lass i f ied  da t a  was orgadzed  f o r  
oseo Mr, Eicnier contirzrxed development of s t a t i s t i c a l  treatment of  f luc tua-  
t i o m  i n  B r l s t o l  Bay red  salmon populationsg apparently thes;. populations 
a re  51 a n  extremely aberrant  cycle  o f  years with respect  t o  size and age a t  
matmi t y  

- Age ma4yijis -_n .--Tne 1950 adul t  salmon s c a l e  c o l l e c t i o n s  have t een  
VrtPLally all f i n g e r l i n g  salmon col lec ted  i n  1950 ha.:-e been measesd momted, 

and scale samples mounted, 

B r i s t o i  B q y  a d u l t  salmon co l l ec t ions  were aged as foI.lows :: 
-# -..,--- -.I-*- 

Naknek Brooks Lake Egegik 

I 

- ,., .. L, 

52 7 04 17 308 - 
21! 304 8 1. E 2 009 

004 1 0.2 L1 w 3 
/ J .  C'7' 0104 371 83.8 53 24.3 

.'., 

2 03 

c: c '3 ". 2 1  

46 
4:: L, 9 
'E 3 I ,  

l h  20 

38 
12 

81 
7.2 

4.4 3 
1. 
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Samples of  migrants analyzed from Bare Lake were 55% 2's, 44% 
3's and 1% 4ts .  Karluk migrants have not been aged. 

A study of growth cha rac t e r i s t i c s  of various age groups from t h e  
Naknet co l lec t ions  as determined from adul t  s ca l e s  was s t a r t ed .  Measure- 
ments on sca l e  cards were made f o r  t h e  seasons from 1950 back t o  1943 Of 
e i t h e r  the  e n t i r e  sample ava i lab le  o r  of a s t ra t i f ied sample of the  t o t a l  
number. 
the l a r g e r  the f i r s t  ocean growth zone. 
l a r g e s t  growth was made the f irst  year i n  the  ocean by the  segment of the 
Year c l a s s  re turning the  e a r l i e s t  after migrating t o  t h e  ocean; 
Rrowth by t h e  segment s taying a t  sea the  g r e a t e s t  length of time, 
instance,  t he  average f i rs t -ocean growth zone f o r  the segment of the 1943 
Year c l a s s  caught i n  1947 as h2,, i s  3S.Omm. of projected image, f o r  t h e  szrs 
caught i n  1948 is  32.2mm, and f o r  the 621, caught i n  1949 i s  31.2mm. 
decrease i n  f i r s t  ocean growth with age i s  consis tent  i n  a l l  years studied t o  
date. 
Well as a study of fresh-water growth, and o the r  ocean bg-owth zones t o  deter-  
mine i f  they also vary i n  a s imi l a r  manner. 

Results i nd ica t e  the  fewer the  years  i n  the  ocean before maturity, 
Comparison by year c l a s s  shows 

the  l e a s t  
For 

T h f s  

Additional back and current  seasons are needed f o r  compfirison, as 

CENTRAL VALLEY FI SmRY INVESTIGATIONS 

Oliver B. Cope, Chief 

SHASTA SALM3N MAINTENANCE PROGRAM 

During t h a t  p a r t  of f i s c a l  year  1951 i n  which this pro jec t  
Pemalned attached t o  the  Central  Valley Fishery Invest igat ions,  f i e l d  
a c t i v i t i e s  were confined t o  preparations f o r  impending salmon migration 
Studies and t o  rout ine  co l l ec t ion  of water temperatures and other  physi- 
c a l  data.  
Of the push net, a device developed on this p ro jec t  f o r  co l lec t ing  down- 
3tr@am migrating anadromous f i s h ,  
transferred t o  the  Branch of Game-fish and Hatcheries, but, i n  accordance 
a t h  in s t ruc t ions  from the Director,  ; a c t i v i t i e s  of the  p ro jec t  followed1 
plans previously damloped f o r  the  f i s c a l  year. 

Considerable a t t en t ion  was given t o  plans f o r  systematic t e s t i n g  

On August 1, 1950 t he  pro jec t  was 

The pro jec t  had as i t s  biggest  objkdtive during the  yew the 
use of the push n e t  f o r  (1) tes t ing  eff ic iency of the  anparatus bY corn- 
parison with t h e  tow net,  (2) mapping horizontal  and v e r t i c a l  distri- 
bution of salmon seaward migrants i n  Sacramento River, and (3) obtaining 
data necessary t o  ca l cu la t e  the  number of immature salmon moving toward 
the Ocean from the  Upper Sacramento River. 

The r epor t  of Frederick K. Cramer, i n  charge of this project,  
'Or MW 1951 i nd ica t e s  tha t :  
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1. I n  daytime tests, with tu rb id i ty  a t  less than 24 inches, and 
a t  a speed of f ive fee t  per  second, t he  push ne t  caught 26.5% 
more f i s h  than the tow n e t  i n  90 tr ials,  

2,  I n  daytime t e s t s ,  with t u r b i d i t y  grea te r  than 24 inches, and 
a t  a speed of f i v e  f ee t  per  second, the push n e t  caught 50.0$ 
more f i s h  than t h e  t o w  n e t  i n  24 t r i a l s ,  

3 0  After a l l  daytime tests were combined, the push n e t  caught 
27.6% more fish than the  tow n e t  i n  150 t r i a l s ,  

4. After a l l  n igh t  tests were combined, the  push n e t  caught 
40.9% more f i s h  than t h e  tow n e t  i n  66 trials. 

so After a l l  tes ts  were combined, the push n e t  caught 3s085% 
more f i s h  than t h e  tow n e t  i n  216 tr ials.  

With regard to hor izonta l  d i s t r ibu t ion  of seaward migrants where 
co l lec t ions  were made, it was found t h a t  t h e  d i s t r i b u t i o n  was q u i t e  uniform, 
Tests f o r  v e r t i c a l  d i s t r i b u t i o n  a t  n igh t  showed t h a t  52% of the f i s h  were 
within two fee t  of t h e  surface,  and 78% within f o u r  f ee t  of  the surface, 
I n  daytime tests, 16.6% of the  f i s h  were i n  the upper two f e e t ,  and 83.2% 
were i n  the  upper four f e e t ,  

UPPER SACRAMENTO RIVER SPORT FISHERY EV&UATION 

F ie ld  c r e e l  census work on the Upper Sacramento River was termi- 
nated i n  t h e  spring of 1951 at  the  end of t h e  fou r th  year,  
a f i n a l  r e p o r t  covering t h e  e n t i r e  survey i s  the  only remaining u n i t  demand- 
i n g  a t ten t ion .  

Preparation of 

The plan f o r  using th ree  men on t h e  p ro jec t  i n  order t o  i n t e n s i f y  
sampling during the  year could n o t  be followed because of the  death of 
Eugene S o  Cupernell; however, a program a h o S t  as complete was followed t o  
t h e  end o f  the  season, 

Services of Robert Dinsmore, s t a t i s t i c a l  analyst ,  =re had f o r  
three weeks during t h e  winter. I n  this time he worked on analysis  of 
Sacramento River c r e e l  census da t a  and developed a method f o r  ca lcu la t ing  
catch, hours f ished,  and number of fishermen, and variances f o r  these 
f igures ,  t o  cover t h e  o r i g i n a l  creel census method used on t h e  pro jec t .  

Poor weather during the l a te  f a l l  and winter months reduced 
f i s h i n g  effor t  f o r  both salmon and s teelhead below t h a t  of t he  previous 
three years. 
parisons with other  years are not f eas ib l e ,  

I n  November and December e f f o r t  and ca tch  were so low com- 
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King salmon angling e f f o r t  i n  July and August was grea te r  
than i n  1948 and 1949; catch per  hour was low f o r  Ju ly  1950 and high 
f o r  August 1950. 
was expended; the  ca tch  per hour was 21% higher than t h a t  f o r  October 
1949 and 13% lower than t h a t  in 1948. 
pour weather, saw low e f f o r t s  and catches. 

I n  October, t h e  lowest e f f o r t  o f  the  pas t  th ree  years 

January and February) months of 

I n  the  t r o u t  f ishery,  catch, e f fo r t ,  and catch per hour were 
lower than usual i n  t h e  summer months. I n  October, the  f i s h i n g  e f f o r t  
W a s  high, b u t  catch and ca tch  pe r  hour were the  lowest i n  t h r e e  years. 
Poor winter weather kept the e f f o r t  very low through February, and catches 
Were low. 

than usual t h i s  year. 
Fishing e f f o r t  i n  the s t r iped  bass and c a t f i s h  f i s h e r i e s  was lower 

AND SOUTH ATLANTIC FISHERY INVESTIGATIONS 

Clinton E. Atkinson, Chief 

ATLANTIC SALMON INVESTIGATIONS 

Two crews, each consis t ing of a b io log i s t  and a student aid, 
surveyed the  Sheepscot, Ducktrap and Narraguagas Rivers, Tu& Stream and 
a d  L i t t l e  F a l l s  Stream i n  the S t a t e  of Maine. Preliminary observations 
show that beaver dams and a lack of s u f f i c i e n t  summer flow a r e  two of the 
chief obstacles  t o  successful  rehabi l i ta t ion .  

A water cont ro l  dam wa3 b u i l t  a t  Hobart Lake o u t l e t  t o  provide 
ex t ra  s torage f o r  L i t t l e  F a l l s  Stream experimentally used f o r  studying 
res tora t ion  problems. A l l  At lan t ic  salmon runs were small, r e f l ec t ing  
extreme drought conditions. 

Under terms of the  agreement, entered i n t o  by t h e  Fish and 
wi ld l i f e  Service, the At lan t ic  Sea-Run Salmon Commission and t h e  University 
Of Maine on Ju ly  99 1951, headquarters fo r  t h e  At lan t ic  Salmon Investiga- 
t ions  was moved t o  Beaufort, North Carolina. 

SHAD INVESTIGATIONS 

Since t h e  shad inves t iga t ion  f i e l d  program began in March 1950, 
an opportunity has been had to observe and s tudy two shad runs 2x1 the  
Hudson River and one run i n  the Connecticut River. 
Of work was &ne on the Delaware River. 

Also, a l imited amount 
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Connecticut River.-- I n  199, b io log i s t s  of t h e  Service and the  
Connecticut S t a t e  Board of Fish and Game tagged 258 shad a t  the mou,th o f  
t he  Connecticut River and 1094 backrunning shad i n  Windsor Locks Canal; ir 
1951 they tagged 985 shad a t  the  r iver1  s mouth and 1000 backrunning shad i n  
the same canal. 

Preliminary analyses of the  egg sampling program, conducted on 
t h e  r i v e r  i n  1950 and 1951 t o  determine spawning areas ,  show t h a t  shad 
eggs a r e  found from a few miles above the  r i v e r  mouth t o  Holyoke Dam, the 
present  upper limit o f  t h e  shad run4 

The 1950 survey of the r i v e r  found young shad more abundant in t h e  
por t ion  of t h e  r i v e r  extending below Holyoke Dam f o r  s i x  t o  e igh t  miles arid 
i n  t h e  v i c i n i t y  o f  East Haddam t h a n  a t  o the r  loca t ions ,  

Nearly 1000 young shad were ffn-clipped i n  Windsor Locks Canal wherl 
Marking operations w i l l  be made they began moving t o  the ocean i n  September, 

on a l a r g e r  s c a l e  i n  the f a l l  of 1951 t o  check s c a l e  readings and the home- 
stream theory. 

I n  1951, l o g  books were d i s t r ibu ted  t o  shad fishermen t o  obtain 
d a i l y  catch records,  and an extensive sample of  scales ,  lengths  and weights 
of shad were taken on t h e  river. 

Delaware River.--A preliminary inves t iga t ion  of t h i s  watershed was 

Biologis ts  contacted fishermen along t h e  ba;? and ri7rer t o  d e t e r -  
made i n  1950 t o  a id  i n  formulating a plan f o r  studying shad populations of" 
t h e  river. 
mine t h e i r  methods of f i sh ing ,  length of season, and importance of' the  pa$ 
and present  f i she ry .  It was determined tha t ,  s ince  s o  few shad ge t  above 
the  present  po l lu ted  area, no inves t iga t ion  constructed around the commercial 
catch would be f eas ib l e .  

Since t h e  f u t u r e  of shad runs i n  t h i s  r iver  depends upon the  
e f fec t  of proposed darns outl ined by t h e  I n t e r s t a t e  Commission on t h e  Dela- 
ware River Basin, the most p ro f i t ab le  undertaking seems t o  be t o  determne 
present  spawning and nursery areas of shad i n  the watershed. I n  t8he current 
survey, cormercial eel  t r a p s  loca ted  along the  river a r e  used t o  sample yourll! 
shad as they move down the river,  From d a t a  co l lec ted  i t  w i l l  b e  poss ib le  t o  
determine the  r e l a t i v e  importance of var ious sec t ions  of t he  r i v e r  so  f a r  as 
shad juveni les  a r e  concerned, 

Wir~yah Ba .--The Service and the S t a t e  o f  South Carolina s tudied 
the  shad f i a  -+ ery of Winyah Bay and t r i b u t a r i e s .  Daily catch records f o r  
1951 and those of pas t  years were obtained from about  half  of t he  Bay f i sher"  
men. 
scal.es, lengths,  and weights of  fish., These and r e l a t e d  da t a  will be 
analyzed ar~d tabulated t o  determine any changes i n  t h e  f i s h e r y  i n  fu tu re  
years  as a r e s u l t  of changes i n  f i sh ing  regulat ions contemplated next, yearo  

From March 1 through March 25, 1951 catches were smpl.ed f o r  sex, 
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udson River.- F ie ld  crews were s ta t ioned  a t  the  lower end of t he  
r i v e r  and 'b, spawning grounds. To est imate  t h e  s ize  o f  the shad run, shad 
were tagged i n - t h e  mouth of the Hudson River below the commercial f i sh ing  
area, 
of taggintlp a t  t h e  r iver mouth, 
50 escape t h e  f i she ry  so t h e i r  migration could be traced. 

Shad tagged on the spawning ground gave a check on accuracy of results 
A greater  number of tagged shad were permitted 

Both crews contacted shad fishermen along t h e  r i v e r  and d i s t r ibu ted  
log  books t o  those fishermen who were wi l l ing  t o  record i n  them time of f i sh-  
ing, number of t ags  recovered and t o t a l  catch of each l i f t  of t h e  ne t ,  About 
a t h i r d  of the fishermen maintained the  desired records. 

During the  course of the run, shad catches were sampled t o  d e t e r -  
mine sex r a t i o ,  age,length frequency, and weight. 

Returns i n  1950 i n  t h e  r i v e r  amounted t o  b0,3% of the  250 shad 
tagged t h a t  year  a t  the r i v e r  mouth. 
showed t h a t  t h e  shad run enter ing the  Hudson was composed of 456,000 
individuals ;  306,000 of these were caught and 15'0,000 escaped t h e  f ishery.  
Tagging on spawning grounds ind ica ted  that lS4,OOO individual  f i s h  escaped 
the commercial f i she ry ;  this f igure  agrees closely with t h a t  determined 
from the  tagging a t  t h e  r i v e r  mouth. These population estimates ind ica te  
the t o t a l  f i s h i n g  mortal i ty  on shad i n  the Hudson River w a s  about 67% f o r  
the 19% season, 

T h i s  tagging and l o g  book records 

During t h e  shad run i n  t h e  spr ing o f  1951 shad were again tagged 
a t  the Hudson mouth t o  determine the  number i n  the t o t a l  run and t o  calcu- 
l a t e  $he number escaping the  commercial f i shery ,  O f  considerable i n t e r e s t  
t h i s  year  was t h e  effect of the closed per iod on the number of fish escaping 
the f i shery .  Last year there  was a weekly closed period of 36 hours w h i l e  
i n  1951 it was 72 hours. 

Total  catch f igu res  f o r  1951 are not completely compiled and t&u- 
la ted ;  a preliminary check of Service f i g u r e s  and those  from t h e  New York 
Conservation Department and the  New Jersey Division o f  Fish and Gam& shows 
the Hudson shad run th i s  year  t o t a l ed  about 395,000 f i s h  as compared t o  
456,000 i n  1950. 

1S6,OOO escaped t h e  fishery.  Thus, f i s h i n g  mor ta l i ty  i n  1951 w a s  
61%. 

legal  f i s h i n g  were fewer, i o e o J  less f i s h i n g  e f for t ,  the shad run was 
enough smaller t h i s  year  t h a t  f i s h i n g  mor ta l i ty  decreased on ly  6%. 

19500; i n  1950 there  were 61.7% females i n  t h e  t o t a l  catch of shad and 
46.2% i n  t h e  escapement; i n  1951 t h e r e  were m l y  So&$ females in t h e  t o t a l  
catch and 37.5% i n  t h e  escapement. 
escaped the  f i s h e r y  i n  1950 was 69,307 while i n  1951, desp i te  kwer f i sh ing  
effor t ,  the  estimated escapement was only 58,408. 

This yea r ' s  catch amounted to approximately 239,000 and 

Though t h e  amount o f  gear  was less and the number of days of 

The percent  o f  females i n  the t o t a l  run was less i n  1951 than i n  

The number of roes calculated t o  have 

The probable restdt 1s t11.zt 
eggs were deposited this year than last year. 
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The r e tu rn  of  shad tagged i n  t h e  Hudson from l o c a l i t i e s  out- 
s ide  the  Hudson have shed some l i g h t  on t h e i r  ocean migration. After 
spawning, which w a s  heaviest  i n  May, and leaving t h e  river mostly i n  June, 
some shad, according t o  t a g  recoveries ,  migrated along shores of Long 
I s land  and northward t o  Maine. After one t a g  recovery off" Portland, Maine, 
on August 8 and another north o f  Gloucester, Massachusetts, on November 11, 
no more recoveries  were made u n t i l  l a s t  March, April and May when they were 
made a l l  along t h e  c oas t  from Mann's Harbor, North Carolina, t o  Raritan Bay, 
New Jersey, 
Bays . 
there ,  even though spawning i n  Delaware River has been negl ig ib le  during the  
pas t  severa l  years. 
River shad. 

Some t ags  were recovered i n  t h e  mouths of" Chesapeake an3 Delaware 
Delaware Bay recoveries probably explain t h e  continued shad f i she ry  

Much of Delaware Bay ca tch  i s  probably made on Hudscn 

Though tags  were recovered i n  mouths o f  several  streams, o r  
r a t h e r  bays i n t o  which streams empty, not  one tag  w a s  returned from a 
spawning ground i n  any o ther  stream than t h e  Hudson. 
shzd re turn  t o  the  same stream each year f o r  spawning. 
Hudson 

This ind ica tes  t h a t  
Returns i n  t h e  

i n  1951 from tags a f f ixed  i n  t h e  r i v e r  i n  1950 t o t a l ed  155* 

The juveni le  shad sampling program s t a r t e d  by the  New York S t s t e  
Conservation Department was expanded during t h e  1950 seasono 
of catches made a t  the  same s t a t i o n s  a8 those made i n  19h? shows young shad 
abundance t o  b e  about 10% l e s s  i n  1950. 

A comparison 

During the  summer, experiments were car r ied  out  i n  catching, hold'- 
Ing and marking young shad. 
previously supposed. 
with low morta l i ty  if water temperatures a re  below 62" F. 
t a l i t y  r e su l t ed  i n  two hours from f i e l d  f in-cl ipping experiments. 
occurred i n  four weeks from f in-cl ipped shad a t  t h e  Beaufort, North Carolina 
laboratory,  Some shad clipped i n  March are a l ive  at; t h e  laboratory; mortal- 
i t i e s  on f in-cl ipped shad have been no g rea t e r  than those  on unclipped on@gu 
These experiments were begun t o  determine i f  it i s  f e a s i b l e  t o  c.lip f i n s  of 
young shad i n  order  t o  i d e n t i f y  them later,  as has been done f o r  many years 
with salmon ana trout, 

Results show these f i s h  a re  not as de l i ca t e  as 
They can b e  hauled i n  small containers  f o r  severa l  hours 

Very l i t t l e  mor'-,I,tS' 
No moPtaiL 

Plankton tows f o r  shad eggs t o  determine spawning areas1, made 
throughout t h e  spawning period, showed t h e  heaviest  spawning area ,  as 
measwed by eggs col lected,  was between Germantown and Hudson. Above and 
below t h i s  a r ea  fewer eggs were taken; none were found above Coxsackie ox' 
below Kingston Point. 
i n g  ground s tudies .  

This f inding agrees f a i r ly  well w i t h  previous spawn" 

An analys is  of p a r t  of t he  Hudson River water temperature, alka- 
l i n f t ~ ,  coior  and t u r b i d i t y  data  from Poughkeepsie Water Department, frcm 
1915 t o  ciate shows water temperatures f o r  June through Octciber were above 
normal f o r  t h e  years  from 1939 through 19u. O f  30 months i n  t h a t  period 
temperatures were above average f o r  27 months, It i.s not  known whether thjF 
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affected surv iva l  of  young shad during t h a t  period; it may have worsened 
already poor conditions because of pol lut ion.  

An examination of water f l o w  records of t h e  Hudson River f o r  the 
Years 1919 through 1948 shows g r e a t  f luc tua t ions  i n  all mont,hs except 
August; no t rends have been found which could have affected shad. 

f i s h i n g  e f f o r t ,  s h a h  by u n i t  ne t  days, increased with some ir- 
regu la r i t i e s  from 4,176 u n i t  n e t  days i n  1924 t o  28,421s i n  1947 and has 
dropped only s l i g h t l y  s ince  t h a t  t o  22,440 i n  1950. 

was 22.6 pounds i n  1924, reached a peak of 210.9 pounds i n  1936 and 
after t h a t  declined w i t h  some i r r e g u l a r i t i e s  t o  45.9 pounds per un i t  n e t  4W 
i n  1950. 

The catch per un i t  n e t  

The figures may be a l t e r ed  if  s t a t i s t i c s  f o r  each gear Can be ob- 
tuned ,  bu t  t h e  general s i t u a t i o n  w i l l  be unchanged. 
that after 1939 f i sh ing  e f f o r t  increased while catch per un i t  of e f fo r t  de- 
clined whibh, i n  turn,  ind ica tes  t h e  t o t a l  shad run did not  increase,  296 
indicated by total  catch up to 1945, but  may have been decreasing and that1 
Overfishing may have played a p a r t  i n  the decrease. After 1945 t o t a l  catch 
and catch per u n i t  of e f f o r t  dropped considerably while t o t a l  e f for t  dropped 
On* s l i g h t l y ,  
but almost three times the  effor t  was required t o  land it. 

This analysis shows 

The catch i n  1950 was only a l i t t l e  g rea t e r  than i n  19359 

Two Service b io log i s t s  devised a method t o  read from shad scales  
to ta l  age of  shad and the number of times they have spawned. 
inmlves t h e  use  of t ransverse grooves t o  determine t h e  f irst  f e w  years Of" 

T h i s  method 

a i c h  are the most d i f f i c u l t  to read.  

According to readings of s ca l e s  from shad caught i n  the Hudson in 
l950 the  l a r g e s t  percent  of shad r e tu rn  t o  spawn f o r  t h e  f irst  time at  f o u r  

Years of age. 
for t he  f i rs t  time, while a s l i g h t l y  g rea t e r  percentage of males was spawn- 
ing f o r  the t h i r d  time. 
eff @ct  re la t ionships  t h a t  aff c c t  the fishery. 

of g e 9  with t h e  l a r g e s t  percentage of females returning f irst  a t  f ive  
The biggest  percent of roe shad i n  the  sapple were spawning 

These data  are of value i n  determining cause and 

Records of s h i p  t r a f f i c  on t h e  Hudson River s ince  1923, tabulated 
from u. S o  Army Engineerst records, do not  show any cor re la t ion  between SfJ iP  
traffic and shad production during the period examined. 
to a l o w  i n  1933, probably because of t h e  depression, t h e  shad catch Piclced 
up five years later. 
not ref lected by a decrease i n  shad production; actual ly ,  shad runs increased 
in size  during those years. 

considerably because of changed t r ampor t a t ion  methods a s  a r e s u l t  of the and i t  i s  matched by a drop i n  shad productdon also.  
traffic has any e f f e c t  on shad Sutvj.va1, other  f a c t o r s  overshadow it,- 

AS t ra f f ic  &(:reased 

Ship t r a f f i c  increased from 1933 t o  1939 but t h i s  f S  

From 1943 t o  1945 ship t ra f f ic  on the I h h o n  c!?- 

Thus, if s h i p  



The Service and the New York S t a t e  Department of Health began a 
cooperative water-quali ty study on the Hudson i n  the  summer of 1951 Tabu-. 
l a t e d  r e s u l t s  from the  Ju ly  sampling show t h a t  dissolved oxygen values below 
those considered e s sen t i a l  f o r  healthy f i s h  l i f e  e x i s t  i n  a l l  areas between 
Chelsea and Troy. The only previous pol lu t ion  survey coveririg t h i s  p a r t  of 
t h e  r i v e r  was t h a t  which t h e  New York Conservation Department made i n  19360 
A comparison of 1950 samples with the earlier ones shows t h e  po l lu t ion  load 
has increased considerably s ince  t h a t  time and i s  a t  a po in t  where it can 
ser ious ly  a f f e c t  shad production. 

NORTH PACIFIC FISHERY INWSTI GATIONS 

Cl i f ford  J. Burner, Chief 

TREND OF THE FISHERY 

The runs of salmon passing Bonneville and Rock Is land  Dams i n  
1951 are w e l l  above average and m a y  surpass the record year 1947- Through 
May 31, 1951 the  count of chinook salmon a t  Bonneville was 114,770; a t  
Rock Island, 6, 164. 
Bonneville Dam i n  1938, the counts were 133,562 a t  Bormeville and 6,428 a t  
Rock Is land  f o r  t h e  same period. 

I n  1947, t h e  record year since counting began a t  

RESEARCH PROJECTS 

A t  Bonneville Dam.--The staff continued t o  operate by-pass t raps  
and t o  record da ta  on age a t  migration. 
the  daily,  seasonal, shore t o  shore d i s t r i b u t i o n  and brood d i s t r i b u t i o n  of 
salmonoid f i shes  enroute to  the sea. 
t raps ,  measure t h e  small f i s h  and then  release them to continue t h e i r  sea- 
ward migration; they  a l s o  take sca l e s  from a representat ive sample af these 
f inger l ings  f o r  t h e  purpose of determing t h e  age and s i z e  a t  migration of 
t h e  four  species of salmon, and a l s o  s teelhead t rout .  

The catch i n  the t r a p s  makes know 

During the year employees l i f t  the  

Ef'forts continue t o  inf luence migration routes  w i t h  a s t r i n g  of 
l i g h t s .  Pie s t r i n g  cons is t s  of series of  l i g h t s  connected t o  mechanicall-Y 
operated switches i n  such a manner t h a t  t h e  l i g h t s  appear t o  move as on a 
tha.ter marques. 
b u t  t h i s  was l imi t ed  by t he  t u r b i d i t y  of the water. 
d i rec ted  toward overcoming this d i f f i c u l t y  by using b r igh te r  l i g h t  o r  a 
d i f f e r e n t  type o f  l i g h t .  

Use of t h i s  apparatus i n  t h e  pas t  has met with some S ~ U C C @ ~ ~ ~  

Present e f f o r t s  a r e  

Effor t s  continue t o  determine t h e  effect, of turbines  and drat"% 
tubes upon f inger l ing  migrants. 
methods are progressing, 
1951 Messrso Weber, Gauley, Craddock, and Schlotterbeck inves t iga ted  rePrt5 
of l a r g e  numbers of dead salmon below Bonnoville, b u t  observed no great  
mortali ty.  

Modifications and improvements of trapping 
During t h e  spr ing  chinook runs i n  Apri l  and MaY 



Temperature Studies of Columbia ard Willamette Rivers. --Collection 

Messrs. Weber and Schedin assembled data fo r  
of water temperature;,data of the Columbia Gd Willamette River syst)ems was 
continued i n  the 1951 season. 
completing the  manuscripts, "Temperature Regime of  t h e  Willamette River, 
T h i s  survey i s  a continuation of  a seasonal s tudy begun i n  1943, when the 
108s of a g rea t  many blueback salmon seemed l inked with higher than average 
r i v e r  temper a tur  g s . 

Trends of Abundance - Catch Statistics.--Columbia River Catch and 
@scapement s t a t i s t i c s  are being brought up t o  date .  
l949 commercial catch show a total .  landing of 20,232,617 pounds. The 19k6- 
l95b average w a s  29,149,480 pounds. 
The catch-per-unit of e f f o r t  i s  being brought up t o  date  following the Pat*- 
tern se t  by Sill iman i n  Fishery Bul le t in  51, 1lFluctuations i n  Abundance of 

for Columbia River salmon ( a f t e r  Floyd Bryant method) appl ies  to catches i n  
Pounds ( f igures  obtained from S t a t e  agencies). Mr. Gangmark continues this 
work . 

Preliminary data on the  

The 1950 catch summary is under W a Y ,  

River Chinook Salmon 1935-36.11 Average weights, season and l o c a l i t y  

Direct ion Control of Ii'ishes.--Messrs. Silliman, Weber, Collins, 
*. and Burner a t  Vancouver, B.C, on M a y  1 7  witnessed a demonstration of the 
"W3 "Magnetron" d i r ec t -  cur ren t  converter u t i l i r t ing  ign i t ron  tubes de- 
ioniaed and re-fired by thyratron tubes  i n  conjunction with condenser dis- 
charge, thereby enabling t h e  operator t o  pick the phasing of current  and 
'@lease high voltages over ex terna l  sho r t  periods o f  time ( l e s s  than 1/1000 
Of a second) . T h i s  machine appears t o  be a v e r s a t i l e  research t o o l  f o r  use 
in work with sound waves, l i g h t  waves and e l e c t r i c  impulses and t h e i r  e f fec t  
'Don Mgra t ion  of f ishes.  
effect ive i n  d i r ec t ing  f inger l ing  sockeye by causing t h e m  t0 swim t o  a Posf- 
tirely charged p la te .  
Portable un i t  i n  a Service vehic le  was made i n  December 1951. 
and f i e l d  tests are planned around t h i s  machine, 
6cale P o s s i b i l i t i e s  i n  connection with guiding f i s h  pas t  high dams. 

The demonstration proved the  machine extremely 

(Delivery of a llMagnetron" converter i n s t a l l e d  as a 
Laboratory 

It seemingly has large- 

Repara t ions  a re  being made f o r  f i e l d  experiments to examine the  
of physical  and chemical water cha rac t e r i s t i c s  upon d i rec t ion  of 

8ahon  migration. 

SECTION OF INLAND FISHEliJCES 

CALIFORNIA-NEVADA INLAND FISHERY INVESTIGATIONS 

Reed S. Nielson, C h i e f  

QENE3AL 

Tremendous overwinter l o s ses  of t r o u t  occur i n  moat strsams i n  the 
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United S ta tes .  
t r o u t  have been stocked i n  fou r  experimental stream sect ions a t  the Convict 
Creek Experimental Stat ion.  These f o u r s  ect tons have a t o t a l  length o f  one 
mtle, and water flow and f i s h  movements can be control led,  
planned over s eve ra l  years propose complete drainage and removal of the fish 
f o r  colmt-ing each f a l l  and spr ing,  recording of stream Plow, a i r  and water 
temperatures, veloci ty ,  snowfall, and i c e  formation,, and obsewvatloris of bhe 
f i s n  t o  determine t h e  ex ten t  of t h e i r  winter ac t iv i ty .  
stalled t o  determine t h e  e x t e n t  of the migration of the t r o u t  and ta ohtain 
specimens f o r  food and d isease  ana lys i s .  Changes which o c c w  i n  the i n s e c t  
fauna dur ing  the d a t e r  due t o  migration o r  t o  t h e  a c t i o n  of wichor ice  w i l l  
also be obsemed. 

I n  an e f f o r t  t o  explain t h i s  loss, nat ive and hatchery 

 experiment,^ 

Traps w i l l  be i n -  

SUHVIVAL 0% TROUT 

Experiments a t  Convict Creek compared surv iva l  of  stream residen% 
brown t r o u t  and hatchery-reared, catchable-size rainbow t r o u t  f OT the  period 
Apri l  IF% %o April  lUsl, under cont ro l led  na tu ra l  conditions using f o u r  ex- 
pel-irnen'cai stream sec t ions  with a to t a l  length of one mile. One sec t ion  con- 
-ixinrd na%wal  popillation af brown t r o u t ,  one sec t ion  SO percent  each brown 
and T.ainbow, and two s e c t i o n s  rainbow only. The population d e n s i t y  was equal 
in 4.1 sec t ions  based on one t r o u t  per 30 square feet ,  of stream bottom area. 
All. t r o u t  were weighed, measured, and marked by mpu ta t ion  of t h e  f f n s .  An 
approxha te ly  equal su rv iva l  of spec ies  was indicated,  b u t  the i.anaccount.ed 
def ic i t ,  was very high, roughly 50 percent. The ac tua l  recovery of dead f i s h  
during t h e  year was 12.3 percent  of the t o t a l  l o s s .  Hatchery t r o u t  suffered 
t,he heaviest  known losses following the i n i t i a l  introduct ion and ir. e a r l y  
spr ing when water temperatures were s t e a d i l y  r i s i n g  from winter lows. There 
w a s  nO p o s i t i v e  evidence, b u t  escapement from experimental sadtions,  preda- 
t m n ,  and i l l e g a l  f i sh ing  i n  the area probably caused t h e  unaccountable logso 
Improved methods of r e t a in ing  f i s h  i n  t h e  sixearn s e c t i o n s  a r e  nriw wider in-* 
vestigatiora. More manpower w i l l  be necessary t o  make t h e  needed monthly 
ckecka m survival .  
Lw the same !?attern. 

The second year  o f  study began April  1951 and w i l l  f o l -  

WINTER STREAM STUDY 

A study of stream conditions during t h e  winter  was conducted 

i o w  
tJhmii& the period January 2 to March 31, 1951 a t  Convict Creek. 
usua l ly  mlld winter had negl ig ib le  snowfall  and s h o r t  periods 01 
temperatwe. The formation o f  anchor i ce  w a s  both damaging and b e n e f i c i L d o  
ProI.on.ged f o m a t i o n  seals' off t h e  stream bottom making food. unav3il.abl.e fop-' 
t r o u t .  Dissipation causes the r e l e a s e  of food organisms, and increased 
s'crem voIvne a,nd f l o w  r e s u l t i n g  'from i c e  melt and col lapse of' ice barr-fer6 
6 i s t ~ i T b  the  a t r  e8.m Got,t.orn. Food-f i s h i n t e r r e l a t i o n s h i p  :kmonst.r.nl:mi a n o P  
mal. feeding a c t i v i t y  cif t r o u t  with an abundance of Ephemerfdu,* Diptera, and 

The 
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Oligochaeta ava i lab le  t o  t rou t .  
numerous i n  sandy, ea s i ly  dis tulSed bottom material. 
t i a l  p a r t  of t he  d i e t  of t r o u t  and were r ead i ly  digested i n  32" F. water. 
superabundance of stream bottom organisms wa6 noted. 
very ac t ive  throughout the  winter; were caught on every type of  b a i t  and lure 
Used, fed  act ivly,  and passed the winter i n  good condition with only minor 
losses t h a t  could be associated with low temperature o r  lack of food. Stream 
res ident  brown t rou t  were i n  b e t t e r  condition than hatchery-reared rainbows 
a t  the  conclusion of the study. No lo s ses  were observed when t h e  stream ap- 
peared t o  be a mass of slush.  The known and unaccountable loss of t r o u t  over- 
winter was high, a b u t  50 percent, but  was nearly equal €or brown and hatchery 
reared rainbow t rout .  The mortal i ty  of rainbows increased foilowing termina- 
t i on  of winter and rose s t ead i ly  with increased water temperature. 
winter i o s ses  of brown t r o u t  were observed, and there  was no evidence of b i rd  
O r  manmal predat.ion, Excapement of t r o u t  from the experimental stream sec- 
t ions  was poss ib le  when the screens were s o l i d l y  f rozen  md water overflowed 
these structures . 
l imited when water temperatures dropped below 42* F. 
@ml gr  a ti on e 

Oligochetes, r a r e  i n  summer, were exceedingly 
They formed an essen- 

A 
I n  general, t r o u t  were 

No post- 

However, observations indicated that migratory a c t i v i t y  was 
Immipation should equal 

PRODUCTIVITY OF H I G H  SIERRA LAKES 

Phases w e r e  completed of preliminary surveys of all ten lakes i n  
Convict Creek Basin. 
including morphometry, complete mineral ana lys i s  of water, growth r a t e s  of 
b u t  and t h e i r  condition, thermal gradients, percentage-volume curves, and 
S@cchi d i s c  readings. The Quality of Water Branch, United S ta t e s  Geological 

Hydrographic surveys and maps of these were completed, 

S a l t  Lake City, Utah, made a complete chemical analygis  of water 
taken from mid-depth i n  each lake. Mineral constituent's of lake waters 

The growth of t r o u t  apparently 
very low. Total dissolved s o l i d s  ranged from a low of 19  ppm i n  Lake 

Seven lakes  

The growth of t r o u t  i n  these lakes  was near ly  uniform during 
Populations were a r t i -  

Dorothy to a high of 77 ppm i n  Convict Lake. 
Paral le led the  l e v e l  of mineral content i n  the various lakes. 

'@r@ found. 

f i c i a l  o r  the l i f e  cycles  were l imi ted  t o  three o r  fou r  years. 
f?Y and f inger l ings  seen i n  these l akes  ind ica te  a successful  spawning of 
brook t rou t .  Four-year ra;nbows were found i n  Dorothy and Convict Lakes, 
with Convict Lake f i s h  exhibi t ing the more rap id  growth. 
in m l d r e d  Lake ind ica ted  a growth equal to the  four-year f i s h  i n  Lake 
Dorothy and the three-year f i s h  i n  Convict Lake. 

and numerically form a major p a r t  of the d i e t ,  with Diptera 
being the  dominant p u p .  Plankton (crustacean) w a s  found i n  a l l  Slmnachs 

were found i n  the stomachs af l a rge  brown t r o u t  from Convict Lake and made 
up to 40 percent  of the t o t a l  komach content of these  fish.  
foms comprised'l3 percent of average stomach content, bu t  varied from lake  
to lake with t h e  g r e a t e s t  numbers being taken  i n  high a l t i t u d e  bikes. 

populations of brook t rou t  only, and i n  these only three year-classes 

f irst  two years, but var ied i n  the  t h i r d  year. 
The numerous 

Z'ive-year rainbows 

An examination of 900 
col lec ted  from f i s h  from all t h e  lakes shows t h a t  aquatic orRdsm8 

specimens from t r o u t  taken i n  Dorothy and Witsanapah Lakes. Fish 

Terrestrial 
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COLORDAO COOPERATIVE FISHERY RESEARCH UNIT 

W i l l i a m  C, Beckman, Leader 

Inventory of b i o l o d c a l ,  Dhvsical. and chemical cha rac t e r i s t i c s  of c > I "  I -7 c, - 

reservoi rs  with fluctuating w a t m  l e v e l s  .--Basic information on reservoi rs  In 
rolorado i s  e n t i r e l y  lacking, Before any management plans can be developed 
i s  necessary to know what various biological ,  physical, and chemical f ac to r s  
have an inf luence on f i s h  production, Thus, the program o f  t h e  Unit 'began 
with an inventory of' the  reservoi rs ,  

I n  June 1950, a two-man crew began inventory of Lone Tree 
Reservoir, and a year later another two-man ckew returned there  t o  con-. 
t i n u e  t h e  inves t iga t ion .  
i n  1951. 

Jackson Lake Reservoir was added t o  the  program 

Par t i cu la r  s t t e n t i o n  was given t o  spawning periods of  vxcious 
f i shes .  
i n g  i n  many reservoi rs  i s  inadequate reproduction of  game species,  
water l e v e l  could be maintained f o r  about two weeks t o  allow spawning and 
hatching of fry and t h e i r  development t o  a poin t  where they  could swim, 
some improvement i n  f i s h i n g  would probably occuro Some arrangement can 
probably be  concluded with many water companies regarding temporary water 
level s t a b i l i z a t i o n  if a d e f i n i t e  period can be spec i f ied ,  

It appears t h a t  one of t h e  chief contr ibutory causes %o poor f i s h -  
If the  

Ut i l iza t ion  of rough fish.--A pro jec t  i s  i n  operation t o  t e s t  var i -  
ous s ized  mesh g i l l  nets  w i t h  expectation t h a t  it may be  poss ib le  t o  allow 
sportsmen t o  use ce r t a in  s i zed  ne ts  f o r  taking rough f i s h e s  wi th  little or  no 
damage t o  game f i s h  populations.  

Stream improvement .--Temperature records a re  being taken a t  two 

The second 
areas. 
but small, 
area, with a similar problem, was a t  the Rocky Mountain Experimental Forest 
area a t  Frazer. 
and records w i l l  be analyzed. 

Pingrea Park has a s m a l l  stream where t r o u t  a r e  r e l a t i v e l y  abundmtj 
Stream temperatures may be a contr ibut ing f a c t o r ,  

Recording thermograph8 were i n s t a l l e d  a t  both s t a t i o n s  

Cooperating agencies of the Colorado Cooperative Fishery Research 
Unit,y headquartered a t  Fort  Collins,  Colorado, are tine Colorado Agricul- 
t u r a l  and Mechanical College, t h e  Colorado Game and Fish Department, and t h e  
United S t a t e s  Fish and Wild l i fe  Service. 
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DORENA DAM EXPERIWTAI, LABORATORY 

Harlan E. Johnson, Chief 

GENERAL 

The Dorena Dam Experimental Laboratory, Dorena, Oregon, was 
"Stablished i n  the summer of 1950, i p  cooperation with the S ta tes  of 
Oregon and Washington and the  U n i t e d ' S t a k s  Corps of En&neers, to determine 
if it i s  poss ib le  to incubate, hatch and rear salmon and t rou t  i n  water 
Obtained from Dorena Reservoir, a flood-control pro jec t  of the  Corps of 
En€he@rs. The experiments will probably continue f o r  two yews. 

Water from three  l e v e l s  (7651, 785' and 8058 elevation) i n  the 
i s  ava i lab le  i n  the  hatchery during the  sunnier and e m u  fall- 

For the  remainder of" the year water from only t h e  lower in take  i s  assured. 
During the  summer and fall, f i s h  of all species  handled are reared i n  water 
from t h e  lower and the  upper intakes and also i n  a mixed supply. 

Laboratory equipment includes 22 deep troughs and 24 c i r cu la r  tanks, 
i n  diameter, f o r  rear ing  f ish,  a cold s torage plant,  feed preparation 

@qUPment, laboratory bench, o f f i c e  and storeroom a l l  i n  a building which 
the Corps of Engineers provided. 

SALMON EXPERIMENTS 

Spring chinook salmon.--A group of  19& brood f inger l ings  
Obtained from a S t a t e  hatchery were reared from September 1950 t o  April  1953. 
with Sat isfactory results. 
Spring* Eighteen thousand greeq eggs received i n  September 1950 were almost 
a total l o s s  because of high water-temperatures during t h e  incubation period, A l o t ,  received i n  JanuWy 1951 when j u s t  ready t o  s t a r t  feeding, has 
dona very well  and will be held i n  the severa l  water supplies during the 

Kidney disease caused some mortal i ty  i n  the 

Fal l  chinopk salmon.--Green eggs received i n  September 1950 
very high moptal i t ies  i n  egg and f ry  stages becaw 

i n  July l95l. 

of high-water 
temperatures. Surviving f inge r l ings  are i n  good condition and w i l l  be 

S i l v e r  salmon.--Initial mortali ty,  probably caused by transporta- 

zEb$;?a caused severe mortalities i n  p a r t  of the l o t  during May. Fish 

was high i n  a l o t  of green eggs received i n  December 1950. Thereafter 
and growth were sa t i s f ac to ry  u n t i l  an infec t ion  with unidentified 

O t  W i l l  be held f o r  o v e r - s m e r  rearing. A second G O U P  Of green 
Obtained i n  January 1951 a l s o  had a u g h  i n i t i a l  mortal i ty  but then did 
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well u n t i l  re leased i n  May. 
had low mor ta l i t i e s  u n t i l  t h e  myxobacteria took a heavy t o l l  i n  May, j u s t  
before t h e  f inge r l ings  were planted. 

A l o t  of eyed eggs, a l so  received i n  January, 

TROUT EXPERIMENTS 

Cutthroat trout.--One l o t  of eyed eggs was received i n  March 
Early m o r t a l i t i e s  were higher than  desired,  but t h e  f inge r l ings  1951, 

are now doing w e l l  and w i l l  be reared over t he  summer. 

Rainbow trout.-- A group of eyed eggs was received i n  March 1951. 
Early mor t a l i t i e s  were also high i n  t h i s  l o t  bu t  now have become normal. 
Remaining f i s h  w i l l  be held f o r  summer rear ing.  

EASTERN FI SH-CULTURAL INVE3TIGATIONS 

Chief (Vacancy) 

Shenandoah River fishery.--Since some dead f i s h  were found i n  t h e  
Shenandoah River during t h e  f a l l  of 1950, more in tens ive  s tudies  were car-  
r i e d  out.  Conditions were very unfavorable f o r  f i v e  miles below t h e  Merck 
Company. I n  September conditions below t h e  Viscose Company were deter iorak-  
ing; however, they improved i n  October. 
summer of  1951 have ind ica ted  t h a t  conditions were favorable  for bottom 
fauna and f i s h e s  i n  t h e  r i v e r  except immediately below the  Meuick and Viscose 
plants .  

Tests made i n  the spr ing and ear ly  

Trout of  Shenandoah National Park.--Observations were made on 
na tu ra l  spawning of  na t ive  brook t r o u t  i n  p a r t  streams, and a de ta i l ed  report. 
made, Results i n d i c a t e  t h a t  ample spawners were present  i n  t h e  majority of 
streams despi te  t h e  f a c t  t h a t  t h e  streams had been subjected t o  heavy f i s h -  
i ng  pressure,  

FISH NUTRITION INVESTIGATIONS 

Arthur M. Ph i l l i p s , J r .  (Cortland, New York) 
John E. Halver (Seattle,Washington) 

TROUT (CORTIAND) 

The Vitamin Requirement of Trout,--The s tudy on causes and cor- 
r ec t ive  measures concerned with t h e  so-called Ifblue slime" disease of browp, 
t r o u t  was continued, Both dr ied  brewer's yeas t  and beef l i v e r  were effect ive 
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i n  reducing mor ta l i ty  and increasing growth' rate of  t rou t .  
d i f fe rence  between 5 and 8 percent yeast o r  20 and 33 percent beef l i v e r .  
Adding d r i e d  egg white to a y e a s t - f o r t i f i e d  d i e t  resul ted i n  reduced growth 
r a t e  and increased mortal i ty  of t r o u t .  
ease was g r e a t e s t  among those f i s h  f e d  d i e t s  lack ing  yeast or  l i v e r  and was 
verg high among those f e d  dr 
t i n  i 3  concerned with growth of t .rout and support the contention t h a t  i t  als-0 
Plays a p a r t  i n  the  t lblue-~l imevl  disease. 

There was no 

The incidence of ttblue-slimell d i s -  

d egg white. These experiments show t h a t  bio- 

The Use of Dietary Supplements.--Experiments consis ted of adding 
VW.ous o i l s  to t h  e d i e t  of brook t r o u t  t o  determine t h e i r  e f f e c t  on growth 
r a t e ,  
the f i s h  when added a t  a 3 percent l e v e l ,  
Percent caused a reduced growth rate. Adding cottonseed o i l  at  e i t h e r  a 3 
Or 5 percent l e v e l  r e s u l t e d  i n  almost no growth of the f i s h  and i n  a l a r g e  
increase i n  mor ta l i ty ,  
O i l  which was toxic,, 

Both salmon and cod l iver  o i l  r e s u l t e d  i n  an increased growth rate of 
Increasing t h e  amount of o i l  t o  5 

T h i s  result i s  probably due t o  a contaminant of t h e  
Adding corn of1 had no e f f e c t  on growth o r  m o r t d i t y .  

The addi t ion  of these  o i l s  t o  t h e  d i e t  d e f i n i t e l y  changed the  
Physical c h a r a c t e r i s t i c s  of the body f a t  of the o i l - fed  f i s h  as measured 

f a t  i n  t h e  f i s h g s  body. 
iod ine  number. Adding the o i l s  a l s o  caused an increased deposi t ion of 

The f a c t  t h a t  corn oil was shown t o  b e  n e u t r a l  i n  t h a t  i t  did not 
t h e  f i s h  by the  affect  growth o r  mortal i ty  y e t  was shown t o  be absorbed by 

iodine niunber and amount of f a t  i n  t h e  f i s h t s  body opened a new l i n e  of a t tack  
on e f f e c t i v e  f a c t o r s  i n  salmon and cod l i v e r  o i l .  Experiments a r e  i n  progress 
in which various e f f e c t i v e  port ions of cod l i v e r  o i l  a r e  being added sepa- 
rately t o  determine which, i f  any, of t h e s e  known f a c t o r s  cause growth r a t e  
increase, Vitamin A, vitamin D, and cod l i v e r  o i l  concentrates are being 

separa te ly  and i n  combination t o  various d i e t s .  

Developing and Testing P r a c t i c a l  Diets --Experiments i n  u t i l i z -  
i n g  dr ied  d i s t i l l e r t s  so lubles  i n  the  d i e t  o f  t r o u t  were continued. It 

found t h a t  t h i s  product a t  a 1 2  percent level produced good growth and 
low morta l i ty  a t  a c o s t  lower than t h a t  of the standard d i e t  containing 

This product was less e f f e c t i v e  a t  a 24 percent l e v e l .  
These experiments were conducted i n  the warmer water of our experimental 
'@t-up and confirm e a r l i e r  r e s u l t s  found i n  our colder  waters. 

s k i m  milk. 

A commercial f rozen  f i s h  food produced fa i r  results f o r  an 18- 
week Period a f t e r  which t h e  t r o u t  were anemic. 
'@"y high i n  comparison w i t h  s tandard d i e t s .  

The production cos t  was 

The Effec t  of Metaboljc Products on the  Carrying Capacity of 
%!and ?roughs.--In continuing this m r k  a closed system w a s m n  
an attempt t o  ddtermine t h e  e f fec t  of  t h e  removal of metabolic products 
On the surv iva l  o f  t r o u t .  
PpoductS, as measured by ammonia, and g r e a t l y  extended %he survival t ime of 

An ion  exchanger was e f f e c t i v e  i n  removing t h o  
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the  f i s h ,  Activated charcoal was i n e f f e c t i v e .  Removal of t h e  products 
and increased s u n r i v a l  time of the f i s h  i n d i c a t e  harmful e f f e c t s  of the  
products o f  metabolism. 

The Use of  Radioactive Isotopes i n  Trout Nutrition......-Laboratory 
f a c i l i t i e s  f o r  t h i s  new pro jec t  have been completed and actu& use of iso- 
topes was undertaken i n  June, 
za t ion  by t r o u t  of minerals dissolved i n  water, 
t o  a poin t  where repor t ing  i s  possible .  

Work has been s t a r t e d  t o  determine t h e  u t i l i - -  
The study has not  progressed 

Cooperative F i e l d  Program with Cornel1 University and t h e  S t a t e  of' 
New York,--Two groups of brown t r o u t ,  one slow grown and the o t h e r  n o r m a l l F  
' g r o w n - e g u l a t e d  by water temperature), were stocked, 
planted which consis ted of two-year-old slow-grown f i s h  of a s i z e  approxi- 
mately equal t0 the  normal one-year f i s h .  Again, chemical changes were noted 
i n  t h e  f i s h  a f t e r  p lan t ing  i n  t h a t  t h e  f a t  content  decreased and t h e  body fat 
became s o f t e r  as ind ica ted  by t h e  iod ine  number. 
those previously reported,  

A t h i r d  group was 

Results were similar t o  

The program i s  being continued along similar lines with t h e  ex- 
cept ion t h a t  another group of  f i s h  i s  being he ld  back i n  t h e i r  grcwth r a t e  
by means of r e s t r i c t i n g  t h e  amount o f  food they receive.  These f i s h  w i l l  
be stocked next spr ing,  

The 
cr ibed i n  the 
men$, Albany, 

experimental r e s u l t s  of this labora tory  a r e  completely des-. 
annual repor t  which t h e  S t a t e  o f  New York Conservation Departe-" 
New York, publishes 

SALMON (SEATTLE) 

This i n v e s t i g a t i o n  i s  quartered .in the F i s h e r i e s  Center, Univer- 
s i t y  of Washington, u n t i l  completion o f  t h e  new research laboratory now 
lxnder construct ion a t  Willard, Washington, on t h e  L i t t l e  White Salmon River0 
The new Z a h r a t o r y ,  scheduled f o r  completion i n  October 1952, will have 
labDratory and hatchery space €or any phTrsiological, chemical or nutritdon:j-l 
problern. 

Completed research i s  divided i n t o  three problems:: 

(1) A vitamin-test  d i e t ,  consis t ing of  p i z i f i e d  prot,ein, carbo- 
hydrate, l i p i d ,  minerals and v i tan ins ,  f o r  chinook salmon wao developed 
and f i s h  were held on t h e  d i e t  for  20 weeks. 
was subndtted to the Journal  o f  Nutr i t ion i n  November.) 

@ paper covering t h i s  work 
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(2)  The effect of xanthopterins a d  vitmrdn i 3 ~ ~ ~ n  a i ~ e ~ n l c  ciiiriwk 
salmon. No e f f e c t  was found w i t h  xanthopterins;  vitam'in B I Z  arid f o l i c  acid 
were found t o  give a d e f i n i t e  3ematopoietic e f f e c t  on experimental animals 
under conditions of experiment. 
Norriv and Halve- summarizing previous and cur ren t  work CP, 

ef fec t  of xanthopterins on anemic chinook salmon. 

This work w i l l  be included i . ~  d paper 
herriat.opoi@tic 

( 3 )  Determination of b i o t i n  requirement, of c h b m k  E ~ 2 n o r ? ,  F s h  
were made anemic by inc lus ion  of av id in  i n  t h e  diet,. 
carcasses of f i s h  on d e f i n i t e  c r y s t a l l i n e  b i o t i n  a l i q u o t s  I.n the  d ~ e t  WF-N 
removed and s tored  a t  .- lD°Co f o r  subsequent analysis ta deCermine mauimxri 
l i v e r  and body stoya[;e of' b i o t i n ,  
JWuwy 1, 1952. 

Samples bJf l i ve r s  and 

Assays and r e s u l h  should be Lab*dated hY- 

Water analysis of the new labora tory  s i t e ,  p a p o s e d  hatchery s i t e s ,  
and Doreiia Dam has  been completed. Dissolved gases  folEowed a t  Dorena Dam fo r  
Periods of increas ing  water temperatures e 

"mula t ion  of t o x i c  mat e r f a l s  were found during t he  experlmentnl period 
covered ,, 

No abnormal ccncentrationv o r  ace- 

Plans f o r  continued research i n  the c u r r e n t  year i nclud,. , 

Determination of the q u a l i t a t i v e  vitamin requir emer:k f"&? 
chinook salmon b y  feeding a vitamin-test  d i e t  xinus orie 
vitamin f o r  each s e r i e s  of troughs and a comparison mth a 
complete d i e t  and liver cont ro l  d i e t ;  

I s o l a t i o n  and i d e n t i f i c a t i o n  of t.ryp'Lic enzymes present  in 
chinook salmon: 

Completion of assays and a n a l y t i c a l  data now i n  pyogress 
covering bi0tJ.n work; 

Histological  comparison of salmon on a vi tdn.- t .es ' t ;  d i e t  
and salmon on l i v e r  c o n t r o l  md hatchery produet lon d i e t s ,  

GREAT LAKES FISIERY INVESTIGATIONS 

James W, Moffet.t, Chief 

I n  t h e  search f o r  met,hods of c o n t r o l l i n g  the sea ~WJ.~~Y; I  ellIpk*. 

Searcheer have demonstra5ed the  usefulness of dams and w e i r s  f o r  ~ o n t ~ ~ l  of 
the sea lamprey, c o s t  of c,onot.suctfon and operat ion a r e  sc MAh LIS to make 
it imperative t o  seek l e s s  expensive methods. 

has s h i f t e d  from mechanical t o  o l e o t r i c a l  devices. Although p a s t  re-  



Outstanding success was achieved i n  1951 i n  blocking the  up- 
stream movement of spawning-run sea lampreys with ttio types o f  e l e c t r i c a l  
barriers--an al ternat ing-current  screen developed by staff members with 
cont rac tua l  ass i s tance  of research engineers and a commercially manufactured 
screen employing pulsated d i r e c t  current ,  
under a va r i e ty  of stream condftions t o  a sce r t a in  necessary s t r u c t u r a l  modi-, 
f i ca t ions  i n  d i f f e r e n t  s i t ua t ions ,  Methods f o r  the more sa t i s f ac to ry  diver-, 
s ion  and trapping of u6eful.migratin.g f i s h e s  need t o  be developed, The cos t  
of i n s t a l l i n g  e l e c t r i c a l  b a r r i e r s  i s  much less than  t h a t  fo r  i n s t a l l i n g  
weirs and t r a p s  i n  most s i  tuations--especi &ly in l a rge  strearns- and operat-  
i n g  expenses are i n f i n i t e l y  smaller 

Both will be given f u r t h e r  tests 

Tests made during the winter of l95O-sl with equipment designed 
k i l l  recent ly  transformed s e a  lampreys during t h e i r  downstream movement 
toward t h e  l a k e  proved e lec t rocut ion  of these  young individuals  technica l lP  
f e a s i b l e  b u t  economically unsound because of the enormous cur ren t  required,  
A type of current  t h a t  i s  l e t h a l  a t  much lower wattages must be developed 
before t h i s  kind of cont ro l  s t r u c t u r e  can be recommended a3 prac t i ca l .  

The survey of  streams t r i b u t a r y  to Lake Superior t o  loca t e  spawn  
i n g  runs of sea lampreys, to  estimate s u i t a b i l i t y  of streams f o r  reproduc- 
t i o n  of sea lampreys, and t o  loca te  s i t e s  f o r  con t ro l  s t ruc tu res  was continaedP 
Other research on the  sea lamprey 5.ncluded feeding experiments t o  determine 
a c t u a l  des t ruc t ion  o f  f i s h  during t h e  p a r a s i t i c  phase and a series of  screen." 
i n g  experiments i n  an attempt to l oca t e  a spec i f ic  toxicant  t h a t  might be 
used t o  k i l l  l a r v a l  lampreys i n  s i l t  beds, 

Researches on f i s h  populations have been concentrated on lake t r o u t  
p r inc ipa l  victim of the  lamprey, and on stocks of  commercially importan5 
species  i n  Green Bay, an a r e a  i n  which f i sh ing  pressure has r i s en  enormouslY 
l a r g e l y  as the  r e s u l t  of an in f lux  of operators from o the r  areas  (espec ia l ly  
Lake Huron) t h a t  a r e  no longer productive, 

Surveys on Lake Michigan have demonstrated t h a t  abundance of small 
lake t rou t ,  as w e l l  as of f i s h  of markettable s i ze ,  has declined grea t ly ,  The 
take of 'lbabyrl lake t r o u t  per n e t  i n  small-mesh g i l l  ne t s  i n  1950-51 amounted 
to  only  a l i t t l e  more than 10 percent of t h a t  i n  t h e  early 1930s.  
t i c a l  s tud ies  o f  t h e  Lake Superior t r o u t  f i she ry  have revealed an alarmin&' 
rap id  decl ine i n  t h e  catch per  u n i t  o f  f i s h i n g  e f f o r t ,  
decreasing abundance, production has been maintained only by a sharp lncreass 
of  f i s h i n g  i n t e n s i t y ,  
abundance of t r o u t  i n  Lake Superior i s  ind ica ted  by t9he high r e t u r n  r a t e  of 
tagged f i s h ,  
i n t e r s t a t e  and in t e rna t iona l  character  of  the problem of  conserving l a k e  
t r o u t ,  
were retaken as f a r  west as t h e  Duluth area (Minnesota) and as far north as 
the S l a t e  I s lands  i n  0mtario (Canada). 

S t a t i s -  

I n  t h e  face  of t h i s  

That over-fishing may be a f a c t o r  i n  the decl ining 

These same marking experiments have brought o u t  s t rongly the  

Within a few weeks t r o u t  tagged on t h e  Keweenaw Peninsula (Michigad 



The g rea t  upturn i n  f i s h i n g  pressure i n  Green Bay has not  given 
r ise  t o  as many d i f f i c u l t i e s  as might be expected s ince  it c m e  about a t  a 
time when abundance of pr inc ipa l  species  was well  above normal, Conditions 
m u s t  be followed careful ly ,  nevertheless,  f o r  with a r e tu rn  t o  a more near- 
l y  normal abundance stocks may prove inadequate t o  support operations a t  
t h e i r  present  leve l .  
and productive f i she ry  will require  int imate  b io logica l  and s t a t i s t i c a l  
knowledge of populations, 

Sound conservation and management of t h i s  important 

MICRO BIOLOGICAL LABORATORY 

D r ,  S tan is las  F, Snieszko, Director 

Fish population study i n  aquaria.--(under supervision o f  Ralph 
Po Silliman) .--The experiment, begun i n  ear ly  Apr i l  1951- Tnntinues 
After th ree  months, populations o f  Lebistes (guppy) a re  increasing, 

Sulfonamides i n  %issues of  trout.--It  has been found tha't the  
Quant i ty  of medicated feed containing sulfonamides a f fec ted  g rea t ly  the 
tissue concentration of sulfonamides i n  t r ea t ed  t rout .  This observation 
has a considerable p r a c t i c a l  s ign i f icance  showing t h a t  f i s h  t r ea t ed  with 
sulfamerazine should be fed moderately b u t  not i n su f f i c i en t ly ,  

Treatment of  u l ce r  disease i n  trout.--Chloramphenic SL and terra- 
mYcin gave very sa t i s f ac to ry  r e s u l t s .  
brook t rout ,  and mor ta l i ty  w a s  brought t o  zero af ter  a three weeks1 t r ea t -  
ment, Part of  t h i s  repor t  on the f irst  successful  treatment of  u lcer  dis-  
ease was nublished i n  Science. 

Ulcers healed i n  the t r ea t ed  adul t  

Treatment of  a " f i n  ro t"  type disease.--Brown t r o u t  f inger l ings  
Wrth a Itfin rot11 type disease were t r ea t ed  with copper s u l f a t e ,  s a l t ,  sul- 
fonamides, a n t i b i o t i c s  and yeast. 
tained by feeding d i e t  epriched with brewer's yeas t  o r  sulfonamideso 

nutrit,ion a1 deficiency . 
Not s t r ik ing ,  bu t  b e s t  r e s u l t s  were ob- 

Th i s  
t h a t  the disease was caused by a low-grade infec t ion  caused by 

Physiology of Hemophilus piscium and Bacterium salmonicida,-- 
ExP@rimental S U D D O ~ ~  was secured f o r  t h e  theom t h a t  melanin is the 6 i g - ,  

produced b y  B o  salmonicida. Fermentatio; reactions were run with - 
29 carbohydrates. B. salmonicida was found t o  be remarkabv consis tent  i n  
its fermentation cha rac t e r i s t i c s .  

biotin, thiamine and para-aminobenzoic acid were required f o r  growth of B o  

galmonicida. Work on growth f ac to r s  required by - H. piscium was comPletz,  a r e s u l t s  were wr i t ten  up and are now i n  press .  

Both microorganism Were P o r n  fo r  t h e  
time i n  a completely chemically defined medium, Of dl known d t w n s ,  



Effect  of pond f e r t i l i z a t i o n  on number of bac te r ia .  --Relationship - w a s  found between f e r t i l i z a t i o n  and number of saprophytic bac te r i a  i n  pond 
water 

Diagnostic s e rv i ce  --Diagnostic se rv ice  i s  st eadi1.y expanding in 
t he  number of  cases diagnosed and i n  t h e  type of se rv ices  rendered. 
i s  i n  progress on a l a r g e  number of unknown b a c t e r i a  which were i so l a t ed  
from w a r m  water and cold water f i s h e s  i n  various states, 

Work 

SALMON CULTURAL LABORATORY 

Roger E, Rivrows Biologist-In-Charge 

GENERAL 

On March 15 t h e  salmon c u l t u r a l  a c t i v i t i e s  were t ransfer red  from 
Leavenworth t o  Entiat, Washington, where t r a i n i n g  of f i  sh-cul tural  employees 
will be continued, and d i e t ,  d isease and other  f i sh -cu l tu ra l  problems, in- 
cluding t e s t i n g  of holding, spawning, hatching and rear ing  methods $ will b e 
inves t iga ted  and reported on, 
River will determine the species and numbers of' salmon t o  be reared from 
year to  year a t  Ent ia t .  

The Service 's  program f o r  t h e  upper Columbia 

FEEDING TRIALS 

I n  September t h -  labora tory  staff completed 2k-week and 12-w- sk 
feeding t r ia l s  designed to develop b e t t e r  d i e t s  f o r  salmon and submitted 
a de ta i l ed  repor t ,  The 1951 feeding trials are i n  progress. 

EGG AND F'RY INCUBATION EXPERIMENTS 

Three types of v e r t i c a l  incubators were constructed f o r  t e s  Ling 
i n  an e f f o r t  t o  eliminate disadvantages o f  standard hatchery t r o u g h ,  In 
one type, shallow pans, placed omabove the  other, were t e s t e d  t o  determine 
t h e i r  p r a c t i c a b i l i t y  f o r  re ta in ing  both eggs and f ry  throughout t h e  incuba- 
t i o n  period, 
pann a l so  designed t o  u t i l i z e  v e r t i c a l  space by placement o f  one pan above 
t h e  other ,  was evaluated. 
high humidity would be maintained without a d i r e c t  flow of water over the 
eggs and t h e  f r y ,  
proved sa t9sfac tory  for  eggs and fry, 
provements are indicated,  
eggs, bu t  would not  maintain f ry .  

I n  t h e  second, a screened-bottom basket contained i n  a deep 

The t h i r d  type cons is t s  of a cabinet  i n  which 

Both shallow pan and basket types of v e r t i c a l  i n c u b a f ~ ~ ~ r t ;  
However, ce r t a in  a l t e r a t i o n s  ai1c-l j31'4 

The high humidity cabinet  proved s a t i s f a c t o W  for 
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EVALUATIONS OF REARING EQUIPMENT 

Four, each, of 3, L, and $foot diameter c i r cu la r  tanks have been 
assembled and i q t a l l e d .  Experiments w i l l  a scer ta in  the s i z e  of the circu- 
lar tank necessary f o r  r e t a in ing  normal growth r a t e  i n  chinook salmon. Ex- 
periments t o  determine hydraulics of various pond types have been d e l v e d  
because o f  d i f f i c u l t i e s  i n  procuring a consultant t o  design model s tud ies ,  

TEMPERATUHE STUDIES 

Equipment necessary to determine the effect  of water temperature 
On egg, f r y ,  and f inge r l ing  development has been purchased. In s t a l l a t ion  

Egg experiments are scheduled t o  s tar t  i n  September, now i n  progress. 

IN-TRAINING LABORATORY COURSE 

An in - t ra in ing  course a t  the laboratory,  which began on Feb- 

The objec t  is t o  t r a i n  Service f i s h  c u l t u r i s t s  i n  the  most ef- 
ruary I t ,  ran  u n t i l  mid-June. 
Offered. 
f ic ient  methods and procedures and la tes t  techniques f o r  use i n  hatcher5es. 

This is  the t h i r d  year t h i s  course has been 

WESTERN FISHERY DISEASE INVESTIGATIONS 

Robert R. Rucker, Chief 

GENERllL 

Quarters  are i n  the new Fisher ies  Center building a t  t h e  U n i w W -  
sitY of Washington a t  Sea t t le .  
Piped with thermostat ical ly  control led water, f a c i l i t i e s  for C W m n g  *a 
bacter io logica l  work, an a r e a  f o r  microscopy, and a r e f r ige ra to r  and incu- 
batorS. 
media are prepared and equipment is  washed and s t e r i l i z e d .  
Office-laboratory rooms are also furnished. 

One room i s  supplied with 1s f i s h  troughs 

There i s  also an area i n  t h e  general  bacteriology 1aboratoW where 
Individual 

RESEARCH PROJECTS 

Assistance was given Federal, s t a t e  and pr iva te  f i s h  hatcheries on 

Winthrop and Leavenworth, Wnshington, s ta t ions .  
disease problems. The major f i s h  d isease  problem being s tudied is a t  the 

Sulfa drugs m d  
Organisms are i s o l a t e d  on OGcasion have proved of no benefit.  

and shown t0 be pathogenic, bu t  these cannot be demonstrated from a s i p i f i -  
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cant percentage of diseased f i s h ,  
disease condition i s  yet to be found,, T h i s  disease i s  being invest igated 
by inoculat ion studies,  cu l tur ing  and examining f i s h  f o r  bac te r i a  and making 
a histo-pathology study of  the  fish,, 

It i s  believed t h e  t r u e  ca.use of" t h e  

Dietary g i l l  d isease was studied by examining chinook salmon 
f inger l fngs  fed published "synthetic" diets as  the  cont ro l  f i s h .  These d i e t s $  
lacking i n  pantothenic acid, were  f ed  to  produce t h e  disease.  
co l lec ted  f o r  a l a t e r  histo-pathologic s tudy of  t h i s  deficiency, 

Material  was 

YELLOWSTONE FISHIXY INVESTIGATIONS 

Oliver  Bo Cope, Chief 

Tagging t r o u t  i n  Yellowstone Lake t r i b u t a r i e s  was one of t h e  
major a c t i v i t i e s  of the f i e l d  seasons f a l l i n g  within t h i s  f i s c a l  year. A t  
the  beginning of t h e  year, tagging was completed on spawning runs of 1950, 
and the following t o t a l s  were tagged t h a t  season: 
Chipmunk Creek, 1500; and Arnica Creek, 965, 

Pelican Creek, 1880; 

These tagged f i s h  had been recovered i n  the  following numbers up 
t o  June 30, 1951: 

1950 Recovery 1951 Recovery 
Molly I s land  Molly E l a n d  

Anglers (Pelicans) Anglers Trxp (Pelicans) 

Pel ican Creek 62 14 
Chipmid  Creek 19 24 
Arnica Creek 43 0 

5 1 3" 
6 5 1 
1 48 0 

Tagging i n  t h e  1951 season has been modified from the  1950 plano 
Grouse Creek i n  the south arm of t h e  l a k e  has been subs t i t u t ed  f o r  Chipmunk 
Creek because of its sustained flows i n  mid-summer, Pelican Creek and 
Arnica Creek have been used again, and a new area, Yellowstona River a t  the 
Cascades, has been used. 
ments of spawners from Yellowstone River up i n t o  Yel.lowstone Lake, 
follows of tags placed on f i s h  up to June 30, 1951: 

Local i ty  Number of Tag8 

The Cascade f i s h  have been tagged to t r a c e  mow- 
A sunimary 

~ e c o v e r i e s  from ~iS)>g 
-I 

Pelican Creek 1100 15 
Gmuse Creek 800 1 

39 Arnica Creek 900 
Yellows tone River (Cascades) 300 df- 

a PI 
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I n  general, t a g  re turns  of 1950 indicated adu l t s  were moving about 
the lake  t o  a much l e s s e r  extent  than those of 1949. 
make a comparison involving f i s h  of 19510 

It is too ear ly  t o  

Counts of spawners enter ing major t r i b u t a r i e s  were continued i n  
The general  pa t te rn  shows a paucity of spawners i n  most streams,com- 1951. 

Pared with most years. 
hatchery personnel, and it i s  expected t h a t  l e s s  eggs will be  avai lable  i n  
1951 than i n  any year on record. 
t he  lake a r e  holding t h e i r  own, but t h o s e  b e t t e r  exposed t o  t he  f i she ry  on 
t h e  north end a re  supporting few spawners this year. 

T h i s  i s  reflected i n  t h e  number o f  eggs taken by 

Those streams enter ing t h e  south a r m  of 

Creel census a c t i v i t i e s  i n  t h e  two seasons f a l l i n g  within the 
f i s c a l  year d i f f e red  s l i g h t l y  i n  scope and method. 
e t f o r t s  cover Yellowstone River between Canyon and Fishing Bridge, an =ea 
not censused i n  1950. 
the  lake shore l i n e  was adopted i n  1951. 
Bridge and West Thumb do cks was reduced. 

The 1951 c r e e l  census 

A new system of  complete and incomplete censuses f o r  
Sampling frequency a t  Fishing 

Analysis of  1950 c r e e l  census da ta  indicated approximately 149,000 
f i s h  were taken from Yellowstone Lake during the four-month season. The 
angling e f f o r t  expended for  these f i s h  was about 200,000 hours, Best success 
was recorded fo r  guide boats, with an average f o r  t he  season of 1.88 f i s h  per  
hour, 
*64 per hour. 
season. 

Rental rowboats claimed 0.46 per hour, and lake shore f i s h i n g  yielded 
Fishing Bridge accounted f o r  approximately 9,000 f i s h  f o r  t h e  

Thus far i n  1951, f i sh ing  appears on a par  with t h a t  of 1950, al- 
though t h e r e  are s igns  t h a t  angling i n  West Thumb m a y  not he sustained through- 
out  the  season as i t  was i n  1950. 

Studies on stream biology of black-spotted t r o u t  i n  Arnica Creek 
were resumed on M a y  6, before spawners ascend the stream. Traps were i m -  
proved, and a t o t a l  couny of  upstream and downstream migrants should be ob- 
t d n e d  this year. 
last, and the  number of immatures and small adul t s  t h a t  overwintered i n  the 
stream appear greater  than l a s t  year. 

The spawning population appears higher t h i s  y e a  than 

A t  the  end of t h e  f i s c a l  year  a l l  preparations had bean made f o r  
an in tens ive  series of Peterson t e s t s  by means of e lec t r ica l .  shockiIlg. Re- 
su l t ing  d a t a  on population s i z e  and mor ta l i ty  r a t e s  applying t o  Various s i ze  
mOuPS i n  Arnica Creek W i l l  give a c l ea re r  p i c tu re  of t h e  eff ic iency of the 

as  a producer o f  f i s h  through na tu ra l  processes. 

The sucker, Catostomus catostomus, i n  Yellowstone Lake and t r ibu -  
taries i s  t h e  ob jec t  of a spec ia l  s tudy by Mr. Richard Graham, a L'radQate 
fishery student a t  Montana S ta t e  Co l l ege ,  who began a two-yeax study on the  
life h i s to ry  of this sucker in t h i s  drainage. Suckers have been seen enter- 
ing Pelican Creek and Arnica Creek t h i s  year, and a t  unusually e w l y  da tes .  
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The descent of r i p e  adu l t s  i n t o  Pelican Creek i n  May 1951 suggests for t h e  
first time t h a t  these suckers do n o t  have to use Yellowstone Lake t o  complete 
t h e i r  life cych , ,  
t o  t r a c e  movements of adul t  f i s h .  

A small tagging program w a s  inaugurated i n  t h e  sucker st?J@ 

ScalEs from t h e  t rou t  f i s h e r y  are being co l lec ted  ~ o u t m e l y o  At 
t h e  end of t h e  season the re  will be 1,000 samples from each uf ';An two Xm- 
por tan t  f i sh ing  areas in t h e  l a k e  and a l a rge  co l l ec t ion  frcw the  r r ~ e r  
f i shery ,  
mfgratZons i n  three study streams, 

These will be compared fo r  age with l a rgn  sanp3es +.'r.ox ipahziing 

SECTION OF MARINE FISHERIES 

GULF FISHERY INVESTIGATIONS 

W ~ l l i a m  W, Anderson, Chief 

GENERAL 

The Gul f  FisheSy Invest igat ions i s  conducting a comprehenaive 
f i she -y  an6 oceanographic survey of t h e  Gulf of Mexico using t h e  research 
vesse l  Alaska; one phase of the progran, t he  study of" t he  physical ocean- 
ography of t h e  Gulf is conducted by the Off ice  of Naval. Research, throxgh 
t h e  Department of  Oceanography of Texas Agricul tural  a nd Mechanical College0 

-- 

Object-P.ves.--The f i rs t  objec t ives  of t h e  program are t o  e s t ab l i sh  
the chemical. composition and t h e  current  pa t te rns  of t h e  Gulf,  These chemical 
arid physical  aspects  o f  t h e  program a r e  t o  provide an understanding a f  the 
m i g i n  and movements of t h e  complex food chain which, f i n a l l y ,  aupp0r - t~  vaJ'ic- 
ous f i shes  frequenting these waters. 
l i n e a t i o n  of a reas  of g r e a t e s t  f e r t i l i t y ,  and t o  movementvs of eggs and larvae 
i n t o  or away from these areas. 
is obveous, 

This in for r rd ion  w i l l  le& also t o  de- 

The importance of t h i s  in survival of j u v e d e '  

The second ohJective i s  the  co l lec t ion  o f organisrr,s, o the r  than f l s b p  
f o r  t,:ixonomlc and d i s  tx-ibutional s tud ie s  with th  ei.r eco1ogic32 in te rpru ta t ions"  
This oG,j ec t ive  i s  pursued l a rge ly  through cooperati-ve agreernents wit 'h  ir,stitu"' 
t b r r s  and individuals  pecu2farly qua l i f i ed  t o  handle t h e  s p e c i d  organisms i l l 0  
v ~ l v e d ,  In .Lhfs case %he G u l f  Fishery 1nvcsti i ;at ions ac t s  l is a c o l l e c t i n g  
and. liaison agerAcy, 

One aspect of f i shery  b io logy ,  which has been Largely neglected,  L:' 
t he  s tudy of t h e  organics i n  sea  water and the  r e l a t i o n  of !,hese organic,; i.0 
tehavi3i* and surv iva l  ~f marine organisms. It  i s  now possiklc-  tc ,  rneazur,: 
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quant i ta t ive ly  spec i f i c  organic compounds dissolved i n  the  sea water- 
Compounds which are extremely important i n  t h e  d i s t r ibu t ion  and abundmce 
of plankton on which a l l  l a rge r  forms depend. The study of‘ these fac tors  
and t h e i r  ecological  s ignif icance i s  being given much e f fo r t .  

Progress.--Cruise plans have been worked out  i n  cooperation with 
t h e  Texas A. and M. Department of Oceanography t o  give a m a x i m u m  number of 
sect ions perpendicular t o  suspected major currents  i n  t h e  Gulf of Msxico, 
The plan i s  l a i d  out  t o  cover the  entire Gulf i n  th ree  cruises ,  s o  planned 
as t o  cover each area once i n  each season of the year. The three cruises 
of t h e  Alaska s ince  A p r i l  1951 covered about 7000 miles, occupied 121; s t a t9ms ,  
and completed the  i n i t i a l  coverage of the en t i r e  Gulf. 

The Department of Oceanography of Texas A. and M. College i s  pro- 
cessing and analyzing a l l  data per ta in ing  t o  water temperatures, bathyther- 
mograph recordings , meteorology, e tc.  
run the  1156 s a l i n i t y  determinations f o r  all th ree  cruises  and turned the 
r e s u l t s  over t o  Texas A. and M, College f o r  analysis.  

The Gulf Fishery Investigatioras has 

Plankton c o l lec t ions  have been made by conventional methctls am 
bY means o f  a high speed sampler and a newly devised continuous smpler.  
m e  l a t t e r  methods a r e  s t i l l  i n  t h e  experimental s tage  but  results w e  
Promising. 

F ish  eggs and la rvae  have been sor ted  f!rom a l l  plankton tows. Work 
i n  progress on iden t i f i ca t ion .  T h i s  l a t t e r  may t a k e  a long time t+o corn-. 

P l e t e  s ince  l i t t l e  background information on the ear ly  l i f e  histoi-y of maw 
Gulf f i shes  i s  avai lable .  Total  volume of plankton was determined f o r  each 

and the  r e l a t i v e  abundance of various groups of organisms recorded. 

I n  comparison t o  areas  l i k e  the  Cal i forn ia  coast  or t h e  North 
Atlantic, plankton i n  the  Gulf i s  sparsa. Tows i n  those areas produce 8 t o  

dent, too, t h a t  a grc.ater abundance of plankton exists over the cont inentd.  
Shelf than e x i s t s  i n  waters beyond t h e  she l f .  A preponderance of f i s h .  eggs 
a d  larvae a l s o  has been found within t h e  100-fathom contour, 

times more plankton than comparable tows i n  the Gulf. It has become evi- 

Analyses f o r  inorganic phosphate and n i t r a t e  have been completed 
On a t o t a l  of 371 samples obtained on the first th ree  c r u i s e s .  It has be,. 

evident from these analyses t h a t  phosphate and n i t r a t e  concentr2.tjions 
are extremely low a t  a11 l eve l s  i n s ide  the  100-fathom contourc I n  Wmt, Par-, 
tion Of  the  Gulf ou ts ide  the 100-fathom contour, extremely low concentral5o.w 
Of Phosphate and n i t r a t e  e x i s t  i n  surface waters, but  r ise s t ead i ly  t o  a maxis. 
bn between about 450 t o  600 fathoms, below which t h e i r  concentratiorls de- 
crease s l i g h t l y .  

Bottom p r o f i l e s  covering c ru i se  routes  havc been prepiced from ech:, 
To these p r o f i l e s  a re  being added chemical, physical, and bio-  ‘ecopdings. 

l og ica l  da t a  to f a c i l i t a t e  analysis.  
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Pelagic  f i shes  'were taken by krol l ing  between s t a t ions  and on 
s t a t i o n s  dur ing  ,three c ru ises .  Ploat of these f i s h  were taken ins ide  tho 
100-fathom contour, t h e  mist abundmt of' u E c h  was the l i t t l e  tuna 
(Euthynnus a l l e t t e r a t u s )  followed by dolphin (CoFyphaena I- -- h i  purus) I---- cind 
king mackerel (Scombercmorus -I_ y_u- c,ava.lla) 
f i s h  were taken; of these s h a r k s  predominated, followed by the  dol.phin, 
Records maintained of s ize ,  sex, a d  s ta te  of gonad development f u m i s h  infor -  
mation or1 d is t r ibu t ion .  and spawnink periods 

E -.- -a 

Beyonr the  kOO-f%. om contour f e w  

R e s u l t s  t o  d a t e  1ci-d weight t o  t he  theory tha t ,  an ganeral ,  waters 
of t h e  Gulf of Mexico beyond tne 100-fathom cu,rVe are r e l a t ive ly  cteerile, It 
may be s t a t e d  ten%at ive ly  t h a t  the economy of 0 1 2  f i s h e r i e s  1 s  clasely asso- 
c i a t ed  -dth t h a t  port ion o f  t h e  Gulf l y i n g  in s ide  the lOC-,fatrium sontour, t h e  
inshore waters, and contiguous Land areaso  

Red Tide Research,-- The immediate cause of "Ired .tideDs has been 
ascribed. t;c a tremendous a&m.dan-J.e c.f t h e  d inof lage l la te  Gymnodinium brevis  
Daxia $nick may be found frr mormo11s rnmbers i n  heavily a f fec ted  areas ,  k 
toxic substance cjf unknown na ture ,  which i s  associated w i t h  t h e  organismu, 
causes the death of fish. 

Is---- 7- 

Since t h e  organism involvsd--at l e a s t  for the l as t  red t ide-- is  
know,, the primary objec t ive  o f  the program is t o  determine what f ac to r s  
bring about an overgrowth of plankton i n  general and of I L&mnodinii.un -1_--."- brevis  UI- 

i n  pa r t i cu la r  

A '#bloom" begins as a l o c a l  phenomenon, and the f ac to r s  which 
start  it may be confined i n  what we term " c e l l s  o f  waterT9. 
t'ne v a l i d i t y  of this, t h e  vesgei Pompano i s  used i n  examining 
s t ructuretf  of sea water i n  very small areas,  
l a rge  numbers of samples of' water arid t h e i r  contents as c lose ly  tcgether  
i n  time and space as possible ,  

TQ es t ab l i sh  
the lsrnicro 

T h i s  i . L j  Jmi! by analyzing 

A second approach t o  the problem involves developnen~ of t he  funds- 
m.ental mahernatical s t ruc tu re  of the growth and expansion o f  a population of 
organism i n  one of' t h e  t 'cells  d waterit$ mentioned abcve. 

The t h i r d  approach concerns a physiolohical, s tudy  o f  t he  d im. -  
f l a g e l l a t e s  t o  determine c n t L c a 1  f a c t o r s  regulabinng t h e i r  growth  and re- 
production, Once these  f a c t o r s  are estabi ished,  t h e i r  exist>er.ce i n  t h e  
opc'n sea m d  i n  Ysce l l s  of water:? m l l  be s tudied,  

Sampling over a prearranged ser',es of  s t a t i o n s  extending from tB@ 
r i v e r s  t o  t h e  100-fathom contour f o r  a stu&j of t h e  l o c a l  oceanography, nu- 
t r i e n t s ,  and plankton, has been completed, 
Phosphate concentrations i n  % h i s  a r e a  m e  i n  agreement, wi%h t h ~ s e  foiuid e l s e L  
where i n  the Gulf i n s i d e  t h e  100-fathom contour. 

Data col lected a re  being malyz@d' 

Ai: plankton co l lec ted  during t h e  pas t  year  fias been examined and 
d.a.ta hiwe been set  up on punch cards  f o r  ana ly t i ca l  studies. 
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A recent  small-scale blooming o f  d inof lage l la tes  i n  t h e  Indian 
River sect ion of Flor ida provided a t e s t i n g  ground f o r  these  newer ideas 
on plankton blooms, which were found .1D be applicable.  

Culture s tudies  on n u t r i t i o n a l  requlrements o f  d inof lage l la tes  and 
other  marine organisms have been continued a t  the  Servicevs Beaufort, North 
Carolina, laboratory,  

ICE.ITHYOLOGY LABORATORY 

I saac  Ginsburg, Systematic Zoologist 

M r .  Ginsburg spent t h e  grea te r  p a r t  of  his time on the  fishes of 
the  Gulf coast  o f  the United S ta t e s  and such r e l a t ed  specfas as were neces-a 
saV fo r  an understanding of  the  G u l f  species.  

NORTH ATLANTIC FISHERY INVESTIGATIONS 

Herbert W. Graham, Chief 

TRENDS I N  'R4E FISHERIES 

Haddock .--Heavy scrod landings f r o m  Georges Bank continued through 

Nova 
the summer and f a l l  of 1950 because the successful  1948 year c l a s s  contributed 
large numbers of two-year-olds. 
Scotian banks are a l s o  yielding l a rge  amounts of  scrod. 
n o a n a l  increase  i n  haddock landings over l o s t  year  ts  

'Onsiderably below those f o r  t h e  same period i n  1950. 

from southern New &gland have declined. 

Landings of l a r g e  haddock remam low. 
The r e su l t  is a 

Yellowtail  Flounder,--Landings fo r  t he  f i r s t  half  of 1951 were 
O v e r  recent  y e u s  

from Georges (southwest pa r t )  have steadily increased while those 

Rosefish,--The Gloucester s t r i k e  accentuated the  decreaslng la?dlW: 
Qe summer of 19%. The Gloucester landings f o r  t he  first half  of 1951 

were almost twice those for  t h e  same period i n  1950. 

A survey of old Portland landing schedules ind ica tes  a continuing 
trend of l a rge  boats  operating f a r the r  la eastward on Nova Scot ia  banks; 

t h e  northern Gulf of Maine s t i l l  supports a f l ee t  of medium and 
Maine t rawlers  

Trash Fish,-- Landings i n  t h e  f i r s t  f i v e  months of 1951 X W ~  
O n l y  half of" those f o r  t h e  same period i n  1950. 
Of over t r a s h  f i sh ing  lessened. 

As a rcsu l t ,  the  concern 
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RESEllRCEi PROJECTS 

1Iaddock.--A 14-man advisory committee t o  the United S ta tes  Com- 
missioners f o r  t h e  Northwest At lan t ic  Fisher ies  Convention voted on March 
21-22 t h a t  these  Commissioners use t h e  Senrice recommendations on mesh s i ze  
as a bas i s  f o r  discussion a t  the  in t e rna t iona l  meeting. 

A t  t h e  f i rs t  meeting of the  In te rna t iona l  Commission f o r  North- 
west At lan t ic  F isher ies  a t  Washington,D.C., on April  2-10, this i s s u e  re- 
ceived considerable a t ten t ion .  
haddock of sizes now destroyed a t  sea  should be attempted, but t h a t  not 
enough d a t a  were ava i l ab le  t o  e s t a b l i s h  beyond reasonable doubt t h a t  prcst.ec,* 
t i o n  of undersized haddock now being landed i s  economic. The Commission 
agreed t h a t  before any regulat ion goes i n t o  e f f e c t  a means of assessing t h e  
e f f e c t  of  regulat ion should be  available,  such mthod t o  measure charac txr -  
i s t i c s  of Georges B w k  stock before and after regulat ion.  

The Commission concluded t h a t  protect ion o€ 

Canadian and American advisors met a t  Woods Hole, Massachusetts, 
t o  formulate a program of  research. 
of Canada and Walford, Dahlgren, Royce, Schuck, Taylor and Graham of t h e  
United S ta tes .  
ves t iga t ions  assumed re spons ib i l i t y  f o r  most of it. 
study of :  

Present were Needler, Smith, and Marbin 

They out l ined  cl program, and t h e  North At lan t ic  Fishery In-  
The program includes a 

1, Amounts of small haddock destroyed a t  sea, including t o t a l  
poundage and numbers o f  each age and s i z e  destroyed before and after 
regulat ion 

2,  Mortal i ty  rates--fishing, na tura l ,  and total--before and 
after regulation. 

3 .  Total  poundage contr ibut ion of year  c lasses  of known abun- 
dance before and after regulat ion,  

bo Growth r a t e s  of young before and a f t e r  regula t ion  ( i .e .  d t h  
present  thinning and a f t e r  cessat ion of thinning).  

The following w i l l  also be undertaken: 

1. Determination of a mesh s i z e  which would r e l ease  a maximum 
of those  s i z e s  which are now destroyed on Georges Bank, but. which would, 
a t  t.he same time, r e t a i n  a maximum of t h e  s i z e s  now landed. 

2, Preparat ion of a suggested regula tory  measure. 

I n  order t o  i n s t i t u t e  t h i s  program the  following has been s ta r ted :  

1. Sampling a t  sea on commercial t rawlers ,  
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2. Assernblini; d a t a  on mesh select ivi ty;  determining mesh mzes 
now used, f i s h  s i z e s  now being taken,  amount of shrinkage, e t c .  

3 .  Studying t h e  15, st t h r e e  years' census da t a ,  of t h e  Albatross - I11 -.. 
a d  cont inuing a census of haddock i n  Georges Bank.  

(Matmi a1 was presented  t o  b i o l o g i s t s  a t  St .  Andrews on September 17) e 

Yel lowta i l  Flounder. -- I n v e s t i g a t i o n s  which began i n  1942 hawe been 
A r e p o r t  i s  i n  manuscript  form. 

Rosefish.--Value o f  o l d  data has been e s t ab l i shed  and quest ionabl@ 
The number o f  l eng th  measurement samples were i n -  data have been set  a s ide .  

creased t o  b e t t e r  show t r ends  of t he  f i she ry .  

The placSng o f  a p o r t  i n t e rv i ewer  a t  Rockland, Maine, now makes it 
Poss ib le  to sample production of all f i s h i n g  areas. 

Work a t  Gloucester,  Massachusetts,  i n c l u d e s  ex tens ive  s m p l f n g  of 
'osefish ova r i e s  from var ious  areas t o  e s t a b l i s h  t h e  l e n g t h  of the  incuba- 
tion period. Results so  far indicaLe d i s t i n c t l y  d i f f e r e n t  Limes of egg 
f e r t i l i z a t i o n  i n  d i f f e r e n t  re@ons.  This i s  t h e  b e s t  evidence yet,  +,'hat+ 
total popula t ion  i s  n o t  homogeneous b u t  i s  comprised of' a number of sepa- 
rate Populat ions.  

Egg counts  from two areas-southern Gulf of  Maine and c e n t j r d  
Nova S c o t i a  region ( X X I  H)--show different fecundity va lues  f o r  these t ~ W 0  
areas .  

Accumulated copepod e c t o p a r a s i t e  inc idence  d a t a  Tor 1938-1950 
are being reviewed t o  determine t h e  v a l i d i t y  of  t h e i r  use as a mark Of 

popula t ion  unity o r  migrat ion.  

The use of o to l i t ,hs  f o r  aging mature r o s e f i s h  i s  b e i n g  tBested.  

Census.--Two c r u i s e s  were made to Georges Bank and southern New 
England Banks. There are now t h r e e  years' d a t a  f o r  t h e  summer season a d  
'=Yearts d a t a  f o r  Georges Bank f o r  the s p r i n g  season. 

Progress  has  been made i n  annlysis of d a t a  s i n c e  the A1l~tmss -- 111 
Fur ther  analysis 0-25 re*-  'AB loaned t o  t h e  Office of Naval Research. 

la t ion t o  depth, b t . tom type, and subarea has  been undertaken. 
t h i s  summer on t h e  v e s s e l  Delaware has been planrled. 

Su.mWr C*XlS% 
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fungus i n  capt ive  her r ing  were unsuccessful, because it was impossible t o  
l o c a t e  schools of herr ing near  Boothbay Harbor. 
made t o  t ransport  l i v e  herr ing,  but  t h e  mor t a l i t i e s  were excessive. 

Repeated attempts were 

Lobster.--Experiments t o  determine e f fec ts  of various types of 
l o b s t e r  tags  on moulting processes were continued from las t  year.  

Trash Fishery, --The following estimated composition of landings 
from Provincetown, Massachusetts, t o  Stonington, Connecticut, was based on 
sampling: Red hake, 29 percent; eelpout, 2 1  percent; skates ,  15 percent; 
whiting, 11 percent; o ther  t r a sh  species, 17  percent; and other  food species., 
7 percent. The New Bedford f l ee t  is  not exploi t ing e i t h e r  young or  mature 
individuals  o f  important ed ib le  species  (other  than whiting),  bu t  l a r g e  n m ~  
bers of small ye l lowta i l  f lounders were landed a t  Provincetown, and a t  l e a s t  
one small. load of b u t t e r f i s h  w a s  landed a t  Point Judi th ,  
landings continues 

The sampling o f  

Tuna.--Tuna age and growth were determined by a study of s ta ined  - 
vertebrae,  
areas (Bahamas t o  Nova Scot ia) .  

Weight records show l a r g e  d i f fe rences  i n  s i z e  composition be.tweer1 

A complete s e r i e s  of counts and measurements of  body proportions 
was obtained on 160 f i sh .  
during 1951. 
t i o n  between months. 
Known a reas  of occurrence have been plot ted,  t o  which questionnaires added 
many new data, 
a t  B i m i n i  and Cat Cay, B.W.I. 
t he  migration m u t e  of g ian t  tuna. 
d u d e  length-weight,data on t h e  young of t h e  year, morphometry, and search 
f o r  t a g  re turns .  

Gaps over a complete range of sizes will be filled 
Tremendous differences are  evident i n  t h e  length-weight r e l a - ,  

A survey of European l i t e r a t u r e  has been completed,, 

A p i l o t  tagging operation (by numbered hooks) was completed 
South of  t h i s  a rea  Coast Guard planes traced 

Collect ing plans f o r  the 1951 season in, 

PACIFIC OCEANIC FISHERY INVESTIGATIONS 

0, E,, Se t te ,  Director  

The most s ign i f i can t  f inding of the year  was the  discovery of 
more abundant tuna and plankton i n  the  convergence zone adjacent  t ' o  the  
upwelling of nutr ient-r ich waters along the equatur ia l  current  system, 
This f inding,  together  with r e s u l t s  discussed below and da ta  soon to be 
analyzed,9 w i l l  advance knowledge of p o t e n t i a l  f i s h e r i e s  i n  t h e  regLon be- 
t m e n  t h e  Hawaiian Archipelago and t h e  Phoenix I s lands  f a r  beyond t h a t  of 
o ther  Pac i f i c  regions., The findings,  i n  summary, fo l low : 

Purse seining fo r  tuna was completely unsuccessful, no t  only be- 
cause o f  c l ea re r  w a t e r  and smaller and f a s t e r  schools, but  a l so  because o f  
grea te r  prevalence of  rough seas  than of f  the west coas t  of America,, where 



PWse seining i s  commonly pract iced,  
and use of a longerp deeper, and l i g h t e r  l i n e n  seine.  
of purse seining i n  Hawaiian waters began i n  July 1951, tnth Capb .n  Joseph 
Vi l ic ich  commanding the John H. Manning, 

T h i s  occurred despi te  cons tmet ion  
A l a s t  thorough t r i a l  

-_. 

Bait f i sh ing  f o r  tuna i n  the Phoenix and Line Islands 
t i c a l  because b a i t  i s  t h e  l imi t ing  f ac to r ;  suppl ies  found t o  d a h  w i l l  m t  
support, c l ipper  f ishing,  although t.here may be enough f o r  operatdon of small 
sampans 

imprac- 

Long-line f i s h i n g  was successful  i n  t he  Phoerux and Line Is lands 
and near regions of upwelling adjacent t o  equator ia l  currents.  
were b e t t e r  than the  averpge o f  Japaneqe long-lining i n  the western Pacific 
and be t te r ,  a l so ,  than the average i n  the Hawaiian area,  

Catches made 

A gi l l -ne t t ing  project ,  car r ied  on  i n  cooperation with the Terrf- 
t o r i a l  Division of' Fish and Game, began i n  Ju ly  1951. 
a few skipjack could be caught a t  night, i n  dark-colored l i nen  nets,  h u t  catchas 
Were E a r  below commercial quantity.  
arc  planned, 

First trials indicate:d 

Further t r i a l s  o f  t he  bes t  types of n&p;.s: 

The Hawhian area was give11 spec ia l  emphasis i n  hill s t u a e s  i n  +,fie 
l a t e  spring of  19f;le 
0coanographj.c s tud ies  were commenced t o  r e l a t e  observed conditions w i t h  t rends  
in f i s h  abundance, 

I n  addi t ion t o  ell ne t t ing  a n d  purse seining, spei=ld. 

Four complete hydrographic sec t ions  (temperature, s a i i rd ty ,  ptlos- 
Phate, and oxygen determinations) were made o f  t he  equatorial.-count#er q u a -  
tor ia l  system; i n  addition, temperature observations were made of sur face  and 
Subsurface waters on almost a l l  runs o f  a l l  vessels, P a r t  of t h e  data  is f f i  

Process of publication. 
horever, have been delayed because world au tho r i t i e s  disagree on fundamentd- 
behavior of' equatorial, currents  

of  a subs t an t i a l ly  new theory or proof t h a t  a secogdzed  author- 
i t y  is i n  e r ror .  

Complete analysis  and in t e rp re t a t ion  of t h e  data, 

and a thorough in t e rp re t a t ion  requires  e i ther  

Productive areas of t h i s  pa r t  of the  Pacif ic  Ocean have been f ound 
to be associated e i t h e r  with land o r  with equator ia l  upwelling, 
Places t h e  numbers of moplankton and small f i shes  are l a r g e r  than those  517 

intervening seas. A r a t h e r  s t r i k i n g  finding, t h e  s i g n i f i c m e e  Cf W h f C h  

not Y e t  undextood, i s  the  f a i r l y  uniform composition of' the  plankt.ofi POPrl- 
l a t i o n  i n  d i f f e r e n t  longitudes and in di f fe ren t  seasons of t h e  Year. 

In both 

The growth o f  yellowfin tuna is very rapid; the axreraw g d n  is 

Data accumulated on other  SPecLes hwe 
Pounds i n  one year  among commercial s izes  o f  Hawaiian cakches, which 

pa%3e from two t o  four-year olds. 
not been analyzed. 
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The spawning period of yellowfin tuna i n  Hawaiian waters extends 

Big-eye tuna, while common i n  the Hawaiian region, were not i n  
from ea r ly  June t o  mid-September, which coincides with t h e  season of good 
f i sh ing ,  
spawning condition, although n e a r l y r i p e  females were encountered south of 
t h e  Caroline Islands i n  Ju ly  and August, and were taken south of the H a w & i f l  
I d a n d s  i n  t h e  counter equator ia l  cur ren t  region i n  November, 

crustacea,  and 21% squid and octopi;  when far  from Land it was 65% f i s h ,  32% 
squid and octopi  and 3% crustacea. 
crustacea and f i s h  was found i n  fairly l a rge  tuna, 

The food of yellowfin tuna when taken near land w a s  47% f i s h ,  32% 

A surpr i s ing  mount of small planktonic 

A clear-cut d i f fe rence  was found between yellowfin tuna populations 
of' the  Hawaiian a rea  and those o f  the North American west coast .  
comparative measurement da t a  were obtained and are being analyzed, M a t e r i d  
on hand w i l l  permit comparisons among yellowfin t u n a  of t h e  Line, Phoenix, 
Caroline, and Hawaiian Is lands;  big-eye tuna between the Caroline and Hawaij 
Is lands;  skipJack between the Society, Marquesas and the Hawaiian chain; and 
albacore between the Caroline and Hawaiian Is lands 
yellowfin da ta  suggests differences among a l l  a reasD 

Many more 

Preliminary comparison of 

A POFI observer accompanied s i x  o f  the e i g h t  Japanese mothershlp 
expeditions f o r  tuna. These expeditions , each including several  c atc her 
vessels ,  used long-line gear t o  catch tuna i n  the area sou th  of the  Caroline 
I s lands  between 1 3 4 O  and 167" eas t  longitude and between 1" and 9' north 
l a t i t u d e ,  
pedition, were about 1/2 yellowfin tuna, 1/10 big-eye tuna, with t h e  balance 
consis t ing p r inc ipa l ly  o f  marlins and sharks. 
w a s  intended f o r  export  to American markets. 

A study of tuna react ions i s  being conducted under contract  w i t h  

Catches, which ranged f r o m  1/2 mill ion to 8 mil l ion pounds pel" exc 

Much of the yellowfin catch 

:e 
University of H a w a i i .  The l i terature  search, begun i n  January 1951, has bt- ' 

completed and t h e  d i f f i c u l t  problem of catching, t ransport ing and re ta in ing  
tuna i s  under way. O f  over 100 tunas caught by t r o l l i n g ,  only two yellu.wflns 
were successful ly  held i n  tanks a t  the Coconut Is land laboratory,  Skipjack 
usually l i v e d  less than 10 minutes while l i t t l e  tuna survived only three  days' 
Dolphin, however, survived r ead i ly  and feed  voraciously. Studies  of reactf;iona 
of tuna t o  d s u a l ,  ol factory,  gustatory,  sonic, and e l e c t r i c a l  s t imul i  W i l l  
begin With specimens held i n  t a n k s .  

A Fish  and Wildlife Service fellowship at the  University of Hawdl? 
ted under which inves t iga t ions  of the  physiology o f  b a i t  f i s h e s  a r e  being ~ o d l - 1 ~  

'?a3 shown minimum oxygen requirements of i a o  and nehu, two of the  comiorxe~~ 
bait .  fishes. 
f e r e n t  water flows and quant i ty  of f i s h ,  on the rate of oxygen consumption0 

The Hugh M. S d t h  

Studies  are i n  progress on metabolic r a t e s  and on e f f e c t  of difs 

Two WFI vessels  were a t  sea most o f  the  year. 
completed six c ru i se s  which included oceanogrq h i c  and plankton surveys 
l i ve -ba i t  f i sh ing ,  and long-lining, The __.- John R. Manning completed fou r  

- .- dY. 
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Crases ,  all of which were t r ia l s  of purse s e i n e  gear,  
Henry O~Malle , was used f o r  l i v e - b a i t  f i s h i n g  until i t s  S a l e ,  
-for construct ion of a new vessel ,  the ,-, Charles - -. Ho ..- Gilbert ,  on 
which the  keel  was l a i d  J u l y  5, 1.9S;l. 
l ive-bai t f i s h i n g  and for  oceanogcq hic work. 

The other  \Tessel, t h e  
Porceeds have 

She w i l l  be f i t t e d  f o r  l o n e l i n e  and 

PACIFIC FISHERY INVESTIGATIONS 

John C. Marr, Chief 

GENERAL 

The Service, t h e  Scrfpps I n s t i t u t i o n  of Oceanography, the 
' a i f o r n i a  Divfsion o f Fish and Game, ami the  Cal i forn ia  Academy of Sciences, 
with t h e  support of the Industry. (through t h e  Cal i fornia  Marine Research Corn- 

shmPly i n  abundance a f t e r  194hp 
ternrination a f  the var ia t ions  i n  t h e  amount and i n  t h e  extent  of spawnhg f f i  
the Product ivi ty  of the area, i n  the preva i l ing  cur ren t  pat ternsj ,  and in 
otk~@r c h a r a c t e r i s t i c s  o f  t h e  marine climate off t h e  west coast. of North 

w c @ ' s  p a r t i c i p a t i o n  i n  t h i s  program follows. 

a r e  cooperating i n  a study of the P a c i f i c  sardine,  which declined 
Goals of  the col laborators  include a de- 

espec ia l ly  as these  relate t o  the sardine.  A summary of the Ser- 

RECRUITMENT 
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vals ,  was covered t h r e e  times a t  five-day i n t e r v a l s .  
3::: +* are no t  yet ava i lab le ,  

Resul ts  of this pro- 

Fecundity,--To estimate t h e  numbers of f i s h  i n  t h e  spawning pcpu-’ 
l a t i o n  by means of q u a n t i t a t i v e  n e t  tows, i t  is e s s e n t i a l t o  know t h e  numbers 
of eggs produced p e r  female. With the cooperation o f  the  Cal i forn ia  Divi- 
s i o n  of Fish and Game, c o l l e c t i o n s  of gonads were made from f i s h  t&en i n  
t h e  commercial c a t c h  a t  San Francisco, a t  Monterey and a t  San Pedro during 
t h e  1950-51 season t o  determine t h e  number of ova produced. 
these, samples were taken i n  a gill net  off‘ Mexico and from the  summer lCia3-t 

m m o  f i s h e r y  i n  Monterey Bay, A prel iminary est imate  o f  t h e  numbers of eggs 0.4 
and l a r g e r  i n  diameter (i .e.  those which w i l l  b e  spawned t h i s  year) i n  %.breed 
year-old f i sh ,  based on only t w o  specimens, ind ica ted  t h a t  about 100,000 eggsd5 
are produced annually per f i s h .  The v a r i a b i l i t y  between fndividuals  i n  nmbeJ 
of eggs produced crimplicates t h e  problem. 
t o  make counts on a l a r g e  number of females a t  each age t o  est imate  with acd 
curacy t h e  numbers o f  eggs produced from a given s tock of adul ts .  

I n  addi t ion  

Because of t h i s ,  i t  wf3.1 b e  necess&’ 

Dis t r ibu t ion  of o ther  f i s h  la rvae  .--One of t h e  major contributfoas 
of t h e  Serv ice  t o  the cooperative program i s  the determinat ion of t h e  k.ifl.da 
and r e l a t i v e  abundance of t h e  p r i n c i p a l  kinds of f i s h  la rvae  i n  these  waterSo 
DuPing t h e  period February through September 19% t h e  p r i n c i p a l  species  taker’ 
and t h e i r  r e l a t i v e  numbers were: 

Kind Percent. - 
Myc tophids 29.0 
Jack mackerel 18.1 
Rockfish 10~6 
Vinci guer r ia  903 
Pilchard 7.8 
Anc vy 7 a 0  

Hake 6.5 
Bat h y l  a@ d s b S  
F l a t f i s h  1.8 
Cyclothone 1.1 
Miscellaneous 3 .2  
Dis in tegra t ing  l a r v a e  1,o 

The l a r g e s t  concentrat ion o f  l a r v a e  ( t o t a l  larvae)  was found i n  
the  a rea  off San Diego. 
North of Poin t  Conception, fewer la rvae  were found, usual ly  less than 200 
p e r  s t a t i o n .  Some s t a t i o n s  o f f  Baja Cal i forn ia  produced l e s s  than 100 1s- 
vae, while t h e  s t a t i o n s  i n  the Cedros a rea  produced between 100 arid 300 per 
c ru ise .  

S t a t i o n s  i n  t h i s  area produced 200 t o  500 l a r v a e -  

Natural mortality.--Numbers of sa rd ines  have been examined f o r  
the  presence o f  the  fungus, Ichthyosporidium hofer i ,  which is known t o  cause 
heavy m o r t a l i t i e s  i n  o ther  f i s h e s ,  
presence i n  the  sardine,  although hear t  t i s s u e  from two f i s h  showed small.? 
unident i f ied,  fungus-like cel ls  which react t o  d i f f e r e n t i a l  s t a i n s  as do 
o ther  fungi  . 

No p o s i t i v e  evidence was found of i t 3  



ABUNDANCE AND AVAILABILITY 

Estimates o f  abundance,--Evaluation of  t h e  regression of t o t a l  

Such estimates computed f o r  the sardine stocks f o r  t h e  Period 
moPtal i ty  r a t e  on f i sh ing  e f f o r t  r e s u l t s  i n  an estimate of t o t a l  popdat.POn 
numbers, 
l932-33 t o  1949-50 showed cons! derable va r i  atfon. 
about 18 bkl l ion  individuals ,  t h e  lowest about 5 b i l l i o n .  
based on t a g  recoveries,  was about 15 b i l l i o n ,  
dependently computed from t h e  tagging data,  give an average population Of 

20 b i l l i on .  These da ta  demonstrate t h a t  both recruit.menk and t o t a l  
moP.tality r a t e s  have been extremely var iable ,  but t h a t  recruStmert wWiat*fOn 
has had the  g rea t e s t  e f f ec t  on catch. 

The highest. estimate I s  
Anot'er estimate, 

Estimates of stock s ize ,  ia- 

Avai lab i l i ty  s tudies  .--Sardine schools have been found a t  tempera- 

being observed i n  g rea t e s t  abundance when temperatures ranged from 12" 
tures, a t  50 feet ,  of between 10" and 2loC., with about tqhree-fourths of 

to 18'C. The analysis of r e l a t i o n  of  schools t o  s a l i n i t y  has notf been corn.- 
Pletsd,  

Return per  u n i t  of e f for t  1950-51 sardine season, -.Return per ef- 
fort (based on t h e  average boat catch per lunar month) dropped t o  20 Percent 
Of' the  19b9-50 season a t  Monterey, 75 percent a t  San Pedro, and to 6S per- 
cent f o r  all p o r t s  combined; t h i s  desp i t e  the f a c t  t h a t  t h e  total catch in-  
creased 5 percent. 

Age composition, --For s i x  consecutive seasons the  Pac i f ic  Northweat 
f i s h e r y  has been e i t h e r  neg l ig ib l e  o r  non-existent. No 1951 summer 

ports of schools of pi lchard off Oregon and Washington i n  the  summer of 1951 
has been reported f o r  Br i t i sh  Columbia, Washington, o r  Oregon, Re- 

Since the opening Of *he were based on misidentified anchovies, 
f i she ry  i n  cen t r a l  Cal i forn ia  on A u g u s t  1, 1951, t he re  have been no kd -  
from t h e  San Francisco grounds and p r a c t i c a l l y  none from t h e  Usual Man- 

Length and age d a t a  of the small catches made i n  cent ra l  tePeY f ishing a reaso  

the Service , 
have been obtained by t h e  Cal i fornia  Division o f  Fish and Game and 

Sampling the commercial catch a t  Ensenada was undertakan. 
'Wamples are to provide information on the age and length composition, On t b  

of sardines from this region. 
m r e  souther ly  areas throw11 cooperation of the Inter-Amedcm T r o P i c a  
cornis s ion  . 

These 

similar mater ia l  w i l l  be available 
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SECTION OF SHELLFTSHERIES 

CHESAPEAKE BAY SHEUF’ISH INVESTIGATIONS 

James Bo  Engle, Chief 

Seasonal spawning and s e t t i n g  of  oysters  .--Production o f  seed 
oys te rs  i s  the l i m i t i n g  f ac to r  i n  s t a b i l i z i n g  the  oys te r  industry i n  Mary- 
land, Pr inc ipa l  e f f o r t s  i n  t h e  Annapolis, Maryland, laboratory have been 
explcrat ion cf various areas  t o  determine seed production po te r i i i a l i t i e s  and 
study of ecologica l  f ea tu re s  responsible  f o r  var ia t ions.  

Spawning and s e t t i n g  conditions f o r  the past, ten years i n  Eastern 
Bay were reviewed s t a t i s t i c a l l y  f o r  the purpose o f  r e l a t ing  meteorological 
and other  fac tor8  with f luc tua t ions ,  
changes adversely a f fec ted  s e t t i n g  b u t  not spawning. 
salini’ty wds high i n  l a t e  spr ing  and e a r l y  summerp se t t i ng  was l i g h t .  
ever, sa7Anity changes i n  the per iod did not g rea t ly  a f f ec t  extent  and 
ti-by of“ spawning, 
of metamorphosis as a cont r ibu t ing  f a c t o r  t o  f luc tua t ions  i n  s e t t i n g ,  1 x 1  
dry years fewer larvae complete metamorphosis t o  s e t t i n g ,  

I n  t h i s  p a r t i c u l a r  area, some s a l i n i t y  
I n  dry years,? %hen 

Ho’w- 

Some evidence ind ica ted  surv iva l  of la rvae  t o  l a t e r  s t a g e s  

Spawning and s e t t i n g  i n  1950, a dry year,  f i t t e d  t h e  above obser@” 
Spawning w a s  adequate, metamorphosis of l a rvae  incomplete, and se t t i ng  %ions 

l i g h t ,  

00 

Clean c u l t c h  used i n  obtaining the  potentidl 
Cleanliness of o r  amount of  foul ing,  both organic and sedimentarYY 

cu l t ch  affects s e t t i n g  in t ens i ty .  
s e t t i n g  r a t e  i n  t h e  above research i n  2.950 caught 1450 s p a t  per bushel of she’’’ 
as compared with 142 spa t  pe r  bushel on s h e l l s  fouled by a t  l e a s t  one yeapus 
accumulation o f  organic and sedimentary material a t  one s t a t i o n ,  

An experiment designed t o  increase  e f f ic iency  o f  old and fouled 
A p l o t  of oys te r  bottom was divided s h e l l s  demonstrated a useful  method. 

i n t o  t h r e e  sec t ionso  I n  one sect ion clean new s h e l l s  were sca t te red ;  i n  t h e  
o ther  two sec t ions  were s h e l l s  t h a t  were on the  bottom a t  l e a s t  one year and 
fouled, One sec t ion  containing old s h e l l s  was scoured just L-n-ior t o  s e t t i n g  
time wi th  an open or bagless dredge t o  knock off foulink;,  Using spa+,fall on 
c l e a i  new s h e l l s  as a bwis of optimum s e t t i n g  f o r  the  season resulced in the 
following s e t t i n g  r a t e s  : 

1949 s h e l l s  unscoured 
1949 s h e l l s  scoured 
1950 s h e l l s  clean and new 

80 spat, per  bushel. 
132 spat, p e r  bushel 
146 s p a t  pe r  bushel 

These r e s u l t s  demonstrated t h a t  s h e l l s  fouled by one year9s accum‘” 
l a t f o n  of foul ing  organisms and s i l t  could be cleaned and made more effiCient 
by scouring or! t h e  bottom &,h a bagless dredge, They showed a l so  t h a t  clean 
shucking-howe s h e l l s  planted j u s t  p r i o r  t o  the  s e t t i n g  period were t h e  kxs f  
c u l t  c In ” 
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Spawning and s e t a n g  o f  oys te rs  on seed beds of James River, 
!iW.nia.-In j o i n t  research, staffs o f  Chesapeake She l l f i sh  1nvest.i- 
kations, Virginia  F isher ies  Laboratory and Chesapeake Bay instil t u t e  ob- 
served spawning ;and se t t i ng  of oysters  on seed beds of James River, Vir-. 
!ima0 
In a hydrographic s t u d y  o f  the r iver .  

The I n s t i t u t e  worked with b io log i s t s  of  the o ther  two labora tor ies  

Sporadic l i g h t  spawning occurred i n  the James River from the  
middle of June to the l a t t e r  p a r t  o f  July, after d i c h  i t  increased i n  
in t ens i ty  u n t i l  heavy spawning occurred about t he  f irst  of September, 

A W U t ,  
was l i g h t  most af‘ the summer bu t  began to increase l a t e  i n  

Total s e t t i n g  was r e l a t i v e l y  heavy i n  t h e  1950 season, 

Condition of oysters,-,.Seasonal condition of  oys te rs  has a re la -  
tion t o  market*able value and physiological reactions.  
to spawnl.ng. A s  reproductive processes develop, glycogen i s  reduced, The 
Period of high glycogen content, i n  oysters i s  about 6 t o  8 months, usually 
November through M a y ,  and f r o m  year t o  year t h e  amount var ies .  
I949 during the  high-level per-iod w a s  about 30%, dry basis ,  i n  1950 about 
’ 5 % 9  fri the spriiy: o f  1951. and about  38$,, 
Prov@ment, i n  oys te r  condition s i n c e  1949$ when oys te rs  were th in ,  

The cycle i s  r e l a t ed  

Glycogen in 

These f igu res  r e f l e c t  a s l i g h t  in -  

Total  solids in general  follow the glycogen cycle  with one seasonal 
When glycogen drops of f  during development of gonads, t o t a l  

Sol%ds remain high u n t i l  ac tua l  spawning takes place and accumulated spawn 
is discharged. 
just p r i o r  t o  the  f i rs t  major discharge of spawn. 

Developing gametes o f f s e t  glycogen loss during the period 

Condition fac tor ,  a measure of y i e ld  i n  meats per  volume o€ s h e l l  
8 t o C k ~  showed a s imi l a r  increase from 1949 t o  early 1951. 
P’ov@d, the same volume of oyst,ers i n  the  s h e l l  yielded more pounds o r  p i n t s  
Of QYsters i n  iys0 snd 1.951 than i n  1949, 

With condi*ion i m -  

Chlorophyll cyc1.e~ r e l a t ed  t o  condition o f  oysters  --Seasonal 
Ch?ng@S i n  t o t a l  phyt,oplanktcnwre observed through 1950 and the  spring Of 
1951* 
‘“instiQns. These blooms were coincident with periods o f  growth of oysters  
and in Some degree with changes i n  condition of oysters.  

In  1950, spring a d  fall blooms were ind ica ted  by chlorophyll deter-  

I n  Eastern BW 
i n  some areas  o f  Chesapeake B a y  t h e  condition of oysters  is b e t t e r  where 11180 

greater amount o f  phytoplankton exists. I n  the spring of 2951 the  bloom9 
present,  was not as pronounced, 

Effec5 of mussel at,t,achment on condition of oyst,ers,--Mussels 
(%ceodOntus recumus) form i n  huge masses on oys te rs  i n  many areas  i n  
BQyLand. 
Stu@.ed during the  spr ing  of 1951. 
bws and separated according to density of mussels attached t o  t h e i r  s h e l l s  
were exmhed, oyst.t?rs d t h  more thtnsO% of s h e l l  area coveyed were poorer t*h 

Effec ts  of lh.s r e l a t ionsh ip  on ,condition of oyster  meats Were 
When oysters  col lected from t h e  

an b a @  f r e e  o r  re la t , ively free of mussels. Mussel-covered oyoters, trhhen 



f r eed  of mussels, would regain the loss i n  six weeks i n  t he  
meats, The amount o f  loss on t h e  bas i s  of condition f ac to r  
i n  t h e  weight of meats, Rapid recovery of oys te rs  f r e e d  of 
a competitory relatfonuhip which probably could be remedied 
k iLl  OT remove mussels from t h e  oys te r  on the  bottom. 

condition o f  
was about 25% 
mussels ind ica tes  
by a device t o  

Methods o f  determining oyster  population changes .--Swan Point B a y  

upper Chesapeake Bay, i s  being s tudied  t o  measure e f f e c t  o f  oyster  f i sh ing  
on maintenance of oys te r  population, Such f a c t o r s  as f i s h i n g  mortali ty,  
n a t w a l  mortal i ty ,  natural recruitment,  mass p lan t ing  and f i s h i n g  e f f o r t  a re  
recorded and w i l l  be evaluated to es t ab l i sh  a production level. and means of 
m i n t  a ining i t  

Inventory survey of oys te r  resources i n  Maryland, --During the  
period October through December a j o i n t  team of t h e  s t a f f s  of Chesapeake 
Bay Shel l f i sh  Invest igat ions,  Chesapeake Biological S ta t ion  o f  Maryland, 
and Maryland Department of Tidewater F isher ies  examined over 60 pr inc ipa l  
oys te r  bars i n  Chesapeake Bay and t r i b u t a r i e s ,  
Chesapeake Bay groper, Tangier Sound, Potomac River, Choptank River and 
Eastern Bay, 

Areas covered were i n  

The supply of marketable oys tem w a s  l imi ted  i n  most places for 
t h e  1950 harvest’, Figures o f  marketed oysters,  recent ly  made available, ,  sut”- 
s t a i t i a t e d  t h i s  observation. 
2.5 mil l ion bushels of oysters ,  a r e l a t i v e l y  low y i e l d  f o r  t h e  area. I n  
most places the supply of small oys te rs  i n  t h e  1951 52 crop was a l so  l imi tedo  
Oysters harvested t h i s  year, 1950-51, were the  residue of the s e t t i n g  o f  
19b7 and seve ra l  preceding years.  The l i g h t  s e t t i n g  o f  1949 and 1950 w i l l  
&fee t  crops f o r  t h e  next, three seasons, 

%e 1950-51 production was s l i g h t l y  less than 

0iy3ter d r i l l s ,  working on t h e  cu r ren t  (19%) s p a t f a l l ,  caused 
considerable damage t o  t n e  genera l ly  l i g h t  s e t t i ng  i n  1950 i n  the  TanL4er 
Soiund area. 

Pc;ton?&c River oys te rs  were scarce but cs€ good quality. Very 
l i t t l e  naturalreplacement stock was avai lable .  The outstanding condition 
detr imental  to maintenance of bars  was lack of clean hard cultch.  

The Choptank River area,  a major production source, had a limfted 
supply of‘ marketable oys te rs  with a res idue  of smaller oys te rs  ava i lab le  
fo r  t he  next. season, 
present  low produstfon rate .  

Tne s e t t i n g  i n  19% w a s  s u f f i c i e n t  only t o  maintain t h e  

Eastern Bay, port ions of which are being developed as a seed area9 
had a s u f f i c i e n t  supply of market oys te rs  f o r  cur ren t  u s e  i n  l o c a l  shucking 
houses, 
years, 
t ransplan t ing  t h i s  seasona 
was *ample f o r  replenishing the stock on most of t he  Local bars  i n  this Bay 

The supply o f  small oys te rs  i s  adequate fo r  harvest  i n  succeeding 
Se t t i ng  i n  199, however, was too l i g h t  to produce a surplus  f o r  ;eed 

The se t t i ng ,  while too l i g h t  f o r  seed productfoO9 



s t e r  p lan t ing  i n  Rehoboth Bay, Delaware.--At the request  of the 
S%ll f i sh  Commission, condition of oysters  and oyster bottoms i n  

Rehoboth Bay, Delaware, was determined i n  September 1950. 
good condition although l imi ted  i n  number. 
Vkms mor ta l i t i e s  believed t o  b e  the  r e s u l t  of heavy growth of red alga@- 

P a r t s  of the  Bay. Recently k i l l e d  oysters  were not found, 
growths of algae were present i n  severa l  creeks enter ing the Bay on t h e  

Of Contamination of open p a r t s  of t h e  Bay when conditions are fw~orab le  for a 
growth of plants .  

m o r t a l i t y  needs f u r t h e r  study. 

Oysters were 1 x 1  
The Commissfmreported some pre- 

of dying red algae, sca t te red  and i n  ma l l  amounts, were f ~ ~ n d  i n  open 
However, h e a v  

s ide .  These clumps were i n  healthy condition and may be tJ?e Source 

The associat ion o f  algae with occurrence of Oyster 

INVESTIGATIONS 

John B o  Glud, Chief" 

BOOTHBAY HARBOR, MAINE 

Productivity s tudies ,  designed to determine the bushels of 
' O f t  C h m s  which can be removed each year without causing depletion, 

continued i n  Sagadahoc Bay and Robinhood Cove 

Weekly plankton samples i n  Meetinghouse Cove and Western Beach '' the summer of 199 demonstrated the  number of la rvae  needed f o r  g o d  

Robinhood Cove. 

-, absent u n t i l  t h e  first week i n  March, and then present. through the 
spr'na, Summer, and f a l l .  Plankton s tudies  i n  1951 were concentrated i n  
Robinhood Cove t o  f o l l o w  spawning, larval. d i spe r sa l  and se t t i ng .  
and t i d a l  s e r i e s  , taken and cor re la ted  with t ides ,  s a l in i ty ,  fdemPerature, 
etca,  showed g r e a t  va r i a t ion  with t h e  t i d a l  stage which indicated the i m -  
portance of sampling a t  tho cor rec t  s tage each time. 
o"curr@d i n  mid-July and mid-September. 

Oowth rate. 
than t h a t  i n  Bedroom. 
123 i n  center;  70 mm i n  Bedroom; qnd 55 mm. a t  head of t he  bay. 
'63%' closely with t h e  maximum s i z e  observed. 

Adjacent Plant- 
Ings Of 10,000 marked clams were made in f i v e  areas t o  check t,he t.heoSy by 
"OmpariW growth r a t a .  

f o r  comparison with the moderate s e t t i n g  of  Sagadahoc Bay and 

a d  Robinhood Cove showed larvae present  u n t i l  t h e  first week i n  J a w -  
Weekly samples continued through the winter i n  Sagadahoc 

Vert ical  

Larval peaks of 19% 

All clams taken i n  t h e  population census have been measured for 
Growth rate i n  t h e  c e n t e r  of Sagadahor: B8Y is much b e t t e r  

M a x i m u m  s i z e  as determined by %he Walford method i s  
A l l  

Differences i n  Growth r a t e  
sag ad ah^^ B a y  suggest d i f f e r e n t  races  i n  mud and sand, 

Monthly samples w i l l  be taken u n t i l  PIarch 1-95z0 
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The Maine Department of Sea and Shore F isher ies  and the Service 
planted seed clams from Western Beach a t  Wells, Scarborough, Sagadahoc Bay,  
Southport, and Jonesport i n  a s e r i e s  of 0,Ol-acre p l o t s  a t  50 arid 100 per  
square foo t  concentrations,  Farms a t  Wells and Sagadahoc were successful;  
o thers  f a i l e d  because of the predatory green crab, Carcinides moenas, and 
the  clam boring sna i l ,  Pclynices heros. 

The t h i r d  population census of s o f t  clams i n  Sagadahoc Bay and 
Robinhood Cove, completed i n  t h e  spr ing  of 1951, shows a s ign i f i can t  in-  
crease i n  t h e e n t e r  of Sagadahoc Bay, 
records t o  determine the e f f ec t  o f  the f i shery .  The census will be re- 
peated next year  o 

- 

Results w i l l  be analyzed with catch 

I"WBURYKIRT9 MASSACHUSETTS 

C l a m  Farmfng,--Clams m__ were t ransplanted t o  six phots i n  November 
and D e c e m ' b m a r z d  t o  ten  p l o t s  i n  April  1951; they  were arranged t o  test 
surv iva l  and growth of various types of f l a t s ,  Half o f  most p l o t s  were 
covered with chicken wire l a i d  fl.at t o  keep of f  horseshoe crabs and green 
crabs,  The p l o t s  a r e  sampled monthly. 

Clams transplanted i n  November 1949 t o  f o u r  fenced p lo t s ,  f o u r  
unfenced onest, and one covered by chicken wire  have shown successful  t rans-  
plant ing depends on the degree of predator control ,  Fences a r e  keeping ou t  
horseshoe crabs, bu t  not green crabs;  they did not  save enough  clam^ t o  prod 
duce a voliune increase  desp i t e  good growth s ince transplantine,. The p l o t  
covered with chicken wire, planted x i t h  16 mm, clams, by May 1951 produced 
10 near ly  legal-sized planted clams, 9 legal-s ized nat ives ,  and 516 small 
natfves i n  one square foot ;  surrounding areas produced no legal-sized clamso 
Protect ing natives,  r a t h e r  than t ransplan t ing ,  may prove the  cheapest, clam 
farming method, 
lack  of spawning stock, overdigging o r  unsuitable s o i l  o r  water--cause lack 
of clams on sow Plum Island Sound flats. 

Chicken wire-covered p l o t s  have proved predations-not 

Predator and C l a m  Ecology,--Habi ts and abundance of horseshoe 
crabs and green crabs are being s tudied because o f  importance i n  clam 
management, 
been recovered on searches of f l a t s .  
week i n t e r v a l s  on d i f f e r e n t  types of f l a t s  cons is ten t ly  catch more on muddy 
than on sandy f la ts ,  

Over 700 horseshoe crabs have been marked, and only one has 
Four green crab t r aps  f i shed  at" 2-3 

Screen sampling of %he na t ive  stock was continued throughout the 
year. Winter samples ind ica ted  low survfval  or s c a r c i t y  o f  1950 year-class 
clams, bu t  by A p r i l  and May this year-class appeared i n  concentrations UP 
200 per squa re  f o o t  over  l a r g e  areas,  ev ident ly  due t o  large-scale  movemen*' 
of clams 3 t o  8 mm. i n  I ? n g t h ,  Trays one f o o t  square, f i l l e d  with clamless 
mud and pu t  down and taken up a t  i n t e r v a l s  s ince  May 3, have collect,od in GHo 

weeks from 20 t o  119 byssus-bearing clams 3 t o  1 2  mm, long. A square-foot 
depression made on May 3 col lec ted  i n  six days d e t r i t u s  containing Over 209 000 



clams with a modal length of k05 mm. By the  end of June ~C&V had 
Prac t ica l ly  wiped ou t  the  1950 year class, but  the 1951 c lans  a r e  apPe=lrrff 
at the rate of 20 per  square foo t  t r ay  i n  two weeks. This l a w e - s c d e  m~ve- 
merit O f  byssus clams means the population o f  a clam f l a t  need not depend en- 
t i r e l y  on planktonic d ispersa l  

Mortali ty i n  1950 a d  1951 was no t  s o  severe a s  i n  1949; very few 
clams have been found. Rate o f  decay i n  f lats tes ted was ve ry  slow 

even i n  summer, 
Tf i i s  

Condition ind ica t e s  the mortd i t y  r a t e  i s  possibly lower t h a n  previously eS”r.1- 
mated ~ 

After 27 days s h e l l s  of k i l l e d  and buried clams were full of 
mass; after 72 days t races  o f  decayed f l e s h  were still present,. 

Several types o f  bac te r ia  were i so l a t ed  from apparently s l c k  clams; 
inoculated clams held a t  Gloucester Hatchery, Boothbay Harbor, and i n  ba t te ry  
Jws i n  Newburyport have a l l  been non-pathogenic. 
VPsfblY s i c k  clams t h i s  s tudy  i s  being held i n  abeyance, w i t h  media ready f o r  
further t r i a l s  i f  severe mor ta l i ty  recurs.  Histological  s t u d i e s  revealed 
trematode sporocysts m a y  caw e p a r a s i t i c  s t e r i l i z a t i o n  o r  death o r  @Lams 0 

Because o f  the lack  of 

KINGSTON, MODE ISLAND 

The Greenwich B a y  populat.fon survey was completed i n  t h e  summer of 
lYs0 and w i l l  be repeated i n  t h e  summer of 1951. 
abundant i n  t h e  eas te rn  par t .  
and @astern p a r t s  of  t h e  bay. 

Larger quahaugs were m T * B  
The f i s h e r y  was mst  in tens ive  i n  t h e  southarn 

Quahaug fishermefil in Grcenhnch Bay are interviewed weekly f o r  catch 
and measurement Length-f requency da ta  agree close19 w i t h  results Of 

the Population census made by means of  a clamshell bucket. 

FClankton samples were taken weekly i n  Apri l  and May; dai ly  saniples 
r e s t  o f  t h e  summer will follow larval. groups from spawning t.0 set$t~iIX- 

Hand-raking versus power-dredging experiment --The second yeas of 

‘Or 
B 

Ottom samples are taken r egu la r ly  t o  f o l l o w  se t t i ng .  

yperimental f i s h i n g  was completed i n  the autumn of 19%. Bo-btm smPl@s W W ~  

aken i n  each area  i n  November 19.50; da ta  were analyzed and PrePaTcd f o r  Put:* 
lication i n  t he  summer of 1951. L i t t l e  difference was found in effect ofi bot- 
tom Or associated bottom forms; breakage was g r e a t e r  by dredging but tmt sari. 
Our in e i t h e r  case; s i z e  composition of ca tch  and of the remaining PoPf ia t icz  

conclusion on some p a r t s  of t h e  experiment. 
determined i n  each area; i l l e g a l  f i sh ing  i n  the  oontrol a r ea  PYeveratS fmd 

MILFORD, CONNECTICUT 
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GULF OYSTER INVESTIGATIONS 

P h i l i p  A,, Butler, Chief 

COWLETED INVESTIGATIONS 

This summer m w k a  Lhe c lose  of a number of inves t iga t ions  covering 
Data i n  process o f  analysis differenr,  phases of  oyster  biology i n  this areao  

are grozrped under t h e  foliowing headings; 

Growth charac te r i s ' t i cs  of" ind iv idua l  oysters  from time of s e t t i n g  
until 30 months of age, 

Comparative growth r a t e s  of ciLt.ivated and rfwild9f oyst'ers from t i m e  

Growth character is t ics  of oysters  exposed t o  d i f f e ren t  (simulated) 

of sett,i.ng unI2.l 12 months o l d ,  

t i d a l  conditions 

Comparative growth yates i n  r e l a t e d  (sibljing) oysters  

Ef'fect, of n a t w a l  and a r t d f i c i a l  l i g h t  on she21 pigmentationo 

Se t t i ng  rates of  oysters and some related.  organisms i n  comparison 
with plankton., sdl inj- ty  and temperature records during th ree  consecutive 
St3a3GKIS o 

Biology and growth o f  t h e  oyster d r i l l ,  Thais, maintained f o r  2 ! ~  
mcnt'hs under 1aborato.q conditions 

Er:perimen.tal. Plantirig of  Hard _I_- C l a m ,  Venus ,--Planting seed clams in 

d 
----- 

t h i s  area  ha3 a h m n  the  impracticability of i a f s i n g  them commercially here0 
Blue and st,one crabs dug up the i n i t i a l  p lan t ing  of  clans and easily shucke 
them; in t e n  &.ys they dest royed &IO clams, 
new a r e a  iina the  ciams wer9 covered with 3/4 i nch  hardware c lo th .  
two months there  was a severe, b u t  e r r a t i c  mortali ty.  
l / 2  inch i n  diameter were pras t i ca l ly  eradicated,  
eter o.!A.ffer.ed. i0-:,50 percent rnort,al.it,y in sdj ixent  p l o t s  
covered showed 23 percerit loss f ~ r  reasons unknown; a 25 percent 10s:; wa5 
C ~ B  t o  crabs ( a t  least ,  s h e l l s  were brcken i n t o  fragments), a id  a 55 percant, 
1063 was due t o  the oyster. d r i l l ,  TIiaL3. 
sand. bofJ+,orn Lo reach plankings,  
c;f" growtk between June 6 and A u g w t  6, 

P l a t i n g s  were repeated in a 

Clams of less t h . a  
Af%e;* 

Clams of 1 i n c h  in dimc 
ckim lvboxes'f 36- 

Drills .traversed. 50 feet  of bar'' 
I--. 

One-inch claim stsi l l  l i v i n g  showed I - 11 'I' 

CONTINUING INVESTIGATIONS 



i n  breeding experiments t o  date.  
hermaphroditic oys te r  i s  of i n t e r e s t .  
s t r ipped eggs were f e r t i l i z e d ,  and development proceeded apparentIY ncr- 
m a l b  u n t i l  formation of t he  four th  cleavage plane. 

One l a r v a l  cu l ture  derived from an 
Approximately 25 percent of the 

After tha5  t h e  
pa t t e rn  was b i za r r e  and the  cu l tu re  died out  i n  7 hours, alt,hoi@ 

cul tures  under similar conditions continued to develop normally. 

Seasonal Reproductive Cycle.--The reasons f o r  t h e  poor reproduetf-ra 
this year a re  unknown, bu t  they apparently e x i s t  t o  some extent also 

APalachicola B a y  and Mississippi Sound. Compared with t h e  previous Year9 
accumulated oyster  se t  i n  1951 i s  4 per  u n i t  area, 1950 - 40 per wit 

This r e l a t i v e  f a i l u r e  i n  s e t  has beell area and 1949 - 150 per  un i t  area. 
by moderate spa t  f a l l  of t he  non-commercial oyster, 0, s u e s t p i s , *  

previously had been rare here. 

Physiological speciat ion i n  C virginica.--The vnli&tY Of" t J 3 i 9  

i s  being ex'amined, Growth rates and gonad development of oYstey.rj 
t r a sP lan ted  here from Chesapeake B a y  a r e  being compared wit21 those of 
l o c a l  oysters  of s imi l a r  age, 

mmRD, CONNECTICUT, SHELLFISH LABORATORY 
Victor L. Loosanoff, Director 

Spawning and s e t t i n g  of oys te rs  i n  Long Is land S o u n d , - - O b s e m ~ t l ~ ~ ~  
On Oyster spawning and s e t t i n g  were conducted p a r a l l e l  w i t h  obsematioils Gn 

The general Plan 2s t o  
deterMne what f a c t o r s  o r  combination of fac tors  are responsible for s u C ~ S 8  
Or f d l u r e  of oyster  s e t t i ng .  

and chemical conditions of t h e  environment. 

The existence of physiologically d i f f e ren t  races of oysters  witMa 
the general populauon of Crassostrea v i rg in i ca  was demonstrated exper%- 

Experiments showed spawning t emperature requirements of nor thera  
Oysters wkdch 

i i i@ntted i n  Massachusetts o r  Long Is land  spawned i n  Milford Harbor d w i n g  
the lF!XI season, discharging a l l  spawn accumulated, while t h e  majority d 

@ oys ters  t h a t  or iginated i n  w a r m e r  regions, such as New Jersey  o r  Virginia ,  
d i d  not  spawn at a l l  o r  discharged by the  end of the S u m m B r  0 n . b  a 

'Ortion of t h e  accumulated spawn. 

are somewhat lower than those of southern groups. 

Data were obtained t o  supplement previously reported cbservaticns 
requirements fo r  maturation of oyster  gonads. The rang@ 

'Overed extended between 15.0 and 3O.OaC. 

The cold waters of Boothbay Harbor, Maine as "cold st0PaESe'' f o r  
oYstersp 0, v i r  "nica,  and c l a m ,  - Venus mercenaria, t o  prevent4 t h e i r  Warn- f "+ ng I n  e season were successful ly  wed. This method w i l l  pl'ovide 

with r i p e  oys te rs  and clams la te  i n  the  season when the l . ~ a l  
Population i s  spent, 
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Experiments showed that types of micro-organisms t h a t  can be 
u t i l i z e d  as food by l a rvae  of  0, v i r g i n i c a  must be very- l imited,  Although 
Chlorel la  zo was tne most s a t c f a c t o r y  of a number of micro-organisms 
t r i ed ,  St‘ did  not give cons is ten t ly  good r e s u l t s  when f e d  t o  la rvae  during 
e a r l y  stages.  
peared t o  u t i l i z e  Chlorel la  sp. During t h e  summer of 1950 only a small  per- 
centage of l a rvae  could be grown to a s i z e  o f  1 2 5 ~ ;  however, when f e d  
Chlorel la  -9 a h a &  a l l  t h a t  did reach t h i s  s i z e  continued t o  grow and 
metamorphosed, 

However, once larvae reached 125 microns i n  s i z e  they  ap- 

.-- 

I n  addi t ion t o  Chlorel la  %9 four  species  of bac te r ia ,  -- Vibrio - 
marinofulvus, Micrococcus maripuniceus, Baci l lus  --2 imornarinus and one of the  
red s f l u r  bac ter ia ,  t h r e e  species  of f l a g e l l a t e s ,  Chlamydomonas -Y_ sp. 
Astasia k l ebs i i ,  and one of the co lor less  monads, were t r i e d  as food f o r  
young oyster la rvae  
peared t o  have no e f f e c t  on growth r a t e  o r  surv iva l  of young la rvae ,  
f e d  i n  excess, they increased mortali ty.  Another small. green alga,  S t f c h y  
COCCUS b a c i l l a r i s ,  was u t i l i z a b l e ,  bu t ,  l i k e  Chlorel la  I zp did not give 
eons is ten t ly  good r e s u l t s  ., 

I n  low con centrat ions b a c t e r i a  and f l a g e l l a t e s  ap- 
When 

Detr i tus  from severa l  sources did not appear t o  be a good food. 
When dissolved glucose, yeas t  e x t r a c t  o r  o ther  organic m e c l i A  were added, no 
increase  i n  growth r a t e  was noted a t  low concentrations. A t  higher concern- 
t r a t i o n s ,  dense b a c t e r i a l  growth k i l led  the  larvae.  

A comparative study of the growth and su rv iva l  rate o f  oyster  Lu” 
vile in t h e  water of  Milford Harbor and i n  water co l lec ted  i n  the Thimble 
I s lands  d i s t r i c t  was made. 
s e t s  while the  former usua l ly  has i r r e g u l a r  and l i g h t  sets, Studies which 
-dl1 continue next year  ~511 help determine f a c t o r s  which a re  d i f f e ren t  in 
t he  two areas, the  difference accounting f o r  heavier sets of oys te rs ,  Yale 
University microbiologists a r e  cooperating in .  this study. 

The l a t t e r  has heavy and almost never f a i l i n g  

I n  screening chemical compounds t h a t  m a y  be useful  i n  controi l ing 
gastropcjds and some o t h e r  enemies of oys te rs  and clams, over  800 compounds 
were t r i e d ,  American Cyanamid Company, Monsanto Chemical Company, and 
Herctdes Chemical Company supplied these  compounds 
seve ra l  promising compounds; some a t t r ac t ed  and others  repe l led  the  enedes  
Several compoimds were d i r e c t l y  toxic t o  oys te r  d r i l l s  o r  s t a r f i s h  while 
others  acted as  re laxants .  Spec ia l ly  designed experiments w i l l  evaluate 
promising compounds 

The screening gave 

Observations on behavior of European oysters (Ostrea - edul is )  in 
the water of Milford and i n  th ree  d i f f e r e n t  areas o f  Maine =wed t h a t  
they  n o t  only survive t h e  winter bu t  propagate normally, Heavy sets of 
-ctese oys ters  were obtained i n  laboratory jars i n  wirit#er and outs ide experi’- 
mental tanks i n  summer. The sets showed good growth under l o c a l  conditions‘ 
Additional s tud ie s  were a l s o  made on food requirements, growth r a t e  and m o r  
tartility of  t h e i r  l a rvae  under laboratory and 
of  0, e d U s  grown a t  Milford was shipped i n  
o f  t n e  S t a t e  o f  Washington and ar r ived  the re  - -  - 

outside tank conditions.  Spa‘ 
May t o  the f i s h e r i e s  authorities 
i n  excel lent  condition, 



SPECIAL SHELLFISH INVLSTIGATIONS 

Walter A. Chipman, Chief 

I n  growing phytoplankton cu l tures  i n  the laboratory f o r  use i n  

I n  a s e r i e s  of  washing experl- 
s tudies  of feeding invertebrates ,  it has been possible t o  conduct inves t i -  
gations on t h e i r  phosphorus u t i l i z a t i o n .  
m@ntS using cu l ture  medium containing ~ 3 2 ,  i t  has been shown t h a t  l o s s  Of 
Phosphorus from Nitzschia and Chlam domonas c e l l s  depends on t h e  ph3iSiologi- 

when c e l l s  were grown i n  media containing high concentration o f  pllosphorus 
than xhen grown i n  one low i n  phosphorus. 
absence of phosphorus grow and divide f o r  a l imi ted  period, and there  re-- 
suits a condition which may be termed a phosphorus deficiency withfn t h e  

to Phosphorus than c e l l s  grown i n  an abundance of phosphorus. From experi- 
ments performed comparing phosphorus uptake of c e l l s  grown i n  the  dark d t . h  

t h e  c e l l s  i n  t h e  dark during t h e  t i m e  photosynthesis was not going On0 
Uthough c e l l s  ac t ive ly  photosynthesizing and growing and dividing i n  
l ight take up phosphorus, it had not  been demonstrated t h a t  such c e l l s  had. 
not been exchanging phosphorus and t h a t  phosphorus w a s  moving i n  both d f ? ~ ~ -  
tionso 
active c e l l s  i n  media containing Pj2 placed i n  the dark, i t  has been demon- 
strated that no s ign i f i can t  exchange of phosphorus takes place,  
that ac t ive  metabolism i s  required i n  t h e  accomplishment of t r ans fe r  Of 

W condition of the ce l l s .  T + ere was a greater uptake and a greater  h S 8  

Phytoplankton c e l l s  p o r n  in the 

Deficient  cells took up phosphorus more readi ly  when again exposed 

grown i n  t he  l i g h t ,  i t  was observed tha t  phosphorus was not  taken 

By the use of c e l l s  made radioact ive with P3* and t h e  use of non- 

It seems 

i n t o  marine phytoplankton, 

One of  t he  chief  concerns o f  t he  research work planned of t he  
she l l f i sh  labora tory  a t  Beaufort is a study of t he  food and feeding of 
oysters and elms.  Studies a r e  being made of the  percentage of Phyto- 
plankton c e l l s  present  i n  t h e  feces  and i n  the  pseudofeces a f t e r  feeding 
a known number of' cells. A comparison i s  being made of d i f fe ren t  species 
Of  nof flagellates and diatoms a s  one p a r t  of t h i s  study. Because i t  has 
beer impossible t o  use radioact ive isotopes as a measure of t he  number of' 

Although o n u  a 

and 

Peffym@nt~ seem t o  ind ica t e  t h a t  some forms a r e  not  u t i l i z e d  as fwd and 
r@coveV from t h e  feces  i s  v i r t u a l l y  100 percent. 

h 
and the body of t he  oyster  i s  rapid. 
phorus f n  t h e  s h e l l s  i s  slow, t h e  l a r g e  amount of  phosphorus Prasexk. a l l o ~ j  for 
PhosphorUs-containing compounds i n  oys te r  meats has shown a rapid turnowror 

t h e  ac tua i  use of food mater ia ls  can be measured. 
has been made i n  feeding of var ious organisms and materials t o  oysters 

jt has confirmed e a r l i e r  f indings t h a t  p e a t  numbers of ce l l s  
through the d iges t ive  t r a c t  unused. As a matter o f  fac t ,  certa.h exy 

Studies on t h e  rate of uptake phosphorus by Oysters and C l a m s  
shown t h a t  t h e  r a t e  a t  which radioact ive phosphorus en ters  the  shel l  

Although the turnover r a t e  *f Phos- 

m e a t  accumulation of r ad ioac t iv i ty  i n  t h e  she l l s .  Fractionation of 
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ra te  and a high spec i f i c  a c t i v i t y  i n  the  phosphate esters of t he  a c i d  soluble  
material, A slower turnover ra te  i s  indica ted  f o r  t he  phosphorus of' t h e  
l i p i d  f r a c t i o n  and t h e  nuclear proteins ,  

I n  preliminary experiments oysters  and clams were exposed t o  s ea  
water containing P 3 2 i n  U g h  s p e c i f i c  ac t iv i ty .  The animals were returned 
t o  sea water and loss of a c t i v i t y  measured i n  t h e  t i s sues .  Although t h e  sea 
water supplied the  animals was changed rapidly,  loss of a c t i v i t y  by t h e  ani- 
m a l s  w a s  s l i g h t  and slow. There appeared to be some increase I n  a c t i v i t y  in 
t h e  meat, 
the  animal f o r  formation of organic compounds from losses within the  she l l ,  
which have a slow turnover ra te  b u t  a high to t a l .  phosphorus content. Also, 
algae and other  mater ia ls  of t h e  bottom i n  c lose  proximity of t h e  anima1.s 
became radioact ive and re ta ined  t h i s  a c t i v i t y  f o r  some time, 
making phosphorus ava i lab le  f o r  use by the oys te r  and clam. Undoubtedly 
f a c t o r s  such as these must be considered when one i s  concerned about the  
b io logica l  l i f e  o f  radiakotopes i n  s h e l l f i s h  on t h e  bottoms of our  estuaries0 

It i s  evident t h a t  a supply of  ava i lab le  phosphorus was get t ing  to 

These source; Mere 

Because of t h e  i n t e r e s t  i n  t he  p o s s i b i l i t y  of po l lu t ion  with radio6' 
ac t ive  wastes and the f a c t  that s h e l l f i s h  accumulate c e r t a i n  mater ia ls  w i t a n  
t h e i r  bodiesP experiments are being ca r r i ed  on on t h e  t o t a l  amount of act iv-  
i t y  t h a t  she l ,Uish  w i l l  accumulate from exposures t o  small concentrations of 
radicbotopes i n  s e a  w a t e r  and how long t h i s  r ad ioac t iv i ty  i s  retamed by 
s h e l l f i s h ,  
how safe  it m u l d  be t o  eat  ce r t a in  marine animals a f t e r  they have been ex- 
posed t o  radioact ive solutions and, i f  the animals were unsafe f o r  food, how 
long before they  might be considered safe .  It i s  apparent t h a t  ohe l l f i sh  
accumulate c e r t a i n  elements i n  very high concentrations and t h a t  they are 
e a s i l y  contaminated by exposure t o  only d i l u t e  radioact ive solut ions.  
many of t h e  p a r t i c u l a r l y  dangerous f i s s i o n  products are bone seekers and 
accumulate i n  s t ruc tu res  high i n  phosphorus and calcium, the  importance of 
the  s h e l l  of marine forms i s  apparent. 

It is  ant ic ipa ted  that the results w i l l  give information as to 

Since 

I n  connection with s tud ies  on t h e  total .  uptake and b io logica l  life, 
opportunity i s  afforded t o  s tudy the  metabolic r o l e  of ce r t a in  selected trace 
rnc45aijr. 
experiments planned when isotopes are received 

The r o l e  o f  manganese and zinc i s  t o  be inves t iga ted  i n  %he firs* 

WOODS HOLE, MASSACHUSETTS, SHELLFISH INVESTIGATIONS 

Paul S o  Galtsoff,  i n  Charge 

I n  connection with preparat ion o f  a book on t h e  biology and c u l t i @  
vatfon of American oysters,  a review was made of the  present s t a t u s  of  OW 
knowledge of  t h e  reproduction of" the  eas t e rn  oys te r  (Crassostrea - v i r g i n $ - )  
and physiology of i t s  adductor muscle. 
observations and laboratory experiments. It  i s  a well-known fact. t h a t  

T h i s  work was supplemented by new 



temperature exerts a s t imulat ing e f f ec t  on shedding of eggs and sperm by 
oys te rs ,  This observation l e d  t o  development of a conce$ of vFr-i t a l -  

temperature!! which implies t h a t  as t h e  water warms up t o  a def in i t ,  l eve l  
temperature exer t s  a t r i g g e r l i k e  e f f e c t  on the discharge of sex ?rodU=tP;e 

however, t h a t  temperatures a t  which spawning takes 
Field s tud ies  conducted by various inves t iga tors  i n  various pa r t s  cf t h e  
country have demonstrated 
Place vary from about 17'C. t o  2 8 O C .  
that  population of Crassos t r e a  v i rg in i ca  consis ts  of severdl  9~physiologica~- 
'acestr o r  !!subspeciesIf which a r e  characterized by t h e i r  a b i l i t y  t o  spawn at 
dfffereiit temperatures. 
at Woods Hole confirmed t h e  e a r l i e r  conclusion tha t  the concept of qtcr i t ica l  

is  not v a l i d  because spawning i n  r i p e  oys te rs  may be induced by 
combinntion of chemical and thermic stimulations.  Depending on the degree 

Of Physiological r ipeness  of t h e  organism, t h e  response of individuals  taken 
''om one l o c a l i t y  and presumably belonging to the same !!racePt may take  place 
at di f fe ren t  temperatures varying from about 17°C. t o  32°C. These obsel.v* 
tions show t h a t  as  development of gonads progresses, oysters  reach H F s c r i t i -  

s tage  during which spawning may be induced by temperature, by chemical 
These da te  show the  Concept 

Of " c r i t i c a l  t emperature!! i s  not i n  accord with f a c t s  and leads to errOneouL 
BSSWPtions. Understanding conditions which det,ermine success o r  f a i l w e  of 
Oysters t o  spawn i s  of considerable p r a c t i c a l  importance, f o r  such knowledge 
Should givern t h e  oys te r  farmer i n  h i s  attempt t o  repopulate h i s  grounds by 

These observations l e d  t o  t h e  hgpothesls 

Laboratory experiments which were repeated this ye=? 

or  by a combination of these fac tors .  

oys t e r s  from d i f f e r e n t  p a r t s  of the coast .  

Oysters taken from water m a y  remain a l i v e  f o r  severa l  days and 

between t h e i r  i a lves .  
even weeks because t h e y  are ab le  t o  c lose  t h e i r  s h e l l s  and r e t a i n  

Oysters per iodica l ly  exposed a t  low t i d e  withstand shipment b e t t e r  than 
those kept under water a l l  thc  time. 
ability of oys te rs  t o  p ro tec t  themselves aga ins t  loss of water and desic- 
Cation, some oys te r  growers l e t  t h e i r  stock remain on t i d a l  flat),? for Several 
'Ws before shipment . 

sea water 
Oyster farmers learned by experience that* 

I n  order t o  t a k e  advantage of t h i s  

Closing of the oyster  s h e l l  i s  accomplished by a contraction of 
the adductor muscle of t he  oyster  and by the a b i l i t y  of one portion of thfs 
muscle t o  remain i n  a contracted s t age  without using energy. 
B 

'losing t h e  she l l s .  
laboratory the  t o t a l  fo rce  needed t o  c lose t h e  s h e l l  o f  a marketable oystel- 
varied from 51 grams t o  663 grams. 

OpJ'stcrs from Peconic B e y  (Fireplace),  ba l ach ico la ,  and from P o m d s  i n  

that oys te rs  from Narragansett, Bay, upper p a r t  of Chesapeake Bay, East  Bay, 

'lose shel l s  of oysters  of the f irst  group var ied from 148 t o  179 I!ras Per 

Opening of the 
i s  due t o  a spr ingl ike  act ion o f  a hinge when t h e  muscle is r e $ a e d .  

of a simple device designed and constructed i n  the laboratorY it 
Possible t o  determine the fo rce  exerted by t h e  muscle i n  he rme t i ca lu  

It was found t h a t  i n  various oysters  t e s t ed  i n  t h e  

Expressed i n  terms of p re s swe  Per un i t  Of 
observed values ranged from 33 t r  532 grams per square centimetel-e 

ensacoh € 3 ~  which are  overrun by st rong t i d a l  currents  have stronger hlnW6 

and i n t e r t i d a l  zone of Pensacola Bay. The mea11 force m d e d  t o  

53 



square centimeter, while i n  t h e  second group this f o r c e  varied from 92 t o  
99 grams per  square centimeter,  

Tne fo rce  needed t o  overcome re s i s t ance  of t h e  adductor muscle 

Experiments 
i n  opening t h e  shell was  found t o  be many times grea te r  than t h e  force  
exerted by t h e  animal i n  keeping its valves t i g h t l y  closed. 
were conductedwith oys te rs  kept i n  air and i n  sea water, 
t h a t  t h e  r e l a t ionsh ip  between the  pu l l ing  fo rce  app l i ed  t o  t h e  muscle and 
time of i t s  complete f a t igue  can be expressed by a hyperbolic curve. 
Crit ical  pu l l ing  f o r c e  under which t h e  adductor s t r e t ches  almost immediate- 
l y  i s  abol;t 10 kilograms (22  lbs.) .  
(2.2 lbs.) oys te rs  became completely fa t igued  i n  about 20 days, 

It was found 

Under a continuous pull o f  1 kilogram 

Despite t h e  f a c t  t h a t  exce l len t  oys te r  s e t t i n g  grounds are found 
i n  upper Buzzards Bay and tha t  good maturing grounds a re  a v a l a b l e  on both  
s ides  of the Cape, t h e  l o c a l  oys te r  indus t ry  has been reduced during the  
l as t  10 years  t o  a very low l e v e l  of production, 
s t i l l  operating i n  Massachusetts confine t h e i r  e f f o r t s  t o  bringing adult; 
oys te rs  about 3 inches long from Long I s l and  Sound f o r  p lan t ing  i n  Cape 
waters,  The oys te rs  a r e  usua l ly  so ld  the  following year, A 191 r e tu rn  is 
considered a success and frequent ly  only 3/b of a bushel can be harvested 
f o r  a bushel of oys te rs  p l a t e d .  Some of the more progressive oyster  farmers 
des i r ing  t o  revive t h e  indus t ry  asked fo r  information regarding establishment' 
of seed areas  i n  t i d a l  marshes along the  shore l i n e  of the Cape. 
pro jec ts ,  one i n  the  Taunton River and one i n  Chatham, a r e  being establ ished 
according t o  recommendations supplied by t h e  laboratory,  If' these t r ia l s  are 
successful,  t h e  method of u t i l i z i n g  t i d a l  marshes as seed-producing ponds may 
become instrumental  i n  reviving t h e  vanishing oys te r  indus t ry  of" Cape Cod 4 

A f e w  of tahe oys te r  growers 

Two of these 



BWLICAT IONS 

Fishery Rurle t ins  

56 Biome t r i o  Comparison between Yellowfin Tunas (Feothunnus) of Angola 
and of the Pao i f i c  Coast of Central  America. Fly Milner B. Sohaefer 
and Lionel A, Walford. Issued 1950. 

58*  An Annotated Bibliography on the  Biology of Paoifio Tunas. 
Bell Mo Shimada. Issued 1951, 

By 

Fishery teafle ts  

351* Tuna Trol l ing  i n  the  Line I s l ands  i n  the  Late Spring of 1950. 

3690 Exploratory F ish ing  Expedition t o  t he  Northern Perinc Sea i n  June 

By 
Donald H. Bates, Jr. Issued Ootober 1950. 

and July, 1949, By J, G. Ellson, Donald E. Powell, and Henry He 
Hildebrand, Issued March 1950. (Messrs. El l son  and Powell a r e  
With t h e  F i s h  and W l d l i f e  Servioeta Branch of Commercial F i she r i e s , )  

3840 The Sea Lamprey i n  the  Great Lakes. By Vernon C. Applegateo 
Issued Ootober 1950. 

3880 "he Japanese Albacore F i she ry  of the North Central  Paoific.  
By W, G o  Van Campen and B, M. Shfnada. Issued Fehruary 19510 

.%!!ecial S c i e n t i f  i o  Report: F i s h e r i e s  

310 Dootoral D i s se r t a t ions  on the Management and Ecology of F i she r i e s .  
Prepared i n  the Branoh of F ishery  Biology. 

330 Albacore Ffsh ing  Grounds Development i n  1939, Translated from the 

34Q upper Saoramento R i v e r  Spor t  Fishery.  gY Stanford Ho Smith. fssued 

36Q English Translations of F i she ry  Literature. Compiled by Les l ie  w o  

360 

Issued Suly 19500 

Japanese language by W. Go Van Campen. I ssued  November 19500 

September 1950, 

SoatterEood, Issued Maroh 1951. 

h " V B y  of the  Columbia River and i t s  Tr ibutar ies  - Part 1110 
z e l l  Eo B r k h u r s t ,  Floyd G. Bryant and Reed S o  Nielson0 
September 1950. 

BY 
Issued 



m o f a f  Soientif5-o Report a F i s h e r i e s  o--Continued _- 
Survey o f  the Co1mnbia Rtver and its Tributaries - Part IT, By 
Flayd Go Bryant and Zell Eo Parkhum%. I ssued  Septembs~ 1950, 

Survey of t h e  Columbia River and i t s  Wibnterries - Part V I ,  By 
Z e l P  Eo Par&kureto Issued Oetober 1950, 

S u r ~ a y  af t he  CoPum’bia River and its Wibuterr ies  - F q t  VII, By 
2elP Eo PParkhur-st. I ssued  November 1950, 

oar.”jvgsn Elook in the  Main-Stem Willamette R”lero 
and Richard A ,  Wagner, 

Tma Ffshintr; in Rilau Water% Translated from the Japanese language 
by SehlP t r ane la to ra  and pJo Go Van Campen, 
and W0 G o  Van Campen, Istsrued January 1951, 

Pfshing Conditions Sou.Z;h of the Marshall I s lands ,  WmrPPated from 
tha  Japsneoe language hyWo G o  Van Campeno Issued January 195 l0  

By Frederic: F o  F i s h  
Xssued September 1950, 

Edited by Bo M, Shimada 

Tuna BaJI.t Rssouroers a t  Saipana Wanslated from the  Japanese 
language by Mo G o  Van Campen, IsEcued January 1951, 

Exploratory Tuna Fish ing  i n  Indonesfan Waters. Wanslated from the 
Japansse language by SCAP t r a n s l a t o r s  and W, Go Van Campeno Edi ted  
by Bo M o  Shimda  and W, Go Van Campen, I ssued  JanuaPy 1951, 

Exploratoqr Tuna Fish ing  f n  the Caroline I s l a n d s o  Wansla ted  from 
the  Yapanese Pangmge by Wo Go Van Campen, Issued January 1951, 

Exploratory ’Tuna Fish ing  in the Marehall Ielands , 
from the Japanese language Iry SCAP t r a n s l a t o r s  and Wo G o  Van Campen, 
E d i t e d  by Bo Mo Shbmda and $lo Go Van Campen, 

Japanese Turn Surveys in Wopica l  Waterer, Translated from t he  
Japanme language by Wo Go Van Campeno Iosued January 1951, 

Wansla ted  

Issued January 1951, 

The Japaqsse S’sfp3aolc F$sheryo Translated from the Japanese 
language by Wo Go Van Campen, Isfiued January 19510 

XIRhfriQ‘uyew 8 Order Pleoos tuSo Tfanslated from the  Japanese language 
by Po, Go Van CmpcenG Issued January 195P, 

Yapaneaa Skipjack Studfea Warn l a t ed  from the  Japanese language 
by W o  G o  Van Cmpeno Issued January 195i0 



8’peoial Sofent i f  is Report : Fisher ies  .--Continued 

On the Japanese Black Tuna (Thunnus or i en ta l i s ) .  
Japanese language by Wa G, Van Campen. Issued January 19510 

P a n s l a t e d  from the 

Matural Hietory of t he  Sea Lamprey, Petram eon marinus, i n  Miohigan. 
By Vernon C o  Applegate. Issued Deoem --r€&X er  

SacPamento - Skin Joaquin Delta Fishery Resouroes: E f feo t s  Of Traoy 
%ping Plan t  and Delta Cross Channel. By Leo F. Erkkfla, James We 
Moffett, Oliver B o  Cope, Bernard R. Smith, and Reed S o  NielbOno 
Issued Declember 1950, 

Survey of the Columbia River and i ts  Tributaries - Par t  VIII. Ry 
2811 Eo Farkhurst. Issued Deoember 1950, 

A Firrhery Survey of Southern C a s t a 1  Waters. 
Issued February 1951. 

By Raymond Jo Buller. 

Tests of Hatohery Foods f o r  Bluebaok Salmon 1944-48. 
Burrows, Les l ie  A. Robinson and David D. Palmer. 

By Roger E o  
Issued hdsroh 19510 

Tests of Hatohery Foods f o r  Bluebaok Salmon 19490 
Robinson, David D O  Palmer, and Roger E. Burrows. Issued Apri l  19510 

By Leslie A O  

Sea Lamprey Spawning Rune i n  the Great Lakes, 1960. 
Xpplegate and Bernard R o  Smith. Iosued Apri l  1961. 

)3y Vernon CO 

Cause8 of Death of Bai t  Fisheso 
the Japanese language by W, 0, Van Campen. 

’Pests of Hatohery Food8 f o r  Bluebaok Salmon 1951. 
Robinson, Mer1 H. Payne, David D. Palmer and Roger E. Burrow80 
Issued May 1961. 

By Yasuo Buahiro. Translated from 
Issued Maroh 19510 

By Leslie A D  

published i n  ou t l e t s  other  than Fishery Bulletins,  Fishery Leaf- 
and SpeoiaP Soien t i f io  Report: F isher ies  

Motes Where more than one author i s  shown i n  a l i s t i n g ,  not 
a l l  of whom are Servioe b io logis t s ,  those whose names 
are undersuored are personnel of the  Branoh of Fishery 
B i O l O a y o  

Ah16trQR, E, H, and others  
2950. The Sardine i n  i t s  Environment. hn-Amerioan Fisherman, 
Vole 6, NO. 6, ppo 15-16, 32-34, 37, 39, 41, 43, 45-47. 



Art i c l e s  published i n  ou t l e t s  other than Fishery Bullet ins ,  Fishery Leaf- 
le ts  and Special  S c f e n t i f i c  Report P Ffshepibs ,, --Con'Mr~~ed 

Applegate, Vernon Co 
19510 The Sea Lamprey i n  the Great Lakes, So fen t i f i e  Monthly, 
Pol. WarII, Noo 5, pp, 275-281, (Issued i n a c t o b e r  1950 as Fishery 
Leaf l e t  384) 

Applegate, Vernon Co and Bernard Ro Smith 
195P0 
i n  the Great Lakeso Trans, of the  16th  North h e r o  W i l d l i f e  Conference9 

Movement and Disperkion of  a Blocked Spawning Run of Sea Lmpreys 

ppo 243-2510 

Arnold, Edgar Lo, Jro 
1951, 
Growth Analysis The Progressive Fish-Culturist ,  V o l e  13, No, 1, 
ppo 11-16, and i n  Canunioaofones de l  Xnst i tute  Maoional de Xnvesti- 
gacion de Las Cfencins Naturales, Ciencias Zoologfaas Tom0 I, No, 13, 

An Impression Method f o r  Preparing Fish Scales f o r  Age and 

1950, ppo 1-16, 

1951" Northward Dispersal  of Warm-Water Marine Fishes i n  Southern 
New England During the Summer of 1949. Copeia, No, 1, pp. 87-88. - 

Beelanan, P r i l l i a m  C o  
1950, How t o  Read a Fish Scale,  Colorado Conservation, ppo 14-15, 

1950, Raise Your Own Earthworms Colorado Conservation Canments, 
Vole 10, NO, 14, po 210 

Buller, Raymond J. 
1950, The Trawlabili ty and Fish  Supply of North CaroPinaV8 Offshore 
Fishing Grounds Southern Fis hennan, Vol X, No, 7, pp. 130-132 

BUPPO~S,  Roger Eo 
1951, 
ment, The Progressive Fish-Culturist ,  Vole 13, No. 1, pp. 25-30, 

19510 An Evaluation of Methods of Egg Enumeration, %e Progressive 

A Method f o r  E$umeration of Salmon and Wout Eggs by Displace- 

Fish-Culturist ,  Vola 13, Woo 2, ppe 79-85. 

Butler,  P h i l i p  A .  
1951, 
No. 1, ppO 8-11, 

Erosion and the L i t t o r a l  Benthos. _3 Shore and Beaoh, Vol, 19, 

Cali F o r d  a Cooperative Sardine Res e arch Pro gram 
Fmgress Report 1950 
Interim Frogress Report, January 1 t o  Apri l  30, 1951 

(Staff  members of t h e  South Pac i f ic  Fishery Invest igat ions 
contributed various sect ions of these reports .) 

Cleaver, Fred 9. and Bell Mo Shimlada 
1950, 
Uo S o  Fish  and Wild l i fe  Seyvfce Commercial Fisheriels Revimp 

Japanese Skipjack (Katsuwonus pelamis) Fishing Methods. 
Polo 12, 

NO, 11, ppo 1-27. 



Arttole8 published i n  o u t l e t s  other  than Fishery Bulletins,  Fishery Leaf- 
l e t s  and Speoial  S c i e n t i f i c  Reporti 

Coker, c o i t  M. and Edgar Ho Hollis 

Fisherieso--Continued 

1950, 
Chesaprtake Bayo Jour, Wi ld l i fe  Manapment, Vol. 14, Roo 4, p p ~  435-4440 

Fish  Mortali ty Caused by a Series of Heavy Explosions i n  

COPlier, Albert  and Joel  vSo Hedgpeth 
1950, An Introduotion t o  the Bydrography of 'pidal m t e r s  cb' B x a s o  -- - - 
I n s t i t u t e  of Marine Scienoe, Voi. 1, No. 2, pp. 123-1940 

Davis, Harry C o  
1960, On Food Requirements of Larvae of Ostrea virginica-  Anat. Reoo, 
VOlo 108, NO, 3, po 2300 

Felin,  Frances Eo 
1951 Growth Charao t e r i s  ti 08 of the p e o i  l i i d  F ish  Platypoeoi Ius 
maoulatus, copeiap NO. 1, pp, 16-28. 

\ 

? l in#  Frances E o ,  Anita E. Daughbrty and Leo Pinkas 
1950. Age and Length Composition of the  Sardine Catoh off the Paoifio 
Coast Of the IJnited S ta tes  and Canada i n  1949-50. Calif, Fish and 
G m e o  V01o 36, Woo 3, ppe 241-2490 - 

Felin,  Franoes Eo and John Co Marr 
1951, 91.18 Possible Importanoe of Other Vertebrates i n  Sardine InVes- 
tigettionso Tram of the  16th North h e r .  Wildl i fe  Confereroe, - 
ppo 431-4360 

Friddle, S o  R, and S o  Fo Snieseko 
1950. 
Sulfonamides, Scienoe, Vole 112, No0 2902, pp. 181-182, 

Effeot  of Trioaine Methanesulfonate on the Determination of 

Galt80ffa Paul s o  
1951. The Oyster Industry of the  World, MRrlne Prdduots of CWerOe, 
Cho 26, ppo 550-6750 

19510 
Cho 36, ppo 733-7510 

Carmneroial Sponges ( rev is ion  of H, F, Moore's artio1e)O - Ibido, 

Gfnsburg, Isaao 
1950, Review of the Western At lan t io  Triglidae (Fishes) o mxas, 
Jour. of Scienoe, Vole 2, No, 4, ppa 489-627, 

19510 The Effeot  of Man on She l l f i sh  Populationso - Wanso of the 16th 
Nokth h e r o  Wildl i fe  Conferenoe, ppo 397-403. 

G1ude, John B o  

59 



Ayticles  published i n  ou t l e t s  other than Fishery Bullet ins ,  F i s h e ~ y  Leaf- 
l e t s  and SpeoXax3cientif  - 10 Report: F isher ies  .--Continued 
--a m_l_ 

--___I_ 

GtpffffE, P h i l i p  J o  

19510 Cooarboxylase and Adenosine Triphosphate as Growth ~ o t o r s  
for Remophilus pfsciumo Archives of Biochemistry, I Volo 30, No, 1, 
ppo T60-77 

1%P0 8mie lJutrft iona1 Requirements of a New Member of the Genus 
Hemophiha ._u_ (Ho - pfecium'), Fho Do Thesis, Yale nnivers i tyo  

GutaeI.1, Jmes So 
1951, 
Content of" Trout Bloodo Biometrics, Val, 7, Noo 2, ppo 171-179, 

The Effecet of Sulfamerazine on the Erythrocyte and Hemoglobin 
___I__ 

Henderson, Croewel9 
2950,  d Yew Life f o r  t h e  Shenandoaho -- Outdoor America, ppo 4-5, llo 

19500 The Shenandoaho I Vfrginfa Wildlife, VoPo X I ,  No, 12, 
ppou-9, 260 

Bile, Ralph, Paul Bo Eschmeyer and George F O  Lunger 
19510 S t a t u s  of the Lake Wout Fishery i n  Lake Superior, Transo 
h e r o  Fish. SOco, Volo 80 (1950), ppo 278-312, 

Hunt, Burton Po And Willfam FO Carbine 
19510 Food of Young P k ~ u o f u s  - Lo, and AESOQiated Fishes i n  
€'eter8onDs Ditches, Eoughton Lake, Michlgano -- Transo h e r o  Fish.  Socop 
V03.o 80 (1950), ppo 67-83" 

Johnson, Harlan Eo 
19510 Sulfmerazfne i n  the Control of Columnaris i n  Steelhead Trout 
(Salmo -us gafrdnerif) The Progressive Fish-Cultur is t ,  Vol. 13, Noe 2, 
ppo 91-930 

Jme, Fred Co 
1961 
Areao Fart IT-Notes on the Tuna and Baft R8BOUl*OeEl of the  Hawaiian, 
Leeward, and Line Is lands,  
y__. F i s h e ~ i e s  Fteview,Volo 13, No. lo 
e l ~ y  of the Hawxian Is lands,  
Commercial _.- Fisherfea Revfew, Vole 13, No. 2, ppo 1-18, 

Welirnfnary' Fiaherfes  Survey of the Hawaffan-Line Islands 

Uo S o  Fish  and Wild l i fe  Serppice Commerofal- 
Pa r t  III-The Live-Bait Skipjaok Fishc  

U, S o  Fish  and Wildl i fe  Service 

Kelly, George Fo 
l.95X0 !!bo Few Redffsh Coming of Ageo Maine Coast Fisherman, Volo 5,  
 NO^ 7, ppo 8-90 



APtiales published i n  ou t l e t s  other  than Fishery Bulletins,  Fishery Leaf- 
l e t s  and Spesial  So ien t i f i c  Report I Fisheries  .--Continued 

King, Joseph Eo _. 

19590 
From Hawaiian Waters. 

TWO Juvenile Pointed-Tailed Ocean Sunfish, Mas turus lanceolatus, 
B o .  Soienoe, Vol. 5, No, 1,8-1090 

hndau,  Helen, and Paul S o  Galtsoff 
1951. 
the Chesapeake Bay and i n  other  Whters of t he  AtlRntic and Gulf States0 
' 7 % ~ ~  Jouro of Soienoe, Vol. 3, No. 1, pp. 115-1300 

Distr ibut ion of Nematopsis Infeut ion on t h e  Oyster Grounds Of 

Loosanoff, V, L, 
1950, On Behavior of Oysters Transferred from Low t o  High S a l i n i t % e s a  
h a t o  Reoop Vol, 108, Woo 3, p. 147. 

1960. 
t o  Temperature. Anat. Reo Vole 108, No. 3, p. 229. 

Rate of Water Pumping and Shel l  Movements of Q y s t e ~ s  i n  Relation 

Loosanoff, V, L4 and Wm So Miller 
'1950. On Sex Reversal i n  Adult C18nl8, Venus meroenaria, Anato Reoo, 
Pol. 108, No. 3, p. 228. 

- 
Loo8anoff, Victor Lo and Phyl l is  B. Smith 

1960. Apparatus f o r  fmi ta t ing  Changes i n  S a l i n i t y  of Water Occurring 
i n  Nature During a Complete Tidal -hob. Eoology, Vol, 31, No, 3, 
PPo 472-4730 

fm8anoff, V, Lo and Pa Bo Smith 
1950, 
Constant S a l i n i t i e s ,  Eoology, Vole 31, NO. 3, ppo 473-4740 

Apparatus f o r  Maintaining Several Streams of %iter Of Different 

Loosanoff. V. L m .  W. S o  Miller and Po B. Smith 
1951'. 
to Temperature. 

Growth and Sp t t ing  of Larvae of - Venua meroenaria i n  Relation 
Youir". .of Marine Researoh, Vol, x, Nob 1, pp. 59-81, 

Loo~anoff ,  V, Lm, and C. A. Nomejko 
1961. Spawning and Se t t i ng  of the Amerioan Oyster, 0, vi rg in is% 
i n  Relation t o  Lunar Phases. Eoology, Vol. 32, No. T, 'PPo 113-1340 

On the Use of the Terms Abundanoe, Avai lab i l i ty  and Apparent 
M a r p ~  John C. 

1951. 
Abundance i n  Fishery Biology. Copeia, Noe 2, pp. 163-1690 

T 

MoRWh. J, Lo and E lbe r t  H. Ahlstrom 
-19510 Is the B o i f l o  Sardine Disappearing? Soient i f io  Monthly, 
vola LXK'II, No. 6, pp. 377-3640 

61 



A r t i d l e s  published i n  ou t l e t s  other  than Fishery Bullet ins ,  Fishery Leaf'- 
l e  t8 and Speeial  Soient i f  i o  Report g Fisher ies  o--Continued 

Migauchi, D o  T o  

1950, SOme Frocessing and Technological Methods i n  the Japanese 
F i she r i e so  UO S o  Fish  and Wildlife Service Commeroial F isher ies  
Review, VOlO 12, moo 10, ppo 1-20, - 

M O f f e t t ,  James W o  

1950, Sea Lamprey Cont;rolo Micho Conservation, Vol, XIX, No, 4, 
ppo 18-200 

Palmer, David Do, Harlan E o  Johnson, Les l ie  A. Robinson, and Roger E, 
BUFPOWS 
1951" The Effec t  of Retardation of the I n i t i a l  Feeding on t he  
Growth and Survival Of Salmon Fingerlings.  The Progressive Fish- 
CUltuY.iSt, V O l o  13, NO. 2, ppo 55-62, 

Ph i l l i p s ,  Arthur Yo, Jro 
1951, 
of t h e  Cortland Experimental Hatchery at Cortland, Rew York) . Fisher ies  Research Bul le t in  Noo 1 3  (annual r e p o r t  f o r  1949 

PhfPlips, Arthur Mo, Jro, Donald R o  Rrookway, Albert  Jo Kolb, and John Mo 
Mame 11 
1951, F isher ies  Research Bul le t in  Noo 14, "The Nutr i t ion of 'TPoutDR 
Cortland Hatchery Report Number 1 9  f o r  t h e  Year 1950, 

- 

Rodge~s,  Eo Oo, B, H, Razen, So Bo Friddle,  and S o  F, Snieszko 
1951, 
Rainbow P o u t  (Salmo I ga i rdne r i i )o  

The Toxfofty of Pyrfdylmercurio Acetate Technioal (Mi) t o  
The Progressive Fish-Culturist ,  

Tolo 13, 1.00, 2, ppo 71-730 

Rounsefell, George B o ,  Lyndon Bo Bond, and George KO White 
1950, Diet  Experiments on At l an t i c  Salmon i n  Maineo The Progressive 
FfSh-Culturi8tP V01o 12, NO. 3, ppo 169-1720 

Royoa, William F o  
1950, 
t o  the In te rna t iona l  Council f o r  t he  Exploration of t he  Sea, 

Echo-Sounding Developments i n  the European Fisheries  a8 Reported 
U, S o  

Ffsh  and Wildl i fe  Service Commeroial F isher ies  Review, Vole 12, No, 7, 
ppo 54.3560 

RuckeF, Re R, and Wo J, Whipple 
1 9 m f f e a t  of Bactericides on Steelhead Trout Fry, fie Progressive 
Fish-CulturiOt, Volo 13, NO, 1, ppe 43-44. 

4 

Soattergood, Leul ie  Wo 
1950, Obsematfons on the Food Habits of t h e  Double-Crested Cormorante 
Phalaoroooretx a, aurftus, The Auk, Volo 67, pp. 506-508, 

195Po The occurrence of Egg Capsules i n  the k n t e r  Skate (Rajs 
dfaphesnes) i n  Maine Waters. Copefa, Noo 2, po 169 

- -- 
__I 

---. 

62 



4 r t f o l e s  published i n  ou t l e t s  other  than Fishery Bulletins,  Fishery Leaf- 
l e t s  and Spthia1 S a i e n t i f i o  Report : Fisheries  .--Continued - ~ 

,?oattergood,- Leslie VI,, Parker S o  Pefe then ,  and Gareth pFo Coffin 
P9SPo 
Copeia, No. 1, pp. 93-94. 

Note6 on t h e  Size of Menhaden Taken i n  Mhine During 1g490 

Sohaefer, Milner B o  
1951. 
Division of Faoif io  !Ranas. 
1950, Cronulla, pp. 63-69, Bangkok, January 1951. 

Some Reoent Advanoes i n  the Study of t h e  Biology and Raofal 
IPF'C Prooeedings, 2d Meeting, April  

Sohuok, Howard A, 
1951, New Gulf of Maine Reoord f o r  Ooourrenoe of Dolphin, 
hippurus, and Data on Small Speoimens. Copeia, No. 2, pa 

1951 o 

_Cbpeia, NO. 1, p. 98. 
Northern Reoord f o r  the Li t t l e  Tuna, Euthynnus a l l e t t e r a t u s  

19510 
Waterso Copeia, NO. 1, pp. 35-39. 

Notes on the Dolphin (Coryphaena hippurus) i n  North CaroliPIa 

SchUok, Howard A D  and John R. Clark 
1951. 1950--h Unusual Haddook Year on George8 Banko 
m l d l i f e  Servioe C m e r o i a l  Fisher ies  Review, Vole 13, ROO 6, PP. 27-29, 

Uo S O  F i s h  and 

1951. Reoord o f  a White-TIpped Shark, Caroharhinus longimanus, from 
the  Northwestern Atlant io .  Copeia, No. 2, p. 142. - 

Seee ,  0, Eo and M, R, Sohaefer 
19510 
ImC Prooeedings, 2d Meeting, Apri l  1950, Cronulla, PPo 85-87. 

Shbada, Bell M. 
1951 o 

h s % f i o  Ooeano 
Review, vol. 13, NO., 6, pp. 1-26, 

19610 Fpslrue Levels of Various Sulfonamides i n  Trout0 T P E L ~ ~ ~ O  

Paci f io  Ooeanio Fishery Investigatidriq, Statement of PrOgg.mo 

Japanese Ma-Mothership Operations i n  the We6 t e rn  EouatoPial 
U, So Fish  and Wildl i fe  Servioe fimieroiaf Fisheries 

Slllie8Zko, 8 ,  F, and So R, Fr iddle  

h e r .  FfSho SOoo, v01, 80 (1950), ppo 240-2500 

Snieszko, So F,, 'Sa B, Frfddle, and Po J, Griff in  
1951, 
; m p m l i S )  wi th  Terramyoin. Soienoe, Vole 113, Io00 29479 PPo ?I7- 

Suooeesful Treatment of Uloer Disease i n  Brook 'JWut (Salvelinus, 



Art io les  published i n  o u t l e t s  other  than Fishery Bullet ins ,  Fishery Leaf- 
l e t s  and Special  Sc ien t i f io  Report: F i she r i e s ,  --Continued 

Snow, George Wo 
1950, Development of Trash Fishery a t  New Bedford, Massaohusetteo 
TJo Sa Ffrrh and Wildl i fe  Service Conrmeroial Fisher ies  Review, Volo 12, 
Roo 70 $ j p o  8-10, 

Springer, P8uP Fo and John R o  Webstep 
195B0 Biologfcal Ef fec ts  of DDT Applications on Tidal Salt Marshes 
Mosauito Nem, Volo 11, 800 2, ppo 67-74? a l s o  i n  Trans, of the 
1 6 t h  North h e r o  Wildlife Conference, pp. 383-397, 

I_ 

Surber, Eugene Wo and Max Ho Everhart 
19500 Biological Effocts of Nigrosine Used fo r  Control of Weeds in 
Hatchelvy Pondso The P ~ o g r e s s i v e  Fish-Culturist ,  Vol. 12,  roe  3, 
ppo 135-1400 

Sykes, James E. 
19500 A Method of Transporting Fingerl ing Shado The Progressive Fish-, 
C e t P t U P f S t ,  VOIo 12, R b o  3, ppo 153-1590 

1951, The Wansfer of Adult Shad. The Wogressive FishkCulturist ,  
V 0 1 o  13, NO, 1, ppo 45-46. 

Uzmapm, Joseph R o  
29510 Reoord O f  the Larval Trematode Himasthla u isse tens is  (Miller 
and Northup, 1926) Stunkard, 1934 i n  the Clam, - w- - Journ, 
of Parasitolop;y, Vol. 37, No. 3, ppo 327-3280 

'19500 h-ogress Report on t h e  Study of Great Lakes Trout. 
Vole 18, No, 5, ppo 6, 8, 9, 10, and No, 6, ppo 5, 80 

me Fisheman, -- 
Walford, Lionel A. 

1951, 
Food Feedso 

On Increasing t h e  Exploi ta t ion of Aquatio 'Resources for  World 
Proceed iqs  of' t h e  Amerioan Philosophioal Society, VOX. 959 

a00 1, ppo 71-83. 

Walkbr, Earl To 
19500 S p m i n e ;  Records of Fishes Seldom Reported From North Carolina 

WEitePY8u C O p i a ,  Roo 4, p e  319. 

64 12439 


	Title Page - U.S. DOI FWS, Annual Report for Fiscal Year 1951, Branch of Fishery Biology
	Errata Notice
	Section of Andromous Fisheries
	Alaska Fishery Investigations
	Central Valley Fishery Investigations
	Middle and  South Atlantic Fishery Investigations
	North Pacific Fishery Investigations

	Section of Inland Fisheries
	California-Nevada Inland Fishery Investigations
	Colorado Cooperative Fishery Research Unit
	Corena Dam Experimental Laboratory
	Eastern Fish-Cultural Investigations
	Fish Nutrition Investigations
	Salmon (Seattle)
	Great Lakes Fishery Investigations
	Microbiological Laboratory
	Salmon Cultural Laboratory
	Western Fishery Disease Investigations
	Yellowstone Fishery Investigations

	Section of Marine Fisheries
	Gulf Fishery Investigations
	Ichthyology Laboratory
	North Atlantic Fishery Investigations
	Pacific Oceanic Fishery Investigations
	South Pacific Fishery Investigations

	Section of Shellfisheries
	Chesapeake Bay Shellfish Investigations
	Clam Investigations
	Gulf Oyster Investigations
	Milford, Connecticut Shellfish Laboratory
	Special Shellfish Investigations
	Woods Hole, Massachusetts Shellfish Investigations

	Publications

