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SECTION OF INLAND FISHERIES W. F, CARBINE, CHIEF 

GREAT LAKES FISHERY INVESTIGATIONS 
James W. Moffett ,  Ann Arbor, Michigan 

SEA LAMPREYS 

Major emphasis i n  the  Great Lakes program was s h i f t e d  f r o m  develop- 
ing  methods f o r  cont ro l l ing  t h e  p a r a s i t i c  sea lamprey t o  actual  i n i t i a t i o n  
of a large-scale p i l o t  cont ro l  program on Lake Superior. 
work was limited l a r g e l y  to preparing reports  based on completed s tudies  
and t o  surveying lamprey spawning streams with a view toward l a t e r  expand- 
ing  cont ro l  a c t i v i t i e s .  

Other lamprey 

Delays i n  obtaining land l eases  and easements prevented attainment 
of t h e  goal of 23 control  s t ruc tures  which would have blocked lamprey runs 
i n  a l l  major known o r  po ten t i a l  spawning streams along the  Michigan shore 
of Lake Superior. By June 30, however, 1 2  s t ruc tu res  had been completed, 
8 were being constructed, and a contract  had been l e t  f o r  a l a r g e  mechani- 
cal weir f o r  use i n  studying lamprey biology i n  Lake Superior. 
stream, modification of an exis t ing  dam provided a block t o  lamprey move- 
ment and i n  another stream po ten t i a l  lamprey pmduc t iv i ty  was judged t o  
be too  low t o  warrant inertall ing a b a r r i e r  this year. 

I n  one 

Operation o f  10 e l e c t r i c a l  barriers on Superior streams during much 
of t h e  spawning run completely blocked t h e  lampreys and diver ted useful  
f i s h  i n t o  t r a p s  from which they  were removed and passed safe ly  upstream. 
More than 1600 lampreys were taken a t  these barriers. The presence of 
such l a r g e  runs suggests runs may have been subs t an t i a l  i n  immediately 
preceding years  and hence t h e  streams may be stocked with l a rge  numbers 
of la rvae  t h a t  will provide parasit ic-phase lampreys f o r  t h e  next 4 or  
5 years. This s i t u a t i o n  points up t h e  urgency f o r  extension of cont ro l  
t o  a l l  Unites S ta tes  streams of Lake Superior (Canada i s  i n i t i a t i n g  a 
similar program this year) and f o r  in tens ive  research on possible methods 
of destroying ammocoetes i n  larval beds. Regardless o f  measures taken, 
a severe decl ine of Lake Superior lake t rou t  f i she ry  seems probable. 

I n  preparing f o r  a scheduled expansion of control  a c t i v i  ti es , de ta i l ed  
surveys were made o f  streams t r ibu tary  t o  Wisconsin and Minnesota waters 
of Lake Superior t o  determine po ten t i a l  productive capacity f o r  lampreys, 
t y p e  of c o n t m l  s t r u c t u r e  bes t  adapted t o  each stream, and t he  most suit- 
able  s i t e  f o r  i n s t a l l a t i o n .  
streams t r i b u t a r y  t o  southern Lake Michigan, t he  next a r ea  scheduled fo r  
cont ro l  operations af ter" t  coverage of Lake Superior streams has been 
completed. 

A s h o r t  reconnaissance survey was made a l so  Of 
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LAKE TROUT 

After a s e r i e s  of a p l o r a t o r y  c ru i se s  i n  Green Bay and Lakes Michigan, 
Huron and Superior i n  t h e  l a s t  ha l f  of tk 1952 season, t h e  research vessel - Cisco was assigned f u l l  time i n  1953 t o  a f i she ry  and limnological survey 
of Lake Superior, w i t h  spec ia l  emphasis on t h e  ea r ly  l i f e  h i s to ry  of lake  
t r o u t  and f a c t o r s  a f fec t ing  t h e i r  d i s t r ibu t ion ,  abundance and movements. 
By June 30, a l a r g e  amount of material  and data was col lected ,on h i the r to  
l i t t l e  known o r  unknown stages of t h e i r  l i f e  his tory.  Redords of' depths 
and grounds inhabi ted by  young of  t h e  year  and year l ings provide informa- 
t i o n  essential. to e f f i c i e n t  conduct of any program f o r  r e h a b i l i t a t i n g  
s tocks by a r t i f i c i a l  propagation, Operation of water-level recorders and 
thermgraphs a t  severa l  po in ts  on Lake Superior and Green Bay and i n t e r -  
rrdttent sho r t  c ru ises  of t h e  Siscowet out  of Marquette i n  Lake Superior 
and of  t h e  Duckhawk out  o f  Sturgeon Bay on Green Bay have supplemented 
limnological and f i she ry  observations f r o m  the - Cisco 

7 - p  

Tagging o f  a group of l ake  t r o u t  captured i n  commercial pound ne ts  
i n  t h e  Apostle Islands region of  Lake Superior extended information on 
t h e i r  movements. Rate of r e tu rn  o f  tagged f i s h  was about 20 percent t h e  
f i rs t  year. The l a r g e r  f i s h  moved f a r t h e r  than t h e  smaller  ones, many 
of which were retaken loca l ly .  
i n t e r n a t i o n a l  boundaries. 

Trout moved over both i n t e r s t a t e  and 

Other lake  t r o u t  research fncluded: continued co l lec t ion  of records 
of s m a l l  t r o u t  abundance i n  chub g i l l  ne t s  i n  Lake Michigan; f u r t h e r  study 
of food hab i t s  i n  Lake Superior; experimental f a l l  and spring plant ing of 
two l o t s  (about 70,000 each) of  fin-clipped hatchery-reared f inge r l ings  t o  
determine poss ib le  survival and growth bene f i t s  from re ten t ion  overwinter 
i n  rear ing  p n d s ;  recording of percentage of  scarred lake  t r o u t  i n  Lake 
Superior commercial ca tch  ( f o r  t h e  four th  year t he  t rend has continued 
upward). 

GREEN BAY FISHES 

Except f o r  rou t ine  annual sampling o f  c e r t a i n  s tocks  i n  Lake Erie 
and Saginaw Bay, research on shallow-water f i s h e r i e s  has been confined 
l a r g e l y  to Green Bay, a highly productive a rea  t h a t  has accounted f o r  
60-70 percent  o f  Lake Michigan production i n  recent  years. 
f i t  to southern Green Bay indus t ry  has resu l ted  from our inves t iga t ions  
on age, growth and movements of yellow perch i n  t h a t  area. 
led t h e  S t a t e  of Nisconsin t o  reduce 
7-1/2 inches t o  permit more e f f i c i e n t  
growinc, f i s h .  
p rosper i ty  has re turned  t o  Ushermen who had been i n  f i n a n c i a l  straits. 
Periodic catch sampling ind ica t e s  no dec l ine  i n  average size of  f i s h  on 
the  grounds as a r e s u l t  o f  t h e  l i b e r a l i z e d  f i sh ing .  

A major bene- 

These s tud ie s  
t h e  l e g a l  minimum length from 8 to 

use o f  t h i s  abundant but slow- 
Because of t h i s  regula t ion  change a considerable degree o f  
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WESTEFW INLAND FISHERY INVESTI GATIONS 
I o CALIRXNIA-NEVADA INLAND FISHERY INVESTI GATIONS 

Reed S, Nielson, Reno, Nevada 

TROUT SURVIVAL 

To explain overwinter t r o u t  losses i n  most streams i n  t h e  United 
S ta t e s ,  na t ive  and hatchery t rou t  have been stocked i n  4 experimental 
stream sec t ions  a t  Convict Creek Experimental S ta t ion  i n  California. 
Water flow and f i s h  movements i n  these sect ions,  which t o t a l  a mile i n  
length, can b e  controlled.  Experiments planned over several  years pro- 
Pose complete draining of t h e  sec t ions  and removing the  f i s h  f o r  f a l l  
and spr ing counting, recording stream flow, a i r  and water temperatures, 
veloci ty ,  snowfall, and i c e  formation, and observing the f i s h  t o  determine 
t h e i r  winter a c t i v i t y  extent. 

The t h i r d  year of t he  s tudy  began August 1 and ended April  28-29, 
with a growth and surv iva l  check on November 8. 
experiments began about May 1, but  high water and peak flows prevented 
stocking the  stream sec t ions  u n t i l  August 1; even then  only 2 of the  4 
sect ions could be used. One sec t ion  was stocked a t  the r a t e  of 100 lbs .  
per  acre--50 lbs .  per  acre  o f  catchablc-size, hatchery-reared rainbow 
t r o u t  were superimposed on 50 lbs.  per ac re  of stream res ident  brown 
t rou t .  The second sect ion was stocked with rainbow t r o u t  only a t  the  
r a t e  of 50 lbs .  p e r  acre.  Survival t o  November 8 '(100 days) was 85.1 
percent f o r  rainbows and 36.8 percent f o r  browns. 
had demonstrated brown t r o u t  superior i ty ,  t h i s  reversa l  i s  so far unex- 
plained. 
l o s t  weight i n  r e l a t ion  t o  length and declined i n  condition, 
exhibited a normal weight ga in  with a s l i g h t  increase i n  general condition. 
The same stream sec t ions  were restocked November 10 with survivors of t he  
sumner period f o r  winter  su rv iva l  s tud ies .  Stocking by we igh t  pe r  acre  
was i d e n t i c a l  with tha t  f o r  t h e  summer period and required adding rain-  
bows and browns t o  compensate f o r  oversummer losses. 
which was superior  t o  previous overwinter trials, was 77.2 percent f o r  
rainbows and 85.2 percent f o r  browns. 
competition w i t h  browns, and a t  a densi ty  100 percent grea te r  than i n  
t h e  sec t ion  where they were alone. 
it was superior  f o r  bmowns. 
t i o n  i n  competition, bu t  rainbows alone showed a s l i g h t  gain0 

In  t h e  previous 2 years, 

Since previous t r i a l s  

Both q e c i e s  exhibited s imi la r  growth pa t te rns ,  bu t  rainbows 
Browns 

Overwinter suI"(rivd.J 

Rainbows showed bes t  survival  i n  

While growth was good f o r  both Species, 
Both rainbows and browns declined i n  COndi- 

The four th  year  of the  F tudy, wkich began May 7, will compare sur- 
v iva l  o f  2 s i z e  c lasses  of hatchery-reared rainbows stocked a t  the same 
dens i ty  by weight, and w i l l  compare small ruinbow survival  i n  competition 
with browns. I n  addition, rainbow survivors from successful third-year 
t r ia ls  a r c  being re ta ined  t o  check on t h e i r  continued survival ,  time of 
maturity, fecundity, and spawning habi ts  
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WINTER STREAM S T U D I E S  

ldhile conditions were near  norrnal f o r  t he  general  area, t h e y  
were more severe than i n  1950-51, but  milder than t h e  record 1951-52 
winter. 
those i n  l9SO-5l0 
w a s  s u f f i c i e n t  t o  br idge a l l  fou r  stream sec t ions  f o r  sho r t  periods, 
The t r o u t ,  as i n  l9SO-5l9 were wary and ac t ive  a t  a l l  times, Controlled 
feeding s tud ie s  i n  which na tu ra l  stream foods were used, ind ica te  SO-100 
percent digest ion o f  hard and soft-bodied i n s e c t  forms i n  16 hours at 34" 
F, Bottom and d r i f t  ne t  samples co l lec ted  i n  s e r i e s  of  3 during February 
and March ind ica t e  t h a t  i n  c r i t i c a l  weather organisms most abundant i n  
t h e  stream arz ava i l ab le  only a t  times o f  anchor i c e  breakup followed by 
increased flow, Greatest  feeding a c t i v i t y  occurs a t  these times, 

Temperature pa t t e rn  and stream i c e  formations were s imi l a r  t o  
Although t h e  snow cover was l e s s  than i n  1951-52, it 

PRODUCTIVITY OF HIGH S I E R R A  LAKES 

Because of  t he  heavy snow pack r e s u l t i n g  from t h e  record 1951-52 
winter f i e l d  work could be performed only from August 11 t o  September 1. 
Observing and co l lec t ing  d a t a  from the  experimentallake continued but 
attempts by various means t o  make a population estimate f a i l e d ,  Methods 
f o r  co l l ec t ing  periphyton were perfected and t r i e d  i n  4 lakes.  A s  r e s u l t s  
i nd ica t e  they have promise i n  measuring l ake  product ivl ty ,  plans were 
completed f o r  studying periphyton i n  a l l  11 lakes i n  Convict Creek Basin. 
Since t h e  upper Basin lakes  cannot be reached i n  winter, year-long per i -  
phyton co l lec t ions  cannot be made f rom them. However, monthly co l lec t ions  
will be made from Convict Lake t o  determine seasonal var ia t ions  i n  t h i s  
mater ia l  i n  r e l a t i o n  t o  ?lankton abundance and thermal  pa t t e rns ,  

The 2-year s tudy of  Convict Lake thermal c h a r a c t e r i s t i c s  concluded 
May 10, Plankton hauls and bottom samples supplemented temperature 
gradients  which were taken weekly. Tables, graphs, and temperature da t a  
summaries have been completed. An attempt i s  being made to develop new 
forinulae and concepts f o r  expressing lake thermal capacity t o  permit 
d i r e c t  comparison of lakes  of various s i z e s  , forms and geographical loca- 
t ion. ,  Two d i s t i n c t l y  d i f f e r e n t  winters produced no s t a r t l i n g  differences 
i n  l ake  thermal pa t te rns ;  excessive runoff following t h e  severe  winter 
lowered t h e  l ake  heat content  i n  the  following s u m e r  desp i te  warmer a i r  
temperatures. 

The study of Convict Lake brown t rout  spawning continued during the  
The new type f i s h  t r a p  designed and i n s t a l l e d  October 8-January 31 run. 

p r i o r  t o  beginning of t h e  run operated pos i t i ve ly  and e f f i c i e n t l y ,  
f i s h  trapped numbered 754 femals and 411 males, 
of Fish and Game spawned 472 femals t o  ob ta in  292,000 eggs which have an 
estimated value o f  $1&6o. 
000,OO based on ovarian counts of 14 females representa t ive  of s i z e  groups 
cornprizing t h e  run, 

The 
The Cal i forn ia  Department 

Po ten t i a l  egg yield of run w a s  estimated a t  

Results o f  t h i s  year ' s  operat ions were similar t o  
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t hose  obtained i n  1951, w i t h  age groups 11, 111, and I V  making up 90 
percent  of t h e  run. 
i n d i c a t e d  a high turnover  ra te  among spawning age groups. 
from t rapped  f i s h  supplemented age and growth r a t e  d a t a  (morphometric 
d a t a  and scale examination from 235 ind iv idua l s )  of t h e  l a k e  population. 
Because no knowledge exists as t o  t h e  spawning congr ibut ion  of l a r g e  
brown t r o u t  ( 5  l b s .  o r  over ) ,  a system of g i l l  n e t t i n g  and l a k e  t rapping  
i s  being devised t o  determine t o  what extent they  p a r t i c i p a t e  i n  production. 

Returns o f  only 20 percent  of f i s h  marked i n  1951 
Information 

11. ROCKY MOUNTAIN FISHERY INVESTIGATIONS 
Oliver W. Cope, Logan, Utah 

All e f f o r t s  have been d i r e c t e d  toward c o l l e c t i n g  a n d  analyzing 

To achieve t h i s  ob jec t ive ,  f i e l d  
d a t a  re la t ive  t o  determining t h e  b e s t  r egu la t ion  of t h e  black-spot ted 
t r o u t  f i s h e r y  on Yellowstone Lake. 
crews and t h e  o f f i c e  staff have continued, i n t e n s i f i e d  and improved t h e  
program inaugura ted  i n  1950. 

Yellowstone Lake spawningruns.--The 1953 spawning migrat ions i n t o  
t r i b u t a r i e s  of Yellowstone Lake began ear l ier  than  usua l  and p o m i s e  t o  
be l a r g e r  than  those  o f  1952. 
good early surges  of spawners. 
$$obably 
Anglers c8bght 20,000 f i s h  i n  t h e  first 2 weeks of t h e  1952 season. 
24,000 f i s h  had ascended t h e  5 p r i n c i p a l  t r apped  t r i b u t a r i e s  by June 29, 
1953. 

Pe l ican ,  Clear, and Chipmunk Creeks had 
Closure of t h e  f i s h e r y  season un t i l  June 15 

helped consideriibly i n  g e t t i n g  spawners i n t o  t h e  streams. 
About 

A f e a t u r e  of t h e  1953 opera t ions  p e r t a i n e d  t o  l i b e r a t i n g  f i s h  f o r  
natural  reproduct ion u n t i l  c e r t a i n  quotas  had been r eclched. 
was t o  be secondary and no p l a n t s  were t o  be made i n  Yellowstone Lake i n  
1953. 

Egg taking 

The fol lowing t a b l e  shows progress  through June 29: 

Es t ab l i shed  1953 Quotas L i b r a t i o n  through June 29 Females 
Males S awned 

47 0 
Creek 3000 2000 437 494 428 

FhiPmunk Creek 3000 2000 2005 2356 1788 

315213 %m- Stream emales Males Females 
e m  Creek b llooo -mT 

Creek 2000 1500 111 

1500 991 
11,000 1- 

C i r o U ~ ~  Creek 2000 
Totals  1- 

472 90 
6,912 3,390 

Quotas  w i l l  probably be  reached i n  Pe l ican ,  Grouse and p o s s i b l y  Chipmunk 
and Clear Creeks, b u t  no t  i n  Cub Creek. By the end of 1952, poss ib ly  10 
m i l l i o n  of t h e  16 m i l l i o n  egg quota  had been sent upstrean f o r  n a t u r a l  
reproduct ion.  

Tagging program. --To determine! upstream mor ta l i t y ,  both upstream 
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and downstream migrating f i s h  were tagged i n  1953 i n  Pelican, Clear, 
Chipmunk,Grouse and Arnica Creeks, on the Cascsdes o f  Yellowstone River, 
and i n  Yellowstone Lake behind Fishing Bridge Museum. Recovered tags 
t o t d  175. An unusually high number of  re turns  t o  Pelican Creek t r a p  
suggests c losure of t h e  f i shery  u n t i l  June 15 added t o  t h e  numbers of 
f i s h  enter ing Pelican Creeko 

Arnica Creek.--Arnica Creek Test  Stream, i n  which operations began 
on May 3 ,  1953, has yielded the  most r e l i a b l e  count and. tagging f igures ,  
Chief a c t i v i t i e s  have been tagging, nes t  studying and tes t ing  streamer tags  
versus Peterson disks. Arnica Creek runs i n  1953, which have been c lose  t o  
predict ions bwed  on former tagging s tudies ,  have contained many t r o u t  with 
clipped f i n s .  
our f irst  f i s h  o f  known age, 

These f i s h  were clipped as f inger l ings  i n  1950, and represent 

Grebe Lake,--Basic biologLca1 data  were gathered a t  Grebe Lake, 
The 1952 work consis ted of co l lec t ing  sca l e s ,  morphometric data  on grayling 
and rainbow trout ,  and stomach samples, preparing a map oP t h e  lake bottom 
and estimating population. 
and t r o u t  spawning ponulations i n  t h e  main stream above Grebe Lake, i n  
smaller t r i b u t a r i e s  t o  t h e  lake,  and on Gibbon River between Wolf and Grebe 
Lakes. Trapping and siocking have secured spawners. Traps operate on 3 l a rge  
and 2 small streams, and an upstream-downstream t r a p  i s  operating a t  Grebe 
Lake o u t l e t ,  For some weeks high water caused d i f f i c u l t i e s ,  bu t  at t he  end 
of' 1952 a l l  s t ruc tu res  were operating smoothly. 
were tagged and fin-clipped t o  s tudy  t h e i r  d i s t r ibu t ion .  The 1953 grayl ing 
run has numSered over  5,000 f i s h  i n  t h e  hatchery t r a p .  
of over 6,000 i n  19%' was the  l a r g e s t  on record, Spawners reached a length 
from 10.5 t o  13 inches. 
observations show grayling outnumber rainbow t rou t  i n  Grebe Lake 

The 1953 work has consis ted of  sampling grayling 

About 500 spawning f i s h  

However, the count 

The 1952 2opulation estimates and 1953 spawning 

Suckers.-- The sucker run i n t o  Pelican Creek was under way at t h e  
end of-- The 1952 migration was t h e  smallest on record and t h e  1953 
run thus f a r  seems about t he  same s i ze .  Suckers are caught i n  good numbers 
i n  a t r a p  ne t  i n  Yellowstone Lake; individual  catches a t  the end o f  1952 
were grea te r  than those of t rou t .  
were recovered i n  the spr ing of  1953. 

Two tagged suckers o f  t h e  1951 marking 

Madison and other rivers.--Conducting c r e e l  censuses on Madison, Fire-  
hole and Wbbon Rivers and securlng length and s c a l e  data. w i l l  y ie ld  infor -  
mation on t h e  e f fec t iveness  of  s tocking and present regulat ions.  
catches have been made i n  Madifion and Firehole  Rivers, but  Gibbon Rtver has 
produced l i t t l e  i n  1953. 

Good 
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111. COLORADO COOPERATIVE F'ISHERY RESEARCH UNIT 
William C. Beckman, Fort  Collins,  Colorado 

Warm-water i r r i g a t i o n  reservoirs  i n  Colorado a r e  not producing 
s a t i s f a c t o r y  f i s h  populations f o r  the angler. 
bullheads, carp, suckers, and small yellow perch, predondnate. 
a re  made t o  increase  the  scant  amount of avai lable  da t a  on f ac to r s  which 
inf luence present  populations, such as spawning times, food habi ts ,  food 
supplies,  age, and growth. 

Rough species,  such as 
Studies 

Age-' and growth s tud ie s  .--Yellow perch from Lonetree and Jackson Lake - 
Reservoirs are being analyzed. 
was group I11 when this inves t iga t ion  s t a r t ed .  
will be valuable and in t e re s t ing  s ince  only 34 f i s h  o lder  than age group V 
have beentaken.  
o lder  than age group I1 have been caught. 

Age group V i n  Lonetree, which i s  dominant, 
Next season's invest igat ion 

Jackson Lake yellow perch grow rap id ly  but only 2 f i s h  

Spawning periods.--Collecting data  i n  Lonetree and Jackson Lake Reservoirs 
on spawning periods of carp, suckers, and yellow perch continues. 
some cor re la t ion  between spawning time and water levels. 

There i s  

Stream improvement.-- Work continues on t h e  South Branch of Poudre River. 
The dam, which was constructed l a s t  year  and was washed out  i n  pa r t  during 
the  high spring r u n o f f , w i l l  be replaced with a s t ronger  one. 

After a survey of Sprimg Creek, Larimer County, recommendations f o r  
stream im$rovement work were made t o  t h e  Colorado Game and M.sh Department. 

Bottom fauna inves t iga t ions .  --me study continues of rnoveirlents of 
bottom organisms as t h e  water l e v e l  drops i n  reservoi rs .  

Food habits.--A study on food habi t s  of yellow perch found d i r ec t  

Work continues on largemouth bass, 
competition between carp, suckers and yellow perch, Recommendations 
were 
black and white crappies and golden shiners.  

made f o r  rough M s h  cont ro l ,  

Because of  appropriation cu ts  t he  Fish and Wildl i fe  Service has with- 
drawn f rom t h e  Colorado Cooperative Fishery Research U n i t .  Work W i l l  con- 
t inue  under b i l a t e r a l  agreement between the Colorado Game and Fish Depart- 
ment and Colorado Agricul tural  and Mechanical College. D r .  Howard Tanner, 
Assis tant  Leader of t h e  Unit  for  t h e  pas t  year, w i l l  assume leadership of 
t he  program. 
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FRESH WATER BIOLOGICAL LABORATORIES 

I. TROUT NUTRITION LABORATORY 
Arthur M. P h i l l i p s ,  Jr.,  Cortland, New York 

Trout vitamin requirement.--Trout fed a synthe t ic  d i e t  (Wolf Is, 1951) 
grew at  a slow r a t e  i n  comparison t o  t h e i r  growth when fed  cont ro l  d i e t s .  
Mortal i ty  was low. 

' 

r ibof lav in  B12, pantothenic acid and pyridoxine from the d i e t s  showed they 
were e s s e n t i a l .  

Results following omission of b i o t i n ,  f o l i c  acid,  

Studies  s t a r t e d  l as t  A p r i l  have confirmed r e y u l t s  found f o r  pyridoxine 
and r i b o f l a v i n  and i n d i c a t e  several  addi t iona l  vitamins may prove e s s e n t i a l .  

Trout absorption of glucose.--Brook t r o u t  absorbed large amounts of 
glucose which had Seen dissolved i n  tap  water. 
system showed increased blood sugar which was cor re la ted  with accumulated 
metabolic products, 
and decreased accumulation of metabolic Rroducts. 
a r e  considered inaintcnance l e v e l s  a t  51" P. 

Fish  held i n  a closed 

Starva t ion  reduced t h e  blood sugar t o  a constant l e v e l  
Low l e v e l s  of blood sugar 

Experiments are underway t o  determine a c t u a l  e f f e c t s  of metabolic pro- 
ducts  u?on t r o u t  blood sugar and f a c t o r s  which inf luence  formation of 
metabolism products 

Dry p e l l e t s  as f i s h  food.--Although preliminary experiments have shown 
dry  p e l l e t s  hzve considerable prordse as f i s h  food, p e l l e t s  have not been 
proved t h e  most e f f i c i e n t  feeding method. 
raceways have been designed t o  determine leve l  o f  p e l l e t s  t o  feed and 
necess i ty  and frequency of supplemental meat feeding, 

Experiments w i t h  brook t r o u t  i n  

O i l  i n  t h e  t r o u t  diet.--Oii up t o  15 percent i n  t h e  d i e t  produced no 
v i s i b l e  harmfLl e f f e c t s  on t rout .  
duced between cont ro ls  and t h o s e  f e d  o i l s .  
l i v e r  o i l  soap contained growth f r a c t i o n  of cod l i v e r  o i l .  
i n  progrese t o  determine i f  phospholipids a r e  responsible  as they seem to be, 
f o r  acce lera ted  growth of t r o u t  f e d  cod l i v e r  o i l .  

A d i f fe rence  occurred i n  f i s h  f l e s h  pro- 

Experiments a r e  
Neither f a t ty  ac lds  nor  cod 

Ant ib io t ics  and brown t r o u t  diet .--  No b e n e f i c i a l  e f f w t s  were noted 
from feeding s e v e r a l  a n t i b i o t i c s  t o  brown t r o u t ,  
erated,  conversion was n o t  decreased and mortal i ty  was sirnilar t o  t h a t  of 
f i s h  on contrcil d i e t s .  
ments are i n  progress  t o  determine i f  a n t i b i o t i c s  would be b e n e f i c i a l  when 
brook t r o u t  are overfed. 

Growth was not accel-  

F ish  were f e d  normal l e v e l s  of food, Experi- 

Radioactive calcium and brook trout.--  Feeding brook t r o u t ,  exposed t o  
rad ioac t ive  calcium, aBsorbed! a c t i v i t y  which remained i n  the  body f o r  
32-day t e s t  period. 
duced rad ioac t ive  t r o u t ,  but  at a lower a c t i v i t y  l e v e l .  
gills, head and s k i n  had t h e  h ighes t  a c t i v i t y  and i n t e s t i n a l  t r a c t  the 
l ea s t .  The remainder o f  t h e  body and t h e  v iscera  were intermediate  i n  
a c t i v i t y .  

the  
Feeding food containing rad ioac t ive  calcium a l so  pro- 

Analysi8 showed 



Experiments show brook t r o u t  absorb radj.oactive phosphorus from 
water a t  a lower l e v e l  than they absorb calcium. 

Experimental r e s u l t s  of this laboratory are described i n  d e t a i l  
i n  t h e  annual report  of t h e  Cortland Hatchery which the N e w  York S ta t e  
Conservation Department, Albany, New York, publishes. The United S ta t e s  
Fish and Wildl i fe  Service, Cornell University and t h e  New York Conserva- 
t i o n  Department do t h i s  work under a cooperative agreement. 

11, SALMON NUTRITION LABORA'IVRY 
John E, Halver, Cook, Washington 

GENERAL 

Final  equipment t e s t s  a t  t he  new laboratory,  near Willard, 
Washington, which i s  i n  operation, have been completed. 
of b io logica l  material  i n  t he  ea r ly  f a l l ,  it w i l l  opera te  f u l l  time. 
I t  has f a c i l i t i e s  f o r  research i n  the f i e l d s  of protein,  l i p i d ,  carbo- 
hydrate, inorganic,  organic, vitamin and hormne chemistry, with addi- 
t i o n a l  f a c i l i t i e s  independent from t h e  main laboratory f o r  histopathology 
invest igat ions.  
addi t ion will be t h e  f i n a l  major s t e p  toward making this laboratory a 
research center capable of handling almost any problem re l a t ing  to  f i s h  
nut r i t ion ,  biochemistry and histopatholgy.. 

With receipt 

Completion next summer of t h e  radioisotope t r ace r  laboratory 

RESEARCH 

Research problems on chinook salmon include establishment of an 
amino acid t e s t  d i e t ,  q u a l i t a t i v e  water so luble  vitamin requirement and 
f a t  soluble  vitamin requirement, and i so l a t ion ,  pur i f ica t ion ,  ident i f ica-  
t i o n  and charac te r iza t ion  o f  some t r y p t i c  enzymes present i n  them. 

Research problems begun on chinook s ince  l as t  June 1 include establ ish-  
ment of a fa t ty  acid t e s t  d i e t ,  qua l i t a t ive  fa t ty  acid requirement, l i po id  
f r ac t ion  d i s t r i b u t i o n  under spec i f i c  nu t r i t i on  conditions and establishment 
of an inorganic t e s t  d i e t .  Studies on salmonids cover t h e i r  normal h i s to l -  
ogy, t h e i r  his tology under defined nu t r i t i ona l  conditions, and t h e i r  his to-  
pathology and histophysiology. 

continue from samples in current  work from this laboratory and o ther  s t a t i o n s  
and from wild and hatchery stock samples. 

A histology l i b r a r y  of salmonids has been begun. Additions t o  it w i l l  
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The University of  Washington Departments of Microbiology and Bio- 
chemistry, t h e  S ta t e  of  Washington Department of Fisher ies  and the  Service, 
who a r e  working cooperatively on research problems, w i l l  complete a series 
of  papers covering ana ly t i ca l  techniques f o r  i s o l a t i n g  and ident i fy ing  
l i p o i d  f r a c t i o n s  and s t e r o i d  hormones. 
begun a comparative biochemistry of l i v e r  p a r t i c u l a t e  matter. 

The University and t h e  Service have 

Through use of a vitamin test d i e t  consis t ing of a vitamin-free base 
supplemented with c r y s t a l l i n e  vitamins, feeding tests subs tan t ia ted  chinook 
salmon requirements f o r  thiamin, r iboflavin,  pyridoxine, niacin,  pantothenic 
acid,  i n o s i t o l ,  b io t in ,  f o l i c  acid,  vitamin B12, choline and vitamins A and 
K. 
so luble  group and f o r  vitamins D and E i n  t h e  fa t  soluble  group were demon- 
s t r a t e d  under the experimental conditions used. 

No requirements f o r  vitamin C and paraaminobenzoic acid i n  t h e  water 

Caeca from mature, ac t ive ly  feeding, ocean-caught chinook salmon was 
col lec ted  and a preliminary ex t rac t ion  and s e p a a t i o n  of t ryp t i c - l i ke  
enzymes made. 

Chinook salmon growth r a t e s  i n  the ex is t ing ,  untreated r i v e r  water 
supply were measured f o r  both production and complete t e s t  diets t o  deter-  
mine p o s s i b i l i t y  of  obtaining s u f f i c i e n t  growth f o r  n u t r i t i o n a l  s tud ies  
without heating water, 
used was discontinued because of a tox ic  material i n  t h e  water. The pipe- 
l i n e  contains the  tox ic  d e r i a l ;  preliminary t e s t s  d i sc lose  a s u b s t a n t i a l  
quant i ty  o f  acidic  and weakly ac id ic  compounds within t h e  p ipe l ine  tar  coat- 
ing. Tests a re  i n  progress t o  determine t h e  coarpound(s) responsible f o r  t h e  

A p a r a l l e l  s tudy i n  which a spring water supply was 

t ox ic i ty .  

Preliminary work on developing a f a t t y  acid t e s t  d i e t  was car r ied  ou t  
and groups of f i s h  were r a i sed  through use of pure o l e i c  and palmit ic  acids  
as t h e  sole dietary f a t  sourceo This work w i l l  be expanded. 

111, WESTERN FISHERY DISEASE LABORATORY 
Robert R. Rucker, Sea t t l e ,  Washington 

Virus disease.--A virus disease  causing severe mortalities i n  blue- 
back salmon f inge r l ings  i s  under inves t iga t ion ,  
high mor ta l i ty  period shows t h e  disease severi ty2 

The following t ab le  o f  
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Fish on hand a t  
beginning of Period date Mortality f o r  

S t  a t ion  period Size 1952 t h e  period 

Leavenwo r t h  2,047,730 NO. 1-1/2 June 1 t o  A%, 1 93% 
Win t hro p 106,803 No. 4 July 16 t o  Sept. 8 37% 

Salmon 235,886 NO. 3-4 Sept, 1 t o  Dec. 1 95% 
L i t t l e  White 

A l l  blueback f ingerl ings a t  Leavenworth' and ,.linthrop s t a t ions  were . 
A method 

Three- t o  

marked f o r  si irvival information and r e s i s t a n t  stock development. 
f o r  preserving v i rus  f o r  stock use was developed. 
seem more suscept ible  t o  v i rus  disease than those held a t  bo0 F. 
six-month old bluebacks a re  more suscept ible  than yearlings.  

Fish a t  50" t o  60" F. 

Experimental blueback salmon groups a re  being held t h i s  season on two 
water suppl ies  and on two d i e t s  (one d l  meat and t h e  o ther  containing f i s h  
products) a t  t h e  Leavenworth 
No disease has appeared i n  these groups. 

Winthrop, and W b t l e  White Salmon s ta t ions .  

New f i s h  diseases.-- A Vibrio was i s o l a t e d  as t h e  e t io log ic  agent i n  a 
rainbow t r o u t  group. Vibrio,controlled by sulfonamide therapy, may have been 
introduced through f e z s a l m n  viscera  o r  ocean scrap f i s h .  

An organism s imi l a r  t o  t h e  Ichthyosporidium of  t he  Maine herring was 
iden t i f i ed  as t he  e t io log ic  ak;ent causing a severe epizoot ic  a t  a rainbow 
t r o u t  f a r m .  

I V ,  MICRDBIOLOGICAL LABORATORY 
Stan is las  F. Snieszko, Leetown, West Virginia 

Physiology and n u t r i t i o n  s t u d i e s  o f  f i s h  pathogenic micro- 
orr);anisms .--Basic work has been comle ted  on developing a se l ec t ive  medium - -  
f o r  i s o l a t i n g  Aeromonas 
f i shes ,  e t c .  P r a c t i c a l  method will be tes ted.  

salmonicida from water, mud, decayink: 

The chemically defined medium was developed and minimum n u t r i t i o n a l  
Results a re  ready requirements of A. salmonicida have been establ ished,  

f o r  preparing a z s e a r c h  publication. 

Preliminary work was conducted on serodiagnosis of fWUnCUlOSiS 
and u l c e r  disease.  

Results a r e  negative i n  experiments made by the  Service and t h e  West 
Virginia Conservation Commission t o  de tec t  c a r r i e r s  of Hemophilus piscium, 
cause of t r o u t  u lcer  disease.  
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Fish t o x i c i t y  studies.--On December 29, 1951, t h e  United S t a t e s  
Marine Corps requested the  Fish and Wildlife Service t o  conduct a research 
pro jec t  t o  develop an improved method f o r  taking f i s h .  
cen ter  on an extensive screening program t o  loca te  high taxicity chemicals 
which would k i l l  o r  s tun  f i s h ;  the l a t t e r  condition would f a c i l i t a t e  t h e i r  
removal from water. 
about 20 compounds have been i d e n t i f i e d  as being more tox ic  than t h e  bes t  
commercial f i s h  poioon ava i lab le  (5% emulsif iable  mtenone). Most of these 
compounds have not  been previously i d e n t i f i e d  as f i s h  poisons. A program 
extension has been proposed t o  evaluate the  most toxic  group of chemicals 
under f i e l d  conditions and t o  determine s a t i s f a c t o r y  appl ica t ion  methods. 
Li addi t iona l  thousand o r  more chemicals w i l l  a l so  be screened. 

Emphasis was to 

Approximately 3400 chemicals were examined f o r  tox ic i ty ;  

Study of  bac te r i a  belonging to  t h e  genus Aeromonas.--As the r e s u l t  of 
experimental work on cha rac t e r i s t i c s  and taxonomy of numerous cu l tu re s  from 
America and Europe, a chapter will b e  e n t i r e l y  r ev i sed  i n  t h e  next ed i t ion  
of Bergeyf s Manual of Determinative Bacteriology. 

Trout kidney disease,--The Microbiological Laboratory and t h e  Berlin,  
N e  He f i sh -cu l tu ra l  s t a t i o n  are working together  on diagnosis,  histopathology, 
epidemiology and therapy o f  t r o u t  kidney disease.  
an e f fec t ive  cont ro l  of t h i s  disease before  i t s  next expected outbreak i n  
brook t r o u t  a t  t h e  Ber l in  hatchery i n  the  spring of 1954. 

Their goal  i s  t o  develop 

V, SALMON CULTURAL LABORATORY 
Roger E. Burrows, Ent ia t ,  Washington 

FEEDING TRIALS 

The 1953 feeding t r ia ls  had been i n  progress 8 weeks at the end o f  t h e  
year. The e n t i r e  set  o f  blueback salmon experiments appears t o  bt i n  
jeopardy becsuse of a d i sease  outbreak which i s  suspected of  being of a 
v i rus  or ig in .  
spreading of t h e  disease. 
ous o the r  l o t s  show infec t ion  ind ica t ions .  
r e su l t s .  As these f i s h  were derived from a s ing le  egg take and homogeneous 
samples were procured f o r  each d i e t ,  it i s  doubtful i f  i s o l a t i o n  would be 
ef fec t ive ,  provided in fec t ion  was ca r r i ed  i n  t h e  f i b h  a t  t h e  time they were 
received from Leavenworth, Nashington. Chinook salmon show no evidence o f  
t h i s  in fec t ion .  

Destructioh o f  t h e  first suspect trough of  f i s h  d id  not  limit 
Morta l i t i es  a r e  increasing i n  3 troughs; numer- 

I so l a t ion  does not give favorable  

The report of t h e  1953 feeding trials, which i s  i n  t h e  f i n a l  dr'aft 
s tage,  i nd ica t e s  d i s t i l l e r s '  solubles  and eeal  meal were adequate subs t i -  
t u t e s  f o r  salmon v i sce ra  meal when incorporated a t  t h e  10 percent l e v e l  i n  
blueback salmon d ie t s ,  Beef l i v e r  was demonstrated not  to be LL necessary 
adjunct t o  e i t h e r  blueback o r  chinook salmon d i e t  provided salmon v i sce ra  i n  
combination w i t h  e i t he r  hog l i v e r  o r  beef lung o r  both was fed. 
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EFFECT OF GONADOTROPINS ON BLUEBACK SALMON MATURATION 

The report  of t h e  1952 experiments, which i s  i n  the f i n a l  d r a f t  stage,  

Excessively high morta l i t i es  i n  eggs derived from 

indica tes  i n j ec t ions  with chum salmon p i t u i t a r y  glands had a measurable 
effect  on maturation of  sex organs of blueback salmon. 
prbhounced i n  male f i s h .  
in jec ted  f i s h  indicated an abnormality i n  development which impaired egg 
v i a b i l i t y .  
female hormones was shown not t o  have caused t h i s  abnormaii%y. 

This e f f ec t  was most 

A poss ib le  a n t a p n i s t i c  action from crossing e i the r  male o r  

Chum salmon p i t u i t a r i e s  have been col lected f o r  1953 experiments and 
arrangements made f o r  col lect ing carp p i t u i t a r i e s .  I n  these experiments 
l a r k e r  doses of p i t u i t a r y  w i l l  be  used and f i s h  w i l l  be anesthetized during 
in jec t ion .  

HOLDING WND EXPERIMENTS 

Adult salmon were successful ly  held i n  experimental holding ponds i n  
1952. 
t o  spawning and 15 percent f o r  the  holding and spawning period. 

Losses on the  l o t  of 805 f i s h  amounted t o  less than 5 percent p r i o r  

An e l e c t r i c a l  weir, i n s t a l l e d  i n  the En t i a t  River i n  e a r l y  May, i s  
successful ly  d ive r t ing  both steelheads and chinooks i n t o  holding ponds. 
Thirty-two steelheads and 9 chinooks have been trapped. A t e s t  conducted 
with 9 t o  12-inch whitef ish show f i s h  placed i n  t he  f i e l d  a re  knocked out  
but recover quickly. Fish placed below t h e  b a r r i e r  w i l l  not enter  t he  f i e l d  
but  remain 5 to 10 f e e t  below t h e  ground l i n e .  
above electrodes a re  stimulated to move upstream. If car r ied  by the  current 
i n t o  t h e  main f i e l d ,  they turn b e l l y  up and a r e  car r ied  by t h e  current  below 
t h e  b a r r i e r  where they qurickly r i g h t  themselves. There have been no indica- 
t i ons  of salmon o r  t r o u t  rnovinc i n t o  t h e  e l e c t r i c a l  field from t h e  down- 
stream s i d e  t o  the  point  where they  a r e  subjected t o  su f f i c i en t  shock t o  
lose cont ro l  of t h e i r  mvements. 
entered t h e  Ent ia t  River, ind ica t ions  show t h e  b a r r i e r  will e f fec t ive ly  d ive r t  
t he  run. 

Fish placed 1 t o  5 feet  

Although t h e  main salmon run has not 

Results of evaluating 3 types of rear ing ponds ind ica te  no s i n g l e  t y p e  
of rear ing pond now used can b e  universal ly  recornmended t o  meet varied 
conditions i n  hatchery operations.  

DEVELOPMENT OF INCUBATION FACILITIES 

Of two types of incubators t e s t e d  on Q production basis,  one Was 
se lec ted  and plans a r e  baing prepared fo r  constructing it. It w i l l  carry 
eggs and f r y  to the  feeding s %age i n  a t e n t h  of t he  f1oo.r space and use a 
f i f t h  o f  t he  water inflow required f o r  conventional deep troughs- 



THRESHOLDS OF N O W  DEVELOPMENT FOR CHINOOK SALMON EGGS 

An experiment, conducted t o  determine upper thresholds of normal 
development f o r  chinook salmon e ggs, indicated upper thresholds  var ied  
with development stage.  During the  green s tage,  eggs would t o l e r a t e  a 
temperature of 57.5. F. I n  t h e  eyed stage,  eggs developed normally a t  
%* F. and below. The same was t rue f o r  t h e  fry stage. 
f inger l ing ,  s tage,  however, an abnormal mortal i ty  developed a t  55" F. 
temperatures while normal mor ta l i t i es  occurred a t  50" F. t emperatures. 

During t h e  e a r l y  

ALGAECIDES 

Three po ten t i a l  algaecides a r e  being t e s t ed  f o r  algae control  i n  
rear ing  ponds. 
e f f i cacy  of t h e  cherdcals f o r  cont ro l l ing  algae a t  levels  f i s h  will t o l -  
e r a t e  has not been determined. 

While tox ic  l eve l s  f o r  salmon have been determined, 

SFECIAL INVESTIGATIONS 

I. BIOLOGY OF GREAT LAKES FISHES 
John Van Oosten, Ann Arbor, Michigan 

Data on Lake Michigan lake  t r o u t  co l lec ted  i n  1930-1932 have been 
compiled i n t o  tables  and most o f  it analyzed. This work, on which a 
f i n a l  r epor t  i s  i n  progress,  deals  with time of formation of annuli  on 
sca les ,  r e l a t i o n  o f  s tandard-total  lengths,  effect of mesh s i z e  on small 
t r o u t  escape, d i s t r i b u t i o n  and abundance, length frequencies,  average 
lengths  and weights, age, and growth, length-weight r e l a t ionsh ip  (con&- 
t i o n  f ac to r ) ,  and sex r a t i o .  

11. E ~ N  FEDERAL MATERS 
Robert E. Lennon, Leetown, West Virginia  

Shenandoah National Park i n  Virginia.--An in t ens ive  survey was 
begun on Pass Run, Jeremys Run, Piney Run, Big R u n ,  Rapidan River, 
Hughes River, North Fork of  Moormans River, and  North Fork of Thornton 
River, all. t r o u t  streams. Brook t r o u t  autumn spawning a c t i v i t i e s  were 
studied, f i s h  and bottom fauna co l lec ted  and stream physical  and cheroi- 
c a l  characters  analyzed. Those waters which most d r a s t i c a l l y  r e f l ec t ed  
conditions of t h e  prolonged 1952 drought were ca re fu l ly  considered. 



Great Smoky Mountains National Park i n  Tennessee and North Carolina.-- 
Surveys were begun on L i t t l e  Pigeon River, Middle Frong L i t t l e  Pigeon River, 
West Prong L i t t l e  Pigeon River, Oconaluftee River, Por te rs  Creek, Bradley 
Fork, Abrams Creek and M i l l  Creek. 
preliminary estimates of  f i s h  populations made and stream physical and chemi- 
c a l  cha rac t e r i s t i c s  studied. 
Service placed i n  e f f e c t  recommended changes i n  regulations governing Park 
water f i s h i n g  . 

Fishes and bottom fauna were collected,  

Pr ior  t o  the  1953 f i sh ing  season National Park 

A c r e e l  checking s t a t i o n  was establ ished i n  May 1953 on L i t t l e  Pigeon 
River t o  measure watershed f i s h  apd angling pressure in t ens i ty  on mainstream 
and various t r i b u t a r y  waters. 

Shenandoah River i n  Virginia and West Virginia.--Periodic bottom fauna 
samplinn a t  ce r t a in  r i v e r  s t a t ions  was continued t o  determine r ive r  recovery 
degiee from once adverse i n d u s t r i a l  po l lu t ion  e f f ec t s .  
l i v i n g  organisms were col lected a t  r i v e r  points  between Elktion, Va., and 
Harpers Ferry, W. Va., and analyzed. Pol lut ion now does not seem t o  be a 
l imi t ing  f a c t o r  i n  f i s h  production, and spor t  f i s h i n g  has increased to pre- 
po l lu t ion  leve ls .  

Fish and bottom- 

An inves t iga t ion  of f i s h  mor ta l i t i es  i n  the South Branch of t h e  Shenan- 
doah River during June 1953 revealed dead and dying fish in fec ted  by the 
pathogenic rryxobacterium - C ,  chondrococcus columnaris which probably caused 
t h e  k i l l .  

I11 DORENA 73AM EXPERIMENTAL LABOHATDRY 
Harlar, X. Johnson, Dorena, Oregon 

The laboratory was establ ished i n  t h e  summer of 1950, i n  coopera- 
t i o n  withthe S ta t e s  o f  Oregon and Washington and the Corps of Engineers 
(U. S. Army), t o  determine i f  salmn and t r o u t  eggs could be incubated 
and hatched and t h e  f i s h  reared i n  water from Dorena Reservoir, 
flood-control project .  

a Corps 

Water from 3 l eve l s  (76.51, 7851 and 6051 elevation) i n  the  reservoi r  

During sum- 
is avai lable  i n  the  hatchery during summer and ear ly  f a l l .  For the  remain- 
der  of t h e  year water f rom only t h e  lower in t ake  i s  assured. 
mer and f a l l ,  f i s h  of a l l  species  handled a r e  reared i n  water from the  
lower and upper in takes  and a lso  i n  a mixed supply. 

Laboratory equipment, which has been dismantled because t h e  experi- 
ments were concluded i n  t h e  f a l l  of 1952, included 22 deep troughs and 
24 c i r c u l a r  tanks, 61 i n  diameter, f o r  rear ing f ish,  a cold s t o r M e  plant ,  
feed preparation equipment, laboratory bench, o f f i c e  and storeroom, a l l  i n  
a building which the  Corps provided. 
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A repor t ,  which w i l l  be published, was prepared on r e s u l t s  of  t h e  
project .  The researchers found: 

1, Neither water analyses nor  hatchery experiments showed Dorena 
Reservoir water contained any toxic  substance i n  high enough concentration 
t o  h a r m  salmon o r  t r o u t ,  

2. During p a r t  of the  summer and f a l l ,  water from lower l eve l s  of 
Dorena Reservoir became de f i c i en t  i n  dissolved oxygen, and aera t ion  was 
required t o  make this water s u i t a b l e  f o r  hatchery use. 

3. When adequately aerated durlng periods of low dissolved oxygen 
content, water from the  lower in take  was s a t i s f a c t o r y  f o r  rear ing f inger l ing  
chinook and s i l v e r  salmon and rainbow and cu t throa t  t rou t .  
water from t h i s  l e v e l  m a y  become warmer than normal. and increase danger o f  
b a c t e r i a l  diseases ,  espec ia l ly  columnaris. 

I n  some years 

4. Water from t h e  lower in t ake  was s u i t a b l e  f o r  incubating and hatch- 
i n g  eggs of s i l v e r  salmon and rainbow and cu t throa t  t rou t .  Any abornmal 
losses during hatchery experiments probably r e s u l t  from conditions other  
than Dorena Reservoir water qua l i ty .  

5. I n  the f a l l  of 195’0, 1951, and 1952, water ava i lab le  through any 
of the  3 hatchery intakes w a s  too warm f o r  s a t i s f a c t o r y  incubation of  spring 
o r  f a l l  chlnook salmon eggs. Cooling t h i s  water t o  below 55” F. conditioned 
i t  f o r  such use. 

6 ,  Fingerling salmon and t r o u t  reared i n  water which had temperatures 
of over 65’ F, 
high mor ta l i t i es .  

f o r  extended periods contracted columnaris and suffered 
Sulfamerazine treatments p a r t i a l l y  control led the  disease. 
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SECTION OF MARINE FISHERIES E. H ,  DAHLGREN, CHIEF 

NORTH ATLANTIC FISHEFiY INVESTIGATIONS 
Herber t  W. Graham, Woods Hole, Massachuset ts  

I n t e r n a t i o n a l  a s p e c t  of  r e sea rch .  --Through func t ion ing  o f  t h e  I n t e r -  
n a t i o n a l  Commission f o r  t h e  Northwest A t l a n t i c  F i s h e r i e s ,  United S t a t e s  
r e s e a r c h  i n  t h e  North A t l a n t i c  i s  c l o s e l y  i n t e g r a t e d  wi th  t h a t  o f  o t h e r  
c o u n t r i e s  f i s h i n g  i n  t h e  area. 
Commission, developed a long-term r e s e a r c h  program f o r  t h e  Convention area 
which t h e  Commission approved a t  i t s  New Haven, Connect icut ,  meeting i n  
May 1953. To c o o r d i n a t e  r e s e a r c h  on cod, haddock,redfish and h a l i b u t  by 
t h e  t e n  member na t ions ,  t h e  Commission i s  organiz ing  a Cod and Haddock 
Committee, a Redfish and Ha l ibu t  Committee, and a Hydrographic Committee. 

A s p e c i a l  committee, appointed by t h e  

United S t a t e s  r e s e a r c h  i n  t h e  p a s t  has  been confined l a r g e l y  t o  New 
England Banks, b u t  as o u r  vessels extend t h e i r  f i s h i n g  f a r t h e r  eastward, 
we s h a l l  expec t  through our p a r t i c i p a t i o n  i n  t h e  Commission's work t o  make 
g r e a t e r  c o n t r i b u t i o n s  t h a n  w e  have made h e r e t o f o r e  t o  s t u d i e s  o f  t h e s e  o t h e r  
arcas. Pool ing  e f f o r t s  of a l l  n a t i o n s  and choosing c e r t a i n  na t ions  t o  empha- 

lesser  c o s t s  than  would o b t a i n  i f  no program i n t e g r a t i o n  ex i s t ed .  
on mesh s e l ec t iv i ty  be ing  conducted by this l a b o r a t o r y  and Canadian 
b i o l o g i s t s  i s  a &od example o f  t h e  advantages o f  program i n t e g r a t i o n .  
l i a i s o n  wi th  Canadian b i o l o g i s t s  through t h e  group o f  s c i e n t i f i c  a d v i s e r s  t o  
Panel  5 of t h e  Commission pe rmi t t ed  a d i v i s i o n  of work between t h e  United 
S t a t e s  and Canada; Canadians t e s t e d  cer ta in  mesh s i a s s  and Americans o the r s .  

' s i z e  c e r t a i n  r e s e a r c h  a s p e c t s  will r e s u l t  i n  g r e a t e r  accomplishments and 
Research 

Close 

Haddock, --The i n t e n s i v e  s t u d y  of Ceorges Bank haddock, which has been 
conducted f o r  years, culminated i n  an i n t e r n a t i o n a l  mesh r e g u l a t i o n  which 
became effect ive i n  t h i s  coun t ry  on June  1. It i s  i l l e g a l  t o  f i s h  f o r  
haddock on Georges Bank o r  i n  t h e  Cfulf o f  Maine (Subarea 5 of  t h e  In t e rna -  
t i o n a l  Commission) wi th  a n e t  having meshes less than  4-l/2 i nches  i n s i d e  
dimension. Study of t h e  b i o l o g i c a l  e f f e c t s  o f  t h i s  r e g u l a t i o n  will cons t i -  
t u t e  one  of t h e  most impor t an t  a spec t s  of our  r e s e a r c h  program dur ing  t h e  
next few years, as t h e  Commission has  approved t h e  r e g u l a t i o n  on an exper i -  
rnentcil b a s i s  and r e q u i r e s  i t s  effect to be c a r e f u l l y  assessed .  MeasufinR 
this e f f e c t  will r e q u i r e  observ ing  t h e  f i s h  caught  and t h e  f i s h  d iscarded  
a t  sea and maintaining an abundance i n d e x  of each year c lass  comparable t o  
t h e  one i n  u s e  b e f o r e  r e g u l a t i o n .  

t o  c o l l e c t  d a t a  on composition o f  d i s c a r d e d  and landed p o r t i o n s  of ca tches .  
To maintain a s t a n d a r d  index  of abundance, 8 l a r g e  t r a w l e r s  l and ing  a t  
Boston, Massachuset ts ,  were l i c e n s e d  t o  used o l d  t y p e  trawl n e t s  wi th  t h e  
small mesh, 
i s  l i c e n s e d  f o r  a yca r .  
s e l e c t e d .  

To cont inue  sea obse rva t ions ,  2 employees s a i l e d  on conlrnercial trawlers 

An I n d u s t r y  Advisory Committee s e l e c t e d  t h i s  s tudy  group which 
A t  t h e  end of t h e  year a new similar group W i l l  be 
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Meanwhile, a new s tudy  group using the  l a r g e  mesh ne t  i s  being 
developed f o r  t h e  time when abundance s t u d i w  can be conducted without 
t h e  necessi ty  of permit t ing use of small mesh gear. A l a r g e  number of 
boats, perhaps 25, w i l l  be included i n  t h i s  group. The need f o r  f i sh ing  
with a research vesse l  t o  determine s t rengths  of submarketable ages w i l l  
be much g rea t e r  when a l l  vessels  have converted to l a rge  mesh nets .  

To obtain an abundance index, an in tens ive  s tudy of  t h e  nature of 
groundfish d i s t r i b u t i o n  on the  banks has been made and w i l l  continue. 
from Albatross I11 census c ru ises  have been analyzed from this viewpoint 
and on 2 c ru ises  of the  p a s t  year were designed t o  study improvements i n  
sampling methods. 
nique f o r  determining abundance with the  use of one vessel.  

Data 

The purpose of t h i s  work i s  t o  develop a p r a c t i c a l  tech- 

Haddock landings from Georges Bank f l u c t u a t e  sharply because o f  var ia-  
t i o n s  i n  success o f  d i f f e ren t  brood years.  
i s  designed t o  increase  o v e r a l l  haddock production from the  Bank, it w i l l  
not  a f f e c t  n a t u r a l  f luc tua t ions .  
vessels landing a t  Boston provide d a t a  on s i z e s  and ages o f  haddock taken 
from d i f f e r e n t  Bank areas, information necessary f o r  i n t e rp re t ing  changes 
i n  landings. 

Although the  mesh regulat ion 

Continuous interviews with t h e  l a r g e r  

Knowledge of  dynamics of Georges Bank haddock s tock  permits catch pre- 
d i c t ions  t o  be made on t h e  bas i s  of r e l a t i v e  abundance o f  each year  c lass .  
Predict ions were made f o r  t h e  p a s t  2 years with a high degree o f  accuracy. 
The predic t ion  f o r  1953 i s  f o r  a s l i g h t  production decrease from Georges 
Bank provided t h e  same amount of f i s h i n g  preva i l s .  Scrod a r e  expected t o  
dominate t h e  landings again, as they have done f o r  t h e  p a s t  2 years.  
ing has been s o  in t ense  during t h e  p a s t  few years  t h a t  t h e  3-year-old age 
group has provided t h e  p r inc ipa l  support. Successful brood years i n  1948 
and 1950 have saved t h e  f i s h e r y  i n  recent y e a s .  The mesh regulat ion i s  
expected t o  improve a l l  year  c lasses  by saving unmarketable f i s h  now caught 
and discarded. This will improve production on t h e  banks bu t  w i l l  not elim- 
i n a t e  f luc tua t ions  i n  landings because o f  varying s t rengths  of  incoming year 
c lasses .  

Fish- 

Knowing i n  advance t h e  r e l a t i v e  s t r eng th  o f  an incoming year  c l a s s  w i l l  
permit pred ic t ion  of  landings f a r t h e r  i n  advance than a t  present.  
use of a research vesse l  may g r e a t l y  increase  forecast ing.  
surveys i n  t h e  f a l l ,  i f  a proper estimate o f  f i s h  under 1 year  o f  age and 
spawned i n  t h e  spr ing o f  t h a t  year  can be obtained, may allow predict ions 2 
years i n  advance. 

Adequate 
Adequate trawling 

Causes of  f luc tua t ions  i n  haddock year c l a s s  s t r eng th  are unknown. The 
exact period i n  t h e  l i f e  of  a year c l a s s  when t h e  r e l a t i v e  s t r eng th  i s  deter-  
nrlned i s  unknown also, S c i e n t i f i c  evidence i s  lacking of t h e  v a l i d i t y  of t h e  
assumption t h a t  t h e  c r i t i c a l  time i n  the  l i f e  h i s to ry  i s  t h e  egg o r  l a r v a l  
s t age  when haddock d r i f t .  
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A ser ies  of annual surveys was i n i t i a t e d  t o  deterrnine d i s t r i b u t i o n  
and abundance of haddock eggs and l a r v a e  throughout t h e  Gulf of  Maine and 
t h e  gene ra l  regior.  of Georges Bank. Hydrograiihic and meteorological  con- 
d i t i o n s  were s t u d i e d  s imultaneously with plankton sample c o l l e c t i o n s .  
Hardy Plankton Recorder was towed over  go00 miles on 3 c r u i s e s  from March 
t o  June when t h e  1953 haddock year c l a s s  was i n  t h e  egg and l a r v a l  s t ages .  
A census o f  t h i s  year class w i l l  be conducted i n  September after t h e  f i s h  
have gone t o  t h e  bottom and assumed t h e i r  dermersal  ex is tence ,  an a d u l t  
c h a r a c t e r i s t i c .  
a s c e r t a i n  whether s t r e n g t h  of t h e  year class is determined during p lanktonic  
s t a g e s  o r  l a t e r .  
l i f e ,  an a n a l y s i s  o f  hydrographic and meteorological  data w i l l  be made i n  an 
a t tempt  t o  d i scove r  what combination of f a c t o r s  are  necessary t o  i n s u r e  a 
success fu l  brood year .  Such an  a n a l y s i s  i s  under way f o r  p a s t  year c l a s ses .  
Avai lab le  hydrographic and metegro1ogict;l d a t a  are be ing  compiled and ana- 
lyzed  t o  a s c e r t a i n  condi t ions  which accompany good o r  poor brood years .  

A 

After s e v e r a l  such annual surveys it should be p o s s i b l e  t o  

If t h e  c r i t i c a l  pe r iod  is found t o  occur during p lanktonic  

S ince  a v a i l a b l e  food v a r i a t i o n  may have a c r i t i c a l  e f f e c t  during t h e i r  
An ana lys i s  early l i f e ,  an  i n v e s t i g a t i o n  of haddock food hab i t s  was began. 

w i l l  be made o f  stomach contents  o f  haddock of d i f f e r e n t  ages a t  d i f f e r e n t  
seasons of t h e  year and from d i f f e r e n t  depths  and areas. 

Redfish (ocean perch).--Work on r e d f i s h  b io logy  was i n t e n s i f i e d .  Since 
our  method of determining age of t h i s  f i s h  has  been quest ioned,  s p e c i a l  red- 
f i s h  c o l l e c t i o n s  were made to r e s o l v e  this issue.  
popula t ion  of small f i s h  are taken p e r i o d i c a l l y  i n  o rde r  t o  r e l a t e  f i s h  l eng th  
t o  formation of r i n g s  i n  scales and o t o l i t h s .  
r e c t ,  r ed f i sh  growth i s  extremely slow and popula t ions  f i s h e d  are composed of 
many age groups. 
growth r a t e  i s  as slow as our  r e a d i n p  i n d i c a t e ,  s e r i o u s  ove r f i sh ing  may be 
expected with t h e  p r e s e n t  f i s h i n g  i n t e n s i t y .  However, on ly  t h e  Gulf of Maine 
has d e f i n i t e  s igns  of a decrease  i n  r e d f i s h  abundance. 

Resu l t s  of  f e c u n d i t y  s t u d i e s  on r e d f i s h  which are i n  progress  w i l l  be 
e s s e n t i a l  t o  s t u d i e s  of populat ion dynamics when I;rowth and m o r t a l i t y  data 
become a v a i l a b l e .  
A t l a n t i c  r e d f i s h .  

Specimens from t h e  same 

If  our age readings  are cor- 

No i n d i c a t i o n  o f  dominant year c l a s s e s  has been found. If 

No r ac i a l  o r  s p e c i f i c  d i f f e rences  have been found i n  North 

B i o l o g i s t s  o f  t h e  Treaty na t ions  are cooperat ing i n  s t u w n g  var ious  
a spec t s  of t h e  r e d f i s h  problem. 

ldhiting.--To undertake a whi t ing  conserva t ion  program i n  which f i s h e r -  
men have expressed cons iderable  i n t e r e s t  would r e q u i r e  determinat ion of many 
f a c t s  on the  b io logy  of  t h i s  f i s h .  A l i t e r a t u r e  survey on whit ing and r e l a t e d  
spec ie s  was made and a s tudy  plan set  up i n  t h e  event suppor t  becomes avail- 
able f o r  a broad r e sea rch  program. The spec ie s  involved i n  the  f i s h e r y  w i l l  
have to be  determined and a technique of age determinat ion developed. 

- Tuna.--Information i s  be ing  accumulated on growth of b lue f in  tuna  spec ie s  
a d  on r a c i a l  I i f f e r e n c e s  o f  va r ious  A t l a n t i c  s tocks .  



Herring.--The Service continued t o  cooperate with t h e  Maine Sardine 
Industry,  Inc., the Maine Department o f  Sea and Shore Fisher ies ,  and the  
Maine Sardine Packers Association i n  t h e  study of  the  l i f e  h i s to ry  of t he  
herr ing disease and i t s  e f f e c t  on herring. 

Delaware B a y  Area.--The survey continues of  the  offshore marine spo r t  
and commercial f i s h e r i e s ,  begun las t  year, t o  e s t ab l i sh  a r e l i a b l e  record 
of normal conditions i n  t h e  area so e f f ec t s  of i n d u s t r i a l  waste disposal  
a t  sea t h a t  may occur may b e  adequately appraised. 

DULF FISHERY INVESTIGATIONS 
Albert W. Col l ie r ,  Galveston, Texas 

General.--A comprehensive f i she ry  and oceanographic survey of t h e  Gulf 
of Mexico i s  being made t o  e s t ab l i sh  i t s  chemical composition and current  
pa t te rns  and t o  c o l l e c t  organisms, i n  addi t ion t o  f i s h ,  f o r  taxonomic and 
d i s t r i b u t i o n a l  s tud ie s  with t h e i r  ecological  i n t e rp re t a t ions .  The vesse l  
Alaska i s  used t o  c o l l e c t  water and plankton samples and physical data  f o r  
t h e  G u l f  Fishery Invest igat ions,  t he  Department of Oceanography o f  Texas 
Agricul tural  and Mechanical College and the United S ta t e s  Geological Survey, 
Trace Elements Section. The co l l ec t ion  of samples and da ta  by t h e  Gulf 
Fishery Invest igat ions includes plankton, water f o r  chemical analysis  and 
bottom materials f o r  pigment extract ion,  and bottom and water samples f o r  
t h e  Geological Survey. 
determining chlor ides ,  records water temperatures and makes miscellaneous 
oceanographic and meteorological observations. 

Texas A. and M. College c o l l e c t s  water samples f o r  

Plankton.--Two types o f  "high speed" plankton samplers co l lec ted  

The G-11, a continuous automatic sampler, was used through- 
plankton samples f o r  studying d i s t r i b u t i o n  o f  f i s h  eggs and l a r v a l  and 
juveni le  f i shes .  
o u t  t he  Alaska c ru ises .  
nenta l  s h c l f f  t h e  Gulf than i n  waters beyond the  she l f .  

A greater  plankton abundance e x i s t s  over t h e  cont i -  

Pelagic fish.--Most catches were made w i t h i n  t h e  100-fathom contour i n  
which occurs a l so  a preponderance of f i s h  eggs and larvae.  L i t t l e  tuna 
(Euthynnus a l l e t t e r a t u s )  made up over 70 percent of t h e  ca tch  which consisted 
a lso of At lan t ic  blackfin tuna (Parathunnus a t l an t i cus ) ,  barracuda (Sphyraena 
barracuda), dolphin (Co haena hippurus) , king mackerel (Scomberomorue 
'cavalla),- s a i l f i s h  (Is - -e=ii-- i o p  orus americanus) and Spanish mackerel (Scoddromorus 
i i i z z i z u s l  . 

Sediments .--The general  d i s t r ibu t ion  of pigments, w hich survive decom- 
pos i t ion  o f  p l an t  and animal t i s sues  and j o i n  bottom sediments, may be re- 
l a t e d  t o  cur ren ts  and product ivi ty  of t h e  area i n  which they or ig ina te .  
Pigment analysis  of  bottom samples will eventual ly  give a complete quanti-  
t a t i v e  and q u a l i t a t i v e  p5eture o f  mud pigment d i s t r i b u t i o n  on the  Gulf f loor .  
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-Red t i d e  research.--Data col lected during the  November 1952 red t i d e  
o u t b r e a ,  which aI%o k i l l e d  mill ions of f ishes  of f  western Florida i n  1946 
and 1947 and has been ascribed t o  an excess o f  the  d inof lage l la te  Gy~nnodinium 
brevis  show t h a t  Caloosahatchee River e f f luents  are important agents i n  such 
blooms, and t h a t  organic content and physical a t t r i b u t e s  cause such ac t iv i ty .  
Experimental tank work ind ica t e s  a mass growth of d inol fage l la tes  as w e l l  as 
o the r  organisms, requires  high l i g h t  i n t ens i ty ,  v i tamin  B12 and sulf ides .  

An examination of t i d a l  streams, marshes and estuaries produced lGiymno- 
dinium brevis  i n  Barf ie ld  Bay, south Florida.  
was unsuccessful. 
solved organic mater ia ls  , 

N e l d  cu l ture  of t h i s  species  
Water from Lake Okeechobee was heavily loaded w i t h  dis-  

Daily co l lec t ions  and physical and chemical observations were made of 
d inof lage l la tes  i n  Gblveston, Texas, lagoons. G mnodinium splendens, used 
i n  experiments as nearest  t o  Gyrnnodinium brevis*. 

Chemical.--Routine analyses o f  samples co l lec ted  on 6 Alaska c ru ises  
were -do 

Chlorophyll was i d e n t i f i e d  as t h e  major cons t i tuent  coating o f  t l f l oa t -  
ing sandtt from Boothbay Harbor, Maine. 
po 8 si  b l e  de te r  minat ion  t h a t  It  N- e t  hyl-c arbazo l e  carbo hyd r a t  est{ qproduc Bd 
orpanisms i n  tanks a r e  the  same mater ia l  as t h a t  being measured i n  t h e  Gulf 
and e s tua r i  e6 e 

by ion-exchange and dialysis. 

The Cary spectrophotometer made 
by 

Progress is being made i n  separat ing carbohydrate substances 

Homogeneity of oceanographic samples was s tudied by a spec ia l  s e r i e s  of 
co l lec t ions  u t  sea. 
of material  . Ni t ra t e  ana lys i s  improved i n  speed, accuracy and e c m m y  

*ecial  analyses of t h e  United S ta tes  Geological Survcy indicated 
,Gymnodinium brevis while i n  mass blooii, might have concontrhtcd titanium ami 
zirconium. 

Microbiolog .-- Light l e v e l s  above those general ly  reported f o r  a l g a l  

digenous t o  the Gulf coast .  
tank s tudies  have proved valuable adjuncts  t o  standard tube and d i s h  cul tures .  

of rea t i d  e. Large tanks have been s e t  up f o r  use as a 'Istepping stonef1 from 
tes t  tube t o  open seao Findings on l i g h t  l e v e l  and value of ce r t a in  inorGanic 
nu t r i en t s  r e s u l t  from t h i s  approach. These a r e  important i n  analyzing i n t e r -  
species on re la t ionships ,  Thj.s work provides a ;basls  f o r  advanced Studies of 
l a r v a l  shrimp *and f i s h  behavior, surv iva l  and growth. 

cu l tu re  -----I+ have een found necessary f o r  cu l tu re  of some d inof lage l la tes  in- 
A ten-fold increase  i s  now i n  use. Large-scale 

Experimental ecology.--These experiments have been confined t o  a study 
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ICHTHYOLOGICAL LABORATORY 
Isaac Ginsburg, U. S. National Museum, Washingtnn, D.C. 

Four papers, l i s t e d  i n  the Publications Section of t h i s  repor t ,  were 
prepared as a r e s u l t  o f  s tud ies  on t h e  farnil ies Carangidae, Gobiidae, 
Eleotridae,  Scornbridae and Scorpaenidae. 

Species of t h e  family Percophididae t h a t  inhabi t  eas te rn  United S ta tes  
and the  West Indies  were s tudied also.  

A study continues of  t h e  whitings belonging t o  the genus Merluccius 
which includes species marketed i n  L u g e  quan t i t i e s  i n  t h e  United S ta t e s  
and i n  other p a r t s  o f  t h e  world. 
l i c a t i o n s  concerning them contain many er rors .  
t h e  commercially important whitings of northeastern TJnited S ta tes  and Canada 
as  belonging t o  one species.  M r .  Ginsburg has found two d i s t i n c t  and easily 
separable spec ies  of whitings i n  t h i s  region. 

Despite-abundance of these species,  pub- 
For instance,  they  t r e a t  

SOUTH PACIFIC FISHERY INVESTIGATIONS 
John C. M a r r ,  Stanford, C a l i f o r n i a  

General.--The Service, t h e  Scripps I n s t i t u t i o n  o f  Oceanography, the  
Calif-epartnent of Fish and Game, the Cal i forn ia  Acadengy of Sciences, 
and t h e  Hopkins Marine S ta t ion  of Stanford University, with t h e  support of  
t h e  indus t ry  (through the  California Marine Research Committee) continued 
t h e i r  s tudy  o f  t h e  Pac i f i c  sardine,  g r e a t e s t  contr ibutor  t o  t h e  f i s h  catch 
of t h e  Nation u n t i l  t h e  sharp abundance decl ine a f t e r  1944. By determin- 
i n g  var ia t ions  i n  amount and range o f  spawning, i n  current  pa t te rns ,  and 
i n  o the r  c h a r a c t e r i s t i c s  o f  t h e  marine climate o f f  t h e  West Coast , , they 
a re  atkempting t o  determine population s i z e  i n  various years  and f luc tua-  
t i o n  causes. 

Sardine races. -- Growth da ta  f r o m  1938-1939 through t h e  1951-1952 
seasons continue t o  show "northern" and ~Isouthernlt types. A ltbayll type 
appears t o  ex i s t .  If these forms are d i s t i n c t ,  i t  seems l o d i c a l  t o  asso- 
c i a t e  t h e  northern type w i t h  southern Cal i forn ia  spawning grounds, the  
southern type with c e n t r a l  Lower Cal i forn ia  spawning grounds, and the  bay 
type with f a l l  spawning i n  Sebastian Viscaino Bay and o ther  Lower Cal i fornia  
bays. 

I n  experiments designed t o  determine t h e  nature  of  ce r t a in  growth 
Character is t ics ,  pure strains o f  two 
maculatus and X. h e l l e r i ,  a r e  used. 
tanks f o r  eachypec ie s  held a t  24O C 

c lose ly  r e l a t  ed sp eci es, Xiihophorus 
The present experiment involves 4 
+ 0.5" with 1 6 - f i s h  i n  each tank. Two - 
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feeding l c v e l s  a r e  mintained,  with a r ep l i ca t e  of  each. 
species a l l  came from s ing le  broods. Total  length of each f i s h  i s  measured 
a t  monthly in t e rva l s .  
cha rac t e r i s t i c s  o f  these  f i shes ,  t h e i r  limits of var ia t ion,  and especial ly ,  
differences between two c lose ly  r e l a t e d  species and within species  a t  d i f -  
fe ren t  food leve ls .  

Fish of each 

This experiment w i l l  y i e l d  information on growth 

Sardine population size.--Work continues on re f in ing  two methods 
used t o  estimate population s i ze ;  one i s  based on t o t a l  annual egg pro- 
duction and fecundi ty  da t a  and t h e  other  on catch, e f fo r t  and age data. 

Estimates of  t o t a l  numbers of eggs spawned are  ava i lab le  f o r  3 years: 

1950 
1951 
1952 

286 x 1012 
611 x 10l2 
a6 x 1012 

To convert these  t o  numbers o f  spawning f i s h ,  it is  necessary to divide by 
100,000 (estimate o f  annual egg production p e r  female) and multi$Ly by 2 
( to  account f o r  males). 
f u l l y  known and may r e s u l t  from sampling e rmr  and/,or inadequate fecundity 
data.  
l ec t ions  have not been completely analyzed. 
of 1953 and w i l l  provide sampling e r r o r  in fomat ion .  

The e r r o r  associated with these  estimates i s  not 

Special  grids of c lose ly  spaced s t a t i o n s  have been occupied but  col- 
This should be done by the  end 

The main problem of fecundi ty  s tud ies  i s  t o  determine t h e  number of 
spawnings per  season, i. e., do t h e  severa l  modal groups of ova represent 
separate  spawnings within a s ing le  year? Sections were made f r o m  two 
samples of ovaries;  one of which was believed t o  be tlevelopinl: p r i o r  t o  
spawning and the o the r  which appeared (visual ly)  t o  be a spent ovary. De- 
t a i l e d  examination of sect ions did not reveal c l ea r  evidence of a t r e s i a  i n  
any of sect ioned ovaries;  there  was no marked difference i n  appearance of 
presumably developing and spent ovaries.  
evident i n  a l l  sect ions which indicated a l l  ovaries may have been i n  an 
ear ly  p t r e s i a  stage.  
atresia. (This process cannot be detected i n  i t s  early stages by U o s s  
ndcroscopic examinations using our present  methods and materials .) 
sardines  from these  co l lec t ions  had spawned previously, which was possible,  
t h e  resog-ption process had not  advanced su f f i c i en t ly  to be e a s i l y  detected,  
o r  remaining eggs were developing f o r  fu r the r  spawning during t h a t  same 
season, 

Dispersion of o i l  vacuoles was 

Stained sect ions a r e  e s sen t i a l  f o r  detect ing ea r ly  

If 

Degenerating eggs were sca t t e red  through ovaries of gonad samples col-  
l ec t ed  i n  September a t  Monterey, California. 
macroscopically. 

These were eas i ly  seen 
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Examination o f  gonad samples from San Pedro and Ensenada c o m e r c i a l  
f i s h e r i e s  and from variou l o c a l i t i e s  by t h e  vesse l  M/V Yellowfin continues, 
A t  San Pedro, gonad weights increased f rom 1/2 t o  one gram i n  t h e  f a l l  
r e s t ing  s t age  t o  4 t o  6 grams i n  t h e  advanced granular s tage  which occurs 
i n  l a t e  winter. 
vanced granular s tage  leave the  usual f i sh ing  grounds, 
l y  noted a t  Ensenada where t h e  f i s h e r y  continues t h e  year round. 

A t  t h i s  time f i s h  i n  maturity s tages  l a t e r  than the ad- 
This was par t icu lar -  

Sardines from Lower Cal i forn ia  mature a t  a smaller s i z e  than do f i s h  

Our samples 
from southern Cal i fornia .  
ca t e s  San Pedro sardines reach first maturity a t  190-200 mm. 
from c e n t r a l  Lower Cal i forn ia  contain a l a r g e  proportion o f  f i s h  m;n*turing a t  
150 mm. 
t u r e  a t  170 t o  180 mm. 

The Cal i forn ia  Department o f  f i s h  and Game indi-  

It i s  estimated t h a t  most sardines i n  c e n t r a l  Lower Cal i fornia  ma- 

Several running r i p e  females from Lower Cal i forn ia  and southern Cali- 
f o r n i a  had eggs, diameter modes ranging from .3 t o  mm. remaining i n  t h e i r  
ovaries.  The only differences 
i n  appearance between these and normally maturing ovaries ,  with eggs of the  
same diameter, were a l ack  of t u r g i d i t y  and looseness of t h e  ovarian capsule. 
Hence, r ecen t ly  spawned ovar ies  a r e  d i f f i c u l t  t o  d i f f e r e n t i a t e  from ovaries  
maturing f o r  a first spawning of t h e  season. 

Gonads appeared t o  be i n  the granular s tage,  

Whether t he  a t r e t i c  process develops soon a f t e r  t he  f irst  spawning o r  
Future work w i l l  be a f t e r  subsequent spawninbs i s  s t i l l  t o  be determined. 

concentrated on de tec t ing  a t r e s i a  i n  ovar ies  t o  determine what por t ion  of 
t h e  spawning population i s  undergoing t h i s  degeneration and resorpt ion pro- 
cess each month o f  t h e  spawning season. Collections on hand a r e  being ex- 
amined t o  l e a r n  how t o  recognize a t r e s i a  i n  e a r l y  stages.  
f rom t h e  spawning population, se lec ted  upon a c lose  time sca le ,  will be  
required. 

Eventually samples 

Egg diameters and egg counts can be accurately and rap id ly  rnade by 
spreading ova on a s l i d e  and project ing the image through t h e  "scale  
reader" a t  magnifications of 30 and 137 diameters. 
reader a l s o  a ided examination o f  s t a ined  sect ions.  

Pro2ection i n  t h e  sca l e  

The method of es t imat ing population s i z e s  f r o m  catch,  e f fo r t  and age 
da ta  employes a regression o f  instantaneous r a t e  of to ta l  mor ta l i ty  on 
f i s h i n g  i n t e n s i t y ,  
mortal i ty  (if t h i s  be assumed to  be cons tan t ) ,  f i s h i n g  mortal i ty  i s  t o t a l  
l e s s  natural ,  and a v a i l a b i l i t y  anomalies are represented by deviat ions 
about the  regression. Application of t h e  method y ie lds  minimum est imates  
of population s i z e s  ranging from 5 t o  11 b i l l i o n  f i s h  during the  period 
1932 through 1951. 
morta l i ty  must vary through a wide range and population estimates a r e  much 
l a rge r ,  3 t o  40 b i l l i o n .  
range than  does natural morta l i ty  and has accounted f o r  a l a r g e  par t  o f  t h e  
anomalies. 
b e l l  eved. 

The x- intercept  o f  t h e  regression ind ica t e s  na tu ra l  

If a v a i l a b i l i t y  i s  assumed constant,  then na tu ra l  

Availability probably va r i e s  through a grea ter  

I n  e i t h e r  case,  explo i ta t ion  rate i s  l e s s  than we previously 
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An example of one way i n  which a v a i l a b i l i t y  may a c t  accrues from two 
information sources on adu l t  d i s t r ibu t ion :  
ing season may be in fe r r ed  from egg d is t r ibu t ion ,  and da ta  on adu l t  distri- 
bution i n ' t h e  f a l l  i s  obtained by Itscouting11 conducted by t h e  Cal i fornia  
Deportment of  Fish and Game. 

adu l t  d i s t r ibu t ion  during spawn- 

Percent of  Fish North of United States-Mexico Boundary 
Year Spring P a l l  

11 % 
3 %  
2 %  

I n  1950 and 1951 some 40-50 percent o f  t h e  f i s h  made a net  northward 
mvement across the  In te rna t iona l  Boundary. 
ward movement was v i r t u a l l y  absent, thus accounting i n  la rge  pa r t  f o r  
f a i l t u r e  of t h e  195'2-1953 season. 

I n  1952, however, t h e  north- 

To understand a v a i l a b i l i t y  phenomena, it w i l l  be necessary t o  understand 
pi lchard behavior which w i l l  r equi re  s tudy of t h e i r  sensory systems (anatow), 
s tud ies  o f  t he  functions of t h e  sensory systems ( laboratory experiments), and 
f ina l ly ,  t r ans l a t ion  o f  these f indings t o  the  sea. 
has a ta r ted .  

Only the anatomical work 

During t h e  past  year t h e  anatonly of t h e  a i r  bladder, the  ear,  the 
l a t e r a l  l i ne ,  and the  re la t ionship  between these  systems have been inves t i -  
gated i n  the  pi lchard and t h e  anchovy. 
above species  have been compared t o  findings of o ther  workers on closely 
r e l a t ed  species.  
these  systems i n  f i s h e s  has been reviewed and experiments t o  del imit  t h e i r  
functions have been t e n t a t i v e l y  designed. 

Par t icu lar  anatomical fea tures  of t he  

Physiological and experimental l i t e r a t u r e  per ta ining t o  

Other workers have characterized the  clupeoid air bladder as a prind- 
t i v e  type umong te leos ts .  It i s  connected t o  t he  d iges t ive  t r a c t  by an 
open duct and has poorly developed gas secret ing o r  absorbing glands. 
Pilchard and anchovy represent  extreme types among clupeiods, 
chard, t h e  pneumatic duct a r i s e s  from a pneumatic bulb a t  the  pos t e r io r  end 
of t h e  cardiac stornsch, t h e  a i r  bladder  is long and tubular and i t s  p o s t e r i o r  
end opens d i r e c t l y  to the  ex te r io r  beside t h e  ur inary duct. 
t h e  duct  a r i s e s  from t h e  middle of t he  esophagus, without intervent ion Of a 
Pneumatic bulb, the  air bladder i s  2-charnbered, and there i s  no pos te r ior  
opening to t h e  ex ter ior .  
ing  i n  t h e  one and t h e  t rhnsverse septum i n  t h e  other  should be invest igated 
exp e r i  men t a l l y .  

In  the p i l -  

I n  the  achOVY, 

Functions o f  the pneumatic bulb and pos te r ior  open- 

I n  
bladder 
c lose ly  

a l l  clupeoids the re  i s  
t o  t he  carnium, w i t h i n  
connected w i t h  t h e  ear 

a precoeltnic cap i l l a ry  extension of the  a i r  
which i t  produces a i r  vesci les  t h a t  a r e  
and l a t e r a l  l i n e  system. Wohlfahrt has 



described t h i s  mechanism i n  d e t a i l  f o r  Sardina i l c h x d u s .  Details i n  

t he re  are supe r f i c i a l  differences i n  the  mechanism, probably due t o  d i f -  
ferences i n  form of c ran ia l  bones r a the r  than t o  any func t iona l  difference.  
A s e r i e s  of  experiments has been designed t o  determine whether air ves ic les  
are accessory auditory s t ruc tures .  

t h e  pi lchard agree almost .exactly with h i s k  + w i e i n  t h e  anchovy 

Inves t iga t ion  o f  t h e  l a t e r a l  l i n e  system has been s t a r t ed .  L i te ra ture  
has not  been reviewed and the  followin(; descr ip t ion  is  based on examination 
of t h e  two l o c a l  species.  

There i s  no canal  along t h e  s i d e  o f  t h e  body, but canals a r e  elaborated 
I n  t h e  sardine,  each o f  t h e  s ix  primary canals  has a consider- on the head. 

ab le  number o f  branches, most of which show secondary and t e r t i a r y  bifurca-  
t ions .  I n  t h e  anchovy, primary branches can be distinguished, but ramifi- 
ca t ions  beyond t h i s  a r e  interconnected. 
anastomosing network of canals over p a r t  of  the head. 

Thus, each primary canal forma an 

Sensory end organs, composed of columnar c e l l s ,  a r e  located i n  primary 
canals only. 
evidence of membranes mounted on these organs, i t  i s  unknown whether t hey  
a r e  t r u e  cupolae. 

The anchovy head has 94. Although there  i s  considerable 

Canal pores  have not been completely enumerated, but a t  l e a s t  there  
a r e  pores i n  c lose  assoc ia t ion  w i t h  t h e  sensory organs. 
have sec re t ing  c e l l s  around t h e i r  margins. 

Certain pores also 

End organs a r e  innervated by branches from nerve trunks underlying the 
canals.  The opercular canal,  which contains no end organs, does no t  have 
an underlying nerve trunk. 
surfaces  o f  t he  head or ig ina te  f rom t h e  tr igemino-facial  ganglion located 
j u s t  behind t h e  eye i n  a l a r g e  ganglionic recess  o f  t h e  proot ic  bone. 
m a l  organs o f  ce r t a in  canals a r e  innervated by nerve brunches 
l y  from t h e  k,anglion. 
of t h e  ganglion has not  yet been charted. 
the s h o r t  l a t e r a l  canal has Seen t raced t o  t h e  laterlilis component o f  the 
vagus nerve. 

Nerve trunks f r o m  t h e  dorso-anterior and l a t e r a l  

Froxi- 
arising; d i rec t -  

The innvervation of  ce r t a in  canals  located pos te r ior  
Of these,  only t h e  innervation of 

When gross f ea tu res  of t h e  system have been defined, pores,  end orgkns 
A s e a r c h w i l l  also be and nerves w i l l  be s tud ied  on the cyto1ogic;ll l eve l .  

made f o r  other  cutaneous sense organs. 

Variation causes i n  sardine year-class strength.  --Broad f ea tu res  o f  
sa rd ine  spawing  d i s t r i b u t i o n  during 1952 were similar t o  those out l ined 
i n  previous reports  f o r  1950 and 1951. 
t o  two m j o r  spawnink; centers ,  one o f f  c e n t r a l  Lower C a l i f o r n i a ,  t h e  o ther  
off  southern Cal i fornia  and adjacent Lower Cal i fornia .  
th ree  percent of sardine eggs and l e s s  than 5 percent o f  sardine la rvae  
were obtained i n  t h e  more northern center;  importance of t h i s  cen ter  has 
progresively declined during t h e  p a s t  f o u r  years ,  

Sardine spawning i s  mainly confined 

During 1952, only 
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The following t ab le  ( i n  b i l l i ons )  gives estimated abundance of 
t he  1950, 1951 and 1952 year  c lasses  a t  various s tages  during egg and 
l a r v a l  periods : 

1950 1951 1952 

Sardine eggs 285,700 610,800 145,700 

Yolk-s ac larvae 11,850 12,083 12,473 

Larvae 4.75 mm. 
5.75 mm. 
6.75 mm. 
7.75 mm. 
8.75 mn. 
9.75 mm. 

10.75 mm. 
11.75 nun. 
12.75 mm. 
13.75 mn. 
14.75 mm. 
15.75 mn. 
17.25 mi. 
19.25 mm. 
21.25 rnin. 

10,778 
5,590 
6,197 
5,031 
4,834 
3,378 
2,880 
1,942 
2,214 
1,701 
1,198 
1,046 

750 
337 
253 

9,327 
7,153 
6,852 
7,979 
6,233 
7,015 
5,938 
6,152 
4,600 
4,281 
4,676 
1,509 
1,128 

550 
688 

10,091 
5 , 792 
5,757 
5,085 
3,779 
3,469 
2 , 872 
2,438 
2,282 
2,008 
2,065 

841 
531 
309 
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On the b a s i s  o f  su rv iva l  per  equivalent number o f  eggs spawned (we use 
100,000, the  estimated spawning of one female sardine) ,  t h e  surv iva l  ra te  
was b e t t e r  f o r  the 1952 year  c l a s s  than f o r  t he  two preceding years. Survi -  
va l  t o  19.25 mm. was about two i n  1,000 i n  1952, as compared t o  one i n  1,000 
fo r  both 1950 and 1951 year c lasses .  
ac tua l  population s i z e  a t  the 19.25 mm. sta[;e was only half as l a rge  i n  1952 
as i n  1951. 

Despite b e t t e r  survival ,  however, 

The apparent hieh mortal i ty  r a t e  from eggs t o  t h e  5.75 mn. larva@ 
may be r e a l  o r  r e s u l t  from newly hatched la rvae’s  passing through plankton 
net meshes. Towing a conventional plankton net, covered with a f i n e  mesh, 
w i l l  determine t h e  cor rec t  a l te ran t ive .  

The apparent increased m r t a l i t y  r a t e  among t h e  l a r g e s t  sizes m4Y r e s u l t  
only from ne t  dodging. Simultaneous hauls of a conventional ne t  and b r i d l e  
and o f  a conventional net not preceded by b r id l e  o r  towing wire w i l l  obtain 
t h i s  data.  

Hearing marine f i shes  .-- Work continues on developing methods of 
rearinr:. marine f i s h e s  i n  aauaria so  various problerns can be at tcked e w e r i -  ., 
mentally. Many f a i l t x r k  i n  rear ing t r i a l s  on d i f f e ren t  species  have shown 
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l a rvae  developing t h e  followJng symptoms: f a i l u r e  t o  hunt and feed, i m -  
proper kidney function, and f a i l u r e  o f  gas bladder t o  function properly. 
Although causes of these f a i lu re s  
causes may include use o f  t o c  
between water i n  which eggs were col lected,  t h e  period of trsnsit t o  the  
laboratory and i n  t h e  laboratory ( s ince  t h e  I1correct1? temperatures cannot 
be an t ic ipa ted) .  The temperature d i f f i c u l t y  can probably be overcome by 
holding a d u l t s  i n  the  laboratory and t h i s  w i l l  be  done with Oxyjulis 
ca l l fo rn ica  and Citharichthys sordidus, which a r e  ava i lab le  loca l ly ,  
niques f o r  co l lec t ing  and rearing Atherinopsis ca l i fo rn iens i s  have been so 
developed t h a t  t h i s  f i s h  can be used as an experimental animal, 

have not  been determined, possible  
;mall containers and temperature var ia t ions  

Tech- 

Larvae i n  black containers avoid t h e  walls, which they do not do i n  white 
containers,  and s u f f e r  fewer i n j u r i e s  and develop more rapidly.  

Sand do l l a r  eggs have been used as a food source f o r  r ea r ing  t r ia ls .  
placing t h e i r  eggs, when t h e y  are m r u l a e  o r  i n  e a r l i e r  cleavage s tages ,  i n  
calcium-free seawater and shaking them vigorously r e s u l t s  i n  separating t h e  
blastomeres and independent development of t he  la t ter .  
yolk-rich, motile embryos ranging f rom as  small a s  0.02 mm. i n  diameter up 
t o  0.16 mm. i n  diamater. 
p rad t i ca l ly  a l l  w i l l  l i v e  f o r  2 o r  3 days a t  around 15" C. 
l a rvae  a spectrum o f  s i z e s  o f  food organisms and shows much promise as a 
food source f o r  small larvae. 

This r e s u l t s  i n  

Many a r c  anomalous and l i v e  only  a shor t  whi le  bu t  
This o f f e r s  t he  

Other fishes.--Lengths of northern anchovy, Pac i f i c  mackerel and jack 
Durini: 1952 anchovy larvae were about mackerel l a rvae  a re  being measured. 

2-1/2 times as abundant as sardine l a rvae  and were exceeded i n  abundance only 
by hake larvae.  
each made up about 5 percent o f  t o t a l  l a rvae  taken. 
taken represented only 0.2 percent of t o t a l  larvae.  
jack mackerel survival  r a t e s  during early stages.  

Jack mackerel l a rvae  were about as abundant as sardine larvae;  
Pac i f ic  mackerel l a rvae  
A study has been begun of 

B a i t  samples.--Scales from b a i t  samples (pilchard) co l lec ted  throuGh the 
Inter-American Tropical Tuna Commission have been examined. Eighteen samples 
from Gklapagos Is lands contained 1939 f i s h  ranging i n  length from 43 t o  120 
m. By scale reading standards as applied t o  Cal i forn ia  and Mexican sardines  
these f i s h  were a l l  i n  t h e i r  f i r s t  year and were taken during t h e  period 
August 1952 t o  January 1953. 
Maria Bay area (including Almejas Bay and Magdalena Bay) of Lower Cal i forn ia  
i n  1951 and 1952. Because of preponderance o f  f i s h  o f  t h e  year  i n  many b a i t  
samples t h e  samgling method f o r  s c a l e  samples i s  not rsndom. 
100 mm, are not used unless there  &re none o r  few l a r g e r  ones i n  t h e  sample. 
Probably about ha l f  of the  sampled f i s h  from Santa Maria Bay a r e a  were f i s h  
of  t h e  year. O f  t h e  o lde r  f i s h ,  52 percent were one r ing  f i s h ;  37 percent,  
two ring; 8 percent,  t h r e e  r ing ,  and 3 percent,  fou r  ring. Remaining seven 
b a i t  skmples were taken a t  s c a t t e r e d  goin ts  along Baja Cal i forn ia  coast  and 
were, f o r  t h e  mst  par t ,  f i s h  of t he  year. 

Seventeen samples were taken from t h e  Santa 

Fish under 

Gray dhales,--The gray whale census a t  La Jol la  and Point Loma, Cal i fomio ,  
and i n  the  Baja Cal i forn ia  calving laGoons showed 966 adul t s  and 1% calves. 
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PACIFIC OCEANIC FISHERY INVESTIGATIONS 
0. E. S e t t e ,  Honolulu, H a w a i i  

Research has  cont inued on t h r e e  major p ro3ec t s .  Study of tuna  d i s t r i -  
bu t ion  and abundance i n  t h e  e q u a t o r i a l  P a c i f i c  i nc luded  a s s i s t a n c e  $0 two 
comniercial f i sh iny ,  ven tu res  f o r  e q u a t o r i a l  tuna.  
f i s h e r y  around t h e  Hawaiian I s l a n d s  was reorganized  and both hydrographic 
and b i o l o g i c a l  work i n  i s l a n d  waters was in tens i f ied ,  
were e q a n d e d  t o  i n c l u d e  sea t r ia ls  of chemicals  which had success fu l ly  at-  
t r a c t e d  f i s h  i n  Coconut I s l a n d  ponds o f  t h e  University of Hawaii marine 
l a b r a t o r y .  

Study o f  t h e  sk ip j ack  

A r t i f i c i a l  ba i t  studies 

One major hydrographic  c r u i s e  and f ive  experimental  f i s h i n g  and b io log i -  
c a l  cruises were made t o  t h e  e q u a t o r i a l  reg ion .  
ph ic  c r u i s e s  were executed around t h e  Hawaiian I s l a n d s  and 12.weekly hydro- 
g raph ic  s e c t i o n s  made f o r  r eco rd ing  shor t - te rm changes i n  hydrographic con- 
d i t i o n s  i n  t h e  v i c i n i t y  of  t h e  Hawaiian I s l a n d s .  
completed around t h e  Hawaiian I s l a n d s  t o  observe  s e a s o n a l  changes i n  skip-  
j ack  schoo l  d i s t r i b u t i o n .  

Two comprehensive hydrogra- 

Four scou t ing  cruises were 

Nineteen l o n g l i n e  f i s h i n g  traverses across t h e  3600-die segment o f  t h e  
equator  f r o m  t h e  180th meridian t o  1 2 0 O  W. l o n g i t u d e  were designed to o b t a i n  
d a t a  on t u n a  abundance and d i s t r i b u t i o n  d o n g  t h e  e q u a t o r i a l  be l t  dur ing  
va r ious  times o f  t h e  year. 
Occurs from 145" t o  170. W. longi tude ,  d e c l i n i n g  i n  numbers toward bo th  ends 
of t h i s  e q u a t o r i a l  bel t .  
mer peak and a win te r  decrease .  S a l e s  t r a n s a c t i o n s  have proved Hawaiian o r  
West Coast canne r i e s  do not  desire  f i s h  above 150 l b s ,  because of t h e i r  some- 
what; d a r k e r  meat al though f i s h  up t o  n e a r l y  200 lbs.  sometimes hove l i g h t -  
co lo red  acce;Dtable f l e s h .  Tuna are l a r g e r  and, hence,  less d e s i r a b l e  comb 
m e r c i a l l y  toward t h e  e a s t e r n  p a r t  of t h e  e q u a t o r i a l  r eg ion  under study, with 
smaller f i s h  from 80 t o  120 lbs. occur r ing  west of 140° W. longi tude .  
yeart s e q u a t o r i a l  c r u i s e s  n e a r l y  complete d i s t r i b u t i o n a l  a spec t s  of t h e  
planned survey  and  emphasis may s h i f t  t o  f l u c t u a t i o n s .  

Oceanographic s t u d i e s .  of t h e  e q u a t o r i a l  P a c i f i c  i nc luded  a n a l y s i s  of 
t h e  ocean ic  c i r c u l a t i o n  a t  t h e  equa to r  i n  a meridional  p lane  and i n v e s t i -  
g a t i o n s  of  shor t - te rm changes i n  t h e  e q u a t o r i a l  c u r r e n t  system of a deep 
coun te rcu r ren t  a t  t h e  equa to r ,  and of t h e  e q u a t o r i a l  f r o n t ,  a phenomenon 
o f t e n  a s s o c i a t e d  w i t h  h o r i z o n t a l  convergence, nea r  t h e  equator .  

R e s u l t s  i n d i c a t e  g r e a t e s t  ye l lowf in  t u n a  abundance 

Abundance f l u c t u a t e s  with i n d i c a t i o q  of a P a t e  sum- 

Las t  

Hydrographic s e c t i o n s ,  i n  a r e p o r t  completed on t h e  fundamental basis 
of C i r c u l a t i o n  i n  t h e  mer id iona l  p l ane  i n  t h e  c e n t r a l  e q u a t o r i a l  P a c i f i c ,  
show clear ly  t h e  well-known e q u a t o r i a l  upwelling b u t  do n o t  suppor t  t h e  
t h e s i s  t h a t  upwell ing i s  also occur r ing  a t  t h e  no r the rn  boundary of t h e  
e q u i t o r i o l  coun te rcu r ren t .  
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An equator ia l  hydrographic sect ion along the  140" PJ. longitude from 
9" N. t o  7' S. l a t i t u d e  was repeiited 4 times i n  3 weeks t o  provide informa- 
t i o n  on r a t e  anddegree of short-term changes of t h e  physical, chemical, and 
b io logica l  environment near t h e  equator. Changes proved t o  be of considerable 
magnitude. 
may have caused var ia t ions  i n  tuna  d i s t r ibu t ion  and abundance noted i n  experi- 
mental f i sh ing  cruises .  

Such short-term f luc tua t ions  i n  t h e  equator ia l  c i r cu la t ion  system 

F i r s t  ind ica t ions  of an eastward current  a t  t h e  equator beneath the  west- 
ward south equator ia l  cur ren t  came o r i g i n a l l y  from the  d r i f t  of long-line 
f i s h i n g  gear used from our  research vessels .  
and. subsurface cur ren t  drags have ?roved t h i s  eastward flowing subsurface 
countercurrent occurs i n  a narrow zone near t h e  equator and hEs a ve loc i ty  
exceeding one knot. 

Direct  observation of surface 

One of t h e  phenomena associated w i t h  horizontiil convergence near t he  
equator has  been described as an equator ia l  f ron t ;  this f r o n t  a t  which cool, 
dense upwelled water i s  i n  contact with w a r m  and r e l a t i v e l y  low densi ty  water 
was found general ly  i n  t h e  surface l aye r  o f  the south equator ia l  current  and 
not  necessar i ly  a t  t h e  equator ia l  countercurrent boundary. 
by f r o n t s  i n  t h e  convergence region and associated zooplankton and tuna dis-  
t r i b u t i o n  i s  not c lear .  

The r o l e  played 

Zooplankton abundance s tudies  i n  t h e  equator ia l  Pac i f ic  evidence a r i c h  
productive band pa ra l l e l ing  the  equator, with peak concentrations occurring 
var iously from 5" N. t o  5" S. l a t i t u d e s .  
twice as grebt  a t hose  i n  Hawai i an  waters, 
by longitude shows greh tes t  zooplankton smounts occur between 120* to  15'Co 
west longitude. 
constant at a l l  o ther  times. 

These concentrations a r e  a lmst  
'An equator ia l  abundance analysis  

Abundance i s  a t  a minimum durint; winter while it i s  near ly  

. I n  t h e  v i c i n i t y  o f  t h e  Hawaiian I s lands  s l i g h t l y  l e e s  plankton occurs 
i n  winter than i n  summer; however, abundance i s  remarkably siroilar during 
most of the  year.  Winter ndnimum zooplankton abundance and decreased com- 
mercial  skipjack catch may mean same environmental f ac to r s  inf luence both 
zooplankton and f i s h .  Geographically zooplankton abundance i s  a l so  nearly 
uniform around t h e  Hawaiian Is lands.  On t h e  average, southeastern waters, i. 
e . ,  t h e  a r ea  adjacent t o  t h e  i s l a n d  of Hawaii, y ie lded lowest zooplankton 
volumes. Comparisons of zooplankton volumes with hydrographic data, such a s  
surface temperature, inorganic phosphate, c h l o r i n i t y  and oxygen, showed no 
obvious d i r e c t  re la t ionship.  

Two equa to r i a l  commercial f i sh ing  t r ia l s  were conducted. To t e s t  com- 
mercial  p o s s i b i l i t i e s  o f  equator ia l  tuna stocks,  t h e  West Coast purse se iner  
Caval ier i  f i shed  on a serni-cotnmercial bas i s  with 1ong;line gear i s  t h e  equa- 
t o r i a l  Pacif ic .  Although the  West Coast purse se ine  boat i s  readi ly  adapt- 
ab le  t o  longl ining,  t h e  catch of  only 48 tons of tuna i n  33 f i sh ing  d a y s  
proved some method of f i s h i n g  more hooks per  day i s  needed t o  make this 
f i s h i n g  method a t t r ac t iu?  t o  American f i sh ing  boats. 
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A second comnei cia1 t r i a l  occurred when a Honolulu-based sampan, 
Tradewihd, which t h e  POP1 v e s s e l ,  Hugh M. Smith, supported l o g i s t i c a l l y ,  
f i s h e d  w i t h  l i v e - b a i t  method i n  t h e  v i c i n i t y  of t h e  Line I s l a n d s  near 
t h e  equa to r  south  o f  Hawaii. 
c a p i t a l i z e  on r e s u l t s  o f  POFIts 1950-1951 l i v e - b a i t  f i s h i n g  surveys.  
Despi te  a mediocre c a t c h  o f  14 t o n s  of ye l lowf in  and 2 t ons  of  reef f i s h ,  
sampan f isherman concurred t h a t  a l i v e - b a i t  f i s h e r y  i n  t h e  Line I s l a n d s  
might a f f o r d  p r o f i t a b l e  of f - season  f i s h i n g .  

This was t h e  :first commercial a t tempt  t o  

Modif ica t ions  along two g e n e r a l  d i r e c t i o n s  l e a d i n g  toward inc reased  
l o n g l i n e  f i s h i n g  g e a r  e f f i c i e n c y  have been t e s t e d ,  F i r s t ,  hook droppers  
were i n c r e a s e d  from 6 t o  11 per  baske t  and shor t ened  from 16 t o  2 fathoms 
each. Although t h e  ca t ch  p e r  100 hooks dropped, t h e  c a t c h  pe r  hour l s  f i s h i n g  
inc reased  over  50 percent .  ,Cjecond, a main l ine  of s tee l  cab le  would d i r e c t l y  
on a drum wi th  t h e  hook droppers  detached as t h e  l i n e  came on deck was sub- 
s t i t u t e d .  S tee l  gear  may be f i s h e d  a t  cons iderably  inc reased  speeds over  t h e  
c o t t o n  main l ine  and may h e l p  t o  f i s h  more hooks p e r  day. Resu l t s  i n d i c a t e  
1oni:line f i s h i n g  gear  can  b e  s o  improved t h a t  American f i s h i n g  vessels can 
equal  t h e  Japanese p r a c t i c e  of f i s h i n &  2000 hooks p e r  day. Experiments 
have been made w i t h  p r e - t a r r e d  hemp t o  i n c r e a s e  fiber gear l i f e .  

Tuna l a r v a e ,  l i k e  a d u l t  t u n a  an.j o t h e r  plankton forms, abound along t h e  
equator .  
t u n a  s p e c i e s  found near  t h e  equator .  

Cnnsiderable  progress  has  been made i n  ident i fy ink;  l a r v a e  of v a r i o u s  

Yellowfin and 'bigeye t u n a  ak,e and growth a r e  being s t u d i e d  by t h e  s ize  
frequency method and a r e p o r t  on b igeye  t u n a  growth i s  i n  progress .  
t h e  ye l lowf in ,  t h e  bib.eye grows at  a r a p i d  rate, exceedinE SO lbs. p e r  year 
dur ing  i t s  nns t  r a p i d  [;rowth pe r iod .  
v e r t e b r a e  r i n g s  as i n d i c a t o r s  o f  ye l lowf in ,  b igeye  and s k i p j a c k  age. 

Like 

Progress  i s  a lso  be ing  made on s tudying 

Yellowfin tuna  t a k e n  on  l o n , l i n e  [.ear along t h e  equator  from A s i a t i c  
waters are  smaller t h a n  those  i n  t h e  western P a c i f i c ,  averaging around 60 
lbs., while i n  t h e  e a s t e r n  P a c i f i c  nea r  120° W. l ong i tude  t h e  loni , l ine caught 
Y e l h d i n  a v e r a d n g  c l o s e  t o  150 lbs. 
s t u d i e d  . The s i z e  Gradat ion cause i s  being 

Study cont inued  of  r e l a t i o n s h i p  of P a c i f i c  t una  s tocks ,  wi th  completion 
Of a P a c i f i c  ye l lowf in  tuna  comparison. This  work has tu rned  t o  sk ip j ack  
and i n d i c a t i o n s  are t h e y  can  be s e p a r a t e d  i n t o  s e v e r a l  d i s t i n c t  s t o c k s  on 
t h e  basis o f  morphometric d i f f e r e n c e s .  

A t una  b a i t  s u b s t i t u t e  s e a r c h  cont inued wi th  emphasis on sea t r ia l s .  
Last year some success  was made i n  a t t r a c t i n g  tuna  i n  ponds wi th  f i s h  ex- 
t r a c t .  
While many a d d i t i o n a l  f i s h  extracts have been found which will a t t rac t  cap- 
t i v e  tuna ,  t h e  a t t r a c t i n g  chemical subs t ance  has no t  been i d e n t i f i e d .  
t rac t s  h a v e  n o t  been as s u c c e s s f u l  at sea as i n  ponds. 
li are be ing  used i n  connect ion w i t h  chemical e x t r a c t s  i n  an e f f o r t  to combine 

These experiments  have been r epea ted  and expanded with c a p t i v e  tuna .  

Ex- 
Various v i s u a l  st imu- 
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v i sua l  and chemical s t imul i  which w i l l  not only a t t r a c t  f i s h  but hold them 
at  t h e  ves se l  s t e r n  so  they can be taken by pole and l i n e .  
have shown the re  i s  much t o  l e a r n  before  a p rac t i ca l  b a i t  s u b s t i t u t e  can 
be developed. 

Sea t r ia ls  

The l o c a l  Hawaiian pogram centers  on skipjack d i s t r i b u t i o n  and abun- 
d a c e  throughout t h e  year. 
i n  t h e  Hawaiian Is lands,  but t he  catch i s  seasonal with most of t he  annual 
10,Q00,000 13s. being landed during June, July, August, and Se2tember. Be- 
s ides  l a r g e  seasonal f luc tua t ions ,  wide year ly  var ia t ions  occur from as high 
as 13,000,000 lbs .  landed i n  1951 t o  a low of  7,000,000 lbs .  i n  1952. These 
d r a s t i c  catch peaks and va l leys  prevent development and expns ion  of a 
s t a b l e  f i s h e r y  indus t ry  i n  the  Hawaiian Island. Quant i ta t ive tuna scouting 
has shown skipjack populations around the  Hawaiian Islands extend f a r  beyond 
t h e  present  samgan f i s h e r y  range. Tuna schools have been located over ex- 
tens ive  areas a b u t  200 miles south and west o f  t he  Hawaiian Is lands at  
times when f i sh ing  success was unseasonably low on t h e  usual f i s h i n g  grounds 
within 50 miles of t he  main i s lands .  

Skipjack form the  basis f o r  t he  p r inc ipa l  f i shery  

SOUTH ATLANTIC FISHERY INVCSTIGATIONS 
W. W. Anderson, Brunswick, Georgia 

GENERAL 

The South At lan t ic  Fishery Invest igat ions,  which was act ivated i n  
July 1952, with headquarters i n  Brunswick, Georgia, t h e  Navy Hydrographic 
Office and t h e  Office o f  Naval Research conduct research on biology, 
chemistry and oceanography of those  ocean waters ly ing  between Cape Hatteras,  
North Carolina, and J u p i t e r  Light, Flor ida,  from t h e  beaches to ,  o r  pos- 
s ib ly  beyond, t h e  a x i s  of t h e  Gulf Stream. The Navy Hydrographic Office i s  
responsible f o r  t h e  physical oceanogra2hic par t  o f  the  program, t h e  Off ice  
of Naval Research f o r  ce r t a in  spec ia l  s tud ie s  and t h e  Service f o r  t h e  bio- 
l o g i c a l  p a r t  o f  t h e  program. 

The Service has a cooperative arrangement a lso with t h e  S ta t e s  of t h e  
a rea  under invEst igat ion;  however, only Georgia and Flor ida a r e  ac t ive ly  
pa r t i c ipa t ing  i n  t h e  program. 
chemist and Flor ida  a b io logis t .  

Georgia has assigned a b io logis t  and a 
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U n t i l  January, t h e  South A t l a n t i c  F i she ry  I n v e s t i g a t i o n s  spent  much 
time i n  a r ranging  proper f a c i l i t i e s  i n  t h e  new qua r t e r s ,  purchasing equip- 
ment and supp l i e s ,  c l o s i n g  t h e  Saraso ta ,  F lo r ida ,  s t a t i o n ,  planning t h e  
Program, r e c u r i t i n g  personnel ,  readying t h e  vessel T. N. G i l l  and accomplish- 
i n g  numerous o the r  items which e s t a b l i s h i n g  a l abora to ry  r equ i r e s .  

R E S W C H  

Oceanograph .-- The T. N .  G i l l  wi th  a 10-man crew, completed two 
c r u i s e s ,  ---T-# one UT ng February and March, and t h e  o t h e r  i n  Apr i l  and M a y .  
Cooperators from t h e  Navy Hydrographic Off ice  and t h e  O f f i c e  of Naval Research 
went on both c r u i s e s  i n  which t f  b io log ica l ,  chemical and phys ica l  oceanographic 
survey  was made of  waters along t h e  South A t l a n t i c  coas t .  

Chemist .--Because of l a c k  of personnel  t h e  chemical program has a 
l a r g e  4 ack o& of unr in ished  work. Despite t h e s e  d i f f i c u l t i e s  all sal ini ty  
t i t r a t i o n s  and computation of sal ini ty  va lues  have been completed f o r  c r u i s e  
one. 
va lues  are i n  process  of completion. All inorganic  phosphate determinat ions 
were completed f o r  c r u i s e  one and c a l c u l a t i o n s  f o r  concent ra t ions  are i n  
process.  

S a l i n i t y  t i t r a t i o n s  f o r  c r u i s e  t w o  have been completed and sal ini ty  

Biolo . - - A l l  plankton samples obta ined  on c r u i s e  one have been s o r t e d  

and i n d e n t i f i c a t i o n  from c r u i s e  one plankton hauls ,  d ip  n e t  opera t ions  from 
cruises one and two, and from s e i n i n g  opera t ions .  
t h i s  mc;terial t o  52 families of f i s h e s  has been made and developmental series 
are  being assembled. 

f o r  f i s  + eggs and larvae. Good progress  is being made on l a r v a e  sepa ra t ion  

Tenta t ive  assignment Of 
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SECTION OF ANADROMOUS FISHERIES RALPH P. SIUIMAN, CHIEF 

ATLANTIC SALMON INVESTIGATIONS 
James E. Mason, Orono, Maine 

An agreement between t h e  Service and severa l  S t a t e  of Maine agencies 
provides f o r  research on Atlant ic  s a l m n .  The Research Committee repre- 
sent ing these agencies and t h e  Atlant ic  Sea-Run Salmon Commission estab- 
l i shed  a biological  inves t iga t ion  program f o r  L i t t l e  Falls Stream and t h e  
Machias and Narraguagus Rivers. 
t he  most e f f i c i e n t  -mssible f a c i l i t i e s  f o r  producing ce r t a in  q u a n t i t a t i v e  
da t a  i n  a rout ine  fashion and t o  c o l l e c t  s a id  data.  I n i t i a l  s teps  were t o  
determine t h e  number of  smolts t h a t  leave t h e  research streams and adul t s  
t h a t  en ter  them. Certain b io logica l  data were co l lec ted  and progress was 
made i n  determining sampling methods. 

Objectives o f  t h e  program were t o  e s t ab l i sh  

Machias River.--While the  Machias River i s  spec i f ied  as a research 
stream, no work yielding quan t i t a t ive  r e s u l t s  was undertaken. 
work f o r  t he  stream was dropped because of watershed s i z e  i n  r e l a t i o n  t o  
ava i lab le  personnel and d i f f i c u l t  passat,e conditions a t  Center Dam. 

The research 

A two-pen thermograph s t a t i o n  was establ ished on the West Branch of the  
Machias and has been maintained s ince  the  f a l l  o f  1952. 
free flowing stream water and temperatures about a f o o t  below t h e  surface of 
t h e  r i v e r  bottom were recorded. I n  General, g rave l tempera tures  showed less 
d iurna l  va r i a t ion  than did f r e e  water temgeratures, with extremes o f  gravel  
temperatures occurring l a t e r  i n  t h e  day. 

Temperatures of  

Center Dm i n  Machias River was surveyed and photogrhphed a t  a va r i e ty  of 
water l e v e l s  f o r  backl;rotnd da ta  f o r  fishway design. Information shows the 
b e s t  loca t ion  f o r  a fishway would be a t  t h e  l e f t  bank end o f  t h e  main dam 
s t ruc ture .  

Periodic inspect ions o f  t h e  na tu ra l  gorge area have shown t h a t  t h e  
Sdrnon Commission’s improvements were benef ic ia l ,  Occasional inspect ions of 
headqaters have f a i l e d  t o  revea l  s almon spawning areas pos i t i ve ly  i d e n t i f i e d  
as such. 

L i t t l e  Fa l l s  Stream. --Routine operations continued a t  the  weir. 
of 320 smolts and seaward migrant pa r r  were counted as  compared t o  1389 i n  
t h e  spr ing of 1952. P r a c t i c a l l y  no r e l a t i o n  e x i s t s  between t h e  two f igu res  
because of  differences i n  numbers planted i n  preceding years.  

A to t a l  

A recording water gauge shows t h e  normal flow i s  about 5 c.f .s .  The 
discharge reaches high 2eaks o f  shor t  durat ion during p rec ip i t a t ion  periods, 
bu t  t h e  watershed has l i t t l e  a b i l i t y  t o  s t o r e  water. 

The Moosehorn Refuge i n s t a l l e d  t h e  dam and fishway a t  Hobart Bog and 
bu iX  E g:aveled road i n t o  t h e  weir s i t e .  The experimental fishway, which has 
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;)assed a few alewives,  needs t o  be r ead jus t ed  i n  o rde r  t o  d ischarge  c.f.s. 
a t  t h e  water leve l  d e s i r e d  by t h e  Refuge, 
t h e  weir t o  minimize e f f e c t s  of f l o o d s  f a i l e d  under i c e  and f l o o d  cond i t ions  
and t h e  wooden g r i d s  i n i t i a l l y  used were r e i n s t a l l e d .  

S t e e l  p i c k e t  g r i d s  i n s t a l l e d  o n  

Narraguagus River.--A record ing  thermograph was i n s t a l l e d  last  f a l l  i n  
t h e  main r iver  near  Sordum Brook. Char t s  exh ib i t e$  d i u r n a l  v a r i a t i o n s  as 
Shown on t h e  Machias and, i n  add i t ion ,  i l l u s t r a t e d  some wind effects on  
Beddington Lake. 

Base s t r u c t u r e s  f o r  an  a d u l t  weir were i n s t a l l e d  l a s t  f a l l  near Still- 
water Pool. 
p a i r  

An i c e  f l o o d  i n  early s p r i n g  damaged t h e  s t r u c t u r e  beyond-re- 
dur ing  t h e  season  when a d u l t s  were expected. 

Two experimental  fyke  n e t s  were t r i e d  i n  several  areas t o  c a t c h  smol t s  
f o r  popula t ion  enumeration. The n e t s  were unsuccessfu l  and a f i s h i n g  gear ,  
p a t t e r n e d  after t h e  so -ca l l ed  l t rock f i s h  s l i des l l  of t he  Delaware River, was 
i n s t a l l e d .  
smolt  enumeration w i l l  be s a t i s f a c t o r y  nex t  season. 

The gea r  has  proven reasonably s u c c e s s f u l  and i t  i s  be l i eved  t h e  

Cra ig  Brook Hatchery.--Fai lure  of t h e  o u t l e t  darn a t  Cra ig  Pond r e s u l t e d  
i n  e x t e n s i v e  f lood  damage t o  t h e  ha tchery  and l o s s e s  o f  f i n g e r l i n g s  and eggs. 
A t o t a l  of 102,580 y e a r l i n g s  su rv ived  t h e  f l o o d  and n a t u r a l  losses o u t  of 
1bn,000 t h a t  were t o  he he ld  ove r  t h e  win ter .  

A small-scale holding experiment c a r r i e d  on a t  t h e  ha t chc ry  showed 3/80 
i n c h  rnonel s t r a p  t a g s  a p p l i e d  t o  p o s t e r i o r  po r t ion  o f  d o r s a l  o r  caudal  f i n s  
would work s a t i s f a c t o r i l y  f o r  smolt  enumeration. 
f o r  about  a month and  m u l d  s lough o f f  wi th  m i n i m u m  discomfort  t o  t h e  f i s h .  

Such t a g s  would be  r e t a i n e d  

Samples of about 100 f i s h  from t h e  small, medium and l a r g e  salmon groups 
graded i n  t h e  f a l l  of 1952 were examined f o r  s e x  r a t i o .  
limits t h e r e  was no o b j e c t i o n a b l e  s e p a r a t i o n o f  sexes brought  about  by g a d -  
i n g  a l though t h e  t o t a l  sampled was 64 pe rcen t  males, s i g n i f i c a n t l y  d i f f e r e n t  
s t a t i s t i c a l l y  from a 50:50 r a t i o .  

h l t h i n  p r a c t i c a l  

Other  watersheds .-- Steps f o r  r e h a b i l i t a t i r g  Passagassawaukeag and Duck- 
t r a p  hivers were p r e s e n t e d  t o  spor t smenls  c lubs  of t h e  area because personnel  
and money were unava i l ab le  f o r  government development . 
problem i s  stream f low s t a b i l i z a t i o n ,  t h e  sportsmen were t o  secure l e g a l  per -  
mission t o  u t i l i z e  flowage r i g h t s  and t o  ope ra t e  o l d  dam s i tes  wi th  fishways. 

Low water  levels  i n  t h e  fall of 1952 stopped a d u l t  s i l v e r  (coho) and 
Twenty-one silvers (Some 4 

Since  t h e  b a s i c  

A t l a n t i c  salmon from e n t e r i n g  Ducktrap River .  
and some 5 years o l d )  and two A t l a n t i c s  were s e i n e d  and then  l i b e r a t e d  above 
impassable  areas. 
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MIDDLE ATLANTIC FISHERY INVESTIGATIONS 
Gerald B. Talbot, Beaufort, North Carolina 

SHAD INVESTIGATIONS 

Chesapeake Bn . --Shorta,:e o f  personnel and stiLt5.s t i c s  delayed analysis  
of da t a  4 o aine i n  1952. Through cooperation o f  t h e  Maryland Department 
of Research and Education and the Fish and Wildl i fe  Service 's  Branch of  
Commercial F isher ies  shad s t a t i s t i c s  are being made ava i lab le  f o r  t h e  S ta tes  
of Maryland and Virg in ia .  Preliminary work shows a high f i s h i n 8  r a t e  on the  
James River of 7C percent. 

Susquehanna Riveri,--The cooperative 7rogram w i t h  t h e  S t a t e  of Pennsyl- 
vania t o  determine spawning success and mortal i ty  o f  shad placed above darns 
i n  the  r i v e r  was not completed until tags  were returned i n  1953. 
was found of spawning above the  dams. 

No evidence 

Connecticut River.--Experirncnts with t h e  pressure-lock fishway designed 
by t h e  Holyoke Water Power Company were n o t  completed because of high water. 
About 500 f i s h  of a l l  species,  including 35 shad, passed i n  1952. 
continued i n  1953. 

Tests were 

St. Johns River. --The ea r ly  run (November-December 1952) appears to con- 
s t i t u t e  the  major por t ion  of St .  Johns River shad 9opulation. Present open- 
ing  da te  f o r  conmercial f i s h i n g  (December 1) and Chris tmas holidays keep down 
catches f r o m t h e  ear ly  run by fishermen i n  t h e  lower r i v e r  (North of Lake 
George). 
opening season f o r  t h e  downriver f i she ry  would be prac t ica l  
standpoint.  Data ind ica t e  an e a r l i e r  f i sh ing  season i s  also b io logica l ly  
sound. 
fu tu re  runs. 

With an an t ic ipa ted  l e g a l  c losure of the upriver f ishery,  an e a r l l e r  
f r c m  :in economic 

A ca re fu l  s tudy  o f catch and e f f o r t  records would d e t e c t  changes i n  

NEuse River.--Incomplete l o g  returns  from fishermen ind ica t e  t h e  f i sh ing  
r a t e  1 s  59 percent i n  t h e  marine f i she ry  area--Pitch K i t t l e  t o  Turnagan Bay-- 
where t h e  catch t o t a l e d  165,245 2ounds. 
i n  1953 i s  worse than t h a t  o f  1952. 

Fishermen complain t h a t  the  f ishini ;  
Freshwater f i s h i n g  continues. 

Test ne t t i ng  a t  Goldsboro Fishway shows shad are using the s t ruc ture .  
Cooling water from the steam-electric plant  en ters  j u s t  above the fishway 
and r a i se s  t h e  fishway water temperbture loo F. above normal r i v e r  tempera- 
tu re .  Shad s t o p  moving a t  temperatures above 90" F. which occur i n  the  
f i s h w a y  when low r i v e r  flows preva i l .  
were beini; conducted to t a l ed  105. 

The shad which passed while t e s t s  
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PACIFIC SALMON INVESTIGA'RONS 
Cl in ton  E. Atkinson, S e a t t l e ,  Washington 

General.-- P a c i f i c  salmon r e s e a r c h  ex tends  from t h e  Sacramento River 
i n  C a l i  t o  t h e  Aleut ians  and t h e  Bering Sea, Alaska, S ince  a s i n g l e  
S e r v i c e  u n i t  handles  all P a c i f i c  salmon reoearch,  similarities and d i f fe r -  
ences i n  taxonomy, i n  mii:ratory and spawning h a b i t s ,  i n  r e a c t i o n  t o  enVirOn- 
ment, and i n  m o r t a l i t y  f a c t o r s  between many i n d i v i d u a l  s tockv  ,, are more 
e a s i l y  d e t e c t e d  and understood. 
provides  a b a s i s  f o r  i n t e r p r e t i n g  s u r v i v a l  f l u c t u a t i o n s  occurr ing  e r r a t i c a l l y  
and i n f r e q u e n t l y  i n  o t h e r  salmon streams. 

Defining f a c t o r s  which 1ind.t t h e i r  range 

Pink salmon i n  Sou theas t e rn  Alaska.--Last fall a severe f l o o d  which 
s t r u c k  cer ta in  no r the rn  streams i n  s o u t h e a s t  Alaska ex tens ive13 scoured 
stream channels and r e s u l t e d  i n  pink salmon egg d e s t r u c t i o n .  
Pink f ry  migra t ing  from Ka t l i an  and Huvback  Creeks (near  S i t k a  and Hoonah, 
r e spec t ive ly )  reveals a low survivi t . .  

A c m p a r i s o n  of 

Flood cond i t ion  e f f e c t  on salmon eggs a t  Mill Creek, a Sacramento River  
t r i b u t a r y ,  was even more d e v a s t a t i n g .  
Mi11 Creek f low t o  25 times t h a t  experienced a t  spawnink: time; dur ing  January 
t h o  f low exceeded 100 times t h i s  i n i t i a l  flow. 
eggs i n c r c a s e d  from lb.6 pprcent  i n  November be fo re  t h e  f l o o d s  t o  63.3 percent  
i n  December. All eggs i n  t h e  exper imenta l  area were k i l l e d  dur ing  extreme 
January water cond i t ions .  

Excessive December r a i n s  inc reased  

M o r t a l i t y  t o  chinock fry and 

S i m i l a r l y ,  w in te r  teniperature  c o n d i t i o n s  have 1or.g been recognized 
as a det r iment  t o  egg and fry s u r v i v a l .  
Alaska l a s t  win te r  and accordini; ly pink f r y  s u r v i v a l  i n  a l l  index  s t r e a m ,  
except  two f lood-a f f ec t ed  ones,  was be t te r  t h a n  avera6e. 
however, Slueback salmon n e s t s  exposed dur ing  low water i n  win ter  and sub- 
j e c t e d t o  f r e e z i n g  cond i t ions  experienced up t o  98 percen t  egg mrtal i ty .  A 
combination of t emperoture and water cond i t ions  i n  early s t ages  of salmn 
l i f e  i s  e s s e n t i a l  t o  good s u r v i v a l .  

Temperatures were mild i n  sou theas t  

I n  Okanogan River, 

Nature seems t o  have a d j u s t e d  p ink  salmon normal spawning h a b i t s  t o  
meet extreme environmental  stream cond i t ions .  
salmon have spawned i n  t h e  i n t e r t i d a l  zone where eggs are exposed for V W Y -  
i n g  l e n g t h s  of time t o  s a l t  water. 
above t h e  p l u s  4-foot t i d a l  l e v a a n d  s u r v i v a l  above t h e  ?-foot l e v e l  Was 
b e t t e r  t h a n  t h a t  i n  t h e  s t r e a m p r o p e r .  

o r g a n h n  product ion  a t  t h e  r i g h t  time and i n  an  adequate  amount. 
lake p r o d u c t i v i t y  deaends upon phosphates, n i t ra tes  and o t h e r  chetrdcal 
" f e r t i l i z e r s "  necessary  f o r  s t a r t i n g  the  food chain.  
lakes and i n  Karluk Lake e s p e c i a l l y ,  t h e  chemical  n u t r i e n t  l e v e l  has been 
d e c l i n i n g  over  t h e  p a s t  20 years and s p e c u l a t i o n  r e l a t i n t :  t o  t h i s  change in 

For a number of years P i n k  

Recent s t u d i e s  show eggs s u r v i v e  wel l  

Red salmon i n  Ala3ka.--Fresh-water survival depends upon minute food 
I n  t u r n ,  

I n  c e r t a i n  Alaskan 
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water q u a l i t y  with coincident decrease i n  s i z e  of runs has long 'been voiced. 

Because of i t s  smaller s i ze ,  Bare Lake, near Karluk Lake, has been 
t e s t e d  to determine increased nu t r i en t  e f f e c t  on ava i lab le  food and on sur- 
v iva l  o f  young r e d  salmon, st icklebacks,  Dolly Varden, and other associated 
f i s h  stocks.  Results i l l u s t r a t e  food organism amount can be increased many 
times a f t e r  adding c e r t a i n  chemicals, bu t  i t  i s  too ea r ly  t o  t e l l  what e f f e c t  
increased food has had o n  fresh-water surv iva l  of  red s a l m n  o r  on other  f i sh .  

Predators .--The important r o l e  predators play i n  l i r d t i n g  salmon p roduc- 
Although a study of salmon predators has j u s t  t i o n  has long been recognized. 

begun i n  t h e  B r i s t o l  Bay area of Alaska, work.on squawfish on t h e  Columbia 
River i s  much f a r t h e a l o n g  and age and growth r a t e  have been t en ta t ive ly  estab- 
l ished.  
average nine inches. 
about 1-1/2 inches. 

The most rapid growth occurs i n  t h e  f i rs t  three  years  when squawfish 
From then on these f i s h  average an annual growth r a t e  of 

Home stream theory.-qhat salmon r e t u r n  t o  ' t he  "home" stream where they- were 
hatched has long been accepted. However, many believed this behavior i n  pink 
salmon was not as consis tent  as i n  o ther  species  and was r e s b n s i b l e  f o r  wide 
f luc tua t ions  i n  adu l t s  re turning t o  an area.  Recent experiments i n  southeast  
Alaska discount p o s s i b i l i t y  o f  any extensive pink salmon s t raying.  
marked f i s h  were released i n  Old Tom and Herman Creeks. An examination of 
20,707 dead f i s h  revealed 234 marks i n  t h e i r  home stream. 
s t r e a m  only two marked were found among 8,184 dead salmon examined. 

In 1951 

I n  neighboring 

T6e cmntinued re turn  of salmon t o  t h e i r  nat ive streams gradually bui lds  
up cha rac t e r i s t i c  races which d i f f e r  from races enter ing o ther  streams, Thia 
i s  apparent i n  Cook I n l e t  s tud ie s  being conducted cooperatively by t h e  Service 
and t h e  F isher ies  Research I n s t i t u t e ,  University of Washington. 
ferences show up i n  s i z e  o f  re turning adul ts .  
found a t  Kenai a d  averaged about 24 inches i n  length.  
salmon were about 20 inches long and went t o  Tusternena, Deshka, Kalgin Island, 
Nancy Lake and Big Lake. 
English Bay streams, and Talachulitna Creek. If cons is ten t  fmm year t o  year, 
t hese  s i z e  differences take on an added importance f o r  an ex tens ive  g i l l  ne t  
f l ee t  operates  i n  Cook I n l e t  and would s e l e c t i v e l y  rermve c e r t a i n  raceso 

Racial  d i f -  

Smallestgroup of r e d  
I n  1952, l a r g e s t  r ed  salmon were 

In-betweenswere found i n  Grecian and Swanson Lakes, 

E l e c t r i c i t y  uses.--Electricity i s becoming a p r a c t i c a l  f i s h e r y  conserva- 
t i o n  tool. 
takes, diversions,  and other  dangerous areas.  Latest  s i l v e r  salmon s t u d i e s  
ind ica t e  a current  x t t e r n  with a pulse duration o f  60 milliseconds and a 
frequency o f  4-3 pulses per second i s  most e f f ec t ive .  

Most important i s  i t s  use i n  &?piding young away f rom turb ine  in -  

A method i s  being developed t o  paralyze mature chinooks f o r  hatchery 
spawning. Fish a r e  completely narcotized and can be e a s i l y  sor ted  and 
spawned, However, too much e l e c h i c i t y  k i l l s  t he  eggs. Experiments run 
l a s t  year  demonstrated t h a t  a vol tage drop between electrodes of mre  than about 
2-1/2 v o l t s  ?er  inch will k i l l  t h e  eggs. 
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Enforcement o f f i c e r s  use e l e c t r i c i t y ,  too. A method has been developed 
which w i l l  e s t ab l i sh  t h e  time of death of a f i s h  and thus ;novide a means 
fo r  de tec t ing  f i s h  taken i l l e g a l l y  p r i o r  to opening of  a season. 
recent ly  dead f i s h  r eac t s  t o  e l e c t r i c  shock and by applying e l e c t r i c i t y  t o  
f i f f e r e n t  pa r t s  of t h e  body time of death can be established. 
display a reac t ion  from pec tora l  f i n  up t o  one hour and 20 minutes a f t e r  death; 
a l l  movement ceases a f t e r  Libout 5 hours. 

Body of a 

Silver s a l m n  

Alaska herring.-- Heminc; f i she ry  was f o r  a number of  years a very i m -  
por tan t  Alaska industry.  I n  t h e  g a s t  few years t h e  catch has dropped t o  a 
low l eve l  but  a t  t h e  same time quant i t ies  of f i s h  appear e r r a t i c a l l y  i n  dif- 
f e ren t  areas (without reason); t h i s  was i l l u s t r a t e d  t h i s  year when excep- 
t i o n a l l y  good f i sh ing  was discovered on outs ide waters of Krueof Island, 
where few herr ing have ever been taken. 

To l e a r n  more about t h i s  f luc tua t ing  ava i l ab i l i t y ,  exploratory f ishing 
was done i n  southeastern Alaska between November 4 and December 20. 
i n  good abundance were located a t  S i lve r  Bay (near Si tka) ,  Kendrick Bay 
(Southeast coast  Prince o f  Wales Island), and at Ketchikan i n  Tongass 
Narrows. 

Herring 

Herring spawning areas  o f  both B r i t i s h  Columbia and southeastern Alaska 
I n  cooperation with have f o r  t h e  f i r s t  time been surveyed as a s ing le  unit. 

personnel of the Pacif ic  Biological S ta t ion  of Canada, our b io logis t s  examined 
8,800 ndles of beach between March 18 and April  16--3,300 i n  B r i t i s h  Columbia 
and 5,500 i n  Alaska. 
about .013 mile of spawn f o r  each mile exarnined as compared w i t h  .OOh i n  
Alaska . 

Spawning was found t o  be heavier i n  British Columbia, 
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SECTION 0 F S HELLFISKERIES 

SHELLFISH LAIBRA?IIRIES 
I. WOODS HOLE SHELLFISH LABORATORY 

Paul S. Galtsoff,  Woods Hole, Massachusetts 

Oyster ecology.-- Observations were conducted i n  Cape Cod area which 
contains a great v a r i e t y  o f ecological  conditions. 
oystermen along the southern shore o f  the Cape produce c lus t e r s  of small, 
narrow oys te rs  undistinguishable from coon oysters  of t h e  southern s t a t e s .  
Oyster spawning and s e t t i n g  s tud ie s  continued i n  Chatham and Onset regions 
and i n  Weweantic and Mareham Rivers. 

Areas unexploitcd by 

Toward t h e  end o f  June, t h e  majority of oys te rs  i n  t h e  Chatham area  had 
poor gonad development despi te  a mild winter and hi,:h spring water tempera- 
t u re s .  
summer and were warned against  plant ing oys te rs  from muddy New Jersey creeks. 
Several  hundred bushels of these oys te rs  planted i n  Apri l  1952 were o f  poor 
qua l i ty  and i n f e s t e d  wit1 Nematopsis. They have not increased i n  length o r  
bulk and a r e  gradual ly  dying. 
gonads but d id  not discharge spawn. 

Oystermen were t o l d  t o  ex2ect  no s e t t i n g  of  commercial importance this 

By t h e  end o f  June some had well-developed 

Among foul ing organisms i n  t he Chatham region, Bryca->a occupy a promi- 
nent place. Because o f  t h e i r  rapid growth they  i n t e r f s r e  with oyster  la rvae  
attachment and may se r ious ly  impede oys te r  seed grow ti^. Some organisms 
(Schizoporells, Callopora) encrust  shells and pebbles i n  t h e  t i d a l  zone while 
o thers  (Parasmit6- form large-sized nodules around pebbles and broken 
she l l s .  

11. MILFORD LAWRATORY 
Victor L. Loosanoff, MiIford, Connecticut 

Long Is land  Sound oys te r  spawning and setting.--Oyster s e t t i n g  began 
near mid-July; the m a x i m u m  s e t t i n g  o f  t h e  first wave occurred within a few 
days after t h e  beginning. The first wave continued u n t i l  about August 23, 
and a hia tus  i n  s e t t i n g ,  an unexplained condition t h a t  has prevailed f o r  
years, continued u n t i l  approximately August 11. 
reached i t s  maximum on August 19 and gradually declined u n t i l  i t  ended i n  
ea r ly  Sent ember. 

The second wave of  s e t t i n g  

From a commercial viewpoint the 1952 oys ter  s e t  was a f a i l u r e ;  s ince  t h e  
last  good oys te r  s e t  occurred i n  1945, Long Is land  Sound oys te r  growers need 
young oysters .  
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S t a t i s t i c a l  s tud ies  have been rnade o f  data  on oyster  spawning and 
. s e t t i n g  during past  years and of f ac to r s  t h a t  may af fec t  these ac t iv i -  

t i e s .  Among fac to r s  s tudied were a i r  and water temperLtures, solar 
rad ia t ion ,  s a l i n i t y ,  p rec ip i ta t ion ,  r i v e r  discharges, moon phases, and 
wind d i r ec t ion  and velocity.  No d e f i n i t e  correlat ions have been found 
f o r  t h e  15-year observation period. 
f o r  severa l  years but  then f a i l s .  
of high winds w i t h  homogeneity of set i n t e n s i t y  among a l l  Long Island 
Sound s t a t ions .  
when water and wind mixing appears  mall. 
l ayer  Condition and thickness  is being developed f o r  quant i ta t ive  represen- 
t a t i o n  of spawning prolyess o f  t h e  oys te r  population. 

A corre la t ion  may appear t o  hold t r u e  
The only proinising cor re la t ion  i s  t h a t  

A method bused on oys te r  konad 
Conversely, s t s t i o n s  show a highly divergent i n t e n s i t y  

Because o f  need of seed oysters  f o r  t h e  North At lan t ic  oys te r  indus t ry  
and frequent f a i l u r e s  o f  t h e  Long Is land Sound s a t ,  s tud ie s  were made i n  
severa l  semi-enclosed sal t -water  ponds of Gardiner's Is land t o  evaluate the  
Doss ib i l i t y  of using t h i s  type of ;mnd f o r  producing seed oysters .  Results 
Were so  promising t h a t  severa l  oyster conipmiec; nay use salt-wntcr wnds on a 
l a r g e  commercial sca le .  

Small clams, Venus mercenoria, grown a t  Milford laboratory from eggs, 
have been p lan ted  i n  s a l t  waber ponds f o r  studying t h e i r  l:rowth and survival.  

On the  bas i s  of laboratory experiments and f i e l d  observations, sug- 
gest ions have been made t o  s h e l l f i s h  au tho r i t i e s  and oys t e r  growers t o  re- 
e s t ab l i sh  spawning beds i n  lower p d r t s  o f  r i v e r s  enter ing Long Is land  Sound. 
There a r e  reasons t o  bel ieve spawn produced i n  such pltrces i s  the  chief 
sOu1'ce of l a rvae  reaching se t t in i :  s tage  over cu l t iva ted  beds i n  t h e  Sound 
proper. 
l i shed ,  one i n  t h e  Housatonic River. 

Under t h e  Service 's  general  supervision such beds a re  being estab- 

To determine a t  what age oys te rs  produce the most v iab le  spawn, three 
gMUPs of oys te rs  were conditioned f o r  spawning i n  e a r l y  spr ing and induced 
t o  Spawn, t h e i r  l a rvae  grown, and t h e i r  su rv iva l  and growth r a t e s  ascer- 
tained. 
40 years  of w e ,  measures 233 x 102 x 63 mm. i n  length, width and depth, 
respect ively.  
between f ive and scven years of  ago; i n  t h e  young group were small oys te rs  
of t h e  1951 s e t .  Experiments showed l lo s ign i f i can t  difference i n  develop- 
ment percentage f r o m  f e r t i l i z e d  egg to StraighLhinge s tage  among 
NO cons is ten t  difference i n  s ize  of s t r a i g h t  hinge la rvae  of t h e  t h r e e  
EPoUpS was found a t  two days although i n  ,some cases youngcst oyst@rS seemed 
t o  produce s t r a i g h t  hinge larvae of s m a l l  s i ze .  
tween t h e  s i z e  o f  the e a r l y  s t a i g h t  hinge la rvae  and t h e i r  subsequent Growth 
ra te ,  smaller la rvae  rcquir ing a longer time t o  mature. 

Some members of the o ldes t  group, estimated t o  be between 30 and 

The middle group consisted of oysters  o f  marketable s i z e  

t h e  RrOUPS.  

A corre la t ion  appears be- 

NO s ign i f i can t  difference occurred between oys te rs  of d i f fe ren t  groups 
i n  respec t  t o  t ime needed t o  develop r i p e  gonads o r  i n  t h e i r  larvae survival.  
OY8ters Of t h e  o ldes t  group usua l ly  responded t o  spaming s t i m u u  more will ing- 
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l y  than others .  
50-50 basis. Many of t h e  l a r g e s t  oys te rs  showed good s h e l l  growth during 
t h e  conditioning period, one oys te r  krowing l.'/cms, i n  about th ree  weeks, 
Experiments show adul t  oysters of a l l  ages may be s a f e l y  used as  spawn 
yoduce r s ,  and t h a t  t he re  i s  no s ign i f i c sn t  difference i n  qua l i t y  of spawn 
produced by individuals  of d i f f e ren t  ages. 

&x r a t i o  of  t he  oldest  oys te rs  was approximately on a 

Similar s tud ie s  have been be2,un on severs1  size-groups o f  Venus - 
mere enaria. 

Spawning requir ements and behvzior of  oysters  o f  d i f f e ren t  geoGraphica1 
areas.--SFawning and o ther  a s p c t s  of behavior of oys te rs  from Long Is land 
m, Nex Jersey, Virkj.nia, South Carolina and Florida,  brought t o  Milford 
l as t  f a l l  and conditioned f o r  spawning during l a t e  winter and ear ly  spring, 
showed oys te rs  o f  d i f f e r e n t  d i s t r i c t s  d i f f e red  i n  behavior. 
ex2eriment consis ted i n  conditioning oysters  a t  temlJeratures of  15.0, 18.0, 
21.0, 24.0, 27.0 o r  30.0a C.  and i n  estimating a t  c e r t a i n  in t e rva l s  t h e i r  
condition an? ripeness degree. 
groun to ;3rogrt_ss t o  such a s t age  t h a t  about 50 nercent o f  t h e  oopulation 
could be induced t o  spawn; another was t o  deterrrtine t h e  number o f  oys tc rs  
with physiological ly  r i p e  eggs or  sperm. Results showed Long Is land Sound 
oys te rs  r i x m e d  a t  a l l  temperLtures much sooner than any o ther  grou9. New 
Jersey  oys te rs ,  although only s l i g h t l y  below t h e  Long Is land Sound group 
when conditioned a t  high temperatures, such as 30.0 o r  27.0' C., f e l l  f a r  
below the  Long Is land Sound group when conditioned a t  24.0 and 21000C., and 
at 18.0 and 15.0' C. t h e  differences were s t r ik ing .  Virginia and South  Caro- 
l i n a  oysters ,  conditioned a t  t h e  two highest  temperatures were only somewhat 
behind t h e  New Je rsey  group, bu t  far behind at lower tempra tures .  
oys te rs  usual ly  f a i l e d  t o  develop gonads and behaved d i f f e r e n t l y  from ncrthern 
o r  nrid-Atlantic oysters. 

One p a r t  of t h e  

One c r i t e r i o n  was t h e  time requiived f o r  each 

Flor ida  

The majority of t h e  Long Is land Sound oys ters  conditioned a t  a tertpera- 
t u r e  of 12.0' C.,  f o r  67 days had physiologicsl ly  r iFe c e l l s  and some oysters  
could be induced t o  spawn by rb is ing  t h e  ternperkture. One of  t h e  Ung Is land  
Sound oys te rs  conditioned f o r  68 days a t  15.0" C. was made t o  spawn a t  13.2' C. 
Gonadal layer thicknese does not necessar i ly  ind ica t e  r e l a t i v e  oys te r  r ipeness  
Neither sponge nor Polydora ap9ear t o  inhj  b l t  &onad development; oys te r  crabs, 
however, usually r e t a r d  it. 

Requirements o f  oys te r  la rvae ,  .Crassostrea vir&nica.--Studies on food 
requirements of  oys te r  l a rvae  indicated they are very s e l e c t i v e  i n  t h e i r  
fodd. 
were i s o L t e d  i n  pure cu l tures ,  
f l a g e l l a t e  species  from Plymouth, England. Another rnarine f l a g e l l a t e ,  
Pavlova g rans, a lso from Entiland, was tox ic  if  fed t o  larvae,  while another 4 uni e n t i  i e  chrysomonad had only s l i q h t l y  harmful e f f ec t .  All these f lage l -  
lates belong to t h e  order Ch somonadida and are c lose ly  related,  y e t  t h e i r  
oys te r  food value d i f f e r s  - r ad ica l ly ,  i s  ind ica t e s  t h a t  such steps as chemi- 
tal ana lys i s  of whole plankton samples or estimate:: of n u t r i t i v e  substclnces i n  

More than is rnarine bac te r i a  species-proved useless as food, Bacter ia  
Oyster la rvae  u t i l i z e d  t o  some ex ten t  f i v e  
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sea water m a y  no t  h e l p  i n  f i n d i n g  whether water c o n t a i n s  o r  w i l l  con ta in  
nannoplankton v a r i e t i e s  u t i l i z , a b l e  by o y s t e r  larvae. 
approach may be s;)Pcies i d e n t i f i c a t i o n ,  if riossible,  and c e l l  counts.  

The on ly  r e l i a b l e  

Pound o y s t e r  l a r v a e  d i d  n o t  u t i l i z e  C h l o r e l l a  t r i e d  i n  pure  c u l t u r e  
b u t  l a r v a e  of l a r g e  s i z e  a s s i m i l a t e d  i t  and grew. None of t h e  food combi- 
n a t i o n s  has g iven  evidence of  ;)roviding a more balanced d i e t  o r  rmre r a p i d  
l a rva l  growth t h a n  could  be ob ta ined  by feeding  equ iva len t  q u a n t i t i e s  of‘ a 
s i n g l e  kind o f  food. 
a d d i t i v e .  
induce d i f f e r e n t  o y s t e r  l a r v a e  growth rates. 
i n  number o f  ce l l s  needed t o  induce  inaxinlurn o y s t e r  larvae growth rate, 
mum concen t r a t ion  o f  food organisms t h a t  C M  be c r e a t e d  i n  water Containing 
o y s t e r  l a r v a e  without  unfavorably a f f e c t i n g  t h e  larvae v a r i e s  with spec ie s .  
With t h e  number o f  food ori;misms equal ,  o y s t e r  larvae growth r a t e  had an 
i n v e r s e  r e l a t i o n  t o  number of larvae p e r  u n i t  volume. Var i a t ions  between 
growth ra tes  o f  l a r v a e  i n  c u l t u r e s  r ece iv in i ,  same t rea tment  i n  success ive  
experiments apptrar caused by some v a r i a b l e  sea water f a c t o r  that;  a f f e c t s  
l a r v a e  a b i l i t y  t o  u t i l i z e  food. 
B12, as w e l l  as  an i o d i n e  s o l u t i o n  i n  gotass ium i o d i d e ,  and ino rgan ic  i o n s ,  
Mn+*, Fe+++, Zn++or Pg4+++, to c u l t u r e s  con ta in ing  o y s t e r  larvae showed water 
f a c t o r  r e t a r d i n k  l a r v a e  C;rowth was no t  one of t h e s e  subs tances ,  

E f f e c t s  of a l l  foods tested, inc ludin ; ,  ChJorel la ,  are 
When e q u a l  numbers of ce l l s  are fed,  d i f f e r e n t  f l a g e l l a t e  s p e c i e s  

F l a g e l l a t e  s p e c i e s  a l s o  d i f f e r  
M a x i -  

Addi t ion of two vi tamins,  a sco rb ic  a c i d  and 

Through use o f  t h e  m i l l i p o r e  f i l t e r ,  a method i s  b e i n g  developed f o r  a 
q u a l i t a t i v e  es t imnt  e of nlicroplunkton and f o r  dcveloping a s t a i n i n g  technique 
t h a t  w i l l  h e l p  recoc;nize d i f f e r e n t  groups. 

Con t ro l  of enemies o f  commercial r n l l u s c s  ,--Observations on s t a r f i s h  
snawning and s e t t i n g  found s e t t i n g  behan about  J u l y  1 and soon acqui red  an  
i n t e n s i t y  n o t  recorded i n  t h e  l a s t  decade. 
f i s h  s e t  throughout  sunmer p r a c t i c a l l y  wj t h o u t  i n t e r r u p t i o n .  
no t  display  well-def ined wuves as Aid o y s t e r s .  
h c a v i e r  a t  30 feet t han  i n  sha l lower  water. Heavy i n o r t a l i t y  occurred  am% 
r e c e n t l y  s e t  s t a r f i s h  b u t  East-growing su rv ivo r s  soon over ran  c u l t i v a t e d  
o y s t e r  bottoms. 
l a t i o n  about  600 percen t ,  as compared r d t h  t h e  s p r i n g  o f  1952. 

Contrary t o  o y s t e r  p a t t e r n ,  s t a r -  

The 1952 se t  was c o n s i s t e n t l y  
S e t  t i n g  d i d  

F d l l  s t a r f i s h  su rvey  showed t h e  new s e t  inc reased  t h e  P O P -  

C u l t i v a t i o n  o f  l e rne l l ib ranch  l a r v a e ,  --Larvae of s e v e r a l  l ame l l ib ranch  
s p e c i e s  n o t  c u l t u r e d  s r e v i o u s l y  w e r e  ,;mr~n t o  rnetamorphosis und da ta  0x1 
length-width r e l a t i o n s h P  ind growth r a t e  obta ined .  A manuscript i s  being 
?re?ared on  c u l t i v a t i o n ,  growth and larvae i d e n t i f i c a t i o n  of 16 d i f f e r e n t  
l ame l l ib ranch  s p e c i e s ,  based on c u l t u r e s  grown at  Milford.  Data on  length-  
wid th  r e l a t i o n s h i p  of each species from t h c  time s t r a i g h t  hinbe s tat @ i s  
reached u n t i l  rnetamrjdmsis, as well as a series o f  micro;~hotog~’aphs demn- 
s t r a t i n g  diff e r c n t  growth stagcs, have been prepared. 

on pure, bac t e r i a - f  ree c u l t u r e s  of Ch lo re l l a ,  Chlarqrdomnas, Chromulina 
W i a d e s ,  o r  I soch  sis @bans, 
seem t o  be ut&n;ae, 3J.k a d u l t  o y s t e r s ,  show food s e l e c t i v -  
i ty ,  sometimes r e j e c t i Q ;  small forin,, such  as Prophyridium, which is  on ly  
about  3 U, wh i l e  t a k i n g  in much l a r g e r  forms, such as Chlamydomonas, about  
10 u. 

Venus Mercenaria  l a r v a e  were brown t o  s e t t i n o  s t a g e  w i t h i n  10-14 days 

Porphyridium, a blue-green alga, did no t  
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Food requirement s tud ies  of - Venus mercenaria la rvae  showed concentra- 
t i o n  of food organisms giving optimum growth depended upon c e l l  s ize ,  as was 
found f o r  adul t  oysters ,  I n  some cases optimum concentration may l i e  near 
250,000 c e l l s  of food organisms ;?er cc., while i n  others,  when l a rge r  c e l l s  
are used, it ma: be between 12,000 and 25,000 c e l l s  7cr  cc. 
cul tures ,  receiving proport ionately t h e  same food quant i ty  as t h e  least 
dense cu l tures ,  G r e w  less rapidly,  
i n  a short time. 
may cause la rvae  death i f  present i n  l a r g e  concentrations.  
es tabl ished by placink; l a rvae  i n  f l a s k s  w i t h  water filters 
f i l ters  and then  adding t o  water i n  d i f f e ren t  concentrations e i t h e r  filtrate 
of t h e  food c u l t u r e  t h a t  was also f i l t e r e d  through t h e  same f i l t e r ,  o r  Chlo- 
r e l l a  c e l l s  which were retained on the  f i l t e r  and then resuspended i n  f i l t e r e d  
sea  water. These observhtions, i n  general ,  correspond t o  those  made a t  t h e  
Milford laboratory on adul t  oys te rs  when it was found heavy concentrations of 
food organism af fec ted  them mechanically because o f  t h e  presence o f  a l a rge  
number of c e l l s  and chemically because o f  metabolic 7roducts present i n  t h e  
l i q u i d  pa r t  o f  t h e  food media, 

Overcrowded 

Heavy food concentrations my k i l l  larvae 
Ei ther  f i l t r a t e  o r  c e l l s  of food cu l tures ,  such as Chlorellar 

T h i s  f a c t  was 
through trdllipore 

Data an&lysis  of experiments i n  which - Venus mercenaria la rvae  were grown 
at  18.0, 21.0, 24.0, 27.0 and 30.0' C. showed no s i g n i f i c a n t  difference i n  
s e t t i n g  s i z e  of l a rvae  a t  d i f f e r e n t  temperatures. 

I n  examining Venus -.- . . mercenaria cu l ture ,  i n  which mass mor ta l i ty  had 
occurred, an organism resembling fungus which was apparently responsible  
f o r  t h e  mortkl i ty  was noticed. 
mster ikl  were in fec t ed  w i t h  fungus. Venus larvae may contain two d i f f e ren t  
;;enera. of fungi,  Lagenidium and Aphanoqyces, w h i l e  oys te r  la rvae  contain 
Lagenidium. Various fun:,icideg a r e  being t r i e d .  Fa i lure  t o  grow l a r v a l  
cul turee and, i n  the  case o f  Vbnus mercenaria, m a s s  mor ta l i ty  of  recent ly  
metamorphosed clams a r c  of ten  due t o  fungus infec t ion .  
f o r  this rnalad,y, clam c u l t i v i t a t i o n  on a cormercial s c a l e  m y  become a 
r e a l i t y .  

Samples o f  preserved and l i v i n g  larvae 

By f inding a cont ro l  

A method, i n  which l i v i n g  larvve fungus wa:; s t a ined  w i t h  a v i t a l  dye, 
was developed and promises t o  be o f  considerable help i n  de tec t ing  fungus 
appearance i n  a cul ture ,  p rogress  o f  epidemics, surv iva l  r a t e  of fungus- 
a f fec ted  liirvae, e tc .  

Introduct ion o f  European oyster ,  Ostrea edul is ,  i n to  American waters.-- 
This study, begun is 1949 w i t h  oys te rs  f rom Holland, showed t h i s  species  
can survive and nropagatc i n  t h i s  country. Oysters were kept i n  Milford 
Harbor and i n  severa l  Maine loca t ions ,  including Boothbay Harbor, Occurrence 
of a na tu ra l  s?t of European oys te rs  on Boothbay Harbor mcks proved they 
found the  new environment favorhble. 

European oys tem were induced t o  spawn i n  winter and many cu l tu re s  were 

Seed oys te rs  obtained 
car r ied  t o  metamorphosis. 
Milford ou ;door experimental tanks during t h e  3unmcr. 
at t h e  Milford laboratory by a r t l f i c i a l  cu l t i va t ion  ncre shinped t o  Pac i f i c  
coast  oys t e r  inves t iga tors .  

They were also p o w n  on a much l a r g e r  s c a l e  i n  t he 
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111. BEAUFORT LABORATORY 
(SPECIAL S HELLFISH INV4STIGATIONS) 

Walter A.  Chipman, Beaufor t ,  North Caro l ina  

S tud ie s  cont inue  o f  accumulation of va r ious  elements i n  marine plank- 
t o n  and i n  bodies  o f  economically i q o r t a n t  rnarine i n v e r t e b r a t e s ,  t h e i r  
d i s t r i b u t i o n  wi th in  t i s s u e s ,  t h e i r  formation i n t o  compounds and t h e i r  re- 
t e n t i o n  and exc re t ion .  

E s t u a r i n e  organisms accumulate i n  t h e i r  bodies many elements of t h e  
surrounding water. 
ments by marine i n v e r t e b r a t e s  i s  remarkable  when t h e  small amount of t h e s e  
p r e s e n t  i n  sea water i s  considered.  
i n  water, marly of  t h e s e  are r a p i d l y  taken  up by p l a n t s  and animals and m a y  
be r e t a i n e d  i n  h igh  concen t r a t ion  f o r  some time. 

Accumulation o f  cons ide rab le  q u a n t i t i e s  of c e r t a i n  d e -  

If f i ss ion-product  elements are p resen t  

The method of e n t r y  of many elements,  whether from food o r  by d i r e c t  
abso rp t ion  from sea water, i s  s t i l l  no t  known f o r  c e z t a i n  i n  many i n s t ances .  
Small f l o a t i n g  marine p l a n t s  have been shown t o  o b t a i n  t h e i r  n u t r i e n t s  d i -  
r ec t ly  by absorp t ion  €rom sea water. Higher forms, f eed ing  on plankton,  m a y  
t h u s  accumulate l a r g e  q u a n t i t i e s  of t h o s e  elements which occur  i n  small con- 
c e n t r a t i o n s  i n  sea water. 
o r  through gills i s  impor tan t  i n  many marine animals.  
j ec t  are concerned bo th  w i t h  uptake through food eaten i;nd through d i r e c t  
abso rp t ion  from body su r faces .  
t e r i n g  mechanisms, cons ide rab le  emphasis has been p laced  on problems of food 
se leckion .  

However, d i r e c t  abso rp t ion  through body su r faces  
Researches of t h e  pro- 

I n  t h c  c a s e  of s h e l l f i s h  feedink; through fil- 

Experiments with strontium09.--Upt.ako o f  rad ios t ront ium,  one of t h e  
f i s s ion -p roduc t  e lements  o f  cons ide rab le  importhnce when cons idered  from t h e  
P o i n t  of view o f  p o l l u t i o n ,  from sea water by va r ious  s p e c i e s  o f  phytoplank- 
t o n  t e s t e d  was rap id .  I n  n e a r l y  a l l  cases t h e r e  was an almost immediate up- 
t a k e  fo l lowed b y  a s u s t a i n e d  r a d i o a c t i v i t y  level. 
t a i n i n g  r a d i o s t r o n t i u m  were r e tu rned  t o  sea water, measurable r ad ios t ron t ium 
b s s  
a c t i v i t i e s  of  s t r o n t i u m  w i t h i n  and without t h e  ce l l s  and t h e  n a t u r e  of t h e  
compounds formed wi th in  t h e  ce l l .  Evidence t h a t  exchange was &;oink on w a s  
obta ined ,  however, by adding a c h e l a t o r ,  sodium s a l t  o f  e thylene  +i.arnine te t ra -  
w e t i c  acid,  t o  t h e  sea-water medium surrounding t h e  phytoplunktor ce l l s ,  I n  
such experiments  t h e  r a d i o s t r o n t i u m  l eav ing  the  c e l l s  was firmly c h e l a t e d  and 
accumulated in. t h e  medium. 

When plankton ce l l s  con- 

t o  water  d i d  not  occur, p o s s i b l y  because of g r e a t  d i f f e r e n c e s  i n  Spec i f i c  

I n  experiments  where s p e c i e s  of N i t z sch ia ,  Chla domnas  and C h l o r e l l a  

An apparent  c o n s t a n t  s p e c i f i c  a c t i v i t y  was soon reached wi th  no f u r t h e r  up- 
t ake ,  t h e  t o t a l  amount of r a d i o a c t i v i t y  r each ing  t h e  same l eve l  i n  cells 
kept  i n  t h e  dark  as t h a t  i n  c e l l s  kep t  i n  t h e  l i g h t .  
of Carteria, however, uptake i n  t h e  l i g h t  was g r e a t e r  t h a n  i n  the: dark, and  
the-was cont inued with titne. 

were used, r a d i o s t r o n t i u m  uptake was not  r e l a t e d  ---FG-€ t o  p o syn h e s i s  and l i g h t .  

I n  t h e  case o f  a s p e c i e s  

Apparently some metabol ic  ?recesses take 



place i n  t h i s  species i n  which strontium, o r  a c lose ly  r e l a t e d  o r  associated 
element, i s  involved. Strontium accumulation i n  t h i s  species was greater  
than i n  others .  

The amour$ of  avai lable  calcium i n  t h e  sea-water cu l tu re  medium had a 
marked e f f e c t  on uptake of strontium@. A low calcium concentration i n  re-  
l a t i o n  t o  strontium resu l ted  i n  an increased strontium uptake. 

Through use o f  an isotope-di lut ion method, t he  accumulation of 
strontium89 by seve ra l  speCies of marine algae was followed. 
calculated weight of marine plankton c e l l s  t o  s ea  water containink, radio- 
strontium o f  known a c t i v i t y  pe r  Gram of water, reduction i n  r ad ioac t iv i ty  
r e su l t i ng  can be compared t o  tha t  which would r e s u l t  from a cornparaSle addi- 
t i o n  of an equivalent weight of water. 
increased reductlon i n  r ad ioac t iv i ty  r e su l t i ng  frorn addi t ion of  plankton 
c e l l s  over t h a t  which might be expected from an addi t ion of water indiczltes 
radiostrontium concentration by alga. 

If one adds a 

After  e s t ab l i sh ing  an equilibrium, 

The number o f  times strontium i s  concentrated i n  c e l l s  of various 
s p e c i m f  marine phytoplankton over concentration i n  sea water fo l lows  : 

N i t  zschia c lo  s t e r i  um 250 
Nitzschia  sp. 302 
Chorella sp. 3b8 
-monas sp. 360 
Car ter ia  s p .  750 

Uptake o f  radiostrontium by d i r e c t  absorption i n  marine animals t e s t e d  
i s  rapid.  It i s  d i s t r ibu ted  throughout t he  body w i t h  highest  concentrations 
i n  areas o r  organs containing g r e a t e s t  amounts of  s t ront ium and calcium. I n  
t h e  oyster ,  clam, and crab t h e  g rea t e s t  uptake i s  i n  t h e  she l l .  No g r e a t  
accumulation occurs i n  so f t  t i s s u e s  o f  t he  oys t e r  and clam b u t  i n  the crab 
the re  i s  an accumulation i n  t h e  g i l l s ,  t h e  hepatopancreas, and the stomach, 
a l l  o f  which a r e  known t o  be a reas , fo r  accumulation of calcium o r  they have 
c a l c i f i e d  3 t ruc tures  

Sof t  t i s sues  of oys te rs  and clams, which are t h e  e d i b l e p o r t i o n s ,  
rap id ly  lose t h e i r  r a d i o a c t i v i t y  when returned t o  normal sea  water. 
1.9 percent and 1.7 percent o f  o r i t 9 n a l  a c t i v i t y  are present  a f t e r  one week 
i n  t i s sues  of  clams and oys ters  respect ively.  
decreases with a ha l f - l i fe  of approximLlely 4 to 5 days. 
ever, have 30 pcrcent  of t h e i r  o r i g i n a l  a c t i v i t y  a f t e r  one week an& only 
ttbout 15 percent  a f t e r  5 o r  6 weeks. 
strontium los s ,  however, f o r  there  i s  a f ac to r  o f  growth and d i l u t i o n  of t he  
radioisotope from new s h e l l  formation. 

Only 

This srnall amount remaining 
The s h e l l s ,  how- 

Hal f - l i fe  curves may not  mean radio-  

Radioact ivi ty  o f  t h e  edible p o r t i o n  of  t he  blue crab r e su l t i ng  from 
radiostrontium uptake w a s  rap id ly  l o s t  when crabs were returned t o  normal s e a  



water ,  Although g i l l s  and some o t h e r  organs accumulated inore radio-  
s t ront ium,  t h e  b i o l o g i c a l  h a l f - l i f e  was t h e  same a t h a t  o f  t h e  remain- 
i n g  meats--about 5 days. 
i n i t i a l l y .  

There was, of course,  a much mre r s p i d  l o s s  

Aside from r a p i d  r a d i o a c t i v i t y  l o s s  from c r a b  s h e l l s  w i th in  t h e  f i rs t  
t w o  days, abou t  30 percen t  o f  t h e  a c t i v i t y  rernained 10 days i n  normal sea 
water wi thout  any aFprec iab lc  decrease .  

Experiments w i th  zinc6S, --Since many marine i n v e r t e b r a t e s  accumulate 8 

number of metal i o n s ,  studies have been d i r e c t e d  t o  determine mode of entry,  
d i s t r i b u t i o n  i n  organs and t i s s u e s  , chemical combinations formed, and bio- 
l o g i c a l  l i f e  of  a s e l e c t e d  number of metal i o n s ,  S ince  t h e  l i s t  of b io log -  
i c a l l y  imnor tan t  i o n s  i s  l a rge ,  on ly  a s t a r t  hzs been made on t h e s e  s t u d i e s .  

Zinc i s  p r e s e n t  i n  srnall concen t r a t ions  i n  s e a  water and i s  considered 
a t r d c e  clement f o r  p l a n t s .  S t u d i e s  with r a d i o a c t i v e  z inc  show phytoplankton 
c c l l s  r a p i d l y  remove i t  from t h e  c u l t u r e  medium whether i n  t h e  l i g h t  o r  i n t h e  
dark.  
s y n t h e s i s .  F r a c t i o n a t i o n  wi th  t r i c h l o r a c e t i c  aciC; ‘shows t h e r e  i s  only  a 
m a l l  amount o f  z i n c  inco rpora t ed  i n  protein-bound rnater inl .  
h i b i t i o n  of t;mwth o f  c u l t u r e s  showed z i n c  concen t r a t ions  of  less than 0.25 
ppm will i n h i b i t  c e l l  d i v i s i o n .  Amount of z i n c  e n t e r i n g  t h e  c e l l  depends 
upon concen t r a t ion  i n  t h e  medium. I n  f i l t e r - w a s h i n g  experiments,  t h e  amount 
of r a d i o a c t i v e  z i n c  exchan;,ed from c e l l s  i n c r e a s e s  as z i n c  concen t r a t ion  i n  
t h e  washing medium i n c r e a s e s .  

Thus, z inc  uptake and u t i l i z a t i o n  may have l i t t l e  r e l a t i o n  t o  photo- 

Tests 01’ i n -  

Marine s h e l l f i s h  c o n t a i n  large annunts of z inc  i n  t h e i r  bodies ,  conccn- 
* r a t i n g  z i n c  of sea water many times over .  
t h e i r  metabolism i n  a srnall amount, p robably  be in&,  coriccrmed with enzyme 
a c t i o n .  
accumulation of large amounts i s  known. 
showed t h e r e  i s  a r a t h e r  complete exchange between z i n c  o f  sea water and 
s h e l l s  and t issue, .  of o y s t e r s  and clams. I n j e c t i o n s  o f  r a d i o m t i v e  z i n c  i n t o  
o y s t e r  b o d i e s  show i t s  g r c a t e s t  accumulation i s  i n  t h e  l i v e r  and g i l l s .  Accumu- 
l a t i o n  i n  gills  may have a r e l a t i o n  t o  abundance of t h e  enzyme carbonic  anhy- 
d r a s e  i n  t h e  gills. Both h i s tochemica l  methods and autoradior,raphs arc b e i W  
used i n  t h i s  s tudy .  F’ractionation o f  o y s t e r  t i s s u e s  con ta in ing  r a d i o a c t i v e  
z i n c  is be ing  made i n  a n  a t t empt  t o  l e a r n  t h e  z i n c  compounds formed. F r x -  
t i o n a t i  ng wi th  t r i c h l o r a c e t i c  a c i d  shows z i n c  i n c o r p o r a t i o n  i n t p  ) ro t e in -  
bound f r a c t i  n i s  small i n  amount, t h e  g r e a t e r  p a r t  be in& i n  t h e  a c i d - s o h b l c  
f r a c t i o n .  

Undoubtedly z i n c  i s  r equ i r ed  i n  

Nei ther  t h e  par t  z inc  p l a y s  i n  t h e i r  metabolism nor  t h e  reason f o r  
Throu6h usc  of zihc-65 experiments 

S e ud ic s  con t inue  o n  zinc metabolism i n  marine i n v e r t e b r a t e s .  

Experiments wi th  mangane~eS4.--Although r a d i o a c t i v e  mangarlese has been 
obta ined ,  s t u d i e s  of t h i s  inetalfs role i n  s h e l l f i s h  metabolism have on ly  
bei,un. 
observed,  
be ing  made, 
r ep roduc t ive  processes ,  b u t  its a c t w l  metabol ic  uses a r e  unltnown, 

Exchange phenomena and uptake by o y s t c r s  and o y s t e r  t i s s u e s  have been 
S tud ie s  of  r a d i o a c t i v e  lmnganese d i s t r i b u t i o n  i n  oystel. t i s s u e s  are 

Manganese has been thought  t o  p l a y  an  impor tan t  p a r t  i n  oyster  
S t u d i e s  
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planned f o r  using t h e  radioact ive isotope may y i e l d  information about t he  
metabolic r o l e  of manganese. 

Experiments on foods and feeding o f  shellfish.--To use various species 
of plankton i n  feeding experiments, l o c a l  co l lec t ions  a r e  made and ava i lab le  
cu l tures  obtained from bther  laborator ies .  

I so l a t ion  o f  one species  of phytoplankton from a co l lec t ion  containing 
hundreds of species has proved d i f f i c u l t .  
can b e  labeled with a radioisotope and f e d  to  an oys t e r  o r  clam, i t  must n o t  
o n l y  be i s o l a t e d  but i t s  n u t r i t i o n a l  requirements determined. 

I n  addition, before any species 

Skelctonema, Chaetoceros, Navicula, Nitzschia, Chlamydomonas, C h l o r e l l 5  
Car te r ia ,a  blue-green species,  and a few unident i f ied  species  have been iso-  
l a t e d  and maintained i n  cu l tu re  i n  t h e  Beaufort laboratory.  
species  having d i f f e ren t  nu t r ien t  requirements and t o  increase  population 
sizes of those i s o l a t e d  and i n  cul ture ,  cu l ture  medium modifications a r e  
being made continually.  

To obtain new 

To obtain phytoplankton containing radioact ive phosphorus i n  su i t ab le  
amunts  and properly bound within c e l l s  f o r  f eedin;: experiments, exchange 
and accumulation o f  radioact ive phosphorus by phytoplankton c e l l s  had t o  be 
determined. Results of this s tudy have been submitted f o r  publication. 

Although phosphorus uptake t o  meet metabolic needs of rap id ly  dividing 
phytoplankton i s  grea t ,  i t  has been possible  ko show some phosphorus ex(; iange 
~ c c u r s  between c e l l s  and cu l tu re  medium. Further,  i t  has been shown t h e  
a u n t  of exchangeable phsophorus i n  phytoplankton v a r i e s  with physiological 
c e l l  condition. Thus, it has been possible t o  l a b e l  a species  of phytoplank- 
ton  with radioact ive phosphorus w i t h  high concentration i n  non-exchangeable 
f r a c t i o n  and, hence, reduce in te r fe rence  brought aSout by presence o f  radio- 
phosphorus i n  medium i n  feeding experiments. 
remve phosphorus from sea water, any rad ioac t ive  phosphorus exchanged 
from phytoplankton c e l l s  during t h e  feeding period could be absorbed by 
animals and i n t e r f e r e  with proper evaluation o f  experimental da ta .  

Since oys te rs  and clans can 

Through use of rad ioac t ive  phosphorus, wcperimnts have shown exchange 
react ions between phosphorus of s e a  water and t h a t  o f  bodies of oys te rs  and 
clams. Exchsngeable phosphorus i n  r e l a t i o n  t o  t o t a l  amount i n  oysters i s  
small. Apparently there  i s  a metabolic phosphorus pool ava i lab le  t o  meet 
t i s sue  needs . 
oys ter  food contr ibute  the  l a r g e s t  amount of phosphorus t o  t h i s  metabolic 
pool. 

Feeding experiments demonstrate phosphorus compounds o f  

Phosphorylations en ter  i n t o  carbohydrate, l i p i d ,  and pro te in  metabolism 
of oysters  as they  do i n  other  animals. 
shell formation. 
basis.  
t e i n  phosphorus and l i p i d  phosphorus, amounted t o  17.6 percent.  

Phosphorus a l s o  i s  important i n  
G i l l  t i s s u e  phosphorus was 7.5 ug P/mg on a dry  weight 

O f  tri- 
O f  t h i s ,  t r i c h l o r a c e t i c  ac id  insoluble  f rac t ion ,  which included pro- 
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c h l o r a c e t i c  a c i d  e x t r a c t a b l e  f r a c t i o n ,  26.2 pe rcen t  was i n  t h e  form of 
inor i ;an ic  phosphorus and 74.6 pe rcen t  as o r p m i c  phosphorus, c h i e f l y  ester 
phosnhorus 

Experiments u s ing  r a d i o a c t i v e  phosphorus showed t h e r e  was a r a p i d  
tu rnove r  of i no rgan ic  phosphorus , a moderate tu rnove r  of  e s t e r  phosphorus, 
and a slow tu rnove r  o f  ,prtein-bound phosphorus. 
water conMning r a d i o a c t i v e  phosphorus qu ick ly  became r a d i o a c t i v e  from 
uptake invo lv ing  o n l y  ino rgan ic  phosphorus f r a c t i o n .  
p laced  i n  o r d i n a r y  sea water, t h e y  r a p i d l y  l o s t  t h i s  r a d i o a c t i v i t y .  
t h e  amount of inor;:anic phosphorus i n  oysl;er t i s s u e s  B smal.1, o y s t e r s  accumu- 
l a t e  l i t t l e  r a d i o a c t i v i t y  from s h o r t  exposures.  
r a d i o a c t i v e  phosphorus f r a c t i o n s  i s  slow, a long-continued exposure r e s u l t s  
i n  extremely r a d i o a c t i v e  o y s t e r s  which r e t a i n  t h e i r  a c t i v i t y  f o r  long per iods.  
This  work i s  completed and w i l l  soon be submit ted f o r  pub l i ca t ion .  

Oysters p laced  i n  sea 

When o y s t e r s  were t h e n  
Because 

S ince  inco rpora t ion  ra te  of 

There a r e  two impor tan t  t h e o r i e s  as t o  t h e  c h i e f  source  o f  food  f o r  
c i l i a r y  f eede r s .  
t u s  from c e l l s  and fragments  o f  dead and d i s i n t e g r a t i n g  p l a n t s  and animals. 
The second and o l d e s t  t heo ry  i s  t h a t  t h e  most impor tan t  food source  i s  l i v i n g  
phytoplankton organisms. 
ques t ion  remains as t o  wehther  o r  n o t  t h e  o y s t e r  w i l l  d i g e s t  and assimilate 
it. 
as food. 
Passat;e of  a p l ank ton  c e l l  through a d i g e s t i v e  t r a c t  which l eaves  t h e  cell 
i n t a c t  and a l i v e  does n o t  n e c e s s a r i l y  mean it cannot  be d iges ted .  
o n l y  i n d i c a t e  t h a t  t h e  o y s t e r  
and a s s i m i l a t e  i n  t h e  time requ i r ed  f o r  t h e  c e l l ' s  passage through the  t r a c t .  

One theo ry  sugges ts  t h e  p r i n c i p a l  food  i s  dus t - f ine  d e t r i -  

Once food  material e n t e r s  t h e  d i g e s t i v e  t ract ,  a 

I n g e s t i o n  of a c e r t a i n  s p e c i e s  does not  necessarily mean it can be used 
It m a y  o n l y  i n d i c a t e  i n e f f i c i e n c y  o f  t h e  f i l t e r i n g  mechanism. 

It may 
i n g e s t e d  m r e  c e l l s  t han  i t  could  d i g e s t  

Through a p p l i c a t i o n  of r a d i o i s o t o p i c  tracer technique  t o  t h e  s tudy  of 
food and feeding  of o y s t e r s  t h e  number o f  organisms i n g e s t e d  and t h e  number 
u t i l i z e d  can  be estimated. 
combined i n  protoplasm o f  phytoplankton which are  d e t e c t e d  i n  o y s t e r  t i s s u e s  
af ter  a f e e d i n g  experiment,  t h i s  p a r t i c u l a r  p lankton  must serve as a food. 

If r a d i o a c t i v e  i s o t o p e s  have been chemical ly  

Phytoplankton c o n s i s t i n g  o f  s p e c i e s  o f  Ch lo re l l a ,  Chlaqydomonas, 
N i  t z s c h i a ,  Skeletonema, Carteria, Navicula 
and protozoan Plagiocampa were m a d m t i v e  w t t h  pJkand f e d  t o  oys t e r s .  
Di f fe ren t  s p e c i e s  were then  compared as t o  t h e i r  a c c e p t a b i l i t y  as food f o r  
o y s t e r s .  Some plankton forms s e t t l e d  more r a p i d l y  than  o t h e r s  and, t he re -  
fore ,  fewer were suspended and a v a i l a b l e  t o  t h e  oys t e r .  The amount of fed 
c e l l s  enterin,: the  d i g e s t i v e  t r ac t  itere coinpared wi th  those  i n  t h e  pesuod- 
f eces .  R e s u l t s  ag ree  w i t h  prev ious  work t h a t  s o r t i n g  of p a r t i c l e s  f o r  i n -  
g e s t i o n  by the  o y s t e r  depends i n  p a r t  on s i z e ,  shape, and abundance a t  one 
time. 

Nannochloria and Pyrornimonas 

However, s e l e c t i o n  of c e r t a i n  plankton s p e c i e s  as food by t h e  o y s t e r  
i nvo lves  f a c t o r s  o t h e r  t han  s i z e  and shape., Cell  abundance of a small 
s p e c i e s  i n  t h c  r e j e c t e d  inaterial o f  t h e  pseudofeces was g r e a t e r  t h a n  t h a t  of 
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c e l l s  of c e r t a i n  o ther  l a r g e r  species t h a t  were fed. 

Because o f  accurate quan t i t a t ive  measurements made possible  by use of 
radioact ive t rdcers ,  fu r the r  wrk w i l l  d ive  a more complete understanding 
of the  extent  of so r t ing  t h a t  takes pltice. 

Experiments demns t r a t e d  digestion, absorption, and ass imi la t ion  of 
a l l  species o f  plankton c e l l s  f e d  experimentally t o  oys te rs  except Chlorella.  
Though l a rge  numbers o f  Chlorel la  c e l l s  were i n  t h e  d iges t ive  t r a c t ,  t h e  
oys te r  u t i l i z e d  alrnost none as food. Phosphorus o f  plankton cells u t i l i z e d  
by t h e  oyster  w a ~  assimilated and incorporated i n t o  organic phosphorus-con- 
ta ln ing  compounds of oyster  t iesuee.  Though feeding experiments continue, 
7rellndnary r e su l t8  w i l l  be published soon. 

ZV e PENSACOW LAlBRkTORY 
(GULF OYSTER INVESTIGATTONS) 

P h i l i p  A. Butler, Pensac;ola, F lor ida  

O p t e r  investigations.--Observations o n  s p a t f a l l  i n  t h e  summer of 1953 
were aesigned t o  d i f f e r e n t i a t e  s e t  s t r a t i f i c a t i o n  of t he  three  oyster species 
well es tab l i shed  i n  t h e  co l lec t ing  a rea  and preference of l a rvae  f o r  upper 
o r  under sur faces  i n  se t t i ng .  
shows oys te rs  ?refer  upper c r  exposed surfaces.  
opposi te  r e su l t .  
r a t h e r  than on i n i t i a l  s e t t i n g  r a t e s .  

For t h e  f i f t h  consecutive season evidence 
Other inves t iga tors  obtained 

Difference probably arises from data based on surv iva l  rates 

In t e rp re t ing  data  is d i f f i c u l t  because of concurrent s e t t i n g  o f  the three 
species.  
pieces. The t o t a l  s e t ,  durinG three  Consecutive one-week periods,  showed a 
consis tent  s t r a t i f i c a t i o n  diminishing f rom t o p  t o  bottom ( 9 ’  of  water 
sampled a t  1’ i n t e rva l s )  b u t  with a minor peak a t  mid-depth. 
Deriod s e t t i n g  r a t e s  varied,  depending on cu l t ch  pos i t ion  i n  water, from 0.03 
t o  30.0 oys te rs  per  square centimeter. 

The s e t  i s  being enumerated by species on representa t ive  cul tch 

During a 7-day 

Se t t i ng  r a t e s  obtained a t  d i f f e ren t  s t a t i o n s  o r  d i f f e ren t  l o c a l i t i e e  
a r e  not cornparable without s t r i c t  technique uniformity. Many ins6ances 
occur o f  s e t t i n g  r a t e s  varying from two t o  20X on opposi te  sides of  t h e  same 
cul tch  piece,  depending on i t s  physical pos i t ion  i n  water. 
cont ro l  can determine r e l a t i v e  s e t t i n g  r a t e s .  

Cultch pos i t ion  

A new high i n  s e t t i n g  i n t e n s i t y  occurred during July 22-29, 1953, 
when oys te rs  se t  a t  t h e  r a t e  of 30 per  square centimeter. 
near ly  twice t h e  cumulative oys te r  se t  f o r  t h e  1951 and 1952 season. 

This number is 

Observations of sex change i n  adu l t  oysters ,  s tar ted i n  June 1952, 
ended in t h e  summer o f  1953. 
boring a hole  through t h e  s h e l l  and examining microscopically a smear of 

In i t i a l  sex  determinations were made by 



gonad t i s s u e  r e m v e d  with a hypodermic sy r inge ,  
t rea tment  i n  t h e  f i r s t  s ix  months was l e s s  than  5; percen t .  
t h e s e  h o l e s  over  quickly.  
t h e  same rate i n  b o t h  males and females .  Winter s torms des t royed  almost  h a l f  
of t h e  o y s t e r s  and o n l y  11s remained a t  t h e  end of t h e  year. 
44 p e r c e n t  changed sex; 35 p e r c e n t  o f  t h e  females became inales and 50 percen t  
of  t h e  males became females. 
i n  t h e  year, 
pronounced; among t h e  l a r g e s t  o y s t e r s ,  all males became females and on ly  20 
pe rcen t  o f  t h e  females  became inales. 

To ta l  m o r t a l i t y  from this 
Oysters  covered 

tirowth i n  t h e  fol lowink,  year was e x c e l l e n t  and a t  

Of t h e  surv ivors ,  

A n e t  i n c r e a s e  i n  females of  13 parcent  occur red  
Desp i t e  t h e  small group s ize ,  t h e  tendency toward fmaleness was 

Snai l  i nves t iga t ions . - - In  s e t t i n g  up a program f o r  dev i s ing  better t r app ing  
methods, a check was made f irst  t o  s ee how far  ba i t  would a t t r a c t  s n a i l s  under  
l o c a l  cond i t ions .  Chicken wire t r a p s  b a i t e d  wi th  o y s t e r  s p a t  and mussels were 
p laced  a t  measured d i s t a n c e s  from t h e  l a b o r a t o r y  i s l a n d  i n  approximately 4' of 
water .  
sna i l s .  

were p laced  in p a i r s  a t  d i s t a n c e s  of 25, 50, 100, 200 and 300 fee.i, from t h e  
i s l a n d .  
1 2  s n a i l s  each. 
middle t r a y s  i n  t h e  rw (100' from shore)  a t t r a c t e d  most. 
b lank  o y s t e r  s h e l l s  s e t  as c o n t r o l s  a t t r a c t e d  o n l y  three s n a i l s  
t r a p s  conta ined  over  1000. 
no s i g n s  o f  decreas ing  a t  t h e  end of t h e  per iod .  

Survey of t h e  sand bottom with a d iv ing  mask showed no crawling 

During each 21r-hour p e r i o d  f o r  10 days  they  a t t r a c t e d  an average of 

S ince  t h e  rocky i s l a n d  s h o r e  seemed t o  be t h e  s n a i l  souice ,  t r a y s  

Trbys n e a r e s t  t h e  i s l a n d  a t t r a c t e d  €ewest s n a i l s  and t h e  
Trays conta in ing  

wh i l e  b a i t e d  
Although t h e  d a i l y  c a t c h  was e r r a t i c ,  i t  showed 

A s n a i l  t r a p  has  been devised  and i s  b e i n g  t e s t e d .  
c i p l e s  of a crab t r a p  w i t h  f 'unnel en t rances ,  it r e t a i n s  s n a i l s  a f t e r  t h e y  
e n t e r  and s o  ho lds  t h e  b a i t  t h a t  t h e y  cannot  g e t  t o  it. 

B u i l t  on t h e  p r in -  

F u r t h e r  obse rva t ions  on s n a i l  b i o l o g y  were made dur ing  J u l y  1953 t o  
determine t o l e r a n c e  of  s n a i l  embryos i n  capsule  t o  chan6;es i n  sal ini ty  level. 
Tolerance of embryos t o  lower s a l i n i t y  levels p a r a l l e l s  t h a t  o f  t h e  wiu l t  
s n a i l ,  b u t  adve r se  e f fec ts  are apparent  much more quick ly .  Batches of two 
and seven day-old embryos i n  capsu le  mmoved from an environment of 25 ppt 
s a l i n i t y  were p laced  i n  d i l u t e d  oxygenated sea water a t  salinity levels vary- 
ing; from 0 t o  20 ppt .  
causes  i m o b i l i t y .  If exposure lasts f o r  24 o r  mre hours ,  embryos d i e -  
When t h e y  are  exposed t o  s a l i n i t y  decrpases of 15 o r  more pp t  and then  re- 
turned  to f u l l  sea water, t h e i r  m o r t a l i t y  rates increase with i n c r e a s i n g  
exposure t ime. 'Seven minutes '  exposure t o  t a p  water results i n  mortali t ies 
Of approximately 50 percen t ,  F re she t s  as a l i m i t i n g  f a c t o r  i n  s n a i l  ecolo&Y 
obvious ly  are of f a r  ;;rester importance i n  l a rva l  than  i n  adult  s t a g e .  

As w i t h  t h e  a d u l t  s n a i l ,  a sal ini ty  drop of 10 pPt 

Hard clams,--In July 1952, one t ray  of  25 hard clams (out  of 2000), was 
recovered f r o m  experimental  p l a n t i n g s  a t  Pensacola which d r i l l s  had missed. 
These clams came f r n m  Rhode I s l a n d  wa te r s  and have been i n  Gulf of 
waters  for two years and averaged 211 i n  length .  On the  average t h i s  e:rowth 
r a t e  i s  less than  t h a t  expected of hard  clams i n  Rhode I s l a n d  wa te r s ,  
d a t a  seem t o  i n d i c a t e  t h e  no r the rn  Gulf area does not  provide  an e s i J c c i a l l y  
good environment f o r  hard  clams, 

Mexico 

These 
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CHESAPEAKE BAY SHELLFISH INVESTIGATIONS 
James B. Eng;le, Annapolis, Maryland 

Oyster seasonal spamint; and setting.--Upper Chesapeake Bay areas,  
where oysters se t  i n  su f f i c i en t  abundance f o r  seed use, a r e  scarce.  Eastern 
Bay, o<e o f  t h e s e  areas ,  produced sets of commercial magnitude e ight  o f  t h e  
pas t  ten years. 
early summer had s a l i n i t i e s  exceeding a normal of about 10 parts per 1000. 

Poor s e t t i n g  occurred when Bay water i n  lak  sprink: and 

Sett int;  i n  1952, a year of below normal s a l i n i t y  a t  t h e  c r i t i c a l  time, 
one of produced a commercial s e t  of  seed oys te rs  i n  Eastern Bay, which was 

t h e  bes t  within the  LO-year observation period. Spat co l l ec to r s  designed t o  
measure optimum s e t t i n g  caught many more oys te r  spa t  than s h e l l s  planted 
commercially on t h e  same bottom. 
caught and surviving on t h e  planted s h e l l  was ample f o r  t ransplant ing as seed. 
Eastern Bay s t a t i o n s  show t h e  following s e t  record: 

While t h i s  difference was great ,  t h e  amunt  

Place Spat catch per bushel of s h e l l s  
(Eastern Bay) Spat co l lec tor  Plant od s h e l l s  

Mi lh i l l  Bar 
Parsons Island 
Bodkin Rock 
Long Point 

371,350 
103,125 

22,800 
7 L l y  775 

1'1,172 
130 

Milhi11 Bar i s  a designated seed bar  and contained s h e l l  planted i n  t he  l a t e  
spr ing o f  1952 ;  these she l l s  were r e l a t i v e l y  clean. Organic matter and s i l t  
fouled s h e l l s  on Parsons I s land  Bar which were planted seve ra l  years  ago. 
These f igu res  demonstrate c lean cu l t ch  importance. Spat co l l ec to r  s h e l l s  are 
always clean, current  year  planted she l l s  usually are r e l a t i v e l y  clean, but 
s h e l l s  o r  cul tch t h a t  a r e  on t h e  bottom for  any extended time p r i o r  t o  t h e  
s e t t i n g  season loses  catching eff ic iency.  Se t t i ng  was continuous from t h e  
week of June 23 t o  t h e  week ending September 29 .  
a2peared during t h e  week ending July 29 with an  average catch per  s h e l l  o f  
685 spa t  a t  M i l h i l l  on t e s t  shells. 

The heaviest  weekly s e t  

Gonad development, fo l lowing  t h e  course s imi l a r  t o  t h a t  of previous 
years,  reached peak thickness t h e  t h i r d  June week. 
during t h e  fou r th  June week and produced a moderately heavy set .  
major r e l e a s e  o f  spawn took place during mid-July and t h e  heavy s e t t i n g  re- 
ported above resu l ted  f r o m  t h i s  spawning. 

Mass spawning occurred 
The next 

No mass spawning developed during 
August and September although enough spawn was re leased t o  keep a 
f a l l  continuously s e t t i n g  on t e s t  she l l s  u n t i l  t h e  las t  September 

Oyster l a rvae  abundance i n  t he  plankton followed closely t h e  
spawn discharge shown by shrinkage of gonad thickness throughout 

l i g h t  spat-  
week. 

evidence o f  
t h e  season. 



Tota l  o y s t e r  larvae amount i n  t h e  samples d i d  n o t  d i f f e r  materially from 
samples o f  o t h e r  years, b u t  e x t e n t  of larvae metamorphosis t o  s e t t i n g  s t a g e  
was cons ide rab ly  g r e a t e r ,  and i s  t h e  key f a c t o r  f o r  heav ie r  s e t t i n g ,  A t  
M i l h i l l ,  where t h e  h e a v i e s t  s e t t i n g  occurred,  each 100 l i t e r  water sample 
conta ined  30 l a t e  stak;e o y s t e r  larvae i n  1952 as compared t o  s i x  l a t e  s t a g e  
larvae i n  1951. Test s h e l l s  i n  195'2 caught  377,350 s p a t  p e r  bushel of t e s t  
s h e l l s  whi le  t e s t  s h e l l s  i n  1951 caught  abou t  7000 spat p e r  bushe l .  

Upper Chesapeake Bay p lankton  samples contained few o y s t e r  larvae and 
p r a c t i c a l l y  no l a t e  s t aps .  
tes t ,plaunted and w i l d  s h e l l s ,  r e f l e c t e d  t h i s  condi t ion .  

Oyster. s e t t i n g  i n  t h i s  area, which was l i g h t  on 

Oyster condi t ion.--Seasonal  o y s t e r  cond i t ion  i s  a u s e f u l  b i o l o g i c a l  as 
well  as an economical index.  
o r  o y s t e r  I t fa tness t t .  
f l a v o r .  Oysters reached peak glycogen accumulat ion i n  January of 31 percent  
dry weight  of meats i n  Chesapedke Bay proper  and 28 percent  i n  Eas t e rn  Bay, 
Glycogen r educ t ion  t o  about  10 percent  dur ing  and immediately a f te r  Spawning 
d i d  no t  d e p a r t  from t h e  u s u a l  s easona l  c y c l e .  
meat amount per u n i t  measure o f  whole mcat, f u r n i s h  a means o f  comparing 
o y s t e r s  with o t h e r  foods on a s t a n d a r d  basis, show water con ten t  o f  o y s t e r  
meats and d i s t i n g u i s h  b loa ted  o y s t e r s  from t h o s e  a c t u a l l y  ttfatll wi th  ,lycogen 
and o t h e r  s o l i d s ,  
" fa tness t t  o f  b l o a t i n g .  
c a v i t y  volume, compares bushe l  y i e l d  i n  t h e  s h e l l  w i t h  meat y i e l d  a f te r  
shucking. These t h r e e  methods of determining o y s t e r  cond i t ion  have b i o l o g i c a l  
s i g n i f i c a n c e  i n  showing e f f e c t s  o f  e c o l o g i c a l  changes. 
of 1952-1953 d i d  n o t  d e p a r t  e x c e s s i v e l y  from normal i n  e i t h e r  o y s t e r  cond i t ion  
o r  environment 

Pe rcen t  glycogen det crrdnes market condi t ion  
H i c h  glycogen con ten t  produces high y i e l d  and d e s i r a b l e  

To ta l  s o l i d s  measure dehydrated 

Oysters from low s a l i n i t y  waters o f t e n  show t h e  f a l se  
Condit ion f a c t o r ,  d r y  weight  of meats p e r  u n i t  s h e l l  

The f a l l  and win ter  

Chlorophyl l  c y c l e  as a measure of g raz ing  p o t e n t i a l  and i t s  r e l a t i o n  t o  
0 sters.--The b i o l o g i c a l  and chemical  c o n d i t i o n  of t h e  environment affect 

t h e  food cha in ,  ava i l ab i l i t y  of p l ank ton ic  food materials and n u t r i t i v e  chemi- 
c a l s  may limit b i o l o g i c a l  f e a t u r e s  o f  o y s t e r  product ion ,  
i n d i c a t e s  s u r v i v a l  o f  o y s t e r  larvae t o  s e t t i n g  i s  p r o p o r t i o n a l  t o  phytoplank- 
t o n  amount i n  water  dur ing  May, June and July. 

OYS ,;y_F_ ers. S ince  t h e  oys t e r ,  a p lankton  f e e d e r ,  fo rages  at a low p o s i t i o n  on 

Ten ta t ive  evidence 

Larvae s u r v i v a l  t o  s e t t i n g  responds t o  wetness  o r  dryness of t h e  l a t e  
For  n i n e  years t h e  o y s t e r  se t  i n  Eas t e rn  Bay has  f luc -  SpX3-M and s u m e r .  

t u a t e d  annua l ly  w i t h  c e r t a i n  s a l i n i t y  levels.  When s a l i n i t y i s  high a f te r  
a d r y  s p r i n g  and summer, s e t t i n g  i s  meager; when s a l i n i t y  i s  low after a wet 
per iod ,  s e t t i n g  i s  much more abundant  These s a l i n i t y  d i f f e rences  are n o t  
of g r c a t  magnitude b u t  i n d i c a t e  va ry ing  amounts o f  su r face  runoff e n t e r i n g  
a f fec ted  e s t u a r i n e  waters 
phytoplankton i n c r e a s e s  du r ing  wet years wi th in  limits of o u r  obse rva t ions ,  

Pre l iminary  r e s u l t s  of chemical s t u d i e s  p o i n t  o u t  

As a 

so me 

resu l t  mre  food i s  a v a i l a b l e  t o  larval. o y s t e r s .  

Phosphate c y c l e s  and FroductivitX.--To compare phytoplankton levels  with 
of  t h e  n u t r i e n t  s a l t  l e v e l s ,  water samples p re se rved  i n  t h e  f i e l d  by the  



Col l i e r  f reezinL method are analyzed f o r  ava i lab le  inorganic phosphate i n  
Eastern Bay waters and a t  severa l  Chesapeake Bay s ta t ions .  Avai lab i l i ty  o f  
phosphate salts  i s  undoubtedly one of t he  l imi t ing  f ac to r s  
p ic ture .  
i n  d e t a i l  later.  

i n t h e  food chain 
The work on this re la t ionship  i e  j u s t  beginning and w i l l  be reported 

Methods ‘of determining oys te r  pouplation changes.--Swan Point ba r  i n  upper 
Chesapeake Bay furnishes  oys te rs  f o r  a s ing le  comunity.  
trophe i n  1945-1946 denuded t h e  bar  o f  oysters .  
planted t h e  bar  with a known number of oys te rs  over t h e  years following the 
f reshe t .  
na tu ra l  mortal i ty  and na tu ra l  recruitment have been followed f o r  t h e  p a s t  
f i v e  years  t o  a sce r t a in  f a t e  of  t he  oys te rs .  Since na tu ra l  recrujtrnent has 
not added mater ia l ly  t o  the  numbers of planted oysters ,  f i sh ing  and na tu ra l  
mor ta l i ty  account f o r  f luc tua t ions  measured. From estimates of these  f luc-  
tua t ions  t h e  number o f  oys te rs  needed t o  keep t h e  bar f o r  a known number of 
fishermen exp lo i t i ng  i t s  population can be estimated. 

A freshwater catas- 
The S t a t e  of Maryland re- 

Fluctuations i n  t h i s  oys te r  population because o f  f i sh ing  mortali ty,  

To acccmplish t h e  population survey, i t  was necessary t o  evaluate the 
e f f ic iency  o f  var ious sampling gear. 
dredge as sanpling gear  on o y s t e r  bars  s imi la r  t o  the  Swan Point bar. 
though ?erhaps more e f f i c i e n t ,  requi re  i n  t h e i r  operation added manpower and 
much more time. 
t h e  g r e a t e s t  repeatable  e f f ic iency  while sampling, which we bel ieve now 
at ta ined,  and estimation o f  dredge eff ic iency,  which we consider t o  b e  cal-  
culable.  
percent,  and expect a c loser  measure a f t e r  working up r e s u l t s  of operations 
this spring and ea r ly  surmer. 

Experiments i nd ica t e  su3e r io r i ty  of t h e  
Tongs, 

Pr inc ipa l  problems of dredge operat ion a r e  development o f  

We t e n t a t i v e l y  e s t imate  ou r  dredge e f f ic iency  between 10 and 20 

Inventory o f  oys t e r  resources i n  Maryland and Virginia, a cooperative 
s tudy with the  canservatiun agencies o f  t h e  S ta t e s  o f  Maryland and Virginia.-- 
Biologis ts  and technicians from t h i s  laboratory,  Chesapeake Biological Labora- 
t o r y  and Maryland Department o f  Tidewater F isher ies  examined about 100 oyster  
bars  i n  t h e  Maryland portion o f  t h e  Chesapeake Bay and t r i b u t a r i e s  f r o m  
October 15, 1952 t o  January 15, 1953. Their ob jec t ives  were t o  determine ap- 
proximately t h e  number of marketable oys tcrs ava i lab le  f o r  present season 
cro?ping, number of smaller  oys te rs  ava i lab le  f o r  fu tu re  crops, and t h e  cur- 
r e n t  na tu ra l  recruitment as indicated by t h e  1952 s p a t f o l l  surv iva l .  

Areas No. S ta t ions  Market Small Yearling Spatz/ 

Chesapeake Bay Rroper 27 63.4 38.4 25.8 6.5 

Eastern Shore Trib. 36 103.4 132.1 . 28.9 59.2 
Potomac River 19 77.8 60.6 + 52.7 25.3 

Choptank River 11 37.1 38.5 54.2 b9.6 

Average a l l  s t a t i o n s  35.9 46.6 

1/ Oyster quan t i t i e s  p e r  bushel o f  bottom mater ia l .  
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These f igu res  show roughly t h e  production which may be expected f o r  
t h e  next few years. 
t h e  1954 crop, and t h e  1952 spat  w i l l  be@n t o  b e  a par t  of t h e  1955 harvest ,  
p o v i d e d  no catastrophe occurs. 

Small oysters  i nd ica t e  t h e  1953 crop> yearlings enter  

Leaner years appear ahead a f t e r  1953. 

River flow e f f ec t  on oyster  seed beds i n  the Delaware River.-- 
A report  was completed on t h e  possible  e f f e c t  o f  Froposed changes i n  t h e  
r i v e r  flow on the  present s t a t u s  o f  oys te r  seed production i n  the  Delaware 
River. 
system would a f f e c t  s a l i n i t y  l e v e l  a t  t h e  seed beds. 
water were removed fromthe system, s a l i n i t y  would increase and permit an 
up-river migration o f  t h e  oys te r  d r i l l  i n t o  the  seed areaso 
of r i v e r  waters must be compensated by a re turn  t o  t h e  system of enough f resh  
water t o  keep the  s a l i n i t y  a t  i t s  present  leve l .  Oyster drill invasion in to  the  
seed areas would be disastrous t o  t h e  New Jersey and Delaware oyster industry. 

Any material  change i n  u t i l i z a t i o n  of water from the  Delaware River 
If proposed amunts  of 

Any ut i i l izat ion 

CLAM INVEST1 GATPONS 
John B. Glude, Boothbay Harbor, Maine 

Clam farms e --Town act ion which opened Doctor's Creek t o  cornmercial 
digging terminated Wells s o f t  clam (e arenaria)  f a r m .  

Green crabs may have decreased t h e  population of the  1951 clam planting 

Survival o f  t h e  1952 plantind, kanich was planted 50 t o  a square 

i n  Sagadahoc Bay farms which is  less than f i v e  t o  a square f o o t .  
appeared a l s o  i n  l a t e  1951 samples. Few planted clams have reached l e g a l  s h e  
( 2  inches). 
foot,  was near ly  25 to  a square f o o t  and showed good growth. 
green crabs occurred a l so  i n  t h e  1952 samples. 

Polinices 

Polinices and 

June 1953 sample of t h e  Jonesport farm shows clams planted i n  t h e  spring 
of 1951 average i u s t  under t h e  l o g a l  s ize .  
t h e i r  s i z e  was 24.5 mm.; i n  t he winter o f  1951-52 i t  was 36.9 mm.; i n  t h e  
wlnter o f  195'2-53 it was 46.0 mn.; i t  now i s  51.4 mm. 

When they were planted i n  1951, 

Clam census.--Results of 1949, 1950, 1951 and 1952 s o f t  clam census were 
Population chawes 

Decrease Of 

transFormed by logarithms t o  p m d t  s t a t i s t i c a l  analysis.  
from year t o  year were s t a t i s t i c a l l y  s i i p i f i c a n t  i n  some areas. 
decrease was indicated i n  Sagadahoc Bay s o f t  clam population. 
smaller s i zes  may ind ica t e  green crab predation on them. 

A continued 

Fie ld  work f o r  1953 census was completed f o r  Sagadahoc B a y  and Hobinhood 
Cove, 

Seem 
Ecolob .--Sampling d n h e n c e  ituljor 

Love's Cove continued. 
species  d is t r ibu t ion .  

Soi l ,  e levst ion and predators 
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1Jb.a larvae.--Weekly samples were co l lec ted  year-round i n  Hobinhood Cove. 
&& st raight-hinge la rvae  f i rs t  appeai-ed i n  e a r l y  June 1952 a f t e r  a 10-day 
period i n  which average clam-flat temperatures increased 6.2' C. and maximum 
temperatures increased 13' C. 
s t e h t - h i n g e  and advanced la rvae  during the  l a s t  half  of September and f irst  
ha l f  o f  October ind ica ted  a late-season s e t .  
counts i n  1952 samples was less  than i n  1951. 

Occurrence o f  t h e  g rea t e s t  abundance of both 

The over-al l  magnitude of 

A new high-speed sampler designed and b u i l t  a t  t h e  s t a t i o n  has obtained 
300 ga l lon  weekly samples. 
pumped plankton samples t o  be obtained from nearly any depth i n  shallow i n -  
shore waters while t rave l ing  a t  speeds up t o  6.5 knots i n  small c r a f t .  Ex- 
t ens ive  sampling has  been done t o  show effect iveness  o f  t h e  sampler i n  obtain- 
ing a representa t ive  sample from an area. 

This u n i t  perndts accurately ( to  0.1 gallon) 

Mya set.--Weekly set  samples were taken i n  Robinhood Cove and monthly 
samples i n  Sagadahoc Bay. A good late-season s e t  was indicated i n  Bedroom 
area of Sagadahoc Bay, bu t  t h e  1951 s e t ,  abundant i n  ea r ly  summer, had 
l a r g e l y  disappeared by f a l l .  
i n  ea r ly  J u l y  and occurred f a i r l y  regular ly  u n t i l  October. 

In  Robinhood Cove, the 1952 s e t  first appeared 

F l a t  mdifications.--Various mater ia ls  were placed on s h i f t i n g  sand f la t s  
o f  ou ter  Sagadahoc Bay t o  s t a b i l i z e  conditions f o r  newly s e t t i n g  
wandering juveniles.  Coarse gravel  l a s t e d  one month, coarse san 
and coarse crushed rock two weeks. 
although se t  occurred i n  o ther  p a r t s  o f  t h e  bay during t h e  period, 

No set o r  wandering juveni les  were found, 

Tidal s p a t  trap.--An automatic f i l t e r i n g  device t o  c o l l e c t  clam larvae 
mcoming t i d e  f i l l s  

During out- 
and hold u n t i l  s e t t i n g  was designed, b u i l t  and t e s t ed .  
t h e  170-gallon plywood tank through a check valve i n  the  s ide.  
going t i d e  water  passes through a four  square f o o t  sand f i l t e r  i n  t ray.  
ca t ion  of overflow maintains 8'' wder  over sand t ray at low t ide .  

Lo- 

A t r a p  s e t  up a t  Boothbay Harbor Wha& on May 26 f o r  t e s t i n g  made the 
following catches per square foot :  

Larvae o r  spa t  6/4 6/12 6/18 

Mytilus 
!!E 

1000 - 2000 5724 9687 
None seen 648 952 

To determine i t s  eff ic iency,  t h e  t r a p  was moved t o  Robinhood Cove, where 
plankton s tudies  a r e  conducted. 
means of co l l ec t ing  Venus spa t  i s  important s ince  seed lack i s  a l imi t ing  
f ac to r  i n  Venus farming. 

Promise of t h i s  device t o  provide a p r a c t i c a l  
- - 



When a p lankton  net r e p l a c e s  t h e  sand tray, the  t r a p  becomes an auto-  
matic planltton sampler f i l t e r i n c  water c o l l e c t e d  durin:: ehch f l o o d n g  t i d e .  

Su rv iva l  of clams bur i ed  a t  va r ious  depths.--Soft clams o f  t h r e e  s i z e s  
were b u r i e d  50 per  p l o t  a t  depths  111, 311, 5 11 and 911 i n  sand, sandy-mud and 
mud, and p laced  u p r i g h t ,  h o r i z o n t a l  o r  i nve r t ed .  
weeks l a t e r  and s u r v i v a l  was determined. 
t o  compare e f f e c t  of time of year. 
impor t an t  i n  determining commercial clam digging  e f f e c t  on s u b l e g a l  C l a m s  
l e f t  i n  f l a t s .  

P l o t s  were exhumed two 
Experiment was r epea ted  i n  d n t e r  

A summary fo l lows  o f  r e s u l t s  which are 

Average pe r  c e n t  a&;e s u r v i v a l  : 

1" depth  90% 
311 11 74 
511 I t  43 

3 y 11 I t  

Upright  75% 
Ho r i  zo n t  a1 72 
I n v e r t e d  56 

S m e r  71% 
Winter a 

Biology o f  t h e  green crab, Carc in ides  maenas. - - A t  a lmst  monthly i n t e r -  
vals c rabs  were c o l l e c t e d  wi th  t ram and a small beam trawl, and f r o m  marsh 
bonks. 
gonad cond i t ion .  Plum I s l a n d  Sound popula t ion  was appa ren t ly  over  70 per-  
c e n t  female i n  siimner and t h e  r e v e r s e  i n  win ter .  
behavior  p a t t e r n s  and E p r o d u c t i v e  cycle o f  crabs was d i f f i c u l t  because of 
t h e i r  tendency t o  seg rega te  according t o  s i z e ,  sex and egg condi t ion.  
Hampton River, N. H., on May 25, 7 1  females, most o f  them ca r ry ing  eggs, 
and 27 males were dug from a bank while another  bank, 1000 fee t  away ,  
Yielded 50 males and 50 females, wi th  on ly  one female carryi.ng eggs. I n  
Merrimack River ,  trawl and t r a p  samples i n  early June i n d i c a t e d  a 50-50 
Sex r a t i o .  
ever, 4 o r  5 percen t  had r e c e n t l y  hatched eggs. A l a r g e  Suct ion  dredge 
Pumping sand from t h e  same p l a c e  brought  up many crabs ,  96 percen t  of 
which were females, most o f  whom were b e r r i e d .  

Data were c o l l e c t e d  on s i z e  frequencies, sex r a t i o s ;  and fc\male 

Determining complete 

I n  

Females had developing gonads b u t  were n o t  carryf.nC: ek;Qs; how- 

1. 
2. 

An e l e c t r i c  f i e l d  i n  sea water can r e p e l  green  crabs, 
A vo1tal:e g r a d i e n t  between wires o f  0.5 v o l t s  p e r  i n c h  m p e l  
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about half  of t h e  crabs while 0.6 v o l t s  per inch 
repe l  80-100 percent,  regard less  o f  sal ini ty  . 

3.  

4. 

5. 

A current  drc in  a t  these voltages depends on s a l i n i t y .  
S d i n i t y  reduction from 27 o/oo t o  14.5 o/oo reduced 
current  by half  

I n  moder&tely s a l i n e  water (28 o/oo), power consumption 
o f  1000 f e e t  o f  fence would be 3120 watts t o  repel  80- 
100 percent of  crabs i f  f i e l d  r e su l t s  a r e  s i m i l a r  t o  
laboratory resu l t s .  

Electrode pos i t i on  and current  pu lsa t ion  a f f e c t  b a r r i e r  
eff ic iency.  
b a r r i e r  effectiveness,  b u t  higher frequencies might be 
e f fec t ive .  Further mrk on tkis i s  needed. 

Pulsations a t  three per second reduced 

Love's Cove project.--Green crab t r aps  were f i shed  weekly 10-151 a t  low 
water t o  follow seasonal abundance. 
t i d a l  zone t h e  f irst  of May. Migration t o  deep water, 5-20! a t  low water, 
occurred i n  ea r ly  winter,  

Part o f  population migrated t o  i n t e r -  

While r m r e  males than females were caught i n  winter, more females than 
mal23 were caught i n  e a r l y  summer. 
numerous i n  t h e  e a r l y  winter catch than a t  o ther  times. 
of females held i n  tanks a t  the  s t a t i o n  spawned from September 15 to 
December 1s. 

Berried female green crabs a r e  more 
Thirty-seven percent 

Berried females survived a 5" C. water temperature. 

Eighteen t r a p s  a t  Love's Cove were tended every 24 hours i n  an atterngt 

F i r s t  day's catch 
t o  f i s h  ou t  t h e  a rea  as  a cont ro l  method f o r  a 12-acre area. 
period t h e  average a rea  d a i l y  catch was 938 green crabs. 
was 1,330, t h e  las t  day's 1,400. 

Over a36-day 

Soft  crabs appeared i n  the  May-June catch. Many c a s t  s h e l l s  were 
co l lec ted  i n  Sagadahoc Bay during May. 
mid-May. 
do not molt annually. 

Only small "casts t t  were evident i n  
Catching green crabs with l a r g e  barnacles a l l  months ind ich te  some 

Green crab eggs held at Uoothbay Harbor laboratory a t  4-6" C. showed: 

S a l i n i t y  Day's Survival 

0 

10 

20-30 

5 
15 

10 
23 

over 30 



A s tudy  o f  green  c rab  s u r v i v a l  a t  lowwed tempera tures  and sa l in i t ies  
found crabs he ld  a t  1.7" C. i n  s a l in i t i e s  0, 5 ,  10 o/oo were dead a t  the end 
of t h r e e  dtiys; t h o s e  he ld  a t  a tempera ture  of 1.7" C .  i n  s a l i n i t y  15' o/Oo 
were dead a t  t h e  end o f  7 days. 
t empera ture  of  1.7" C. i n  s a l i n i t y  20 O/OO were a l i v e  a t  t h e  end of 14 days, 
and 60 p e r c e n t  o f  t h o s e  he ld  a t  a tempera ture  o f  1.7" C. i n  s a l i n i t y  25  O/Oo 
were a l i v e  a t  t h e  end of 14 days. 

Seventy percent  of t h e  c r a b s  he ld  a t  a 

Green crab abundance and temperature  t r ends .  --Abundance, i n d i c a t e d  by 
interviews wi th  clam d i g g e r s  and lobstermen and r eco rds  o f  t h e  Essex, Mass,, 
clam warden and compared wi th  t h e  mean monthly a i r  temperature  f o r  t h e  
c o l d e s t  month o f  w in te r  from New Haven and water  temperature  from average Of 
Boston, Boo thbay Harbor, Eas tpo r  t and S t  . Andrews 
shor t -per iod  warm cyc le s .  Range ex tens ion  appears  c o r r e l a t e d  w i t h  long-term 
tempera ture  increase. 

appears  c o r r e l a t e d  wi th  

A green  crab t r app ing  program was i n i t i a t e d  i n  June t o  provide a b e t t e r  
With cooperat;ion o f  Maine Department of Sea e s t ima te  of  r e l a t i v e  dbundance. 

and Shore F i s h e r i e s  t h r e e  t r a p s  are f i s h e d  two  days pe r  month from June t o  
October i n  f i v e  l o c a t i o n s  from Jonespor t ,  Maine, t o  Ipswich, Mass. Catch com- 
Pa r i son  should g i v e  a r e l a t ive  abundance estimate and provide a base f o r  
e s t ima t ing  mortality from a c o l d  winter  should one occur.  

Green crabs appear  t o  cause decreased  s o f t  clam abundance i n  many areas. 

Greenwich Bay Studies . - - In  t h e  t h i r d  annual  sampling survey o f  Greenwich 
Bay, which was completed on July 16, 195'2, 258 s t a t i o n s  were made. The 600- 
f o o t  ;:rid used i n  t h e  prev ious  two ;;ears was modified f o r  t h i s  survey t o  
Overcome some o b j e c t i o n s  t o  t h e  g r i d  and t o  sample more h e a v i l y  i n  high d e n s i t y  
areas. 

Popula t ion  estimates f o r  t h r e e  y e a r s  i n d i c a t e  a s t e a d i l y  inc reas ing  
t o t a l  popula t ion  o f  a l l  sizes. 
mum l e g a l  s i z e ) ,  howcver, remained relatively s t a b l e  under an almost steady 
Yearly removal f o r  t h e  t h r e e  y e a r s ,  I n  henera l ,  t h e  geographic  d i s t r i b u t i o n  
remained n e a r l y  t h e  same ove r  t h e  sampling per iod  s i n c e  1950. 
re la t ive ly  h igh  d e n s i t y  con t inue  a t  t h e  mouth o f  Apponaug Cove, mouth of 
Greenwich Cove and i n  t h e  c e n t e r  of t h e  e a s t e r n  s e c t i o n .  
t h e  bay, n o r t h  o f  S a l l y  Rock po in t ,  remains nearly bar ren .  
dence of a f a i r l y  heavy s e t  i n  Greenwich Bay was obta ined  i n  1952. Samples 
taken within a 1000-foot c i r c l e  i n  an  area of high d e n s i t y  gave s e t  samples 
wi th  concen t r a t ions  as h igh  as 600 p e r  square  foo t .  
heavy sets  i n  c e r t a i n  Maine l o c a l i t i e s .  

Tne cornmercial popu la t ion  (over  t h e  mini- 

Areas Of 

The c e n t r a l  [ )a r t  of 
The f irst  evi-  

Th i s  conipares wi th  

A composite c h a r t  of t h e  bottom t y p e  was prepared from t h e  t h r e e  sur- 
The! bay a p r e a r s  t o  be p r i m a r i l y  sand,  o v e r l a i d  wi th  a layer of mud 

The i n t e r t i d a l  areas a r e  

veys. 
O r  s i l t .  
P a r t  well o u t  i n t o  t h e  m u t h  of t h e  bay proper. 
almost all sandy., 
the bay. 
t i o n s  and t h e i r  l o c a t i o n .  
and she l l )  occu r  i n  a l l  p o s s i b l e  inixtures.  

This  mud extends  i n  a tongue from t h e  two coves i n  t he  western 

Areas of she l l ,  bo th  l i v i n g  and dead, a r e  s c a t t e r e d  o v e r  

These t h r e e  b a s i c  bottom ty-pes (e. g. sand, mud, 
S t u d i e s  o f  t h e  r e l a t i o n  of bottom 

Ava i l ab le  d a t a  do no t  r e v e a l  t h e  r eason  f o r  these s h e l l  concentra-  
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type t o  number of quahaugs ind ica t e  higher dens i t i e s  i n  areas having s h e l l  
quant i t ies .  S h e l l  e f fec t  i s  unknown. 
b e t t e r  o r  i n d i r e c t  by r e f l ec t ing  some other  environmental condition, such 
as a current  eddy, 

It may be d i r e c t  by catching the  s e t  

Age rea i ing  of s h e l l s  co l lec ted  i n  the  survey was continued; however, 
accurate readings beyond fou r  years  do not seem possible  i n  t h i s  region. 
False  checks appear t o  be formed under t h e  s l i g h t e s t  adverse condition; i n  
o lder  quahaugs thesr; obscure t r u e  winter  marks. 
was 20 mm. , second year 15 mm., t h i r d  year  1 2  mm. and fou r th  year  8 mm. 

Growth f o r  t he  f irst  year  

Length frequency diagrams ind ica t e  the  1949 and 1951 s e t t i n g  and survi-  
val were r e l a t i v e l y  poor as cornoared t o  o the r  y e w s  present.  

Interviewing continued and t h e  catch pe r  man day again remained near ly  
t h e  same as  i n  previous years.  
"large't . There was a s l i g h t  shift from ttneckslt to 

The four th  survey began June 17, 1953. 

Larval and s e t t i n g  studies.--Collecting and examining plankton samples 
from 'dickford Harbor and Greenwich B a y  were continued t o  assess  l a r v a l  
abundance of Venus mercenaria and M z  a renar ia  during the 1952 spawning 
season. 
abundance peak by l a t e  May and disappeared i n  early July,  
and early 0ctober a few young la rvae  were i n  the  water f o r  a few days. 
l a rvae  appeared f o r  t h e  first time on May 20, reached an abundance peak i n  
mid-June and disappeared except f o r  occasional 
July.  

- e l a rvae  f i rs t  appeared near t h e  end o f  April,  increased t o  an 
In  l a t e  September 

Venus - 
small  numbers by the end o f  

Venus mercenaria set-of-the-year w a s  determined f o r  Wickford Harbor by 
examining 136 one. square f o o t  samples taken at various bottom types. 
average dens i ty  f o r  t h e  Harbor was 1.5 per  square foot .  
dens i ty  was higher i n  sand o r  gravel bottoms and lower i n  mud. 

The 
I n  general ,  t he  

Predator studies.--Past observations made i n  connection with o ther  pro- 
j e c t s  i nd ica t e  small s i z e s  o f  Venus 
subjec t  t o  severe predation by oys te r  drills, Urosalpinx c inera  and Eh l eu ra  
caudata. 
determine d r i l l  predation degree. 
by o ther  suspects,  such as the  green crab, Carcinides maenas, t h e  rnud crab, 
Neopanope texana, t h e  blue crab, Cal l inectes  sapidus,  the  horseshoe crab, 
Limulus polyphemus, and thesand d o l l a r  s n a i l ,  Polynices dupl icata .  

Rhode Is land  waters a t  present as compared with t h e i r  pas t  abundance was 
made. 
year  f luc tudt ions  abundance had not changed during t h e  last 10 years. 
i s  i n  sharp  cont ras t  to the  tremendous increase i n  numbers north of Cape Cod 
during t h i s  period. 

i. e. up t o  15-20 mm., a r e  f requent ly  
- J  

Therefore, a s e r i e s  of labora tory  experiments have been s t a r t e d  + o 
Fxpe riments will include t e s t s  o f  predation 

An interview survey t o  determine r e l a t i v e  green crab abundance i n  

Green crab fishermen and b a i t  dea le rs  s t a t e d  t h a t  except f o r  year t o  
This 



Milford, Conn., s tud ies  of pa ras i t e s  and diseases o f  s o f t  and hard clams.-- 
Studies on clax pa ras i t e s  were r e s t r i c t e d  during t h e  pas t  quarter  t o  l i f e  
h i s t o r y  aspects o f  ce r t a in  o f  previously noted forms. The gonad pa ras i t e  of e, Cercaria _"~'ae, was found i n  Hia te l la  (" Saxicava) - a r t i c a  a t  Boothbay HWborj 
exper imenta l infec t ion  of Mvtilus edul is  as second intermediate host was ac- 
complished. Determining v z t m ( s )  i s  i n  progress. Morphological 
s tud ies  of Paravortex sp.  in& indica te  this tu rbe l l a r i an  i s  not spec i f i ca l ly  
d i s t i n c t  from P. gemellipara from Modiolus desp i te  pronounced differences i n  
host-parasi te  r x a t i o n s h i p s .  
Sp. continued, with a spec i f ic  descr ipt ion i n  preparation. 
agreement was entered in to  with Yale University to inves t iga te  Venus para- 
s i tology.  

Studies on c i l i a t e  pa ras i t e  of M p ,  Trichodina 
A cooperative 

Exploratory s tudies  were completed on the host s p e c i f i c i t y  of the oyster  
disease organism, Dermoc s t idium marinurn, and on t h e  nature  of t h e  so-called 
"waterbelly1I condi A ion i n  e rom Maine areas. I n  addition, p a r t i a l  l i f e  
h i s t o r i e s  were determined f o r  f i v e  species of trematode paras i tes .  
i n  Mytilus edul i s  was s tudied and described. 

been responsible f o r  mass m r t a l i t y  i n  ri&a populations. 
concluded t h a t  environmental nature caused t h e  1949 mortality. 
time as 
i n  scope. 
major & predator,  i s  projected.  
of v i r u s  pathology i n  clams i n  cooperation w i t h  a su i t ab ly  equipped agency. 

Cercariasis 
II__ 

Studies have not demonstrated t h a t  a s ing le  e t io log ica l  ai:ent alone has 
It i s  t en ta t ive ly  

Until  such 
r m r t a l i t y  i s  again apparent, pathology s tud ie s  w i l l  be r e s t r i c t e d  

Effort  w i l l  be made t o  explore poss ib i l i t y  
Inves t iga t ion  of pa ras i t e s  and diseases o f  t h e  green crab, the  

Newburyport, Mass., s tud ie s  of pa ra s i t e s  and diseases of s o f t  and hard - clams .--By means of d i ssec t ion  and h is to logica l  preparation, biweekly Clam 
samples f r o m  Newburyport a rea  have been examined f o r  paras i tes  o r  diseases.  
No evidence of diseases  of pathological condition was noted. There were no 
cases o f  mass mortal l ty  i n  clam f l a t s .  
common pa ras i t e s  were noted, but these could not be associated with clam 
mortali ty.  

Seasonal abundance peaks o f  th ree  

C l a m  f armine;.--Clam t ransplan t ing  experiments were concluded i n  August 

Four successful ly  protected p lo t s  produced 27, 16, 

1952, as they had demonstrated clams can be grown i n  concentrations su f f i -  
c i@nt  t o  groduce good commercial digging if predators a re  kept of f  by 
chicken wire over p lo ts .  
23 and 9 l e g a l  s i z e  clams pe r  square foot ,  with more smaller clams llcoming 
along.'' 

1952, which w i l l  include L,ro&h and survival  da t a  from monthly sampling. 

18 inches high, w i t h  p flant;e on top of 111 x 61' boards, was b u i l t .  
c loses  some moderately good nat ive s e t  and keeps out  horsehoe crabs and most 
of t h e  green crabs. Th i s  p ro tec t ion  method my prove econordcally feas ib le ,  
as cost  per u n i t  area can be much less t h a n  that f o r  wire l a i d  on flats. 

Production i n  unprotected plots  was negl igible .  

A manuscript i s  being prepared on clam farming expcriments from 1949 t o  

On June 3 a c i r cu la r ,  one-inch mesh wire fence, 300 fee t  i n  circumerence, 
It en- 
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C l a m  movement studies.--Sampling o f  square-foot t rays ,  clamless mud 
(screened and replaced biweekly) and controls  over t w o  summers and one 
h n t e r  ended. i n  November. 
worked up. 
ing f l a t s  and t h e  numbers increased and decreased when those i n  t h e  f la t s  
increased o r  decreased. 
s i t ua t ed  i n  f la ts .  

Data. have been tabulated but n o t  completely 
Trays always contained clams of same s i z e  as those i n  surround- 

This shows byssus clams 2-14 mm. a re  n o t  permanently 

Experiments were conducted a t  Boothbay Harbor Laboratory i n  February t o  
determine current  e f f e c t s  on 350 juveni le  clams. 
e a s i l y  w h i l e  exposed t o  currents  up t o  1 7  cm./sec. 
a r e  moved about too v io l en t ly  t o  burrow readi ly ,  although s i x  of  350 did bur- 
row i n  a cu r ren t  o f  25 cm./sec. (1/2 knot). 
rap id ly  than those over 10 mm. 

Clams 2-19 mrn. long burrowed 
Above t h i s  veloci ty ,  c l a m  

Clams 2-10 mm. burrowed more 

Clams (2-10 mm.) at tached to wooden surface by byssus threads withstood 
cur ren ts  up to 46 cm./sec. before being dislodged. Clams 2-10 rm. burrowed 
ahead of r ap id ly  eroding subs t ra te  f o r  sho r t  periods of time before being 
washed out. 

Five hundred clams 2-13 mm. were allowed t o  burrow and were observed 
da i ly  f o r  movement s igns.  After a week, 
4 o r  5 came up and mved one t o  fou r  inches by use of t h e  foot.  After severa l  
weeks mussel sediment from the  water system b u i l t  up t h e  Itflattt about a half  
inch and clams accordingly ra i sed  themselves t o  a higher l e v e l ,  They have con- 
t inued t o  come o u t  and m v e  about on d i f f e r e n t  occasions. A few were washed 
i n t o  t h e  sedimentation bas in  as a r e s u l t .  

Current ve loc i ty  set  a t  10 cm./sec. 

A f e w  current-veloci ty  measurements were made w i t h  a spec ia l ly  made Itchip 
logt t  on Hales Cove f l a t  i n  about 1811 of water. 
13-16 cm./sec. Measurements are planned through a t i d a l  cycle. 

Current ve loc i ty  rani;ed from 

Limulus population and migration s tudies  . --Disc t a g s  were pinned on 1050 
Limuli during the summer of 1952 i n  Plum Island Sound and Essex Bay; the  ani- 
mals were mostly mature ones which were presumed t o  have stopped molting. 
Sixteen tags  have been recovered. Tagging operat ions w i l l  be resumed. 

Studies on reproductive cycle  of Mya arenaria .  --Two years 1 records, based 
on h i s to log ica l  examination of gonads frcm biweekly samples, were completed. 
Newburyport area clams showed a grea te r  reproductive p o t e n t i a l  i n  1952 than 
i n  1951. 
observations. Gonads i n  e a r l y  1953 seemed t o  reveal an even grea te r  repro- 
duct ive poten t ia l .  

Greater nuqbers of  byssus clams i n  1952 seemed t o  corroborate these  
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Comparison of yellowfin tuna of Hawaiian waters and o f  the  American 
west coast .  By Milner B. Schaefer. Issued 1952. 

Factors influencing t h e  o r i en ta t ion  of migrating anadromous f i shes  
By Gerald B. Collins. Issued 1952. 

I n  press. 

Fluctuotidns i n  t h e  f i s h e r i e s  of S t a t e  of Michigan waters of Green Bay. 
By Ralph Hila,  George F. Lunger and Howard J ,  Buettner. Issued 1953. 

A contagious disease o f  salmon possibly of v i rus  or igin.  
Rucker, W. J. Whipple, J. R. Parvin and C. A. Evans. 

By R. Re 
Issued 1953. 

Spawning of yellowfin tuna i n  Hawaiian waters. 
Issued 1953. 

By Fred C. June. 

Estimation o f  growth rate i n  animals by marking experiments. 
Milton J. Lindner. Issued 1953. 

By 

S tab i l i za t ion  o f  t h e  phosphate r a t i o  of sea water by freezing. 
Albert W. Col l ie r ,  and Kenneth T. Marvin. Issued 1953. 

By 

Research Reports 

31. Effect  of floodwaters on oys te rs  i n  Mississippi Sound i n  1950. 
P h i u p  A. Butler. Issued 1952. 

BY 

32. Offshore grounds important t o  the United S t a t e s  haddock f ishery.  
By Howard A .  Schuck. Issued 1952. 

Special  S c i e n t i f i c  Report: F isher ies  

76- H g r a t i o n s  and hab i t a t  of the tuna (Thunnus thynnus L o ) *  
By Professor M. Sel la .  
CLVI.  Venice 1939. Translated by Wilvan G. Van Campen. Issued 
July 1952. 

Oceanographic conditions and t h e  albacore f i she ry  east  of Cape Nojima. 
A t r ans l a t ion .  Translated f r o m  the Japanese 1ank:uage by Wilvan G. V a n  
Campen. Issued July 1952. 

A t r ans l a t ion  
R. Comitato -g-Italiano, M@nwia 

77. 
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Oceanographic conditions and t h e  black tuna f i shery .  
Translated from t h e  Japanese language by dilvan G. Van Campen. 
Issued July 1952. 

A t r ans l a t ion ,  

The Japanese tuna  f i sh ing  industry.  Translations.  Five a r t i c l e s  t rans-  
l a t e d  from t h e  Japanese language by Wilvan G. Van Campen. 
July 1952. 

Issued 

EZilchard eggs and l a rvae  and o ther  f i s h  larvae,  Pac i f i c  Coast - 1950. 
By Elbert H. Ahlstrom. Issued October 1952,  

Pellowstone Lake Trout Creel Censuses, 1950-51. 
Oliver B. Cope and Richard E. Beckwith. 

By Harvey L o  Moore, 
Issued September 1952, 

The Tunas and t h e i r  f i s h e r i e s .  By Hiroshi Nakamura. Translated from 
the  Japanese language by W. G. V a n  Campen. Issued August 1952. 

Five Japanese Papers on Skipjack. 1. Skipjack f i sh ing  grounds and 
oceanographic conditions i n  t h e  Northeastern sea area. 
Sasaki. 2 ,  On t h e  stock of skipjack, by Marisaburo Tauchi. 3.  Notes 

By Takeo 
- -  

on t h e  shoal of bonito (Skipjack,-Katsuwonus pelamis) along the  Pac i f i c  
coast  of Japan, by Hiroshi Aikawa. 4. h c a l  var ia t ions  i n  t h e  composi- 
t i o n  of skipjack (Katsuwonus pelamis) schools, by Michftaka Uda and J i r o  
Tsukushi. 5. Types o f  s k i p j a c k o o l s  and t h e i r  f i sh ing  q u a l i t i e s ,  
by Mchi taka  Uda. Translated from t h e  Japanese language by hl. G. Van 
Campen. Issued August 1952. 

Furunculosis of f i s h .  By Bruce M, McCrqw. Issued December 1952. 

25' years  o f  f ede ra l  f i s h e r y  research on t h e  Great Lakes. 
Issued October 1952. 

By Ralph Hile. 

Tests of hatchery foods f o r  salmon 1951. 
Palmer, H. Wti;33;f.&rn Nc'owman 

By Roger E. Rurrows,David D. 
and Robert L. Azevedo. Issued November 1952. 

Doctoral Disser ta t ions  on t h e  Management and Ecology of f i s h e r i e s ,  
Additional l i s t i n g s  - 1952. 
Issued October 1952. 
R s p o r t :  Fisheries No. 31. Doctoral d i s se r t a t ions  on t h e  management 
-*df% ehofogy o f  f i s h e r i e s  * )  

Prepared i n  the  Branch of Fishery Biology, 
( T h i s  r epor t  i s  a rev is ion  o f  Special  S c i e n t i f i c  

High speed plankton samplers. 
Gulf I-A) by Edgar Le Arnold, Jr. 2, An all-metal  plankton sampler 
(Model Gulf 111) by Jack W, Gehringer. 

1. A high speed plankton sampler (Model 

Issued September 1952. 

Offshore f i sh ing  i n  B r i s t o l  Bay and Bering Sea. 
Issued October 1952. 

By Joseph T. Barnaby. 

Experimental surface g i l l  ne t  f i sh ing  f o r  skipjack (Katsuwonus e l a d s )  
i n  Hawaiian waters. By Walter M. Matsumto. Issued November 19 5-- 2. 



91. Reaction of tuna and o the r  f i s h  to stimuli-1951. P a r t  I: Background and 
summary of r e s u l t s  by Albert L. Tester; Part 11: 
chemoreception of tuna by P. B. v u  Weel; P a r t  111: Observations on t h e  
readt ion  of tuna to  a r t i f i c i a l  l i g h t  by Sidney C. Hsiao; Part  I V :  Obser- 
vat ions on sound production and response i n  tuna by Iwao Miyake; Par t  V: 
Notes on the response of a t r o p i c a l  f i s h  (Kuhlia sandvicensis) t o  
in te r rupted  d i r e c t  current  by Albert I,. T e K  Issued November 1952. 

Use of e l e c t r i c i t y  i n  t h e  control  of s ea  lampreys: electromechanical 
weirs and t r a p s  and e l e c t r i c a l  ba r r i e r s .  
Bernard R. Smith and Willis L. Nielsen. Issued December 1952. 

Observations on t h e  

92- 
By Vernon C. Applegate, 

9 3 .  Directing the  movement of f i s h  w i t h  e l e c t r i c i t y .  
McLain and Willis L. Nielsen. 

By Alberton L. 
Issued January 1953. 

94. Passage of shad a t  the  Bonneville fishways. 
March 1953. 

By G. B. Talbot. Issued 

95. I n  press. 

96. 

97-  .%?a b n p r e y  spawning: 

Destruction of undersized haddock on Georges Bank, 1947-51. 
C. P’remetz. Issued May 1953. 

by Howard A. Loeb. 

By Ernest 

Wisconsin and Minnesota streams of Lake Superior. 
Issued June 1953. 

98. Longline f i s h i n g  f o r  deep-swimming tunas i n  t h e  c e n t r a l  Pacifie,l950-51. 
By G a r t h  I. Murphy and Richard S. Shomura. 

Trial of Denil-type f i s h  ladder b paci f ic  salmon. By Leonard A. krl ton,  
Harold A. Gangmark and Scot t  H. B a i r .  Issued M a y  1953. 

of the  South Pac i f i c  Fishery Invebtigations,  U.S. Msh and Wildlife 
Service. Issued May 1953. 

De W. Kelley. Issued May 1953. 

Issued May 1953. 

99- 

100. Zooplankton volumes off t h e  Pacif ic  coast ,  1952. Prepared by the  staff 

101. Fluctuation i n  trap-net catches i n  the  Upper Mississippi River. BY 

102. Pilchard eggs and l a rvae  and o ther  fish larvae,  Pac i f ic  Coast - 1951. 
by Elber t  H. Ahlstrom. Issued M a y  1953. 

103. Length measurements of Lake Yellowstone t rout .  
Issued June 1953. 

BY Oliver  B. Copem 

Special  Reports 

Engle, James B. 
1953. Effec t  of Delaware River f l o w  on oysters i n  t h e  na tura l  seed 

beds of Delaware Bay. February 1953. 
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Applegate, Vernon C. and Cl i f ford  L. Brynildson 
1951. Downstream movement o f  r ecen t ly  transformed sea lampreys, Petro- 

Transact= 
h e  American Fisher ies  Society, Vol. 81, pp. 275-290 (pub- 
l i s h e d  i n  1952). 

zon marinus, i n  t h e  Carp Lake River, Michigan. 

Bapt is t ,  John P. 
1953. Record of a hermaphroditic horseshoe crab, Limulus polyphemus 

L. Breviora of t he  Museum of Comparative Zoology, Cambridge, 
Mass., no. 14, pp. 1-4. 

Beckman, William C. 
1952. Guide t o  t he  f i s h e s  of Colorado. University of Colorado Museum, 

Leaflet No. 11. 

Bryant, Floyd G. 
1952. A survey o f  t h e  

Report No. 2 of 
State of  Maine. 

Bcrner. C. J. @ 

December 1952. 

Narraguagus River and i t s  t r i b u t a r i e s .  
t h e  At lan t ic  Sea Run Salmon Commission of t he  

Research 

36 PP. 

1953. Salmon tagging by t h e  1952 Japanese North Pacif ic  f i s h i n g  expedi- 
t ion.  
Review, 

United S ta t e s  Fish and Wildlife Service Commercial Pisher ie2 
vol. 15, no. 5, pp. 18,19. 

Burrows, Roger E., David D. Palmer, and H. William Newman 
1952. Effec ts  of i n j e c t e d  p i t u i t a r y  mater ia l  upon t h e  spawning of blue- 

back salmon. United S t a t e s  Fish and Wildlife Service The Pro- 
gressive Fish-Culturist .  vol. 14, no. 3, pp. 113-116. 

Butler, Ph i l ip  A. 
1952. S h e l l  growth versus meat y i e l d  i n  t h e  oyster ,  -- C. v i rg in ica ,  

National She l l f i she r i e s  Association 1952 Convention 
Addresses, pp. 157-162. 

1952. Seasonal growth of oys te rs  (C. - vi rg in ica)  i n  Florida.  Ibid., 
pp. 188-191. 

1953. The oys te r  predator problem. Southern fisherman, vol. 13, 
no. 6, pp. 35, 58, 88. 

1953. Oyster growth as af fec ted  by l a t i t u d i n a l  temperature gradients.  
United Sta te3  Msh and Wildlife Service Commercial Fisher ies  
Review, vol. 15, no. 6, pp. 7-12. 
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California  Cooperative Sardine Research Program Progress Report - January 1 
1951 t o  June 30, 1952. 
Fishery Invest igat ions contributed var ious sect ions of t h e  
report)  . 

(Staff members of  the  South Pac i f ic  

Carbine, W. F. 
1953. Further da ta  on the  development of a nonmigratory s t r a i n  *of ra in-  

bow t rout .  
f ish-Cultur is t ,  

United S ta t e s  Fish and Wildlife Service The Progressive 
vol. 15, no. 2, pp. 83-84. 

Experiments on the  escape of undersized haddock through o t t e r  
trawls. United S ta tes  Fish and Wildl i fe  Service Commercial 
Fisher ies  Review, vol.  14, no. 9, pp. 1-7. 

Further experiments on the escape o f  undersized haddock through 
o t t e r  trawls. Ibid., vol. 14, no. 1 2 ,  pp. 7-12. 

Clark,  John R. 
1952. 

1952. 
- 

Clark, John R. and Howard A. Schuck 
1952. Georges Bank haddock fishery-1951. P a r t  I--pnalysis of 1951 

f ishery.  
F isher ies  Review, vol.  14, no. 8, pp .  1-3. 

United S ta t e s  F ish  and Wildlife Service Commercial 

Coates, John A .  and A. Neal Woodall 
1953. A salmon research laboratory.  United S ta t e s  Fish and Wildlife 

Service The Progressive F i s h - C u l t u r i s t ,  vol. 15, no. 2, pp. 78-79. 

Cope, Oliver  B. 
1952. Insec ts  and the  lower ver tebrates .  United S ta tes  Department Of 

Agriculture s The Yearbook of Agriculture 1952, pp. 699-708 

I n k s  f o r  marking p l a s t i c  f i s h  tags.  
Wildl i fe  Service The Progressive Fish-Culturist ,  vol. I&, no. 3, 

1952. United S ta tes  F i s h  and 

pp. 125-126. 

1953. Chloretone a s  an anaesthet ic  f o r  adul t  cut throat  t r o u t .  Ibid., 
vol. 15, no. 1, p.  35 

Some modern methods of f i s h  detection, echo sounding, echo 
ranging and a e r i a l  scouting. 
no. 3-4, pp. 1-27. 

CWkitbgl: D. H.,  Finn Devold, John C. Marr, and H. Kristjohsson 
1958. 

FA0 Fisheries  Bulletin,  V O l .  5, 

Davis, Harry C. 
1953. On food and feeding of  t h e  la rvae  of the  American oyster ,  C. 

virginica.  
-paper appears a l s o  i n  the  National She l l f i sher ies  Associa- 
t i o n  1952 Convention Addresses, pp. 34-69. 

The Biological Bul le t in ,  vol, 104, no. 3, pp. m-350. 

Engle, James B. and Charles R. Chapman. 
1952. Oyster condition affected by attached mussels. Southern Fisherman, 

vol.  12, no. 8, pp. 28-29, 69. 
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Eschmeyer, Paul H. 
1953. The e f f e c t  of e ther  anesthesia on f in-cl ipping ra te .  United 

S ta t e s  Fish and Wildl i fe  Service The Progressive Fish-Culturist ,  
vol ,  15, no. 2, pp. 80-82. 

Eschmeyer, Paul H., Russell  Daly, and Leo F. Erkkila 
1953. Movement of tal:ged lake t r o u t  i n  Lake Superior, 1950-1952. 

The Fisherman, Vol. 21, no. 3,pp. 4,ll. 

Felin,  Frances E., Ra Anas, Anita E. Daugherty, and Leo Pinkas 
1952. Age and + long composition of t h e  sard ine  catch o f f  t h e  Pac i f ic  

coast  of the  United S ta tes  i n  1951-52. 
vol,  3 8 ,  no. 3, pp. L27-435. 

Cal i forn ia  Fish and Game, 

Floyd, Daniel J . 
1952, Foods and feeding of oys te rs  as observed with t h e  use of radioactive 

e plankton. Nat iona l  She l l f i she r i e s  Association 1952 Convention 
Addresses, pp. 171-180. 

hkuhmg, Francis  M. 
1953. Japanese 1952 North Pac i f ic  sa lmn-f i sh ing  expedition. United 

S ta t e s  Fish and Wildlife Service Commercial F isher ies  Review, 
v01, 15, no. 2 ,  pp. 1-17. 

Galtsoff,  Paul S. 
1952. How st rong i s  t h e  oyster? National She l l f i she r i e s  Association 

1952 Convention Addresses, pp. 51-53. 

Gilmore, Raymond M. 
1953. What ha3 happened t o  American whaling? 1953 Fisher ies  Yearbook 

of t h e  National E s h e r i e s  I n s t i t u t e ,  Inc. ,  pp. 37-38. 

Ginsburg, Isaac 
1952 . 

1953 

1953 

1953. 

Fishes o f  t h e  family Carangidae o f  t he  northern Gulf o f  Mexico 
and th ree  r e l a t ed  species .  
Marine Science, vol .  11, no. 2,  pp. 47-117. 

The taxonomic s t a t u s  and nomenclature of some At lan t ic  and 
Pac i f i c  populations of yellowfin and b luef in  tunas,  
no. 1, pp. 1-10. 

Publications of t h e  I n s t i t u t e  of 

Copeia, 

West e rn  A t 1  an t ic  scorpionfis  hes . 
Collections,  vol. 121, no. 8, Publication 4106, pp. 1-103. 

Smi t hsonian Miscellaneous 

Ten new American gpbioid f i s h e s  i n  t h e  United S t a t e s  National 
Museum, including addi t ions t o  a rev is ion  of Cobionellus . 
Journal of t h e  'JJashington Acadeqy o f  Sciences, vol .  43, no. 1, 
pp. 18-26. 
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Glude John Harlan S ear and Dana Wallace 
' w T h r ' & c  clam rake,  a new method o f  g a t h e r i m s e e d  clams. 

Nati'onal S h e l l f i s h e r i e s  Assoc ia t ion  1952 Convention Addresses 
pp. 163-1660 

Graham, Herbert W. 
1952. Mesh r e g u l a t i o n  t o  i n c r e a s e  t h e  y i e l d  of t h e  Georges Bank haddock 

f i s h e r y .  
52 of t h e  I n t e r n a t i o n a l  Commission f o r  t h e  Northwest A t l a n t i c  
F i s h e r i e s ,  pp. 23-33. 

P a r t  3 of t h e  Second Annual Report fd r  t h e  year 1951- 

1952. A r e g u l a t i o n  t o  i n c r e a s e  t h e  yield of  t h e  New England haddock 
f i s h e r y .  
l i f e  Conference, pp. 378-385. 

vol .  34, no. 2,  pp. 15, 42. 

Transac t ions  of t h e  Seventeenth North American Wild- 

1952. Minimum mesh f o r  Georges Bank haddock ne t s .  A t l a n t i c  Fisherman, 

1952. A minimum net-mesh s i z e  f o r  t he  New England haddock f i s h e r y .  
United StaLes f i s h  a n d  Wildlife Se rv ice  Commercial F i s h e r i e s  
Review, vo l .  14, no. 12 ,  pp. 1-6. 

Graham, Herber t  W. and Clyde C. Taylor  
1953. 

G r i f f i n ,  P. 
1953 

1953. 

Heavier l andings  of  l a r g e  haddock expected. A t l a n t i c  Fisherman, 
vole 34, no. 1, pp. 15, 31. 

J., S. F. Snieszko and S. B. F r i d d l e  
A new ad juvan t  i n  t h e  d iagnos is  of f i s h  fu runcu los i s  caused by 
Bacterium sulmonicida.  Ve te r ina ry  Medicine, vo l .  X L V I I I ,  no. 7, 
pp. 200-282. 

Pigment format ion  by Bacterium salmonicida.  
Vol. 65, no, 6, pp. 6- 

Journa l  of Bacter iology,  

Halver, John E. 
1953. I. A vitamin-test d i e t  f o r  chinook salmon. 11. The water s o l u b l e  

v i tamin  requirements  of chinook salmon. (A  t h e s i s  submitted i n  
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West. Fish. Nutr. 
North At lan t ic  
Pac i f ic  Salmon 
Pac i f ic  Salmon 
Marine Section 
WFI 
South Pac i f ic  
Great Lakes 
Micro. Lab. 
Gulf 
Pac i f ic  Salmon 
South Pac i f ic  
PC l?I 
FOR * 

Great Lakes 
North At lan t ic  
C l a m s  
North At lan t ic  
POFI 
North At lan t ic  
Pac i f i c  Salmon 
South Pac i f i c  
Rocky Mountain 
c 1  ams 
Middle Atlant ic  
East. Fed. Waters 
Pac i f ic  Salmon 
South Pac i f ic  
Great Lakes  
Milford Lab. 
Fish Nut r i t ion  
Nilford Lab. 
FQn 
POPI 
Great Lakes 
Pac i f ic  Salmon 
South Pac i f ic  
Pac i f i c  Salmon 
FWFI 
North At lan t ic  
South Pac i f ic  
Gulf 
At lan t ic  Salmon 
POFI 
South Pac i f ic  
Pac i f i c  Salmon 
Woods Hole Lab. 

Rogers City,Mich. 
Seattle,Wash. 
Boston, Mass . 
Sea t t l e ,  Wash . 
S e a t t l e  Wash . 
Honolulu, T e H . 
Honolulu, T.H. 
La Jo 1 l a ,  C a1 . 
Ann Arbor,Mich. 
Lee t own , W. Va . 
Qalveston,Texae 
S ea t  t l e  , Wash a 

La Jo l la ,Cal i f  . 
Honolulu, T. H. 
Honolulu, T. H . 
Sturgeon Bay,Wis 
Newark, Del. 
Kingston, R. I .  
Woods Hole, Mass. 
Honolulu,T.H. 
Mods Hole,Mass 
Sea t t l e ,  Wash. 
La Jolla,Cal.  
Logan, Utah. 
Kingston, H. I. 
Beaufort, N.C. 
Lee town, W. Va . 
Scattle,Wash, 
Stanford, Cal. 
Rogers City,Mich* 
Milford C onn . 
Cortland, N.Y. 
Milford, Conn. 
Honolulu,T.H. 
Honolulu,T.H. 
Marquette ,Mich 
S e a t t l e  , Wash . 
Stanford, Calif .  
Sea t t l e ,  Wash. 
Honolulu, T,H. 
Woods Hole, Mass. 
S titnf ord, Calm 
Galves t o  n, Texas 
Orono, Maine 
Honolulu, T. H. 
La Jo l l a ,  Cal, 
Seat  t 1 e, Was h (I 
Woods Hole, Mass. 



Narnc - 
Moffe t t ,  James W. 
Moore, Harvey L. 
Morris,  Robert  W. 
Mosher, Kenneth H. 
Murphy, Garth I. 
Murray, Harriet t E 
Myers, George S. 
Nelsen, W i l l i a m  V. 
Nelson, P h i l l p  R. 
Newman, H. W i l l i a m  
Nielson,  Read S. 
Nomejko, Char l e s  A. 
OfConnel l ,  Charles  P. 
Olson, J e r r o l d  M. 

Ordal,  Erlink; J. 
Otsu,  Tamio 
Page, Robert  M. 
Palmer, David D. 
Parker ,  P h i l l i p  S. 
Peterson,  S t a n l e y  R. 
P h i l l i p s ,  Arthur PI., Jr.  
Premetz, E r n e s t  D. 
Price, Thomas J. 
Reimers , Norman 
Rein t  j es, John W. 
Rice,  Theodore H. 
Ilobertson, Oswald H. 
Hounsefel l ,  George A .  
Royce, W i l l i a m  F. 
Rucker, Rober t  R. 
Sca t  te rgood,Les l ie  W. 
Schaedig,  Earl  J .  
Sch lo t t e rbeck ,  Lewis C. 
S c t t e ,  Oscar E. 
Shea, John F. 
Shomura, Richard S. 
SilTiman, Ralnh  P. 
Skud,Bcrnard E, 
Smith, Bernard R. 
Smith, James M. 
Smith, Osgood R ,  
Smith, Stanford H. 
Snieszko, S t a n i s l a s  F. 
Spear ,  Harlan S. 
S t r i n g e r ,  Louis D. 
Stroup,  Edward D. 

Ti t l c  - 
Fish .  Biol .  
Fish.  B i o l .  
Fish.  Biol .  
F i sh .  Bio l .  
F i sh ,  Biol .  
S t a t .  Clerk  
Zoologis t  
F i sh ,  Eq. Spec, 
F ish .  Biol .  
F ish ,  Bio l .  
Fish.  Biol.  
Bio l .  Aid. 
Fish.  Biol .  
F i s h e r y  Aid 

Co l l abora to r  
F ish .  B io l .  
Co l l abora to r  
Fish.  Biol .  
Fish.  Bio l .  
F ish .  &E Sp. 
Fish.  Bio l .  
Msh.  Bio l .  
F ish .  Bio l .  
F ish .  Bio l .  
F ish .  Bio l .  
Fish.  Bio l .  
Co l l abora to r  
F ish .  Bio l .  
F ish .  Biol .  
F ish .  B io l .  
F i s h ,  B io l ,  
f i s h e r y  Aid 
Fish ,  Biol .  
F i sh .  Bio l .  
F i sh .  Bio l .  
F ish .  Bio l .  
F ish .  Biol .  
F i s h ,  Biol .  
F ish .  Biol .  
F i shc ry  Aid  
Fish .  Biol .  
F ish .  Bio l .  
B a c t e r i o l o g i s t  
F i s h ,  Biol .  
F i s h ,  B io l ,  
F i she ry  Aid 

I n v e s t i g a t i o n  

Great Lakes 
P a c i f i c  Salmon 
South Pacific 
P a c i f i c  Salmon 
W F I  
North A t l a n t i c  
Marine Sec t ion  
POFI 
P a c i f i c  Salmon 
Salmon Cu l t .  Lab. 
C a l i f  -Nevada 
Milford Lab. 
South P a c i f i c  
P a c i f i c  Salmon 

Locat ion 

Ann Arbor,Mich. 
S e a t t l e ,  Wash . 
P a c i f i c  Grove, Cal. 
S e a t t l e ,  Wash. 
Honolulu, T.H. 
Woods Hole, Mass. 
S tanford ,Calo  
Honolulu, T.H. 
S e a t t l e ,  Wash. 
E n t i a t ,  Wash. 
Reno, Nevada 
Milford,  Conn. 
S tanford ,  Gal, 
L i t t l e  P o r t  Walter, 

Alaska 
West,Fish.Diseases Seatt le,Wash. 
POFI 
South P a c i f i c  
Salmon C u l t  .Lab. 
Great Lalces 
WPI 
F i s h  N u t r i t i o n  
North A t l a n t i c  
Beaufort  Lab. 
Calif  -N evad a 
North A t l a n t i c  
Beaufort  Lab. 
Salmon Cult.Lab. 
Marine S e c t i o n  
PQFI 

Honolulu, T,H. 
Stanford,Cal.  
E n t i a t  ,Wash. 
Wogers Ci ty ,  Mich. 
Honolulu, T. H. 
Cort land,  N . Y. 
Woods Hole,Mass . 
Beaufort ,  N.C. 
Convict Creek, Cal. 
Newark, Del . 
Beaufort ,  N.C. 
S tanford ,  Cal. 
Woods Hole, Mass. 
IIonolulu, T.H. 

West.Fish.Disenses Seattle,Wash. 
North A t l a n t i c  Boothbay Harbor, Me, 
Great Lakes 
P a c i f i c  Salmon Bonneville,  Dam, Ore. 
POPI Honolulu, T.H. 
North A t 1  a n t i c  
POP1 Honolulu, T.H. 
Anadromous Sec. Washington, D.C. 
P a c i f i c  Salmon S e a t t l e  , Wash. 
Great Lakes Marquette, Mich. 
South P a c i f i c  La J o l l a ,  Cal. 
Clams Newburyport,Mass. 
Great Lakes Ann Arbor,Mich, 
Micro Lab. Leetown ,W,Va . 
Clcuns Boothbay Harbor, Me. 
Clams Kingston, R. I. 
POFI Honolulu, T.H. 

Rogers C i t y ,  Mich. 

Woods Hole, Mass. 
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Name - 
Stunkard, Horace W. 
Sykes, James E. 
Talbot , Gerald Bo  
Taylor, Clyde C . 
Tetaloff,  C l i f f o r d  L. 
Thompson, Paul E. 
Thompson, Robert Re 
Thompson, William F. 
Thra i lk i l l ,  James R. 
Trefethen, Parker S. 
Uemann, Joseph Re 
Van Campan, Wllvan Go 
Van Cleve, Richard 
Van Oosten, John 
Vaughan, Elizabeth 
Vieira ,  Manuel 
Vlymen, L i l l i a n  L. 
Volz, Charles D. 
Walburg, Charles H. 
Walford, Lionel A. 
Wangersky, Peter  J. 
Watson, Stanley W. 
Weaver, Charles R. 
Wcbzr, Kingsley G. 
Webster, John R. 
Welch, Walter R. 
Wells, LaRue 
lh i t e fo rd ,  F. Elaine 
Widrig, Theodore M. 
Wilson, W i l l i a m  B. 
Wolf, Robert S. 
Wood, Edward M. 
Woodall, Arthur N. 
Yamashita, Daniel T. 
Yasutake, William T. 
Yuen, Heeny S. H. 
:"Kgley, Roland L. 

T i t l e  

Collaborator 
Fish. Biol. 
Fish. B i o l .  
Fish. Biol. 
Fish,  Biol. 
Fish. Biol. 
Biochemist 
Collaborator 
Fish. B i o l ,  
Fish. B i o l .  
Fish. Biol. 
Tramla tor  
F i s h .  Biol ,  
Fish.  Biol. 
S t a t i s t i c i a n  
S ta t .  Assist. 
Fishery Aid 
Fishery Aid 
Fish. Biol. 
Fish. Biol. 
Chemist 
Fish. Biol. 
Fish. Biol. 
Fish. Biol,  
Fish.  Biol. 
Fish. Biol. 
Fish. Biol. 
Fishery Aid 
S t a t i s t i c i a n  
Fish. Biol. 
Fish. Biol. 
Fish. Biol ,  
Chemist 
Fish. Mol .  
Fishery Aid 
Fish. Biol. 
Fish.  M o l .  

I nve s ti g a t i o  n 

Clams 
Middle A t 1  an t ic  
Middle Atlant ic  
North At lan t ic  
Great Lakes 

Beaufort Lab. 
Pac i f ic  Salmon 
South Pac i f ic  
Pac i f ic  Salmon 
Clams 
POFI 
Marine Section 
Qreat Lakes 
Pacif ic  Salmon 
North At lan t ic  
South Pac i f ic  
Pac i f ic  Salmon 
Middle Atlant ic  

Gulf 
West.Fish Diseases 
Pacif ic  Salmon 
Pac i f ic  Salmon 
Chesapeake 
Clams 
Great Lakes 
South At lan t ic  
South Pac i f ic  
Gulf 
North Atlant ic  
West. Fish.  Nutr. 
West. Fish. Nutr. 
Port  
West. F ish .  Nutr. 

North At lan t ic  

-- 

mFr 

Lo cat ion 

New York, IJ,Yo 
Beaufort, N.C, 
Beaufort, 1J.C. 
Woods Hole, Mass* 
Marquette, Mich. 
Washington,D.C 
Beaufort, N.C. 
Sea t t l e ,  Washo 
La Jolla, Cal. 
Sea t t l e ,  Wash. 
Milford, Conn. 
Honolulu, T,He 
Sea t t l e ,  Wash. 
Ann Arbor, Mich. 
Sea t t l e ,  Wash. 
Woods Hole, Hass* 
La Jo l l a ,  Calf. 
Sea t t le ,  Wash. 
Beaufort, N.C. 
Washington, D. C. 
Galv es t o  n , Texas 
S e a t t l e  , Wash. 
Sea t t l e ,  Wash, 
Sea t t l e ,  Wash. 

Boo thbay Harbor, 
Marquette, Mich. 
Brunswick, Gs. 
Stanford, Cal. 
Galveston, Texas 
Woods Hole, Mass* 

Willard, Wash 
Honolulu, T. Ha 
Willard, Wash. 
Honolulu, ToH. 
Woods Hole,Mass* 

Annapolis, Md. Ne' 

Millard, Wash 0 
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