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SECTION OF ANADROMOUS AND SHELLFISHERIES 
Ralph P.  Sil l iman 
Washington, D. C .  

The anadromous f i shes  are those which 
Spawn i n  fresh water and spend par t  of 
t he i r  l i v e s  i n  the sea. O f  these,  the Pa- 
c i f i c  and Atlantic salmons, the Atlant ic  
Shad and s t r iped  bass are current ly  being 
investigated.  Emphasis i n  the investiga- 
tions depends on the use to which the data  
are t o  be pu t .  I n  the Columbia River f i s h  
Protection a t  dams and diversions is the 
Primary ou t l e t  fo r  application of research 
r e su l t s ;  on the Atlant ic  Coast i t  is reha- 
b i l i t a t i o n  of the great ly  depleted salmon 
and shad runs and b e t t e r  u t i l i z a t i o n  of the 
s t r iped bass; i n  the North Pacific i t  is 
the internat ional  conservation of a high 
Seas resource. 

Because part  of t h e i r  l i f e  is spent 
i n  streams the anadromous f i shes  are ones 
that  we can “do something about”. Stream 
conditions can be improved, pol lut ion 
abated, fishways b u i l t  and adequate spawn- 
ing escapements permitted. 
Present research is designed t o  provide the 
knowledge needed t o  do these things success- 
f u l l y .  Results w i l l  ul t imately be measured 
in  t e r m  of the maintenance and rehabi l i ta-  
t i on  of the runs .  

A l l  of the 

The major l i n e s  of investigation 
under the sec t ion  devoted t o  s h e l l f i s h  

s tud ie s  of physiology , propagat ion , 
growth and fat tening,  ecology, experimental 
farming, protect ion against enemies and 
Parasites,  and biology and conservation of 
edible mollusks. 

Investigations of spec i f i c  problems 
are Undertaken t o  obtain fundamental bio- 
logical information which may serve as a 

f o r  improving farming techniques or  
be u t i l i z e d  by the federal  and s t a t e  

‘egulatory agencies i n  formulating laws and 
‘egulations pertaining t o  the conservation 
ad management of s h e l l f i s h  resources , the 
harvesting of crops and sale. 

The keynote of the s h e l l f i s h  invest i -  
gations is the adaptation of Scient i f ic  
knowledge accumulated through precise labo- 
fatory research t o  f i e l d  s tud ie s  which 
antend t o  provide p rac t i ca l  solutions of 
various problems of cu l t i va t ion ,  u t i l i z a a m  
Of bottoms, protection against enemies. 

of a marked difference i n  ecological 

conditions w i t h i n  the rangesof d i s t r ibu t ion  
of the oysters and clams some of the phases 
of the investigation are carr ied out simul- 
taneously a t  more than one research labora- 
tory. 

ATLANTIC SALMON I NVES TI CATIONS 
John E. Glude 

Annapolis, Maryland 

The cooperative research program of 
the Pish and Wildlife Service,  carried out 
by the Atlant ic  Salmon Investigations and 
the S t a t e  of Maine, centers on the Sheep- 
scot  River. During the past  two years they 
have oriented t h e i r  research toward a study 
of the nature and the degree of m o r t a l i t y  
of stocked salmon. 

Counting weir.--An up-and-down stream 
counting weir has been operated i n  the 
Sheepscot River s ince May 18, 1956 t o  ob- 
t a i n  estimates of the r ive r  and ocean sur -  
vival  of salmon. 
w a s  counted by the weir consisted of natu- 
r a l l y  spawned 2-year-old f i s h  and both 1- 
and 2-year-old planted salmon, stocked i n  
the f a l l  of 1956 and 1955, respectively.  
The following t ab le  shows the pa t t e rn  of 
migration: 

The smolt migration which 

Salmon smolts taken i n  the weir traps during 
the spring migration, 1957 

Wild Planted Planted 
Period 2-year-olds 2-year-olds 1-year-old - 

April  19-21 44 0 0 
22-24 24 0 0 
25-27 62 1 0 
28-30 121 4 0 

May 1-3 147 1 0 
4-6 51 0 0 
7-9 20 4 0 

10-12 8 2 6 
13-15 7 2 0 
16-18 130 39 73 
19-21 148 54 21 

9 22-24 

It)TAL 770 108 117 

- 1 _. 8 _. 

* 
In  addition t o  the numbers shown i n  the 
foregoing t ab le ,  an estimated 150 smolts 
escaped uncounted when a f r e she t  on May 21 
loosened a board i n  the downstream trap.  

Data collected i n  1956 and i n  the 
f i r s t  half  of 1957 revealed the number of 
hatchery f ingerl ings planted i n  1955 and 



t h e  number of f i n g e r l i n g s  r e s u l t i n g  from 
n a t u r a l  spawning i n  1954 which surv ived  t o  
smolt  migrat ion.  O f  t he  20,000 f i n g e r l i n g s  
p lan ted  i n  t h e  f a l l  of  1955, about 173 went 
t o  s e a  i n  1956 as 1-year-olds and about 146 
i n  1957 as 2-year-olds. P r a c t i c a l l y  a l l  of 
t he  wild salmon, over 800, went t o  s e a  as 
2-year-olds i n  1957. Thus, t he  s u r v i v a l  
from the  1955 p lan t ing  of  20,000 ha tchery  
f i n g e r l i n g s  w a s  about 319 smolts  or 1 . 6  
percent .  

Measurements of a r ep resen ta t ive  
sample of  mi'grant smolts  showed an average 
t o t a l  l eng th  of 196 mm. f o r  2-year-olds of 
ha tchery  o r i g i n ,  204 mm. f o r  wild 2-year- 
o l d s  and 159 mm. f o r  1-year-olds of ha tchery  
o r i g i n .  The wild f i s h  were l a r g e r  and more 
robus t  and vigorous than  t h e  planted ones.  

Ecological  invest igat ions.--Informa- 
t i o n  on t h e  movements o f  salmon i n  the  
e s tua ry  is being c o l l e c t e d  by means of two 
fyke n e t s ;  one ne t  w a s  s e t  about t h r e e  miles 
below t h e  weir a t  t h e  upper l i m i t  of  pene- 
t r a t i o n  by s a l i n e  wa te r ,  and t h e  o t h e r  about 
two miles  below t h e  f i r s t .  Salmon smolts  
were taken  i n  both t r a p s  wi th in  48 hours 
a f t e r  t h e i r  r e l e a s e  at  the  wei r ,  i n  a r a t i o  
of about 8 f o r  each 200 re leased .  The pre- 
sence of  a s u b s t a n t i a l  p ropor t ion  of  l-year- 
o lds  i n  these  e s t u a r i n e  t r a p s  i n d i c a t e s  t h a t  
t h i s  age group does move i n t o  s a l t  water  and 
not  merely i n t o  the  lower reaches of  t h e  
r i v e r  i t s e l f .  

Observations on the  food preferences  
o f  smolts  i n  s a l t  water were made on two 
f i s h  t r a n s f e r r e d  t o  the  aquarium at  Booth- 
bay Harbor, Maine. Attempts were made t o  
f eed  them a number-of e s t u a r i n e  spec ie s  
which are abundant i n  the  area and appeared 
t o  be p o t e n t i a l  food organisms. The most 
abundant organism, an amphipod, Gammarus 
t i g r i n u s ,  was r e j ec t ed .  Sand shrimp, Crago, 
were seldom accepted.  K i l l i f i s h ,  Fundulus, 
were taken r e a d i l y  if sma l l e r  than about 
1-1/2 inches while  b r i t  s e a  he r r ing  up t o  
2-1/2 inches long were pursued and ea t en  
vor ac ious ly  . 

MIDDLE ATLANTIC FISHERY INVESTIGATIONS 
Gerald B. Talbot  

Beaufort ,  North Caro l ina  

The Se rv ice ,  a c t i n g  as t h e  primary 
r e sea rch  agency of the  A t l a n t i c  S t a t e s  
Marine F i s h e r i e s  Cmmission, has undertaken 

a coastwise i n v e s t i g a t i o n  of dec l in ing  shad 
s tocks  t o  determine the  underlying causes 
o f  t h e  dec l ine ,  t o  determine condi t ions  
f avor ing  recovery of  t he  runs and t o  provide 
information f o r  proper  management t o  ob ta in  
a m a x i m u m  sus t a ined  y i e ld .  
c a r r i e d  out  i n  des igna ted  f i s h i n g  a reas  each 
year  s i n c e  funds and personnel  a r e  not s u f -  
f i c i e n t  t o  permit simultaneous s t u d i e s  of 
a l l  f i s h e r i e s .  During t h e  per iod covered 
by t h i s  r epor t  t he  shad inves t iga t ions  cen- 
t e r ed  on the  Connecticut River ,  t he  Hudson 
River ,  t h e  Delaware River and the  S t .  Johns 
River.  

Research is 

S tud ie s  a re  being made a l s o  t o  b e t t e r  
u t i l i z e  the  s t r i p e d  bass .  The Middle Atlan' 
t i c  Fishery Inves t iga t ions  is  conducting a 
l a rge - sca l e  tagging  and recovery program 
at  var ious  po in t s  i n  Albemarle Sound, North 
Caro l ina ,  and c o l l e c t i n g  data  on the  types 
of f i s h i n g  gear  employed the re .  With the  
S t a t e s  of V i rg in i a  and Maryland, t he  Middle 
A t l a n t i c  F ishery  Inves t iga t ions  is tagging 
s t r i p e d  bass  i n  Chesapeake Bay t o  determine 
the  percentage o f  s t r i p e d  bass spawned and 
reared  through the  f i r s t  two years  i n  the  
Bay t h a t  t ake  p a r t  i n  t he  nor thern  coas t a l  
migrat ions and t o  measure the  r a t e  of ex- 
p l o i t a t i o n  of Bay s tocks  by s p o r t  and com- 
mercial  f i s h e r i e s  i n s i d e  and ou t s ide  the  
Bay. I n  add i t ion  t o  these  s t u d i e s ,  t he  
A t l a n t i c  s ta tes--Massachuset ts ,  Rhode Islandr 
Connect icut ,  New York, New Je r sey ,  Delaware' 
Maryland and South Carolina--are making a 
c o a s t a l  i n v e s t i g a t i o n  of t h e  s t r i p e d  bass. 
The Middle A t l a n t i c  F ishery  Inves t iga t ions  
is coord ina t ing  t h i s  program. 

SHAD INVESTIGATIONS 

Connecticut River.--Research on the  
shad runs of t h i s  r i v e r ,  f i r s t  undertaken 
dur ing  1951, showed t h a t  shad product ion 
depends upon the  number of  shad allowed to 
spawn. If ove r f i sh ing  occurs  and the  n o b e r  
of  spawners is  small, subsequent shad runs 
a r e  small. When spawning populat ions a re  
l a r g e ,  o r  at  l e a s t  adequate,  subsequent runs 
a r e  l a r g e r .  The r e s u l t s  of work done i n  
1951 have made poss ib l e  p red ic t ing  the  s i z e  
of  t h e  shad run one year i n  advance SO that 
proper f i s h i n g  r egu la t ions  can be worked 
out  t o  provide t h e  proper escapement of 
spawners. 

S ince  1951 a tremendous s p o r t  f i she rY 
has developed on t h i s  r i v e r .  The s p o r t  
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Calculated, predicted size of Connecticut River shad runs 1940- 1957. 

Calculated i :::[ ------Predicted ..‘ 
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Catch was not important during the 1951 
Program and was t reated as a constant. 
Additional research w a s  conducted on the 
“mect icut  River t h i s  year t o  re-evaluate 
both the sport  and the  commercial f ishing 
so that  proper management can be carr ied 
O u t ;  r e su l t s  of t h i s  work are being ana- 
lyzed. Data from the 1956 shad records 

the t o t a l  run w a s  223,000 f i s h  and 
the commercial catch 53,000 f i s h .  
Of 285,000 f i s h  was predicted f o r  1957. 

A run 

During the 1957 season 8,845 f i s h  
Passed above Holyoke Dam by the new 
l if t .  This wasan increase of 1,115 

Over those of last season. 

Hudson River.--Results of work on 
this r ive r  i n  1950 and 1951 showed t h a t  
this run a l so  is capable of management t o  

maximum continuing yields .  Since 
lgS0 the f i sh ing  r a t e  has lowered and the 

of spawners has been higher. As 

a r e s u l t ,  t h i s  run has increased tremendously 
and is nearing its previous high levels .  Data 
f o r  1957 have not been compiled. In  1956, 
t he  t o t a l  run was calculated t o  be 4,106,000 
pounds and the commercial catch 1,807,000 
pounds while i n  1950 the t o t a l  run was 1,398,- 
000 and the commercial catch 992,000 pounds. 
Prom data  avai lable  i n  1955 the s i z e  of the 
1956 run was predicted t o  be 5,117,000 pounds 
which amount is l e s s  than 20 percent e r ro r .  
Since many male shad were thrown overboard 
because of a glut  i n  the market, the actual 
run w a s  probably higher than tha t  calculated 
from the marketed catch.  The run f o r  1957 
ras predicted t o  be 5,956,000 pounds. 

There is no sport  f i sh ing  on t h i s  
r i ve r .  

New Jersey Coast r a c i a l  study.-- 
Research on the Connecticut River and the 
Hudson River indicated tha t  the large catches 
of shad made each year along the New Jersey 
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Coast and off S t a t en  Is land,  New York, might 
a f f ec t  the catches of shad i n  these r ive r s .  
This p o s s i b i l i t y  was investigated i n  the 
spring of 1956 by tagging shad a t  several  
locations along the New Jersey Coast  and at 
Staten Island t o  determine the r i v e r  t ha t  
these shad came from. Results have shown 
tha t  76 percent of them were from the Hud- 
son River, 13 percent from the Connecticut 
River and 11 percent from other a reas ,  such 
as the Chesapeake Bay and the Delaware Bay. 

The e f f e c t s  of these catches on the 
runs to  the Connecticut River and the Hud- 
son River can be determined from these data.  
The coastal  catches f luctuated with the 
s i z e  of the Hudson River run and were not 
responsible f o r  changes i n  i ts  s i ze .  

Meristic s tudies  conducted along with 
the tagging s tudies  showed t h a t  these counts 
could be used t o  separate  these stocks of 
shad. These counts may be as e f f ec t ive  as 
tagging and w i l l  cost  l e s s  than the tagging 
programs. 

Delaware River .--The researchcarried 
out i n  1951 showed that pol lut ion i n  the 
Philadelphia-Camden area w a s  the primary 
cause of shad depletion i n  t h i s  r i ve r .  The 
municipali t ies i n  t h i s  area a re  t rying t o  
reduce pol lut ion i n  the r i v e r  and recent 
s tudies  show t h a t  i t  is s l i g h t l y  l e s s  pol- 
l u t ed  than previously. However, i t  is s t i l l  
f a r  below the l eve l  needed f o r  res tor ing 
the f i s h e r i e s .  

During the past  year a conference was 
held with the Corps o f  Engineers i n  connec- 
t i o n  with the proposed Tocks Island Dam. 
The Middle Atlant ic  Fishery Investigations 
is helping t o  develop fishways f o r  t h i s  dam 
and s imi l a r  proposed dams and data  are  
being obtained and studied f o r  t h i s  purpose. 

S t .  Johns River.--Shad catch and 
e f f o r t  data  have been obtained on t h i s  
r iver each year s ince  1953 when the inves- 
t i g a t i o n  of the f ishery was begun. 
1957 the commercial catch w a s  261,000 
pounds and the sport  f ishery 75,000 pounds. 

I n  

BLUE’ CRAB INVESTIGATIONS 

I n  June 1957 the Pish and Wildl i fe  
Service awarded a contract  t o  the Oyster 
I n s t i t u t e  o f  North America, Annapolis, 
Maryland, t o  carry out research on the blue 

crab,  Callinectes sapidus,  of the Atlantic 
Coast. 
conduct i t s  research a t  the laboratory of 
the  Middle Atlantic Fishery Investigations,  
w i l l  seek t o  provide information on the 
causes of f luctuat ions i n  abundance and 
methods of predicting such f luc tua t ions ,  
d i s t r ibu t ions  of l oca l  stocks of crabs O d  
yearly f luctuat ions therein and causes Of 
the same. 
ing a staff and work should begin shortly.  

The Oyster I n s t i t u t e ,  which w i l l  

The Oyster I n s t i t u t e  is recruit’ 

STRIPED BASS INVESTIGATIONS 

North Carolina program.--Albemarle 
Sound, North Carolina embraces the greatest 
abundance of s t r iped  bass i n  the s t a t e .  
Present evidence indicates t ha t  the Roanoke 
River is the most prominant s t r iped  bass 
production t r ibu ta ry  of the Sound. 
s t ruc t ion  of dams and increased pol lut ion 
i n  the Roanoke River have recently threatened 
sustained abundance of the population. 
resolve the problems confronting the f isherY’ 
a cooperative study for developing t h i s  rives 
basin by s c i e n t i f i c  means became necessary. 
The U. S .  Fish and Wildlife Service waS 
directed i n  1955 t o  pa r t i c ipa t e  i n  the Study 
primarily because the Southeastern Power 
Administration, administered by  the Depart- 
ment of the I n t e r i o r ,  controls  the s a l e  of 
power generated by the John H. Kerr Dam,  and 
needed informat ion r e l a t i v e  t o  minimum river 
flows required during the annual s t r i p e d  
bass spawning migrations. 

The Con‘ 

To 

I n  carrying o u t - t h i s  program the !did* 
d le  Atlant ic  Fishery Investigations during 
t h e  past two years has conducted a large‘ 
s c a l e  tagging and recovery program a t  Variou4 
points i n  Albemarle Sound, and collected 
da ta  on a l l  types of f i sh ing  gear employed 
there .  The purpose of t h i s  study is to  
determine the annual population magnitude 
and, hence, changes i n  s i z e ,  r e l a t ed  t o  
a l t e r a t i o n  of r ive r  conditions i n  spaWMg 
areas.  Catch and e f fo r t  d a t a  have also bee* 
tabulated f o r  two years s ince  North Caroli’a 

eb’  recently abandoned i ts  system of gear lit 
ing. 
dealers and fishermen throughout the S o d d ’  
and fixed gear was counted by airplane to 
check the v a l i d i t y  of information obtained 
by d i r e c t  contact with operators of t h i s  
type gear. 
were sampled two t o  three times weekly fo r  
age and s i z e  c l a s s  ampos i t ion  by gear. 
Two years’ data  r e l a t i n g  t o  the above 

This was carr ied out by contacting 

Commercial s t r i ped  bass catches 

4 



ONE METHOD US,ED TO MARK BLUE CRABS T O  DETERMINE MlQRATlON AND FlSHlNQ MORTALITY 

categories are  being analyzed. 

A s t u d y  of sex r a t i o s  among Albemarle 
‘?und s t r iped  bass was necessary t o  deter- 
‘lne the effects  of s e l e c t i v i t y  of g i l l  

on both sexes i n  spawning populations 
Prtor t o  t h e i r  entry in to  the t r i b u t a r i e s  

cannot be accomplished on s t r iped  bass 
by Visual observation. Furthermore, t h i s  
species is shipped out of s t a t e  i n  the 

ble. 
as Part of t h i s  invest igat ion t o  f a c i l i t a t e  

mination of f i s h  i n  commercial catches 
impairing market value. 

making in t e rna l  inspection impossi- 
A new technique has been developed 

r a t i o  s tudies  which allows sex deter-  

Str iped bass,  weighing 20 t o  40 
pounds, were tagged a t  Oregon I n l e t  on the 
ocean i n ,  December 1956 t o  determine the i r  
re la t ionship t o  Albemarle Sound populations 
or  t o  those of other areas. Several of 
these f i s h  have been recaptured i n  Albe- 
marle Sound, Chesapeake Bay and off Sandy 
Hook, New Jersey, showing tha t  i n  some 
cases there  is a ra ther  long-range coastal  
movement and that  coastal  populations a re  
exploited by several  Atlant ic  Coast s t a t e s .  

I n  the spring of 1957, a second year 
s t u d y  of the Roanoke River population was 
made, encompassing an estimate of the s i z e  
of run and a compilation of catch-effort  
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data .  Embryological and morphological 
s tud ie s  were made of  eggs and l a r v a e  under 
cont ro l led  l abora to ry  condi t ions  t o  test  
the degree of s u r v i v a l  under varying r i v e r  
condi t ions and f o r  f a c i l i t y  i n  d i s t ingu i sh -  
ing l a r v a l  s t r i p e d  bass  from o t h e r  related 
spec ies .  

Prel iminary r e s u l t s  from adul t  s t r i p e d  
bass populat ion d a t a  show t h a t  t he  spawning 
runs of 1956 and 1957 were almost i d e n t i c a l  
i n  s i z e .  
decrease i n  ca t ch  of approximately 10 per- 
cent and a deerease i n  f i s h i n g  r a t e  of  
approximately 1 . 5  percent .  

I n  1957, however, t he re  was a 

Spawning ground s t u d i e s  have shown 
t h a t  t he  bulk of spawning i n  the  Roanoke 
River t akes  p lace  from r i v e r  mile  60 t o  
r ive r  mi le  137, t he  upper segment being i n  
the zone of heavy concent ra t ion  of indus- 
t r i a l  and domestic sewage po l lu t ion .  S t r i p e d  
bass use the  e n t i r e  r i v e r  from its mouth t o  
Roanoke Rapids Dam (mile 137) f o r  e i t h e r  

o r  developing l a rvae .  Post l a r v a e  
have been co l l ec t ed  as f a r  downstream as 
river mile 6 i n  a pol lu ted  area here tofore  
bel ieved t o  be avoided by young f i s h .  

Chesapeake Bay program. --In February 
l957 the  P i sh  and Wild l i f e  Serv ice  and the  
States of V i rg in i a  and Maryland organized 
a Chesapeake Bay s t r i p e d  bass inves t iga t ion .  
The primary ob jec t ives  a r e  t o  determine the  
Percentage of s t r i p e d  bass spawned and 
reared through t h e  f i r s t  two years  i n  Chesa- 
peake Bay t h a t  take  p a r t  i n  t he  nor thern  
coas t a l  migrat ions 
Of e x p l o i t a t i o n  of Chesapeake Bay s tocks  
by Sport  and commercial f i s h e r i e s  i n s i d e  
and ou t s ide  t h e  Bay.. The i n i t i a l  tagging 
Program was begun as a one-year p i l o t  ex- 
periment t o  o b t a i n  information as t o  ava i l -  
a b i l i t y  of f i s h  f o r  s tudy ,  t o  s e l e c t  t he  
most s a t i s f a c t o r y  t a g  types and procedures ,  
and t o  s tudy  s t r i p e d  bass  movement both 
w i t h i n  and ou t s ide  of Chesapeake Bay. 
P a r t i c i p a t i n g  agencies have tagged 2,700 
f i s h  and 400 tags  have been recovered. 
h e n  analyses  of t h e  1957 d a t a  a r e  completed, 
a more d e t a i l e d  s tudy  of b io log ica l  and 
f i sh ing  e f f ec t s  upon these  populat ions w i l l  
be Poss ib le .  

and t o  measure the  r a t e  

The 

PACIFIC SALMON INVESTIGATIONS 
Cl in ton  E. Atkinson 
S e a t t l e ,  Washington 

I n  C a l i f o r n i a  and the  P a c i f i c  North- 
west, research  on behavior p a t t e r n s  and 
s u r v i v a l  of  f i s h  under extremes of environ- 
ment is designed t o  understand f l u c t u a t i o n s  
i n  abundance of the c o a s t a l  s tocks .  Basic 
and developmental research  is d i r ec t ed  
toward the  safe passage of  f i s h e s  at water- 
use p r o j e c t s .  I n  the  c r i t i c a l  i n t e r n a t i o n a l  
North P a c i f i c  f i s h e r y  involving Japan, 
Canada, t h e  United S t a t e s  and, l a t e l y ,  
t he  Sovie t  Union, some unique research  t o o l s  
are being developed t o  d i s t i n g u i s h  t h e  
A s i a t i c  and North American s tocks  of salmon 
and determine t h e i r  d i s t r i b u t i o n  and t o  
l e a r n  t h e  l i f e  h i s t o r y ,  d i s t r i b u t i o n  and 
abundance of t h e  king c rab  i n  the  Bering 
Sea.  Major research  is in t eg ra t ed  wi th  t h a t  
of o the r  organiza t ions  i n  the  United States ,  
Canada, A l a s k a ,  Hawaii and Japan through 
t r e a t y ,  cooperat ion and con t r ac t ,  

DEVELOPMENTAL RESEARCH AND 
GUIDING OF FISH= 

E l e c t r i c a l  s t i m u l i  have shown in- 
c reas ing  success  in e f f o r t s  t o  guide f i s h e s  
s a f e l y  p a s t  dams. A t  Brownlee Dam, under 
cons t ruc t ion  on the  Snake River i n  Idaho, 
an e l e c t r i c a l  b a r r i e r  was i n s t a l l e d ,  tested 
and evaluated t o  p r o t e c t  upstream migrat ing 
anadromous spec ies  of f i s h .  

This barrier had t o  be capable of 
c r e a t i n g  and maintaining d e s i r a b l e  e l e c t r i -  
c a l  f i e l d s  i n  the  water at  a l l  r i v e r  d i s -  
charges  up t o  40,000 second f e e t .  This 
s t r u c t u r e  had t o  be f l e x i b l e  also so t h a t  
d e s i r a b l e  b i o l o g i c a l  r e s u l t s  could be 
obta ined  at  minimum power consumption and 
maximum hydraul ic  e f f i c i ency .  

The i n i t i a l  i n s t a l l a t i o n  was two rows 
o r  e l ec t rodes  anchored i n  a v e r t i c a l  posi-  
t i o n  and spaced four  f e e t  apa r t  wi th  t h e  
e l ec t rodes  two feet  apa r t  i n  t he  rows. A 
s e r i e s  of tests wi th  f i s h  showed t h a t  t he  
spacing could be increased t o  s i x  f ee t  
between elements i n  t h e  rows. 

The e l ec t rodes  were s e q u e n t i a l l y  
energized wi th  square-wave pulses  of  d i r e c t  
cu r ren t  i n  a manner t h a t  c r ea t ed  maximum 
vol tage  g rad ien t s  on the  long axis of any 
f i s h  at tempting t o  s w i m  upstream. 
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T R A N S I S T O R I Z E D  F I S H  COUNTER I N  USE. T H E  ELECTRONIC APPARATUS I S  HOUSED I N  THE BOX I N  THE UPPER 

T O  COUNTER THROUGH CONDUIT FROM NEARBY L I N E ;  HOWEVER, T H E  COUNTLII L A N  ALSO BE USED WITH DRY OR 
DIs-  

COVERED A F A I R  HUN OF STLELHEAD T H I S  SPRINC. 

LEFT AND I N  THE V E R T I C A L  PIPE. THE FISH ARE COUNTED THROUGH TUNNELS I N  W E I R .  POWER I S  C A R R I E D  

WET C E L L  B A T T E R I E S .  T H I S  I N S T A h L A T I O N  LOCATED AT BONNIE f A l L S ,  SCAPOOSE CREEK, OREGON, 
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Few adult  salmon or steelheads were 
available a t  the time the Snake River was 
first diverted t o  flow through the elec- 
t r i c a l  ba r r i e r .  Therefore, preliminary 
biological t e s t s  were carried out with f i n e  
scale  suckers , the only f i s h  available i n  
numbers. They were inttoduced in to  a large 
box-shaped net t ha t  w a s  held against the 
electrodes.  The two s i d e s ,  the bottom and 
the downstream end were of dacron webbing. 
F ish  could leave th i s  net only by swimming 
upstreani through the electrodes.  I n  four 
t e s t s  involving 143 suckers , four escaped 
from the  holding net when the power w a s  on; 
they may have escaped from the net through 
holes torn i n  the web by debris.  
t e s t s  w i t h  the power turned o f f ,  one out of 
120 suckers stayed i n  the holding net. 

In  two 

In  a second s e r i e s  of t e s t s ,  2-year- 
old hatchery-reared steelhead f ingerl ings 
Were forced through the e l e c t r i c a l  f i e l d  t o  
s b u l a t e  the passage of downstream migrants. 
n e  most rigorous t e s t  conditions possible 
f a i l ed  t o  produce any signs of l a s t i n g  
effects from exposure t o  the e l e c t r i c a l  
shocks on the steelheads which were held 24 
hours f o r  observation. 

Observations indicate  tha t  the elec- 
t r i c a l  b a r r i e r  is operating at an economical 
Power consumption l eve l  and as an effect ive 
ba r r i e r .  However, additional t e s t s  must be 
made t o  complete the evaluation. 

Engineering research pertaining t o  

Progress was made i n  the study of 
f i s h  guiding problems i n  general advanced 
also, 
electrode geometry, the nature of the elec- 
t r i c a l  fields created and i n  predicting the 
Power demand of different electrode arrange- 
ments. 
the cost  of construction of ra ther  complex 
electronic pulse generating equipment were 

the operations increased. 

Ways of simplifying and lessening 

while the efficiency and s t a b i l i t y  of 

E l e c t r i c a l  s t i m u l i  are used a l so  to  
control the squawfish, Ptychocheilus orego- w, a salmon predator i n  the COlUmbia 
River. The data  from laboratory t e s t s  in- 
‘ h t  e t h a t  p r ac t i c  a1 e l  e c t r i c  a1 t r app ing 

f o r  control l ing squawfish predation 
be constructed. Testing i n  the labora- 

tory demonstrated tha t  adult squawfish W i l l  
and or ient  t o  d i r e c t  current and 

can be led by sequentially pulsed d i r ec t  
Current f i e l d s  through an electrode array 

a t rap.  The frequency of the square- 

wave pulses of d i r ec t  current and the ’ 

voltage were the two most c r i t i c a l  charac- 
t e r i s t i c s  of the e l e c t r i c a l  f i e l d  f o r  
control l ing squawfish movements. 

I n  development a1 research, e l e c t r i c  a1 
f i s h  counting is rapidly advancing toward 
b e t t e r  counters through improved modifi- 
cat ions of the present instruments and 
increased f i e l d  experience. Counters have 
been in s t a l l ed  i n  Br i s to l  Bay, Alaska; a t  
Lake George, Minnesota and on Scapoose 
Creek, Oregon. In s t a l l a t ions  are planned 
f o r  M i l l  Creek, California;  Eagle Creek and 
Sandy River i n  Oregon; Coweman River and 
Rock Island Dam in  Washington; and a t  L i t t l e  
Port  Walter, Alaska. These i n s t a l l a t  ions 
are  pa r t  of a t e s t i n g  program carr ied out 
i n  cooperation with four s t a t e  agencies and 
two other branches of the Fish and Wildlife 
Service.  In Alaska, i t  was found. that  pro- 
per ly  designed i n s t a l l a t i o n  can by a statis- 
t i c a l  means correct errors  r e su l t i ng  from 
multiple passage t o  high l eve l s  of accuracy. 

Modifications and additions t o  the 
o r i g i n a l  t r ans i s to r i zed  version have made 
it v e r s a t i l e  and have simplified operation. 
These innovations, which are available 
through manufacturers, include modified d r y  
c e l l s ,  a voltage t e s t e r  f o r  easier  balancing 
of the instruments , various s i z e s  and shapes 
of tunnels,  a charger f o r  wet c e l l s ,  a re- 
mote t a l l y ,  a time-of-count recorder and tm 
spec ia l  t e s t ing  instruments. 

Projects  were s ta r ted  i n  which elec- 
t r i c a l  f i s h  counters were used for  large 
numbers of f i s h .  One project is f o r  Alaska 
and may lead t o  the elimination of counting 
weirs and towers on large red salmon, Oncor- 
hynchus nerba, streams. The second project  
is at Rock Island Dam i n  Washington and may 
supplement the current system of sample 
counts a t  Columbia River dams. 

One of the most useful developments 
i n  recent f i s h e r i e s  research is the sonic 
f i s h  tag. I t  is approximately three inches 
long and one inch i n  diameter. 
are being developed; the ult imate goal is a 
tag approximately half  an inch i n  diameter 
and one inch i n  length. Such a tag w i l l  
reduce t o  a minimum the effects  of the t a g  
while attached t o  the salmon. The e f f e c t s  
af tagging with the tag now i n  use has been 
studied i n  the f i e l d  and the laboratory. 
The r e s u l t s  indicate  that  salmon i n  spawn- 
ing condition recover within an hour while 

Smaller tags 
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THE S O N I C  TAG U S E D  I N  F I S H  T R A C K I N G  EXPERIMENTS 
I S  SHOWN HELD BY T H E  M O D I F I E D  PLIERS U S E D  FOR 

I T S  ATTACHMENT T O  THE F I S H  

salmon at  a s tage of spawning maturity 
require a longer period of time. 

Tracking experiments were conducted 
i n  Portage Bay, S e a t t l e ,  Washington. Adult 
salmon carrying sonic tags were tracked 
f o r  periods up t o  e ight  hours. They tended 
t o  follow the shoreline.  The m a x i m u m  swim-  
ming speed w a s  two miles per hour. 

The Pac i f i c  Salmon Investigations 
cooperated with the Washington S t a t e  
Department of Fisher ies  i n  studying the 
v e r t i c a l  d i s t r i b u t i o n  of adult sockeye 
salmon, Oncorhynchus nerka, i n  Baker Lake. 
Through use of the sonic tag and equipment, 
the researchers found the majority of sock- 
eyes a t  depths between 20 and 40 feet .  

BEHAVIOR, SURVIVAL AND PLUCTUATIONS 
I N  ABUNDANCE 

The reactions of over 10,000 adult 
salmon and steelheads were measured at the 
Pisheries-Engineering Research P a c i l i t y  
at  Bonneville Dam during 1956 t o  f ind  more 

economical methods of providing s a f e  
passage of f i s h  over dams. These f i s h  were 
diverted from one of the main fishways in to  
the laboratory where t h e i r  performance i n  
ful l -scale  fishway s i tua t ions  was recorded. 

Tests with a short  6-pool segment of 
a fishway indicated t h a t  a 1:8 gradient 
fishway with pools 8 f e e t  long and with a 
1 - foo t  r i s e  between pools can pass f i s h  
as well or  b e t t e r  than a 1:16 gradient f ish-  
way with a s i m i l a r  r i s e  between pools. 
Further tests w i l l  be made t o  f ind  out if 
t h i s  holds t r u e  i n  longer fishways. The 
s tud ie s  i n  1:8 gradient fishways with a 
r i s e  of 1.5 f e e t  and 2 f e e t  between pools 
suggest t ha t  these jumps may be excessive 
f o r  chinook salmon but not f o r  steelheads.  
Unstable water conditions ( i . e . ,  changing 
hydraulic pat terns  from plunging flow t o  
streaming flow) ser iously i n t e r f e r e  with 
f i s h  passage i n  a pool-type fishway. The 
introduction of human odor i n t o  a fishway 
a l s o  in t e r f e re s  temporarily with f i s h  pas- 
sage. Experiments t o  measure fishway 
"capacity" or  the m a x i m u m  number of f i s h  
t h a t  can be passed through a fishway per 
unit time showed tha t  large numbers of f i s h  
were not re luctant  t o  enter  and pass through 
a fishway of  r e s t r i c t e d  width. In  recent 
t e s t s ,  up t o  40 f i s h  (averaging 14 pounds) 
a minute passed through a pool-type, 1:16 
gradient fishway tha t  was only four f e e t  
w i d e .  

Studies on the reaction of adult  
salmonoids t o  a va r i e ty  of water ve loc i t i e s  
indicate  tha t  large chinooks and steelheads 
tend t o  s e l e c t  higher water ve loc i t i e s  when 
given a choice i n  the range of two t o  e i @ t  
f e e t  per second. The r a t e  of f i s h  movement 
r e l a t i v e  t o  the t e s t  channel i n  these 
experiments appeared t o  be independent of 
the veloci ty  of the water. 

Upon completion of modifications t o  
Rock Island Dam fishways i n  1952 a tagging 
experiment was i n i t i a t e d  t o  study the effi-  
ciency of the fishways. The f i e l d  phase 
of t h i s  study was completed during the s w -  
mer of 1956. Last year 885 chinooks, 1,174 
bluebacks and 23 steelheads,  t o t a l i n g  2,oS2~ 
were tagged and released above and below 
the dam. 
spawning grounds were 19.0 f o r  chinooks, 
30.1 f o r  bluebacks and 17.4 f o r  steelheads. 

The percentage recoveries on the 

Although f i s h  count records showed 
tha t  only 10 t o  17 percent of the f i s h  used 
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I N T E R I O R  OF THE F I S H E R I E S - E N G I N E E H I N G  F A C I L I T Y  AT BONNEVILLE DAM P R I O R  TO A F I S H W A Y  
E X P E R I M E N T ;  T H I S  F A C I L I T Y  I s  ALSO USED TO CWDUCT EXPERIMENTS ON A F I S H ' S  R E A C T I O N  

TO KNOWN V E L O C I T I E S  OF CURRENTS 

the r i g h t  bank fishway, t a g  observat ions a t  
the dam indica ted  t h a t  t he  f i s h  which d id  
not f i n d  and use  the  ladder  experienced no 
d e l e t e r i o u s  e f f e c t s .  The major i ty  of t he  
tagged bluebacks observed passed by way of 
the l e f t  l adder  and 69.0 percent  of r i g h t  
bank r e l eases  and 76.0 percent  of l e f t  bank 
re leases  passed by way of t he  l e f t  and 
center  ladders .  
Observed at the  r i g h t  ladder  12.3 percent  

of  r i g h t  bank r e l eases  and 11.6 per- 
cent  of l e f t  bank r e l eases .  
bank r e l e a s e s  passed the  dam i n  equal  time 
Periods a f t e r  tagging. 
Occurred on the  t h i r d  day a f t e r  tagging 
bluebacks and summer run chinooks. 
run chinooks passed the  dam e a r l i e r  a f t e r  
tagKing, peaking a f t e r  one "day out".  

Of t he  tagged bluebacks 

Lef t  and r i g h t  

The peak "days Out" 

Spr ing  

Tag r e tu rns  upstream from below-dam 

re l eases  were s l i g h t l y  l e s s  than  from 
above-dam r e l e a s e s ;  however, f o r  t he  sample 
s i z e s  obtained the  d i f f e rence  was not stat-  
i s t i c a l l y  s i g n i f i c a n t .  Thus, no s i g n i f i c a n t  
l o s s  could be a t t r i b u t e d  t o  the  dam o r ,  
s p e c i f i c a l l y ,  t o  a f a i l u r e  of f i s h  t o  f i n d  
and use the  r i g h t  ladder .  The above-dam 
re l eases  a r r ived  a t  upstream po in t s  two t o  
th ree  days e a r l i e r  than t h e  below-dam 
re l eases .  This d i f fe rence  i n  a r r i v a l  time 
between t h e  two l o t s  corresponded t o  the  
time per iod  requi red  f o r  t he  ma jo r i ty  of 
the  f i s h  t o  pass  Rock I s l and  a f t e r  tagging ,  
and w a s  termed the  de l ay  o f fe red  by t h e  dam. 

Above Rock I s l and  Dam,  on the  Wenat- 
chee River system, a s tudy  is i n  progress  
i n  r e l a t i o n  t o  t h e  proposed Chelan County 
Publ ic  U t i l i t y  D i s t r i c t  hydroe lec t r i c  power 
p ro jec t .  This research  is being d i r e c t e d  
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' 'THE A L A S K A  F I S H  DETECTOR" IS USED IN FISH LOUNTING T O  RECORD 
THE NUMBER OF F I S H  PASSING THROUGH ONE S P L L l F l C  'TUNNEL 

toward a sce r t a in ing  t h e  magnitude, t he  
t iming and t h e  spawning areas  of anadromous 
f i s h  runs i n t o  the  system and the  t iming of 
t he  downstream migra t ion  o f  t he  young f i s h .  
The s t u d i e s  on the  adu l t  phase of t he  pro- 
gram w i l l  cont inue dur ing  1957. 

During 1956 approximately 2,400 chi-  
nooks, 26,000 bluebacks and 400 s t ee lheads  
were counted through t h e  Tumwater f i s h  t rab 
bound f o r  t he  spawning areas  i n  the  upper 
r i v e r  system. During the  s p r i n g  of 1957 
an  unprecedented run of sp r ing  chinooks 
passed Tumwater Dam. By June 30, over 
2,900 chinooks were t a l l i e d ,  wi th  two months 
of t he  count ing season remaining. 
l a r g e  chinook run w i l l  be observed t o  de t e r -  

This 

mine i t s  d i s t r i b u t i o n  over t he  spawning 
a reas .  

Spawning surveys were made l a s t  Sum' 
mer on a l l  of the  t r i b u t a r i e s  and t h e  maln 
stem of t h i s  system. 
shown the  spawning areas  now u t i l i z e d  by 
salmon i n  r e l a t i o n  t o  the  a reas  t o  be inf1° 
dated by t h e  impounded waters .  Under the  
present  Publ ic  U t i l i t y  D i s t r i c t  p lans  SOme 

spawning a reas  i n  the  main r i v e r  used by 
chinook salmon and s t ee lheads  w i l l  be inon* 
da ted .  

The surveys have 

Another f i s h e r y  research  p ro jec t  
p a r t i a l l y  f inanced b y  the  Chelan County 
Publ ic  U t i l i t y  D i s t r i c t  concerns the  Rocky 
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Reach hydroe lec t r i c  p ro jec t  on t h e  Columbia 
River. Chinook salmon of  t he  l a t e  summer 
or  f a l l  run were tagged a t  Rock I s l and  Dam 
t o  determine t h e i r  spawning a reas  i n  r e l a -  
t i o n  t o  the  Rocky Reach D a m  s i t e .  Surveys 
of a l l  t r i b u t a r i e s  r e su l t ed  i n  no recover ies  
from t h i s  l o t .  I n  c o n t r a s t ,  recover ies  of 
tagged sp r ing  and summer run chinooks from 
every experiment occurr ing  from May t o  
August a t  Rock I s l a n d  were made i n  t h e  va r i -  
ous t r i b u t a r i e s .  Therefore ,  by inference,  
these l a t e  run chinooks may be Columbia 
River o r  main s tem spawners. 

Spawning ground surveys were conducted 
Qn a l l  t r i b u t a r i e s  above Rocky Reach. It 
was determined t h a t ,  a s ide  from t h e  Columbia 
River,  no major spawning areas  w i l l  be inun- 
dated by impounded waters  r e s u l t i n g  from 
the  new dam. Spawning a reas  were determined 
f o r  chinook and blueback salmon. Because 
of high waters  during the s p r i n g  the  spawn- 
ing  a reas  u t i l i z e d  by s t ee lheads  could not  
be determined. 

This sp r ing  saw t h e  l a r g e s t  run of 
spr ing  chinooks ever  recorded over  Rock 
Is land  Dam and t h e i r  d i s t r i b u t i o n  on the  
spawning grounds w i l l  be observed. 

I n  add i t ion  t o  t h e  prev ious ly  men- 
t ioned  Chelan County Publ ic  U t i l i t y  D i s t r i c t  

p r o j e c t s ,  t he  Grant County Pub- 
l i c  U t i l i t y  D i s t r i c t  is  cons t ruc t ing  t h e  
P r i e s t  Rapids Dam on t h e  Columbia River and 
Proposes t o  bu i ld  the  Wanapum Dam upstream 
from P r i e s t  Rapids. The Univers i ty  Of 
Washington, under con t r ac t  t o  t h e  F ish  and 
W i l d l i f e  Se rv ice ,  is i n v e s t i g a t i n g  the  
water q u a l i t y  of t he  Columbia and Wenatchee 
River systems which the  new impoundments 
w i l l  a f f e c t .  

Physical  and chemical water q u a l i t y  
d a t a  have been co l l ec t ed  during the  pas t  
Year from f i v e  s t a t i o n s  on the  Columbia 
River  between Chelan Pal ls  and McNary Dam, 

t he  mouths of t he  Snake and Yakima 
Rivers and from Crab Creek which c o l l e c t s  
the r e t u r n  flow from t h e  Coulee I r r i g a t i o n  

from s i x  s t a t i o n s  on the  Wenatchee River 
SY st em. 

Data have a l s o  have been co l l ec t ed  

Ins t rumenta l  i n  u n d e r s t a d  ing  salmon 
biology is determining the  number Of young 
f i s h  su rv iv ing  from a season 's  spawning run 
to migrate  t o  the  s e a  and form the  next 
generat ion.  A s tudy  involving chinook and 

s i l v e r  salmon was begun t h i s  sp r ing  on the  
Yakima River ,  a major salmon spawning t r i -  
bu ta ry  of  t he  Columbia River.  

A t rapping  s t a t i o n  w a s  e s t ab l i shed  a t  
the  P rosse r  Canal bypass,  Prosser  , Washing- 
ton ,  and was operated from e a r l y  Apr i l  u n t i l  
t he  end of June. 
t rend  of migrat ing f i n g e r l i n g s  was estab-  
l i s h e d  by opera t ing  the  t r a p  24 hours da i ly .  
Approximately 40,000 chinook f i n g e r  1 ings 
were t a l l i e d  at t h i s  t r a p  with t h e  peak 
occurr ing  a t  the  end of Apr i l .  Per iodica l ly ,  
at var ious  water f lows ,  samples of f inge r -  
l i n g s  were marked by t a t t o o i n g  and re leased  
above t h e  cana l  in take .  This was done t o  
determine a r a t i o  of  t he  number o f  f inger -  
l i n g s  t rapped and t h e  number swimming f r e e l y  
down t h e  r i v e r .  The product ion of  young 
salmon from a s p e c i f i c  year 's  spawning run 
may be determine i n  t h i s  way. 

A d a i l y  and a seasonal  

S tud ie s  on the  s u r v i v a l  of  t h e  Colum- 
b i a  River blueback salmon, Oncorhynchus 
nerka,  have been under way f o r  s e v e r a l  years .  
The major i ty  of  these salmon spawn i n  t h e  
Okanogan and Wenatchee River systems i n  
Washington and at  Redfish Lake i n  Idaho. 
I n  1956, t he  spawning escapements f o r  t hese  
areas were 26,000 f i s h  i n  the  Wenatchee 
River;  a n  es t imated  40,000 i n  the  Okanogan 
River system; only 1 ,381  of t he  10,000 blue- 
backs ava i l ab le  t o  t h e  Snake River reached 
t h e  Redfish Lake weir. The adu l t  migrants 
i n  the  Okanogan and lower Snake Rivers  
encountered excess ive  high water temper a- 
t ures  . 

- 

In the  a rea  of t he  Okanogan f lood  con- 
t r o l  p r o j e c t ,  heavy spawning occurred i n  the  
newly channelized s e c t i o n s  of the  upper 
r i v e r .  Construct ion was permit ted i n  the  
r i v e r  below O l i v e r ,  B. C . ,  Canada, dur ing  
t h e  win ter  t o  a l low completion of t h e  pro- 
j e c t  by Ju ly  1, 1957. The egg c a r t r i d g e s  
p lan ted  las t  year  and recovered t h i s  s p r i n g  
and the  f r y  t rapping  ope ra t ion  i n d i c a t e  a 
success fu l  ha tch  of eggs and emergence of  
f r y .  Large numbers of migrat ing f r y  were 
i n  t h e  r i v e r  from Apr i l  1, 1957 t o  May 10 ,  
1957. 

The downstream f i n g e r l i n g  migra t ion  
w a s  sampled below Lake Osoyoos by means of 
a newly developed fyke n e t .  A t  Redfish Lake 
the  f i n g e r l i n g  migrat ion was enumerated at  
the  we i r .  Data from these  a reas  on the  age 
and t h e  s i z e  of t he  f i n g e r l i n g s  a t  the  t ime 
of migrat ion are being compared. Columbia 
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River blueback smolts  migrate  seaward i n  
t h e i r  second year .  This yea r ' s  d a t a  show 
almost 100 percent  of  t he  Okanogan migrants  
i n  the  second y e a r ,  whereas 44 percent  of  
t he  Redfish Lake migrants were i n  t h e i r  
t h i r d  year .  I n  comparison of  length  and 
weight ,  t h e  Okanogan f i n g e r l i n g s  f a l l  mid- 
way between the  Redfish Lake 2 's  and 3's. 

The f i n g e r l i n g  migrat ion s tudy  con- 
ducted at  Bonneville Dam terminated on 
June 30. Spec ie s ,  age and s i z e  and migra- 
t i o n ,  t ime of migra t ion ,  numbers of  marked 
f i s h  and i d e n t i t y  of marks are some of t h e  
informat ion  co l l ec t ed  during t h e  t en-year 
per iod  t h a t  t h i s  s tudy  was conducted. 

Severa l  experiments were conducted 
dur ing  the  course of t he  program. An exam- 
p l e  was an attempt las t  year  t o  t e s t  t he  
e f f ec t iveness  of t he  f i n g e r l i n g  bypasses i n  
conducting f i s h  downstream from t h e  auxi l -  
i a r y  water chambers a t  t he  dam. One thou- 
sand small chinook salmon were t a t tooed  and 
introduced i n t o  the  a u x i l i a r y  water p i t s  
ahead of  t h e  bypasses.  The recovery of  1 
t o  8 percent  of  t he  f i s h  i n  the  bypass t r a p s  
ind ica t ed  t h a t  t he  o the r  f i s h  e i t h e r  swam 
out  of t he  area in to  the  sp i l lway forebay  
o r  remained i n  t h e  p i t  a r e a  o r  escaped 
through d e f e c t i v e  screens  i n  t h e  p i t s .  

Thousands of migrants are f i n  c l ipped  
at  ha t che r i e s  above Bonneville Dam. Three 
Serv ice  ha t che r i e s  re leased  approximately 
4,000,000 f i s h  above Bonneville Dam dur ing  
t h e  l as t  week of August 1956. I n  the  course 
of recording f i n  marks observed on t rapped 
s i l v e r  salmon, Oncorhynchus k i s u t c h ,  f i nge r -  
l i n g s  a t  Bonneville Dam,  a c l o s e  s i m i l a r i t y  
w a s  observed between i n c i d e n t a l  l o s s  of  f i n s  
and t h e  r e s u l t s  of experimental  f i n  c l i p -  
ping. The l o s s  of f ins probably r e su l t ed  
from nipping by o t h e r  f i n g e r l i n g s  during 
f eed ing  a t  ha t che r i e s  o r  d i sease .  Pinger-  
l i n g s  trapped at  Bonneville Dam dur ing  1956 
were 31,426 Chinooks, 494 bluebacks,  3,049 
s i l v e r s  and 921 s t ee lheads .  Reports a r e  
being prepared on the  age and the  s i z e  of  
chinook salmon migrants and t he  s i l ve r  salm- 
on migrat ion.  

Another program i n  f i s h e r i e s  research  
being conducted i n  t h e  Columbia River  Basin 
dea l s  wi th  t h e  var ious  r o l e s  of  r e s iden t  
game and non-game ( sc rap )  f i s h e s  i n  respec t  
t o  t h e  s u r v i v a l  and the  growth of t h e  impor- 
tant anadromous f i s h e s .  The p a s t  year  has 
seen  the  evo lu t ion  of t h e  program from a 

pre l iminary  planning s t a g e  t o  one of ac t ive  
and s tandard ized  f i e l d  ope ra t ions .  The 
Yakima River was chosen as t he  p i lo t - s tudy  
watershed. A e r i a l  photographs were used 
t o  l o c a t e  accu ra t e ly  sampling s t a t i o n s  a t  
f i v e  r iver-mile  i n t e r v a l s  from the  mouth 
of the  Yakima River at its confluence with 
the  Columbia River t o  Easton Dam,  178 miles 
upstream, t h e  l i m i t  of anadromous f i s h  
migrat ion.  

With the  success fu l  development of a 
po r t ab le  pulsed d i r e c t  cu r ren t  e l e c t r o -  
f i s h i n g  device ,  c o l l e c t i o n s  were begun i n  
Apr i l  on a sys temat ic  sampling schedule .  
One complete sampling t r i p  was completed 
and over  4,000 f i s h e s  were c o l l e c t e d .  
specimens ranged from a 20 mm. red-sided 
sh ine r  f r y  t o  a 12-pound carp.  
mens a r e  being "processed" f o r  l eng th ,  
weight ,  s e x ,  degree of matur i ty  and identi '  
f i c a t i o n  o f  stomach contents .  Sca le s  were 
co l l ec t ed  from rep resen ta t ive  samples fo r  
age ana lys i s .  

The 

The speci' 

These d a t a  a r e  being punched on IBM 
cards  f o r  s o r t i n g  and analyzing.  
nary r e s u l t s  l i s t  the  fo l lowing  s p e c i e s ,  
l i s t e d  i n  decreasing numerical o r d e r ,  as 
being  the  most abundant, chiselmouth chub, 
Acrocheilus aleutaceum; carp ,  Cyprinus 
ca rp io ,  an introduced s p e c i e s ;  s cu lp ins  
Cot tus  spp . ;  sucke r s ,  t he  f ine - sca l ed ,  

Prel imi-  

Catostomus synche i lus ,  and the  course- 
s c a l e d ,  Catostomus macrocheilus;  red-sided 
s h i n e r ,  Richardsonius b a l t e a t u s  ; various 
spec ie s  of dace of t he  genus Rh in ich thE i  
and t h e  squawfish,  Ptychochei lus  o r e g o n e n ? '  
reputed ly  one of t he  worst  p reda tors  on 
salmon i n  t h e  r i v e r .  
were t h e  Rocky Mountain wh i t e f i sh ,  w' 
piUm w i l l  iamsoni , rainbow t r o u t ,  S almo 

- {crus dolomieu, and crappie ,  Pomoxis @ 
maculatus,  t he  bass and t h e  c rappie  cOmlng 
from the  lower reaches of t h e  r i v e r .  Con' 
SpiCUous by its smal l  number was the  COLu'* 
b i a  River t rou t -perch ,  Columbia t ransmof l '  
of which only  two specimens were co l lec ted  
near  t h e  c i t y . o f  Yakima. 

The d a t a  co l l ec t ed  under t h i s  progfdn 
w i l l  be u t i l i z e d  i n  l i f e  h i s t o r y  and t?coloO 
g i c a l  s t u d i e s  on t h e  f i s h e s  of t he  Yakima 
and Columbia Rivers and t h e i r  re la t ionshiP 
t o  salmon product ion.  
conducted on a monthly b a s i s  f o r  a t  least 
one year  t o  determine t h e  seasonal  patterns 
of d i s t r i b u t i o n  and r e l a t i v e  abundance Of 

Less abundant species 

a i r d n e r i ,  small-mouthed black b a y @ +  

Sampling is being 

14 



PORTABLE ELECTRO-FISHING DEVICE USED FOR COLLECTION OF 
FISHES BY RESIDENT F I S H  STUDIES PROJECT 

the r e s iden t  f i s h e s .  
expanding t h e  geographical scope of t he  
s t u d i e s  t o  o the r  salmon-produc ing Waters 
of t he  Columbia River Basin. 

Plans C a l l  f o r  

Stream f l u c t u a t i o n  is an important 
f a c t o r  i n  t h e  s u r v i v a l  of  king salmon, 
Q o r h y n c h u s  tshawytscha, i n  M i l l  Creek, a 
t r i bu ta ry  of t he  Sacramento River i n  Cali- 
fo rn ia .  . Through the  progress  made i n  
S t u d i e s  of s u r v i v a l ,  t he  wide f l u c t u a t i o n s  
‘n t h e  abundance of Sacramento River king 
salmon can be understood and cor rec ted .  

S i l t i n g  is  the  predominant cont r ibu t -  
ing f a c t o r  i n  the  su rv iva l  of t h e  king 
‘ahon spawn at  the  M i l l  Creek Experimental 
‘ ta t ion.  For example, last year heavy s i l t  
loads a f t e r  67 days of incubat ion reduced 
the Surv iva l  i n  the  channel more Ser ious ly  
than i n  M i l l  Creek proper.  After 67 days  
of incubat ion ,  s u r v i v a l s  dropped from 85 
P?cent i n  the  channel and 87 percent  i n  
'ill Creek t o  4 percent  i n  the channel and 
13.5 percent  i n  M i l l  Creek a t  126 days ( f r y  
Sttage). F i l t e r e d  water i n  two grave l  fi1lr.d 

conta in ing  eggs r e su l t ed  i n  reduced 
Surv iva l s  from 96 percent  a t  67 days t o  73 

percent  f r y  when s i l t i n g  overtaxed the  
capac i ty  of  t he  f i l t e r s .  

Methods have been devised f o r  a l l e -  
v i a t i n g  s i l t  i n  t h e  c o n t r o l  f low channel 
where assessment of  f a c t o r s  con t r ibu t ing  t o  
mor t a l i t y  of salmon spawn is being made. 

One method f o r  reducing si l t  i n  the  
channel r ecen t ly  accomplished is  en larg ing  
the  s e t t l i n g  pools .  
s i l t  con t ro l  has been the  establ ishment  of 
250 f e e t  o f  oxbow i n  the  channel where low 
v e l o c i t y  flows w i l l  absorb s i l t  and sand 
loads ,  A t h i r d  method involves  an exper i -  
mental i n s t a l l a t i o n  which is i n  e f f e c t  an 
a r t i f i c i a l  sp r ing .  A perfora ted  cu lve r t  
has  been placed under the  M i l l  Creek s t ream 
bed which i s  connected t o  t h e  cu lve r t  lead-  
i ng  i n t o  the  cont ro l led  channel.  The 
f i l t e r i n g  e f f e c t  o f  grave l  covering the  
buried in t ake  w i l l  reduce s i l t  in t roduc t ion .  
The f lu sh ing  e f f e c t  of f r e s h e t s  i n  M i l l  
Creek may keep the  in take  of t h i s  system 
s e  If- cleans ing  . 

Another attempt a t  

Laboratory tests a re  cont inuing t o  
pe r fec t  t h e  measurement of seepage r a t e s  
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comparable t o  those  i n  a c t u a l  salmon redds 
through use of polyvinyl  c h l o r i d e  s tand-  
p ipes  i n  which s a l t  d i l u t i o n  is  de tec t ed  
wi th  a conduct iv i ty  meter.  A manuscript 
covering s tandpipe  desc r ip t  ion  and appl ica-  
t i o n  wi th  s u r v i v a l  comparisons i n  the  f i e l d  
is i n  progress .  

The behavior  s t u d i e s  i n  progress  con- 
s t i t u t e  another  important phase of  research  
f o r  b e t t e r  understanding the  b io logy  of  
anadromous f i s h e s .  A s tudy of t h e  f a c t o r s  
a f f e c t i n g  the  r h e o t a c t i c  response of  salmon 
f i n g e r l i n g s  w a s  begun a t  t he  P i sh  Behavior 
Laboratory i n  S e a t t l e  a f t e r  explora tory  
tests i n  the  use of  a water j e t  as a means 
of c o l l e c t i n g  f i n g e r l i n g s  gave incons i s t en t  
r e s u l t s .  The experiments thus f a r  show a 
p o s i t i v e  r h e o t a c t i c  response a t  holding 
temperatures  and a change t o  a nega t ive  
response wi th  an inc rease  of  temperature.  
By c o n t r o l l i n g  t h e  l e v e l  of d i sso lved  gases 
t h e  threshold  of t he  change from p o s i t i v e  
t o  nega t ive  can be raised o r  lowered. The 
response appears t o  r e l a t e  t o  d isso lved  02 
l e v e l s  r a t h e r  than t o  temperature  alone. 

The importance of  s p a t i a l  r e l a t i o n -  
s h i p s  t o  behavior p a t t e r n s  o f  young salmon 
was demonstrated i n  experiments wi th  sock- 
eye smolts  t h a t  c o n s i s t e n t l y  schooled i n  
l a r g e  water a r eas  but  exhib i ted  aggress ive  
t e r r i t o r i a l  behavior  i n  r e s t r i c t e d  a reas .  

The r eac t ions  of  chinook salmon 
f i n g e r l i n g s  t o  an o v e r f a l l ,  an o r i f i c e  and 
a s iphon were compared a t  the  F i she r i e s -  
Engineering Research F a c i l i t y .  Most of  t he  
f i n g e r l i n g s  t h a t  were recovered had entered 
through the  o r i f i c e .  More passed through 
the  s iphon than  over t he  o v e r f a l l .  There 
w a s  evidence t h a t  f i n g e r l i n g s  delayed longer 
before  going over t h e  o v e r f a l l ,  even when 
the  o v e r f a l l  w a s  t he  only  e x i t .  Echo 
ranging equipment used during the  t e s t s  
revealed t h a t  f i n g e r l i n g s  upstream from 
t h e  c o l l e c t i o n  devices  being t e s t e d  were 
gene ra l ly  d i s t r i b u t e d  from the  s u r f a c e  t o  
an %foot  depth ,  a f e w  were s c a t t e r e d  be- 
tween depths  of 8 f e e t  and ll f e e t  and no 
f i n g e r l i n g s  were below 11 f e e t .  

Washington S t a t e  Col lege,  under con- 
t r a c t  t o  t he  F i s h  and W i l d l i f e  Se rv ice ,  
is conducting research  on t h e  r e l a t i o n s h i p s  
of c e r t a i n  phys io logica l  f a c t o r s  t o  p re fe r -  
ences i n  salmon. The r e sea rch  is d i r e c t e d  
toward l ea rn ing  the  r e l a t i o n s h i p  between 
metabolism and temperature  preference ,  

through use of  2-4 d in i t rophenol  (DNP) t o  
inf luence metabolism; t h e  response of DNP 
t r e a t e d  and con t ro l  groups of f i s h  t o  11 
l i g h t  wave bands not ing  t h e  r e l a t i o n  of 
l i g h t  and dark adapta t ion  t o  preferences ;  
and t h e  responses of  DNP t r e a t e d  f i s h  and 
f i s h  t r e a t e d  wi th  o the r  chemicals t o  d i f -  
f e ren t  i a l  s a1 i n i t  i e s  . 

Three hundred and n ine ty  s i l v e r  salmon 
were d iv ided  i n t o  10  groups,  f i v e  experi-  
mental and f i v e  con t ro l .  
groups were i m e r s e d  f o r  45 minutes i n  .004 
percent  D N P ;  t h e  con t ro l  groups were handled 
s i m i l a r l y  but  were immersed i n  c l e a r  water.  
Four hours a f t e r  handl ing t h e  groups were 
t e s t e d  i n  a Y-maze f o r  temperature prefer -  
ence i n  water of 1, 2 ,  3, 4 and 5 O  C .  A I -  
though t h e  t r e a t e d  f i s h  seemed t o  p r e f e r  
s l i g h t l y  coo le r  water than  the  c o n t r o l  f ish,  
t h e  i n v e s t i g a t o r  bel ieved t h a t  response t o  
flow might dominate the  temperature prefer’ 
ence. 

The experimental  

S i l v e r  salmon f i n g e r l i n g s  t r e a t e d  w i t h  
DNP avoided sodium ch lo r ide  s o l u t i o n  (70 
percent s t r e n g t h  of s e a  water )  t o  a s l i g h t l y  
g r e a t e r  degree than d i d  un t rea ted  f inger -  
l i n g s .  

Blueback f i n g e r l i n g s  t r e a t e d  with DNp 
and t e s t e d  f o r  l i g h t  preferences moved to- 
ward red o r  neu t r a l  l i g h t s  and away from 
blue-green l i g h t .  
blueback and s i l v e r  f i n g e r l i n g s  were used, 
preferences f o r  l i g h t  were l e s s  apparent ,  
probably r e s u l t i n g  from the  i l l umina t ion  
l e v e l  provided i n  the  g rad ien t s  used. 

I n  recent  tests i n  which 

INTERNATIONAL NORTH PACIFIC  
SALM3N RESEARCH 

Through the  in t ens ive  research  program 
ou t l ined  by t h e  I n t e r n a t i o n a l  North Pacific 
F i s h e r i e s  Commission, formed by Japan, Cans' 
d a  and the  United S t a t e s ,  t he  loca t ion  of 
salmon i n  t h e  ocean w i l l  be known. Progress 
is being made i n  determining t h e  p a t t e r n s .  
of d i s t r i b u t i o n  and i n  d i s t ingu i sh ing  raclal  
s tocks  of salmon. The r e s p o n s i b i l i t i e s  Of 
t he  American Sec t ion  of the  I n t e r n a t i o n a l  
North P a c i f i c  F i s h e r i e s  Commission a re  to 
def ine  the  d i s t r i b u t i o n  o f  salmon i n  the  
North P a c i f i c  Ocean, t r a c i n g  the  seasonal  
movements and loca t ing  t h e  a reas  of conGene 
t r a t i o n ;  measure oceanographic cond i t io f i  
r e l a t e d  t o  t h e  d i s t r i b u t i o n a l  p a t t e r n ;  and 
c o l l e c t  and preserve  samples of salmon and 
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Steelhead t r o u t  f o r  r a c i a l  ana lys i s ,  wi th  
the  o b j e c t i v e  of u l t ima te ly  d i s t ingu i sh ing  
As ia t i c  and North American s tocks .  

Pour char te red  research  vesse l s  were 
Operated i n  the  North P a c i f i c  and the  
Bering Sea during the  summer and f a l l  Of 
l956. Each vesse l  f i s h e d  18 shackles  of 
“Ylon g i l l  net  and obtained oceanographic 
d a t a  on a prearranged s t a t i o n  p a t t e r n  ex- 
tending from the  North American coas t  t o  
4 t t u  i n  t h e  Aleut ians  and from 46’ N .  l a t i -  
tude t o  60’ N .  l a t i t u d e ,  The f i s h i n g  
season from mid-May u n t i l  mid-Sept ember 
include 195 sets and produced 3,522 r eds ,  
j ,767 chums, 486 p inks ,  115 s i l v e r s  and 73 
k ings ,  t o t a l l i n g  7,963.  

The v e s s e l s  MV Pioneer and MV 
S e a t t l e  i n  May 1957 t o  cont inue 

the d i s t r i b u t i o n  s t u d i e s  and t h e  c o l l e c t i o n  
Of r a c i a l  samples. To assure  adequate 
‘ample s i z e ,  t he  number of  shackles  of gear  

increased t o  24 and on c e r t a i n  prinUUy 
‘ ta t ions the  number of  s e t s  increased.  

May 27 and June 24 the  ves se l s  had 
made 23 s e t s  and captured1,420 r e d s ,  723 
chumg, 3,055 pinks and 15 k ings ,  t o t a l l i n g  

5,203. Compared wi th  the  same per iod of 
f i s h i n g  i n  1956, reds  dec l ined  and pinks 
increased .  The MV Paragon w i l l  j o i n  the  
Pioneer  and i n  July t o  augment the  
sampling e f f o r t  f o r  t he  remainder of t he  
season .  

Modif icat ions were made i n  t h e  1956 
program t o  more c l o s e l y  r e l a t e  environmental  
condi t ions  t o  the  d i s t r i b u t i o n  and movements 
of salmon populat ions.  
includes oxygen and phosphate determinat ions 
and a more d e t a i l e d  s tudy  of t he  s u r f a c e  
l aye r s  o f  t he  ocean. 

The r ev i sed  program 

The p r i n c i p a l  o b j e c t i v e  i n  a sampling 
program is  t o  c o l l e c t  adequate ,  s tandard ized  
and r ep resen ta t ive  da t a .  To f u l f i l l  t h i s  
ob jec t ive ,  sampling of t h e  major r ed ,  churn 
and pink salmon popula t ions ,  except i n  ter-  
r i t o r i e s  of t h e  Sovie t  Union, is be ing  con- 
ducted a t  inshore  s t a t i o n s  t o  supplement the  
c h a r t e r  ves se l  c a t ch  samples. The whole 
f rozen  samples requested from Japan, Canada, 
Alaska and the  United S t a t e s  f o r  1957 w i l l  
t o t a l  approximately 25,000 salmon. Each 
f rozen  sample w i l l  cons i s t  of 200 t o  235 
r eds ,  135 chums and 135 p inks ,  except i n  a 
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few i s o l a t e d  a reas .  From each whole sample,  
25 salmon of each s p e c i e s  w i l l  be furn ished  
f o r  p a r a s i t o l o g i c a l  s t u d i e s  and t e n  of  each 
spec ie s  f o r  o s t eo log ica l  s t u d i e s .  The re-  
maining samples w i l l  be used i n  t h e  morpho- 
l o g i c a l  s t u d i e s .  I n  add i t ion  t o  t h e  f rozen  
samples,  50,000 s c a l e s  and measurements 
w i l l  be taken  from the  commercial f i s h e r y  
and spawning grounds. 

Blood samples a r e  being co l l ec t ed  
a l so  for s e r o l o g i c a l  s t u d i e s  from 30 areas 
i n  Japan, Canada, Alaska and t h e  United 
S t a t e s .  

The samples c o l l e c t e d  f o r  t h e  r a c i a l  
s t u d i e s  are placed i n  cold s t o r a g e  i n  
S e a t t l e  u n t i l  needed. S ince  November 1956, 
7,849 salmon sampled from 32 areas i n  
Alaska, Canada, Japan and the  h igh  seas  
have been examined. 

Analysis  of d a t a  obtained from red 
salmon i n  the  1955 c o l l e c t i o n  demonstrated 
var ious degrees  of  d i f f e rences  between 
samples wi th  respec t  t o  s eve ra l  mer i s t i c  
c h a r a c t e r s .  The lack  of s u f f i c i e n t  numbers 
from many areas  i n  t h e  1955 c o l l e c t i o n s  
~ e c l u d e  a s t a t i s t i c a l  comparison of meris- 
t i c  cha rac t e r s  of t he  var ious  components. 
Prel iminary analyses  of t he  1956 d a t a  have 
been  completed for t he  a reas  where co l lec-  
t i o n  of a l l  d a t a  p e r t i n e n t  t o  r a c i a l  
ana lys i s  work were complete and sample S i z e  
w a s  s u f f i c i e n t .  I n  a l l  cases  analyses  
involved a d e t a i l e d  s t a t i s t i c a l  s tudy  of 
t he  e f f e c t s  of s e x ,  age and, where possible* 
sampling time wi th in  any one sampling a rea*  
Since  many areas  are t o  be completed, no 
attempt a t  gene ra l i za t ions  has been made.' 
Present  r e s u l t s  a r e  summarized i n  t h e  
fo l lowing  t a b l e s :  

Table 1 . - -Resu l t s  o f  F - t e s t  f o r  d i f f e r e n c e s  between sexes ,  1956 samples. 

No. of  Pos. o f  Tota l  No. of No. of  No. o f  
s c a l e s  on 1st haemal g i l l  branchio- pec t . a n a l  

Area l a t .  l i n e  arch rakers  s t e g a l  rays  f i n  rays  f i n  rays 

Ugashik None None None None None None 
Naknek 
Kvichak 
Egegik 
Wood River 
Attu 
Adak 
Una1 as ka* None None 
Red River 
Karluk Weir 1% l e v e l  I ,  

Fish Creek 5% l e v e l  None 
Chignik None 1% l e v e l  
Copper River None 

* Seven sampling l o c a l i t i e s  combined. 

I t  I t  I t  1 1  I, I 1  

I ,  ,t 11 ,I , I  I, 

, 1  I ,  , I  I, , I  

I ,  I ,  11 I, 
1% l e v e l  

None I I  

I I t  I t  , I  I# ,, 
11 11 

, I  , I  I O  

I t  

1 ,  

1, 

1% l e v e l  5% l e v e l  

, I  I, I ,  1 1  5% l e v e l  
I ,  1 ,  I ,  I t  

I ,  11 ,t 

II 

I t  

I ,  I I t  

I, I ,  I ,  I 8  

Table 2.--Results of  F- tes t  f o r  d i f f e r e n c e s  among age c l a s s e s ,  1956 samples. 

No. of  Pos. of Tota l  No. of  No. of No. of 
s c a l e  on 1st haemal g i l l  branchio- p e c t .  ana l  

Area l a t .  l i n e  arch rakers  s t e g a l  rays  f i n  rays  f i n  rays  

Ugashik None None None 5% l e v e l  None None 
Naknek None 
Kvichak 
Egeg i k  
Wood River 
Attu None None 
Adak None 
Unalaskak 1% l e v e l  1% l e v e l  1% l e v e l  
Red River None None None 1% l e v e l  
Karluk Weir 
F i s h  Creek 5% l e v e l  None 
Chignik L/ 11 I 1  1 1  

Copper River  None 

* Seven sampling l o c a l i t i e s  combined. 
- 1/ Not done. 

I t  1 ,  1 1  II 

,I I ,  I ,  , I  

t ,  , I  1 1  I, I t  11 

I I  I t  

I) 

I t  

I, ,I 11 

II 

II 

I ,  I, 

I t  I 1  

11 , I  

I t  11 5% l e v e l  5% l e v e l  
1 ,  5% l e v e l  
1 ,  11 I ,  I *  

1 1  

I I ,  1 1  I, II 

t 

11 

I #  I ,  11 

Sample of  63's only .  
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S c a l e  s t u d i e s  p lay  a v i t a l  p a r t  i n  
f i s h e r i e s  research ,  p a r t i c u l a r l y  i n  de te r -  
mining t h e  r a c i a l  o r i g i n s  of  salmon i n  t h e  
North Pac i f ic  Ocean. 
of t h e  1955 co l l ec t ions  taken  f o r  mer i s t i c  
s t u d i e s  have been aged and supplemental  
s c a l e  d a t a  obtained.  
O f  red salmon s c a l e s  f requencies  O f  Various 
s c a l e  charac te rs  have been documented f o r  
s eve ra l  mainland areas .  
tematic  eva lua t ion  of t he  i n t e n s i t y  of occur- 
rence i n  var ious  areas of any given s c a l e  
cha rac t e r  from a f i s h  of unknown o r i g i n ,  
t he  most prhbable a rea  from which the  f i s h  
came can be determined wi th  a high degree 
of accuracy. 

Sca les  from the  salmon 

Through in t ens ive  study 

By means of a sys-  

I n  a s e r i e s  of t e s t s ,  f i s h  from t h e  
mainland samples were used. 
t i f i c a t i o n  was removed or blocked o u t .  
Depending on the  t e s t  and the  s e t u p  of t he  
l o c a l i t i e s ,  b i o l o g i s t s  a l loca ted  t h e  f i s h  
t o  the  co r rec t  a r ea  i n  from 60 t o  90 percent 
of t he  cases .  
salmon were analyzed f o r  r a c i a l  Origins .  

These analyses  showed f o r  t h e  1955 

The area iden- 

Samples of of fshore  red 

Season a progress ive ly  l a r g e r  percentage of  
As ia t ic  high Seas type f i s h  t h e  f a r t h e r  t he  

the longi tude  of Attu.  
c a l  As ia t i c  high seas type were found eas t -  
ward of t h e  longi tude of Kodiak I s land .  

the r e s u l t s  of s c a l e  ana lys i s  s t u d i e s  and 
wh i l e  they appear t o  be d e f i n i t i v e  they were 

were taken t o  the  westward out  t o  
No f i s h  of  the  typi-  

These f ind ings  were based e n t i r e l y  on 

only  on t h e  data  f o r  1955 which were 
i n  c e r t a i n  a reas .  

Analysis  o f - t h e  more extens ive  C O l l e c -  
t iom of  1956 is under way. Over 5,000 red 
Salmon from t h e  n e r i s t i c  co l l ec t ions  have 
been aged and complete s c a l e  d a t a  obtained;  

'Don completion, t he  frequencies  of s c a l e  
charac te rs  w i l l  be determined and compared 
w i t h  those  of t h e  1955 da ta .  

the 1956 d a t a  f o r  r a c i a l  determinat ion.  
Such comparisons as have been made t o  d a t e  
through use of t he  1956 data  show tha t  t h e  
Sca le  cha rac t e r s  resemble c l o s e l y  t h e  same 
Charac te r s  f o r  1955 f o r  the t e s t e d  a reas .  

1,000 more remain uncompleted. 

Addi t iona l  
w i l l  be conducted f o r  t he  accuracy Of 

In s t u d i e s  of t he  physiology of  s c a l e  
development, t he  Univers i ty  of B r i t i s h  C ~ U J R -  
bia completed its con t rac t  and presented a 
final repor t  t o  t h e  P a c i f i c  Salmon Inves t i -  

ga t ions .  While t h e  r e s u l t s  of t he  use of 
hormones f o r  a l t e r i n g  the  p a t t e r n  of  s c a l e  
growth were not as c l e a r l y  defined as 
des i r ed ,  c e r t a i n  ind ica t ions  were found 
which, wi th  fu r the r  research ,  could lead  t o  
product ive r e s u l t s .  Under 16 hours of con- 
t r o l l e d  l i g h t  f i s h  grew better on the  same 
amount of food than those  under only 8 hours 
of l i g h t ,  or under continuous l i g h t .  There 
were ind ica t ions  t h a t  t he  l i g h t  was l inked 
t o  growth through t h e  a c t i v i t y  of the  thy- 
ro id  o r  p i t u i t a r y  glands.  

S tud ie s  were begun t o  discover  the  
s e r o l o g i c a l  p rope r t i e s  which a r e  charac- 
t e r i s t i c s  of spec ie s  and geographic races  
o f  salmon and o t h e r  f i s h e s .  When a n t i s e r a ,  
which d e t e c t  t hese  p r o p e r t i e s ,  have been 
prepared i n  s u f f i c i e n t  quan t i ty  and of  suf- 
f i c i e n t  potency they can be used i n  s t u d i e s  
of s p e c i a t i o n ,  migrat ion and of management 
problems concerning races .  Inc iden ta l  t o  
t h i s  s tudy  one can  expect t o  accumulate 
knowledge concerning the  immune process  i n  
f i s h .  

Considerable progress  w a s  made i n  
var ious  l i n e s  of t h i s  research .  I n  immuni- 
z a t i o n  experiments which were conducted on 
rainbow t r o u t  at  Hagerman, Idaho, i t  was 
demonstrated t h a t  salmonids,  l i k e  o the r  
animals,  possess  cons iderable  an t igenic  
d i v e r s i t y .  One ant iserum, made by i n j e c t i n g  
the  blood of  one t r o u t  i n t o  another ,  w a s  
shown t o  be capable o f  d i s t i ngu i sh ing  f i v e  
d i f f e r e n t  an t igenic  types of  ind iv idua ls .  
Antisera of similar spec i f ic i ty  have been 
prepared success fu l ly  i n  seve ra l  o t h e r  t rou t .  
Through use of  t h i s  technique ,  pre l iminary  
evidence has been obtained f o r  t he  ex is tence  
of blood types  in s a b l e f i s h  and P a c i f i c  cod 
a t  t h e  Deception Pass  Marine Research Sta- 
t ion. 

The major p a r t  of t he  experimental  
work on a s tudy  o f  spec ies  d i f f e rences  i n  
the  serum p ro te ins  of salmonids has been 
completed. This s tudy  u t i l i z e s  the  tech- 
nique of double d i f f u s i o n  i n  agar .  
same technique has  been appl ied a t  the  ind i -  
v idua l  and r a c i a l  l e v e l  t o  red salmon. F ive  
an t igen ic  v a r i a t i o n s  between samples from 
i d i v i d n a l  red salmon have been de tec t ed .  
A l l  of these  appear t o  vary s i g n i f i c a n t l y  
between areas  i n  t h e i r  frequency of occur- 
rence.  

The 

I n  a co l l abora t ive  i n v e s t i g a t i o n ,  
s i g n i f i c a n t  s e r o l o g i c a l  d i f f e rences  were 
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‘@monstrated between populat ions of red 
wi th  a na tu ra l  antibody found i n  p ig  

‘erUm. This system has been s tud ied  fur -  
ther and used t o  demonstrate blood types of 
chum salmon and i n  P a c i f i c  he r r ing .  

The use of rainbow t r o u t  and s a b l e f i s h  
as antibody producers has suppl ied new evi -  
dence concerning the  immune process  i n  
f i shes .  
Pera tures  not exceeding 5’ C . ,  have produced 

pac i f i c  Salmon Inves t iga t ions  has obtained.  
This Process ,  while extremely Slow, requi r -  
ing months r a t h e r  than weeks, i nd ica t e s  t h a t  
the conventional immune response must be of 
Cons iderable  importance i n  the  su rv iva l  of 
Such cold water spec ies .  

The s a b l e f i s h ,  while held a t  tern- 

o f  the  most po ten t  a n t i s e r a  t h a t  t he  

King crabs a r e  another f i s h e r y  
resource of high economic importance t o  the  
United S t a t e s  and Japan. The bulk of t he  
Japanese-American f i s h e r y  occurs i n  B r i s t o l  
Bay and t h e  Aleut ian I s l ands .  Determination 
of whether j o i n t  Japanese-American conser- 
va t ion  measures a re  needed i n  the  e a s t e r n  
Bering Sea f i s h e r y  has been approached i n  
s e v e r a l  d i r e c t i o n s .  
c r ab  has progressed a t  an increased r a t e  
during the  last year .  

The research  on king 

Continuing t h e  p lan  of sys t ema t i ca l ly  
sampling and tagging crabs  i n  the  Bering Sea, 
t he  P a c i f i c  Salmon Inves t iga t ions  cha r t e red  
a ves se l  again f o r  1957. 
o t t e r  t r awls ,  beam trawls, oceanographic 
equipment and l i v e  t anks ,  t he  ves se l  Mitkof 

Equipped wi th  

- 
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depar ted  S e a t t l e ,  Washington on May 6 ,  1957 
and proceeded t o  the  Bering Sea ,  where 
small crabs were caught and sanple  trawls a t  
predesignated s t a t i o n s  are being made. A 
method of computing t h e  numbers of commer- 
c i a l  s i z e  male crabs  by these  sample trawls 
throughout t he  area is being r e f ined  and 
shows promise of  providing a minimum popu- 
1 a t  i o n  es t imate .  

Crabs caught i n  the  sampling and 
tagging e f f o r t s  have been measured t o  f o l -  
low the  changes i n  s i z e  f requency.  This 
w i l l  not  only h e l p  t o  b e t t e r  understand t h e  
need f o r  conserva t ion  measures but  may a l s o  
show rates of  growth through the  progress ion  
of dominant s i z e  c l a s s e s .  

During t h e  tagging e f f o r t s  aboard a 
char te red  v e s s e l  i n  the  l a t e  summer of 1956, 
4 ,063 male c rabs  were tagged. This added 
t o  2,458 crabs  tagged i n  previous years  
made a t o t a l  o f  6,521 male c rabs  tagged and 
released by t h i s  i nves t iga t ion .  The re- 
covery of  422 t ags  has provided va luable  
information on migra t ions ,  d i s t r i b u t i o n s  
and f i s h i n g  r a t e s .  A t  least 20 crabs  had 
shown growth. Plans have been made t o  t a g  
i+nd r e l e a s e  30,000 crabs  during t h e  1957 
c r u i s e .  

Oceanographic observa t ions  have a l s o  
been recorded on these  c r u i s e s .  There a r e  
ind ica t ions  t h a t  temperatures may in f luence  
t h e  d i s t r i b u t i o n  of  king c rabs  i n  the  Bering 
Sea.  Areas wi th  near  zero  degrees  cent igrade  
bottom temperatures contained fewer c rabs  
than  ad jacent  a r eas  where the  temperature 
was s l i g h t l y  h igher  i n  the  summer of 1956. 
Information was collected dur ing  June 1957 
t o  determine t h e  water movement and may pro- 
v ide  ind ices  t o  the  movements o f  king c r a b  
l a r v a e  which a r e  be l ieved  t o  be c a r r i e d  by 
c u r r e n t s .  

Observat ions were made on the  moulting 
and the  s i z e  increase  a t  moulting of female 
c rabs  i n  t h e  Pavlof Bay area .  Crabs i n  l i v e  
boxes c a s t  o f f  t h e i r  o ld  s h e l l  by r e t r a c t i n g  
through a break i n  t h e  membrane adjacent  t o  
t h e  f i r s t  abdominal segment. The carapace,  
abdominal p l a t e s ,  g i l l s ,  mouth p a r t s ,  and 
p a r t s  of  t he  eye ,  antenna and stomach were 
c a s t  o f f  i n t a c t .  The average growth exhib- 
i t e d  by the  female crabs  under l i v e  box 
condi t ion  was 4 .0  mm. i n  carapace length .  
Because meat conten t  is r e l a t e d  t o  moulting, 
observa t ions  were made on the  r e l a t i o n  of 
var ious  body p a r t s  t o  the  t o t a l  weight.  I t  

was determined t h a t  t h e  meat from the  merus 
of t h e  r i g h t  t h i r d  walking l e g  might be used 
t o  t e s t  t he  meat conten t  of  var ious  s i z e  
c rabs .  A r epor t  on t h i s  s tudy  has been Prec 
pared.  

A bibl iography on the  king c rab  is 
be ing  prepared.  

Complete log  records  of t he  United 
S t a t e s  k ing  c rab  f l e e t ' s  opera t ions  and the 
Japanese ca t ch  and e f f o r t  data  i n  t h e  Bering 
Sea from 1953 through 1956 have been assem' 
b led .  Gross examination shows no dec l ine  
o f  f i s h i n g  success  during these  years .  

SHELLFISH LABORATORIES 

I. WOODS HOLE SHELLFISH LABORATORY 

Paul  S .  Ga l t so f f  
Woods Hole, Massachusetts 

Manual on Biology and Cu l t iva t ion  
of American Oysters  

P repa ra t ion  of t h e  manual on oys te r  
biology proceeded s a t i s f a c t o r i l y .  About 
half of t he  p a r t  o f  t h e  manuscript  deal ing 
wi th  t h e  s t r u c t u r e  and t h e  func t ions  of the 
o y s t e r  body w a s  completed, inc luding  i l l u s c  
t r a t i o n s  and a bibl iography.  A por t ion  of 
t he  s e c t i o n  dea l ing  wi th  ecology was pre- 
pared during the  preceding f i s c a l  year .  * 
chapter  on t h e  nerve system and embryologY 
remains t o  be w r i t t e n ,  

I n  connection wi th  the  s t u d i e s  of the 
s t r u c t u r e  of  t he  o y s t e r  s h e l l ,  a d i s t i n c t  
d i f fe rence  w a s  found i n  the  organic  matrix 
of t h e  pr i smat ic  and lamellar l a y e r s  of the 
s h e l l .  Both components cons i s t  of conchioc 
l i n ,  bu t  t h e  s t a i n i n g  r e a c t i o n  of t he  t w o  
p a r t s  is d i f f e r e n t ,  i n d i c a t i n g  differences 
i n  chemical composition. Conchiolin of the 
pr i smat ic  l a y e r  s e c r e t e d  by the  mantle 
groove is s t a i n e d  red wi th  t r i p l e  MallorY 
s t a i n  while  t he  c o n c h i o l i n  sec re t ed  by the 
ou te r  su r f aces  of t h e  mantle is deep blue'  

The attachment of muscles t o  the  
s h e l l  Presented another i n t e r e s t i n g  prObJela' 
A s tudy  of t he  sec t ions  made across  the  
deca lc i f i ed  s h e l l s  and the  muscle showed 
t h a t  t he  muscle f i b e r s  a re  not  anchored in 
t h e  s h e l l  substance bu t  a r e  cemented t o  it 
by a t h i n  layer of organic  compound about 
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two microns i n  th ickness .  Assuming t h a t  
co l lagen  sec re t ed  by s p e c i a l  c e l l s  found 
a t  t he  t i p s  of t h e  muscle f i b e r s  i s  involved 
i n  g lu ing  the  muscles t o  the  s h e l l s  appeared 
reasonable.  This sugges t ion  was confirmed 
by experiments i n  which minute amounts of 
co l lagenase ,  an enzyme d iges t ing  co l lagen ,  
dissolved i n  a buffer s o l u t i o n  of pH 8.2 was 
in j ec t ed  i n t o  t h e  muscles of  l i v e  Oysters 
or when p ieces  of s h e l l s  wi th  t h e  muscles 
Were immersed i n  t h i s  so lu t ion .  I n  a l l c a s g  
there  was a complete sepa ra t ion  of  t he  
adductors from the  s h e l l .  Muscles t r e a t e d  
with t r y p s i n  remained unaffected.  

I n  c o n t r a s t  t o  t h e  adductor muscles,  
the  muscles involved i n  the  movements of 
Oyster g i l l s  a r e  not cemented t o  t h e  g i l l  
ske le ton  but  form root - l ike  processes  which 
a re  embedded i n  the  ch i t inous  g i l l  rods.  
%e d i s t r i b u t i o n  of t hese  muscles was studied 
in d e t a i l  and the  mode of t h e i r  ope ra t ion  
was deduced from an h i s t o l o g i c a l  examination 
of numerous prepara t ions .  

A s tudy of the  func t ion  of t he  c i l i a r y  
apparatus  of t h e  g i l l s  showed t h a t  t h e  l a t -  
e r a l  c i l i a  which surround t h e  g i l l  openings 
( o s t i a )  a r e  capable of r e j e c t i n g  p a r t i c l e s  
Of r e l a t i v e l y  l a r g e  s i z e  by throwing them 
back t o  the  s u r f a c e  of the  g i l l .  The Pre- 
"a i l i ng  view of o y s t e r  b i o l o g i s t s  has been 
tha t  t h i s  type of s o r t i n g  is accomplished 

by the  l a t e r o - f r o n t a l  c i l i a .  
Observations on l i v e  oys t e r s  i n  which the  
g i l l s  of one s h e l l  were exposed t o  V i e w  

t ion  of  t he  l a t e r a l  c i l i a  was recorded by 
the a r t i s t  i n  a s e r i e s  of drawings made 
from l i v i n g  ma te r i a l .  

the su r faces  of t he  mantles was s tud ied  by 
using phosphorescent powders and c o l l o i d a l  
Carbon and by t r a c i n g  the  path of t he  Par- 
t i c l e s  i n s ide  the  s h e l l  cav i ty .  
'Orrections were made i n  the  e x i s t i n g  desc r ip  
t l O W i  of the  cu r ren t s  and of  t he  l o c a t i o n  
Of "discharge areas"  a t  which the  p a r t i c l e s  
'Ollected by t h e  g i l l s  and found unsu i t ab le  
as food are r e j ec t ed .  

t h a t  t h i s  is inco r rec t .  The opera- 

A system of c i l i a r y  cu r ren t s  along 

Minor 

R a f t  Cul ture  of O y s t e r s  

The purpose of t h i s  s tudy  w a s  t o  
determine the  s u i t a b i l i t y  of t h e  raft C U I -  
ture of  oys t e r s  t o  the  condi t ions p reva i l i ng  '' Cape Cod. S tudies  made a t  Oyster  River ,  
Chatham, cons is ted  in recording the  rate of 

and t h e  n a t u r a l  mor t a l i t y  of o y s t e r s  

kept  above s e a  bottom and i n  determining 
t h e  p r i n c i p a l  eco logica l  f a c t o r s  a f f e c t i n g  
them. 

The raft w a s  constructed by using two 
25-foot pa in ted  cedar logs  wi th  5-foot long 
p i eces  of galvanized telephone wire a t tached  
by s t a p l e s .  .She l l s  wi th  1956 s e t  a t tached 
t o  them were s t r u n g  on wi re s ;  each s h e l l  w a s  
separa ted  by a p iece  of p l a s t i c  tubing f i v e  
inches long. The logs ,  he ld  toge ther  by 
metal CroSsbars, were moored by two anchors.  
Two logs were completed by the  fa l l  of  1956 
and two more a r e  being added t h i s  year .  

The logs were anchored in  t h e  Oyster 
River u n t i l  t he  f i r s t  t h r e a t s  of r i v e r  
f r e e z i n g  appeared. On December 5 ,  1956 they 
were moved i n t o  O y s t e r  Pond and remained 
t h e r e  u n t i l  Apr i l  1, 1957, when they  were 
returned t o  t h e i r  o l d  mooring i n  the  r i v e r .  
An examination of t he  s h e l l s  i n  Apr i l  found 
l i t t l e  mor t a l i t y .  
s h e l l s  were l o s t .  

Only two s t r i n g s  wi th  

In t he  sp r ing  the  s h e l l s  became heavily 
Samples of fouli'ng organisms were fou led .  

p e r i o d i c a l l y  preserved ,  oys t e r  stomachs 
examined and plankton hauls  taken  t o  de t e r -  
mine the  source  of  t he  oys t e r s '  food. 
i n g  f i l m  comprised s e v e r a l  v a r i e t i e s  of 
a lgae ,  Bryozoans, Obel ia ,  tube worms, mus- 
se ls ,  barnac les  , d e t r i t u s  and many bottom 
diatoms inc luding  Navicula,  Lycmophora, 
Tha la s s io th r ix  and Gyrosigma, some of which 
were found i n  t h e  stomachs of  t he  oys t e r s .  

Foul- 

The temperature at the  Oyster  River 
ranged from 23.2" C.  on June 17 ,  1956 t o  
4.4O C .  on December 5.  The s a l i n i t y  ranged 
from 31.06 t o  32.68; pH from 7.9 t o  8 .2  and 
02  from 8.00 t o  8.84 p.p.m. 

Measurements of small o y s t e r s  grown 
on the  raft were compared wi th  those of  
o y s t e r s  kept i n  t r a y s  at  Woods Hole, Massa- 
c h u s e t t s ,  and with those l e f t  on the  bottom 
i n  t h e i r  p laces  of o r i g i n .  On October 11, 
1956 the  median length  of  t h e  Oyster River 
oys t e r s  was 10 mm.; on Apr i l  12 ,  1957 it 
had not  changed; on May 6 i t  w a s  12 mm. and 
on June 27 i t  was 15  mm. Youngqrsters taken 
the  Weweantic River and placed i n  t r a y s  at  
Woods Hole grew from a median length  of 3 
mm. on September 10, 1956 t o  9 mm. by the  
end of the  year ;  on June 19 ,  1957 the  median 
l eng th  was 9 mm. The Wareham River s e t ,  
a l s o  placed i n  t r a y s  a t  Woods Hole, grew 
from a median length  of 8.00 on September 19, 
1956 t o  12 m. by the  end o f  t h e  year ;  on 
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June 28, 1957 the  median l eng th  w a s  13  m. 

Oysters  remaining i n  t h e  Weweantic 
River a t  t h e  end of 1956 were 2 mm. smal le r  
than o y s t e r s  from the  same s e t  growing at 
Woods Hole. S ince  these  o y s t e r s  a r e  k i l l e d  
by win ter  i c i n g ,  t h e  measurements cannot be 
continued. 

The median length  of Wareham River  
o y s t e r s  at t he  end of 1956 was 11 mm. This 
is  1 mm. smaller than  the  same s e t  growing 
a t  Woods Hole and 1 mm. l a r g e r  than the  set  
grown i n  t h e  O y s t e r  River.  Because the  
Wareham River s e t  was so ld  e a r l y  i n  t h e  f a l l  
of 1956 no f u r t h e r  measurements could be 
taken.  

Whelk Trapping 

On May 15,  1957 many whelks were prey- 
ing  on o y s t e r s  i n  the  Oyster  River.  The 
l o c a l  o y s t e r  growers and t h e  Laboratory 
attempted t o  con t ro l  them by t rapping.  The 
t r a p s  were cons t ruc ted  of wood 24‘ x 19’ x 
8”. The s i d e s  were perpendicular  t o  t h e  
base while  t he  ends were s loped.  The t r a p  
was covered with chicken wire and an 8-inch 
diameter ho le  cu t  i n  t h e  top .  Pour b r i c k s  
were used f o r  weights .  
placed i n  two rows on t h e  beds.  

The t r a p s  were 

The b e s t  b a i t  w a s  chopped horseshoe 
crabs which were wired t o  the  bottom of  t h e  
t r a p s .  They were changed every two o r  t h r e e  
days i f  t h e  green crabs had ea t en  much of 
them. 

The t r a p s  took 1,122 channel whelks 
and 4 knobbed whelks. The knobbed whelk is 
as abundant i n  th-e Oyster River as t he  chan- 
ne l  whelk but  apparent ly  does not e n t e r  t he  
t r a p s .  From 5 t o  12 t r a p s  were used f o r  t h e  
month of  t rapping .  The r a t e  of t rapping  per  
24 hours decreased from 11.34 channel whelks 
per  t r a p  a t  the  beginning o f  t he  t r app ing  
per iod  t o  an average o f  1.60 channel whelks 
when the  t r app ing  was discont inued.  

Twenty channel whelks were marked and 
r e l eased  on May 31, 1957; two were recap-  
tured  on June 5 and 13 ,  about 200 f e e t  down 
the  r i v e r  from the  poin t  of r e l e a s e ,  and a 
t h i r d  whelk was recaptured on June 17 a t  the  
p l ace  where i t  was f i r s t  caught.  

To ob ta in  some idea  of t he  d e s t r u c t i o n  
of  o y s t e r s  caused by channel whelks, a l i v e  
c a r  was placed on the  Oyster River on June 3,  

1957 wi th  6 whelks,  12 o y s t e r s  and 6 quahogs* 
By the  end of t he  month the  s h e l l s  of 8 
o y s t e r s  had been broken and t h e  meat ea ten ;  
t h e  6 quahogs were a l i v e  although 1 quahog 
showed s igns  of whelk chipping. 

O f  t he  1,122 channel whelks found i n  
t r a p s ,  100 were sexed and measured; 43 Were 
males and 57 females .  The s i z e s  ranged from 
7.3 t o  18 cms. The females appeared t o  be 
l a r g e r  than t h e  males; t h e  l a r g e s t  male was 
14 .9  cm. long and 13  females exceeded t h a t  
length .  

11. MILFORD LABORATORY 

Victor  L. Loosanoff 
Milford , Connecticut 

se t t ing . - -S tudies  of var ious  aspec ts  of t h e  
spawning and s e t t i n g  of o y s t e r s  i n  Long 
I s l and  Sound were continued during the  Sumc 
mer of 1956. 
t he  Bridgeport  a r ea  and r e l a t i v e l y  good in 
the  Milford a r e a ,  but t h e  N e w  Haven sec t ion  
suffered another  f a i l u r e .  As compared W i t h  
Previous yea r s ,  s i n c e  1936, t he  s e t t i n g  of 
1956 ranked i n  n in th  place.  Observations 
ind ica t ed  once more t h a t  no genera l  predic- 
t i o n  of  i n t e n s i t y  of s e t t i n g  can be made for 
t he  e n t i r e  oyster-producing area  of Long 
Is land  Sound. 

S e t t i n g  was the  heav ie s t  i n  

Data on t h e  i n t e n s i t y  o f  s e t t i n g  i n  
d i f f e r e n t  years  i n  t h e  same a reas  of Long 
Is land  Sound were analyzed. 
were based on observat ions made dur ing  t h e  
years 1944 through 1956 i n  t e n  representa-  
t i v e  a reas  o f  Long Is land  Sound. The re- 
s u l t s  ind ica ted  t h a t  none of  t h e  s t a t i o n s  
kept under observa t ion  dur ing  the  13-year 
per iod ,  and represent ing  a r e l a t i v e l y  SmfS1 
bottom a r e a ,  cons i s t en t ly  occupied a pOS1’ 
t i o n  among the  f i v e  b e s t  producing s t a t io” ’  
However, if l a r g e r  a reas ,  ins tead  of 
dua l  s t a t i o n s ,  were compared, t he  Bridgeport 
a r ea  would show a d e f i n i t e  tendency t o  be 
more product ive than the  o t h e r s .  There 
no evidence t h a t  t h e  s t a t i o n s  loca t ed  at  
d i f f e ren t  depths ,  such as 10, 20 o r  30 feet’ e f5  c o n s i s t e n t l y  produced b e t t e r  sets of oYst 
than the  s t a t i o n s  at  o t h e r  depths .  

The conclUs~o”s 

A t  t h e  mouths of c e r t a i n  r i v e r s  the 
labora tory  and t h e  S t a t e  of Connecticut 
Department of S h e l l f i s h e r i e s  e s t ab l i shed  
spawning beds which the  l abora to ry  w i l l  
observe.  
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PREPARING COLLECTORS FOR OBTAINING OYSTER SET I N  A R T I F I C I A L  SALT WATER PONDS. 

The s e t  of European o y s t e r s ,  Os t rea  
Zdu l i s ,  secured under labora tory  condi t ions ,  
grew wel l  1 s t  summer i n  Milford Harbor and 
survived a r e l a t i v e l y  cold winter  without 
appreciable  mor t a l i t y .  P r a c t i c a l l y  no mor- 
t a l i t y  w a s  noted among the  adul t  European 
Oysters which a r e  two years  o ld  o r  o lde r .  

To cont inue i t s  s t u d i e s  on hybridiza-  
t i o n  of  d i f f e r e n t  spec ies  of  the  genus z- 
s o s t r e a ,  t he  labora tory  obtained Severa l  
hundred C. rhizophora from Puerto Rico. Good 

has  not been obtained from these  Oysters 
Which, i n  t h e i r  behavior under Milford,  Con- 
nec t i cu t  condi t ions ,  g r e a t l y  resemble,  s. 
l i r g i n i c a  of t he  Gulf of Mexico w i t h  which 
experiments have been made a t  Milford.  The 
labora tory  w i l l  cont inue i t s  s t u d i e s  on 
c ross ing  them with 2. rhizophora.  

The labora tory  cooperated with the  
Oyster I n s t i t u t e  of North America, Annapolis,  
k r y l a n d  i n  developing methods f o r  u t i l i z i n g  
Sal t -water  ponds f o r  s h e l f i s h  c u l t u r e .  Last  

were observed a d  t h e  behavior of the  O y s t e r s  
in t hese  ponds, as wel l  as changes i n  environ- 
ment ,  w a s  s tud ied .  
the Ponds f e l l  during the  summer t o  approxi- 

s e v e r a l  ponds on Martha's Vineyard 

Because the  s a l i n i t y  i n  TESTING PLASTIC COLLECTORS TO SECURE 
OYSTER SET 
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CHANGING WATER CONTAINING OYSTER LARVAE I N  EXPERIMENTS DEVISED TO DETERMINE 
THE QUALITAT I VE AND QUANTITATIVE REQUIREMENTS OF THESE LARVAE 

mately 5.0 p . p . t . ,  p r a c t i c a l l y  no s e t  
occurred.  This occurrence i n t e n s i f i e d  the  
l abora to ry ' s  research  on t h e  e f f e c t s  of 
d i f f e r e n t  s a l i n i t i e s  upon larval  and juve- 
n i l e  o y s t e r s  and o t h e r  mollusks.  This sum- 
mer the  s a l i n i t y  i n  the  Martha's Vineyard 
ponds has been higher  and an exce l l en t  set  
of  o y s t e r s  has been repor ted  the re .  

The l abora to ry  has  undertaken a l s o  a 
s tudy  of t he  propagat ion o f  t he  European 
o y s t e r ,  Os t r ea  edul i s , ,  and t h e  Japanese 
clams, Tapes semidecussata ,  i n  an a r t i f i c i a l  
pond on Long Is land .  This s tudy  promises 
i n t e r e s t i n g  r e s u l t s  which may he lp  i n  manag- 
ing  salt-water ponds. 

P l a s t i c  c o l l e c t o r s  a re  being t e s t e d  
t o  c o l l e c t  o y s t e r  s e t .  They may have exten- 
s i v e  use i n  pond c u l t u r e .  

Ecological  requirements of  lame11 i- 
branch larvae.--In cont inuing s t u d i e s  of  t he  
f a c t o r s  t h a t  affect  t he  su rv iva l  and growth 
of  l a r v a l  clams and o y s t e r s ,  many new forms 
o f  microorganisms were eva lua ted  as foods.  

d Extensive s t u d i e s  of t he  e f f e c t s  of  reduce 
s a l i n i t i e s  on the  development of f e r t i l i z e d  
eggs i n t o  s t r a i g h t  hinge l a rvae  and the  
growth of l a rvae  after they reach  the  
s t r a i g h t  hinge s t a g e ,  were a l s o  conducted' 
Among the new foods t r i e d  were 4 genera Of 
diatoms,  1 d i n o f l a g e l l a t e ,  2 chrysophyteB' 
4 green a lgae  and 1 blue-green a lga .  None 
of t hese  w a s  a p a r t i c u l a r l y  good food. 
Severa l  diatoms were f a i r  foods f o r  c l f l  
l a r v a e ,  bu t  no t  f o r  o y s t e r  l a rvae .  They 
were e i t h e r  poor foods  o r  e l s e  t h e  oyster  
larvae d i d  not u t i l i z e  them. 

During t h e  pas t  yea r ,  a t  times, the 
l abo ra to ry ' s  m a s s  c u l t u r e s  of good f o r m  
such as Isochrys is  Balbana and e 
l u t h e r i  became t o x i c  t o  o y s t e r  la rvae .  
Whether t h e  t o x i n  is produced by these  
chrysomonads o r  by b a c t e r i a l  contaminants 
was not  determined. 

The optimum s a l i n i t y  f o r  
of egg and growth of s t r a i g h t  hinge larvae 
of  t h e  ha rd  clam, Venus mercenaria ,  of $:; 
Sound i s  about 27.5 p . p . t .  If the  sa1i 
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A BATTERY OF LARGE GLASS CONTAINERS I N  WHICH 
VARIOUS TYPES OF LARVAL FOOD ARE GROWN 

is reduced t o  20.0 p .p . t . , u sua l ly  less 
than 20 percent  of the  eggs develops.  
NOne of t he  s t r a i g h t  hinge l a rvae  placed 
i n  a s a l i n i t y  of 15 .0  p .p . t .  reached 
metamorphosis. A t  17.5 p .p . t .  some grew 
to t h a t  s t age  but  were weak and a l l  d ied  
a f t e r  s e t t i n g .  

The optimum s a l i n i t y  and s a l i n i t y  
‘ a g e  for development of s t r a i g h t  hinge 
larvae from eggs of t he  American Oyster ,  _ _  
S a s o s t r e a  v i r g i n i c a ,  is governed by 
the s a l i n i t y  a t  which the  parent  o y s t e r s  
develop gonads, The optimum s a l i n i t y  
fo r  developing eggs of oys t e r s  from Long 
Island Sound, Peconic Bay and Hodges Bar, 
‘aryland, when parent  oys t e r s  of  these  

terS,such as those of Hodges Bar,  were 

environment),  t he  optimum s a l i n i t y  f o r  
developing t h e i r  eggs was between 10.0 

a r e  condi t ioned a t  .27.0 p .p . t . ,  is  
20.0 and 22.5 p .p . t .  When Oys- 

a t  8 .7  p .p . t .  ( t h e i r  na tu ra l  

and 15.0 p .p . t .  

R I  PE OYSTERS I N D I V I D U A L L Y  MARKED AND EACH I N  A SEPARATE 
CONTAINER READY TO BE 

MATERIAL FOR S T U D I E S  ON PHYSIOLOGICAL AND ECOLOGICAL 
INDUCED T O  SPAWN, T O  PROVIDE 

REQUl REMENTS OF OYSTER LARVAE 

The optimum s a l i n i t y  f o r  growth of  l a rvae  
of Long I s l and  Sound oys te r s  condi t ioned and 
spawned i n  a’ s a l i n t y  of 26.0 t o  27.0 p .p . t .  
(normal environment) w a s  near 17.5 p .p . t .  
of t he  l a rvae  of  t hese  o y s t e r s  developed, how- 
ever ,  i n  s a l i n i t i e s  as h igh  as 35.0 p . p . t .  and 
as low as 12.5 p .p . t .  

Some 

Severa l  chemicals used t o  k i l l  mosquitoes 
or o the r  undes i rab le  ar thropods and which the  
labora tory  success fu l ly  used t o  c o n t r o l  c r abs  
which were des t roying  oys t e r s  and clams were 
t e s t e d  f o r  t h e i r  e f f ec t  on the  su rv iva l  and 
growth of oys t e r  and clam l a rvae .  
t o r y  was i n t e r e s t e d  i n  the  chemicals i t  found 
use fu l  for  c o n t r o l l i n g  copepods, which are 
usua l ly  g rea t  compet i tors  i n  n a t u r a l  ponds t o  

The labora-  
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concent ra t ion  t e s t e d ,  but  s l i g h t l y  retarded 
the  growth o f  both o y s t e r  and clam la rvae .  

BIOLOGIST, WORKING ON DEVELOPMENT OF METHODS 
FOR CONTROL OF SHELLFISH EIUEMIES, I S  SELECT-  

ING CHEMICALS TO BE USED I N  THE NEXT 
EX PER I MENT 

o y s t e r  and clam l a rvae ,  The l abora to ry  
found t h a t  i t  could k i l l  these  copepods by 
using l i g h t  concent ra t ions  of  t he  chemicals 
and wanted t o  a s c e r t a i n  what would happen 
t o  molluscan l a rvae  exposed t o  the  same 
concent ra t ions .  

Guthion, a poten t  t ox ic  agent  f o r  
ar thropods,  w a s  t he  least  tox ic  of the  group 
t e s t e d  on oys t e r  l a rvae .  A concent ra t ion  
of 1:20,000,000 s t imula ted  t h e  growth o f  
l a r v a e  in s t ead  o f  harming them. 
another  powerful t ox in  t o  a r thropods ,  caused 
no apprec iab le  m o r t a l i t y  of o y s t e r  l a rvae  
even at a concent ra t  ion of  1 : 1,000,000,  but  
slowed t h e i r  growth. 
re ta rded  t h e  growth o f  o y s t e r  l a r v a e  a t  a 
concent ra t ion  of  1:1,000,000, bu t  i n  lower 
concentrat  ions caused no apparent ill ef- 
f e c t s .  Lindane caused no apprec iab le  mor- 
t a l i t y  even a t  1:1,000,000,  t h e  h ighes t  

Para th ion ,  

Dipterex only s l i g h t l y  

DDT w a s  t h e  most t ox ic  of t h e  sub- 
s t a n c e s  t e s t e d .  I n  concent ra t ions  of 1: 
1,000,000 i t  k i l l e d  o y s t e r  l a rvae  wi th in  a 
f e w  days and at a concent ra t ion  of  1: 
40,000,000 i t  s e r i o u s l y  decreased the  r a t e  
of  growth and m o r t a l i t y  o f  l a r v a e .  
f i nd ing  may i n d i c a t e  t h a t  spraying  with 
DDT near  areas where s e t t i n g  of o y s t e r s  is 
tak ing  p l ace  is undes i rab le .  

This 

Development of methods f o r  growing 
'uveni le  clams and oys t e r s .  --Studies Were 

{onducted t o  determine t h e  e f f ec t  of variolls 
eco log ica l  f a c t o r s ,  including temperature,  
s a l i n i t y  and foods upon the s u r v i v a l  and 
growth of juven i l e  clams. 
i s  needed i n  connect ion with planned 311889 
Product ion of hatchery-bred clams and oySc 
ters .  

This informatiofl 

Winter mor t a l i t y  of  j uven i l e  c l a m ,  - Venus mercenaria,  was inves t iga t ed .  young 
C l a m s  kept  i n  water of Milfozd Harbor f rom 
October u n t i l  May surv ived ,  regard less  of 
how o f t e n  they  were d i s tu rbed  o r  whether 
they were permit ted t o  d i g  i n ,  b w e v e f t  the 
clams t h a t  were kept i n  the  labora tory  at 
water temperature ranging between 15.0 
20.0' C.  and the t r a n s f e r r e d  d i r e c t l y  t o  the 
cold  water  o f  Milford Harbor dur ing  the  
win ter  were apparent ly  a f f ec t ed  by t h i s  sharp 
change and began t o  d i e  l a t e r  on, sometimes 
s e v e r a l  months a f t e r  t he  change. For examP*' 
36 percent  o f  t he  clams t r ans fe r r ed  t o  cold 
water i n  December died i n  May. 
clams t r a n s f e r r e d  t g  water of a temperature 
about 1 .5"  C. i n  mid-winter d ied  i n  May. 

0 ,ad 

A l l  of the 

I n  a r ecen t  series of  experiments f l  
e a r l y  s e t  of 1. mercenaria was grown a t  
d i f f e r e n t  cons tan t  temperatures .  The clanrs 
kept below 10.0' C. d ied .  
was p r a c t i c a l l y  no growth. 
occurred a t  15.0' C . ,  whi le  t he  c l a m  grew 
wel l  a t  20.0°, 25.0" and 30.0" c. Somewhat 
l a r v e r  l. mercenaria were kept  a t  t h e  s f l e  
condi t ion .  
again the  minimum temperature a t  which 
growth occurred,  and the  clams grew well  
between 15.0" and 20.0" c. 

A t  10.0' C. these 
Some growth 

Ten poin t  zero degrees  c. was 

Juveni le  2 .mercenaria  kept  a t  a tern' 
Pera ture  o f  20.0" C .  o r  h igher  f o r  nine 
months grew cont inuously.  Apparently C l a M  
can grow cont inuously if condi t ions  a re  
favorable :  t h i s  knowledge is important for 
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B I O L O G I S T  WORKING I N  CLAM HATCHERY 

hit c he r y p r  ac t i c e  . 
Simi la r  expermments were conducted on 

r ecen t ly  s e t  o y s t e r s .  They a l l  died when 
the temperature w a s  below 10.0’ C .  and at  
th i s  temperature only  7 percent  survived 
for t h r e e  months. 

-4 
Over 20 spec ie s  of  microorganism,  

grown i n  m a s  c u l t u r e s ,  were t r i e d  i n  study- 
‘% the  food requirements of j uven i l e  clams 
and oys t e r s .  Three spec ie s  of cryptomonads 
&ere the  b e s t  foods f o r  j uven i l e  clams and 
Oysters.  I n  r e l a t i o n  t o  the  o the r  micro- 
Organisms, however, the  requirements of 

and oys t e r s  may differ- 

Since  many sa l t -water  ponds t h a t  a r e  
ava i l ab le  f o r  c u l t i v a t i o n  of  mollusks a r e  
Often threatened by per iods o f  low s a l i n i t y ,  
l earn ing  more about s u r v i v a l  and growth of 
‘lam and oys t e r  l a rvae  under d i f f e r e n t  
al i n i t  y co ndi  t ions was nec es  s a r  y . 

The optimum s a l i n i t y  f o r  t he  develop- 
ment o f  eggs of Long Is land  Sound c l a m ,  

V .  mercenaria ,  w a s  about 27.5 p . p . t .  No 
normal l a rvae  developed a t  s a l i n i t i e s  of 
17.5 p . p . t .  o r  lower. The upper s a l i n i t y  
l i m i t  f o r  development of clam eggs appeared 
t o  be 35.0 p .p . t .  and only an occas iona l  
normal l a r v a  
Straight-hinged clam l a rvae  grew reasonably 
w e l l  a t  17.5 p . p . t .  and many reached meta- 
morphosis, a l though the  optimum s a l i n i t y  
f o r  t h e i r  growth appears t o  be a t  l e a s t  
27.0 p .p . t .  A t  15.0 p . p . t .  none of t h e  
l a r v a e  reached metamorphosis, al though some 
l i v e d  f o r  t e n  days o r  more and showed appre- 
c i a b l e  growth. A t  12.5 p .p . t .  s t r a i g h t -  
hinged clam l a rvae  showed no growth and a l l  
were dead by the  e igh th  o r  t e n t h  day. 

- 

developed a t  t h i s  s a l i n i t y .  

The optimum s a l i n i t y  f o r  t he  develop- 
ment o f  eggs of the  Long I s l and  Sound 
o y s t e r ,  Crassos t rea  v i rg in ica ,  t h a t  had 
developed gonads a t  s a l i n i t i e s  of 26.0 - 
27.0 p . p . t . ,  was found t o  be 22.5 p . p . t . ,  
a l though some normal l a r v a e  developed i n  
s a l i n i t i e s  as low as 12.5 p . p . t .  and as 
high as 35.0 P .P . t .  
f o r  growth of l a rvae  of a l l  ages ,  however, 

The optimum s a l i n i t y  
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w a s  17 .5  p .p . t . ,  a l though o l d e r  o y s t e r  
l a r v a e  grew we l l  and set at  s a l i n i t i e s  
ranging from 27.0 t o  12.5 p .p . t .  Growth 
evenof o lde r  o y s t e r  l a r v a e ,  at  10.0 p .p . t .  
was cons iderably  slower than a t  12 .5  p.p. t .  

The s a l i n i t y  to l e rance  o f  eggs and 
l a rvae  of  Maryland o y s t e r s ,  from low s a l i n -  
i t y  a reas ,  d i d  not  d i f f e r  from t h a t  o f  eggs 
and l a rvae  of Long I s l and  Sound o y s t e r s  
when both groups of parent  o y s t e r s  developed 
gonads at 26.0 - 27.0 p.P.t. However, when 
these  Maryland o y s t e r s  developed gonads i n  
t h e i r  normal h a b i t a t  ( s a l i n i t y  8.74 p .p . t .  
a t  t he  t i m e  of c o l l e c t i o n )  and were spawned 
at s a l i n i t i e s  of  7.5 p . p . t . ,  10.0 p .p . t .  o r  
15.0 p .p . t . ,  t he  eggs developed i n t o  normal 
s t ra ight -h inged  l a rvae  at 10.0 p .p . t .  and 
l a rvae ,  normal i n  shape and only  s l i g h t l y  
smaller i n  s ize ,  developed a t  7.5 p . p . t .  
Even a t  5.0 p .p . t .  many of  t he  eggs devel-  
oped i n t o  e a r l y  s h e l l e d  s t a g e s  before  they  
died.  The upper s a l i n i t y  l i m i t  f o r  devel-  
opment of  normal l a rvae  from these  low 
s a l i n i t y  eggs was a l s o  appreciably lower 
than  f o r  eggs from comparable o y s t e r s  t h a t  
developed gonads a t  26.0 - 27.0 p .p . t .  
None o f  t he  low s a l i n i t y  eggs developed i n t o  
normal l a r v a e  at s a l i n i t i e s  above 22.5 p .p . t .  

Whether eggs from Long I s l and  Sound 
o y s t e r s  o r  from o y s t e r s  i n  o t h e r  high s a l i n -  
i t y  areas would behave i n  t h e  same manner 
if condi t ioned and spawned a t  s i m i l a r l y  low 
s a l i n i t i e s  is not  known. The optimum 
s a l i n i t y  f o r  subsequent growth of l a r v a e  
developing t o  s t ra ight -h inged  s t a g e s  at  
these  low s a l i n i t i e s  needs t o  be known. 
Thei r  requirements may not d i f f e r  appre- 
c i ab ly  from l a rvae  developing at higher  
s a l i n i t i e s  or they  may grow so slowly at  
the  low s a l i n i t i e s  t h a t  they w i l l  t o l e r a t e  
t h a t  they  w i l l  have l i t t l e  p r o b a b i l i t y  of  
reaching metamorphosis . 

Progress  was made in developing 
ha tchery  p r a c t i c e s  f o r  c u l t i v a t i n g  clams 
and oys t e r s .  A method, f o r  example, w a s  
found t o  reduce the  m o r t a l i t y  of r ecen t ly  
set clams which has  been high i n  the  p a s t .  
U l t r a -v io l e t - t r ea t ed  water  is widely used 
t o  prevent d i seases .  I n f e c t i o n  of  t he  lab-  
o ra to ry ' s  clam c u l t u r e s  o r  populat ions of  
r e c e n t l y  s e t  clams with t h e  fungus S i r o l p i -  
dium is prevented by r a i s i n g  the  water  tem- 
pe ra tu re  t o  3 3 . 0 °  C. f o r  two o r  t h r e e  days.  
- 

A fungus,  bel ieved t o  be Lab r i n t h u l a ,  
was  observed i n  la rva l  c u l t u r e s  t o 1 

mercenaria and 0. e d u l i s .  Some of  the  
l a t t e r  were a f f e c t e d  wi th  Sirolpidium. 

Japanese clams, Tapes semidecussatat  
were condi t ioned and spawned and t h e i r  
1 arvae success fu l ly  reared  t o  metamorphosis* 
Photographs and length-width measurements 
of t h e  l a r v a l  s t a g e s  of t h i s  clam were made 
and d i s t r i b u t e d  t o  i n t e r e s t e d  b i o l o g i s t s .  
If planted a t  mean low water  i n  Milford Har' 
bor, t hese  clams surv ive  the  win ter  with 
almost no mort a1 i t  y . 

Clams r e s u l t i n g  from t h e  c r o s s  of 2. 
mercenaria  and v. campechiensis were spafled 
and t h e i r  l a rvae  r a i s e d  t o  metamorphosis. 
Severa l  hundred of t hese  P 2  genera t ions  are 
being r a i s e d  i n  the  l abora to ry .  

111. BEAUFORT LABORATORY 
(FISHERY RADIOBIOLOGICAL. INVESTIGATIONS) 

Walter A. Chipman 
Beaufort ,  North Caro l ina  

d The s t u d i e s  of the  pas t  year  a t  the  
Pishery Radiobiological  Laboratory continue 
those of  previous years  on q u a n t i t a t i v e  
measurements of accumulated r a d i o a c t i v i t y  
from the  uptake of f i s s i o n  products  by fish' 
ery organisms, t he  na ture  of t he  radio- 
a c t i v i t y  accumulated i n  t h e  var ious  par ts  
of t he  body,and t h e  l e v e l s  t h a t  could be 
passed t o  m a n  through the  use of seafoods 
o r  marine products .  P repa ra t ion  has been 
made f o r  including i n  the  inves t iga t ions  
s t u d i e s  of t he  accumulation of radioactivi  
i n  those  organs and t i s s u e s  of f i s h e r y  
organisms t h a t  are c r i t i c a l  t o  t h e  well- 
be ing  and the  reproduct ion of t hese  f o r d  
and an assessment of  t he  damaging ac t ion  
from r a d i a t i o n  from t h e  contained materia1'' 
Some s t u d i e s  of the biology of plankton gd 
s h e l l f i s h  through the  use of radioisotopes 
as t r a c e r s  have been undertaken a l so .  
p resent  s t u d i e s  along t h i s  l i n e  a re  Conce 
wi th  the  planktonic  food organisms a d . t h e  
feeding mechanisms o f  molluscan s h e l 1 f u h *  

tY 

Th$ed 

P i s s i o n  Product Mixtures 

The f i s s i o n  product mixture used in 
t h e  t e s t s  during the  year was of such an 
age t h a t  t he  g r e a t e r  p a r t  o f  t he  t o t a l  
r a d i o a c t i v i t y  r e s u l t e d  from i so topes  of the 
r a r e  e a r t h  elements p re sen t ,  pa r t i cu la r lyZ  
t o  cerium-144 and its rad ioac t ive  daughte 
product ,  praseodymium-144. Other nuclides' illfi' 
inc luding  niobium-95, zirconium-95, Y t t r  
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91, s t rot ium-89,  strontium-90, yttr ium-90, 
Cesium-137 and barium-137, made s i g n i f i c a n t  
cont r ibu t ions .  Bec ause of hydra t ion  and 
formation of inso luble  p a r t i c l e s  fol lowing 
the add i t ion  of t he  mixture t o  s e a  water 
the g r e a t e r  p a r t  of the r a d i o a c t i v i t y  slowly 
s e t t l e d  out  or was adsorbed t o  sur faces .  

Observations on a number of spec ie s  
of marine phytoplankton which were exposed 
t o  the  f i s s i o n  product mixture and added t o  
the c u l t u r e  medium showed a rap id  and g rea t  
uptake of r a d i o a c t i v i t y .  
t h i s  took p lace  wi th in  the  f i r s t  15  minutes,  
but uptake continued wi th  time. The accumu- 
l a t i o n  of r a d i o a c t i v i t y  by the c e l l s  was 
apparent ly  ch ie f ly  r e l a t e d  t o  su r face  area.  
Prom determinin 

p a r t i c l e s ,  Cef44 was found t o  be the  major 
cont r ibu tor  t o  the  t o t a l  r a d i o a c t i v i t y  asso- 
c i a t ed  with the  planktonic  a lgae ,  inc luding  
tha t  of i ts  rad ioac t ive  daughter ,  Pr144. A 
more rap id  decay r a t e  of t he  a c t i v i t y  of the  
c e l l s  rei ved soon a f t e r  adding the  mixture 
ind ica ted  a rapid uptake of i so topes  Of 
short  ha l f  l i f e ,  such a s  Y90, and a slower 
uptake of those  of long h a l f  l i f e .  

A g rea t  p a r t  o f  

the  maximum energy of the  

A rap id  uptake of  r a d i o a c t i v i t y  from 
the mixed f i s s i o n  products was l ikewise  
Observed f o r  marine copepods and o the r  
grazers  on phytoplankton. However, uptake 
has l e s s  marked than  t h a t  by phytoplankton 
c e l l s  which were of smaller  s i z e .  Aside 
from surface adsorp t ion  the re  seemed t o  be 
an Uptake from f i l t r a t i o n  of r ad ioac t ive  
P a r t i c l e s .  This  soon leve led  o f f  when the  
l o s s e s  from exc re t ion  equaled the  uptake 
from feed ing . 

The uptake and the  accumulation of 
r ad ioac t iv i ty  by marine f i s h e s ,  c roakers  
(8icropogon undulatus)  , b lue f i sh  (POmatOmUS 
L a t a t r i x )  and a dolphin (Coryphaena hippur- e), were observed fol lowing immersion of 
the f i s h  i n  s e a  water t o  which had been 
added the  mixture or i n  t e s t s  i n  which the  
m a t e r i a l  was administered o r a l l y .  on ly  
Single  doses  were given o r a l l y  while immer- 
‘ion allowed continuous exposure. With 
CQntinuous exposure the  f i s h  increased -in 

dence t h a t  t he  f i s h  would become considerably 
‘Ore r ad ioac t ive  than  the  water.  
Of r a d i o a c t i v i t y  by the  f i s h  w a s  rap id  a t  
f irs t ,  with  l a r g e  concent ra t ions  appearing 
ea r ly  in t he  i n t e r n a l  organs on a unit of 
height bas i s .  Bone gradual ly  increased i n  
its r a d i o a c t i v i t y  and accounted for the  

wi th  t ime,  and the re  was evi-  

The uptake 

g r e a t e r  p a r t  of t he  r a d i o a c t i v i t y  of t he  
f i s h  minus the  i n t e r n a l  organs.  The muscle 
t i s s u e s  slowly took up small amounts of t he  
r a d i o a c t i v i t y .  The i n t e r n a l  organs had a 
major p a r t  of t h e i r  r a d i o a c t i v i t y  r e s u l t i n g  
from Ce144 and Pr144 while these  were not  
present  i n  the  bone samples i n  an amount t o  
be apparent i n  the  analyses. There was a 
g rea t  accumulation of Srg9  and SrQO by bone. 
From o r a l  adminis t ra t ion  only s m a l l  amounts 
of the  r a d i o a c t i v i t y  given were ever  present  
i n  the  f i s h  t i s s u e s .  Of t he  small  amount 
p re sen t ,  96 percent  was accounted f o r  i n  
the  muscle, bone and integument,  c h i e f l y  i n  
t h e  bone and integument. On a u n i t  of 
weight b a s i s ,  however, l i v e r  showed the  
g r e a t e s t  accumulation. There was accumula- 
t i o n  a l s o  i n  some o the r  i n t e r n a l  organs.  
Muscle t i s s u e s  were always low i n  radio- 
a c t i v i t y .  There was a slow r a t e  of  decay 
of t he  rad io iso topes  of t he  l i v e r  and almost 
no change i n  those of t he  muscle t i s s u e s .  
This probably r e s u l t e d  from an accumulation 
of  t he  long l i ved  Cs137. Bone samples,  and 
those of t he  integument,  increased i n  radio- 
a c t i v i t y  f o r  approximately 20 days or more 
and then a slow r a t e  of Loss occurred. This 
i n d i c a t e s  an accumulation of Sr90 i n  those 
t i s s u e s  and a slow formation of i ts  radio-  
a c t i v e  daughter ,  Y90. Sr89 was present  and 
i ts  decay r e su l t ed  i n  a slow l o s s  of radio- 
a c t i v i t y  of  t he  bone fol lowing the  23rd 
day. The accumulation of these  s p e c i f i c  
i so topes  by d u f e r e n t  t i s s u e s  w a s  confirmed 
i n  t e s t s  of t he  aluminum absorpt ion of t h e i r  

p a r t i c l e s .  

Cerium-144 

r a d i o a c t i v i t y  of f i s s i o n  product mixtures  
a t  t he  age of  a year r e s u l t s  from r a r e  e a r t h  
nuc l ides .  Consequently, one of t hese ,  
Ce144, was obtained and i t s  metabolism by 
marine f i s h e r i e s  organisms inves t iga t ed .  

The g r e a t e s t  percentage of t he  t o t a l  

Adding cerous n i t r a t e  i n  acid solu-  
t i o n  t o  s e a  water r e su l t ed  i n  the  formation 
of p a r t i c l e s .  The Ce144 of f i s s i o n  product 
o r i g i n  added t o  s e a  water probably e x i s t s  
i n  t h e  water i n  t h e  form of p a r t i c l e s .  This  
f a c t  has  considerable  bear ing  on i t s  uptake 
by marine organisms. 

Adding Ce144 t o  the  medium i n  which 
phytoplankton was suspended r e su l t ed  i n  a 
rap id  i n i t i a l  uptake by the  c e l l s .  Tes t s  
demonstrated t h a t  t h i s  r e s u l t e d  p r imar i ly  
from adsorp t ion  of t he  Ce144 p a r t i c l e s  t o  
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t he  c e l l  su r f ace .  When t h e  nuc l ide  w a s  
p re sen t  c h i e f l y  i n  an i o n i c  s t a t e ,  uptake 
by the  c e l l s  w a s  much less marked. Plank- 
t o n i c  a lgae grown i n  t he  presence of Ce144 
had a h igh  r a d i o a c t i v i t y .  Repeated resus-  
pension o f  the  c e l l s  i n  non-radioact ive sea 
water removed a small percentage of t h e  
Ce144 each time. 

Sca l lops  immersed i n  sea water t o  
which had been added Ce144 immediately 
became rad ioac t ive  and continued t o  become 
mor e rad  i o  ac t ive  dur ing  the  observa t ion  
t ime of 20 ‘days. A t  t h a t  time t h e i r  s h e l l s  
and bodies ,  except ing the  adductor muscles, 
were a t  least  100 t imes more r ad ioac t ive  
per  gram than  the  surrounding s e a  water. 
Undoubtedly a g r e a t  p a r t  o f  t he  uptake re- 
s u l t e d  from adsorp t ion  t o  the  s u r f a c e s  of 
t he  s c a l l o p ,  bu t  uptake from f i l t r a t i o n  w a s  
probably important.  

Blue c rabs ,  Ca l l inec t e s  sap idus ,  were 
given Ce144 by mouth. Only a small amount 
of t h e  nuc l ide  passed through the  walls of 
t h e  d i g e s t i v e  t r a c t  i n t o  t h e  blood and t h e  
t i s s u e s .  There w a s  marked accumulation i n  
the  hepatopancreas ,  o r  l i v e r ,  and some i n  
o t h e r  i n t e r n a l  organs,  No accumulation i n  
t h e  s h e l l  was observed. 

Zinc-65 

Previous r e p o r t s  have descr ibed  the  
uptake and t h e  t i s s u e  d i s t r i b u t i o n  of Zn65 
accumulated by marine f i s h e s  and o the r  
marine organisms. This nuc l ide ,  although 
not a f i s s i o n  product ,  w a s  found i n  marine 
f i s h e s  fol lowing the  t e s t i n g  of nuclear  
weapons i n  t h e  P a c i f i c  Ocean and accounted 
f o r  a l a r g e  perceatage of t he  t o t a l  radio- 
a c t i v i t y  of t h e i r  t i s s u e s .  

Fu r the r  observa t ions  on the  uptake 
and the  l o s s  of accumulated 21165 by marine 
f i s h e s  demonstrated t h a t  high concent ra t ions  
o f  o r a l l y  adminis tered z inc  appeared e a r l y  
i n  t h e  blood wi th  a rap id  uptake by t h e  
kidney and the  sp leen .  There was consider-  
ab le  accumulation by the  l i v e r .  A r ap id  
l o s s  took p lace  from t h e  i n t e r n a l  organs 
accompanied by a slow and long-continued 
accumulation i n  t h e  bone and t he  muscle 
t i s s u e s .  When f i s h  t h a t  had accumulated 
2x165 from exposure t o  the  nuc l ide  i n  s e a  
water  were re turned  t o  f lowing s e a  water ,  
t h e r e  w a s  i n i t i a l l y  a marked l o s s  of t he  
Z d 5 .  Only about 20 percent  remained a f te r  
one day. However, 7 t o  8 percent  o f  t h a t  

o r i g i n a l l y  present  was r e t a ined  wi th  almost 
no decrease i n  amount throughout t he  25 days 
of  observa t ion .  

G i l l  E f f i c i ency  of  Clams 

The e f f i c i ency  o f  f i l t r a t i o n  of phyto’ 
plankton c e l l s  from s e a  water by clams Was 
observed and measured i n  experiments i n  
which two spec ie s  of planktonic  a lgae  were 
p re sen t  i n  t h e  suspension,  each labe led  w i t h  
a d i f f e r e n t  rad io iso tope .  I t  was, t hus ,  
poss ib l e  t o  measure t h e  removal of each 
spec ies  over a per iod o f  time from t h e  Same 
water passed through t h e  f i l t e r i n g  mechmis@ 
of t h e  clams. 

Although t h e r e  were a few obserVatiops 
i n d i c a t i n g  t h a t  clams could exe rc i se  some 
s e l e c t i v i t y  i n  f i l t r a t i o n  of d i f f e r e n t  spec 
c i e s  of phytoplankton c e l l s  from the  water. 
i n  most ins tances  the  clams removed the  
c e l l s  o f  each of  t he  two spec ies  i n  the  Sarne 
r a t i o  as they  were present  i n  the  suspension’ 
The c e l l s  of smal l  s p e c i e s ,  however, were 
removed l e s s  e f f i c i e n t l y  than those  of a 
l a r g e r  spec ie s  present  and seemed t o  br ing 
about an increased s e c r e t i o n  of mucus. 
Species  of d i n o f l a g e l l a t e s  a f f ec t ed  the  
clams and appeared t o  i n t e r f e r  wi th  t h e i r  
water f i l t r a t i o n  a c t  i v i t  i e s  . 

I V .  PENSACOLA LABORATORY 
(GULP OYSTER INVEsTIGATIONS) 

P h i l i p  A.  But le r  
Pens  aco la  , Flo r ida  

Oysters  

A l l  phases of the  o y s t e r ’ s  l i f e  are 

Research on the  biology of l oca l  
s tud ied  t o  a id  the  commercial oys t e r  fish’ 
c r i e s .  
o y s t e r s  cont inues  t o  demonstrate t h a t  they 
are more responsive t o  f l u c t u a t i o n s  i n  water 
temperature than t o  o t h e r  measurable hydro’ 
graphic  f e a t u r e s  (assuming the  o v e r a l l  
s u i t a b i l i t y  of  t he  environment).  The timing 
of the  1957 reproduct ive cyc le  and the  
s e t t i n g  i n t e n s i t y  have dupl ica ted  the  Pat’e5 
t e r n  of 1956 when s imi l a r  water temperatur 
occurred,  although s a l i n i t y  l e v e l s  have 
dec idedly  lower t h i s  year .  S e t t i n g  s ta r te  
e a r l y  i n  March, a t t a i n i n g  a peak of 30/cmz/ 
week i n  mid-May and p r a c t i c a l l y  stopped at 
the  end of June when water temperatures 
reached 85 - 95” F. 

bee* 
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During the  pas t  year  t he  experimental  
r e s u l t s ,  as well  as t he  hydrographic data  
co l l ec t ed  rou t ine ly ,  i n d i c a t e  the  importance 
of water s t r a t i f i c a t i o n  t o  the  b i o t a  even 
i n  a reas  where the  t o t a l  water depth is less 
than th ree  meters.  I n  both open bays, as a t  
Apalachicola,  and i n  cons t r i c t ed  sounds, as 
the l abora to ry ,  s a l i n i t i e s  a t  t h e  bottom 
may be f i v e  t o  Seven t imes those a t  the  sur -  
face a t  d i f f e ren t  t i d a l  s t ages .  
s ion ,  a t  a depth of two meters, d i f f e rences  
of 13 p a r t s  per  thousand were found. 
ferences i n  water temperatures while  not as 
grea t  may equal ly  i n d i c a t e  environmental 
d i f fe rences  i n  the  same genera l  a rea .  Such 
condi t ions r e su l t ed  t h i s  year i n  the  t o t a l  
m o r t a l i t y  of some of the l abora to ry ' s  experi-  
mental clam p lan t ings  and t r a y s  of  s ca l lops  
While v e r t i c a l  p l an t ings  only a few feet 
away were undamaged. Addit ional  evidence 
along t h i s  l i n e  of inqui ry  appears i n  t he  
labora tory ' s  analyses  of plankton pigments 
Which indicate enormous d i f fe rences  i n  chlo- 
rophyl concent ra t ions  from top  t o  bo,ttom 
and perhaps,  t h e r e f o r e ,  i n  s h e l l f i s h  food 
a wel l .  
c a t e  t he  ex ten t  t o  which wind may WdFfy 
t h i s  marine environment. 

On occa- 

D i f -  

The labora tory ' s  d a t a  a l s o  ind i -  

Oyster  Drills 

of young d r i l l s  f i rs t  d i f f e r e n t i a t e  8s males 
and dur ing  t h e i r  f i r s t  winter  some of t hese  

t h e i r  s ex  t o  become females SO t h a t  
a 1:1 sex  r a t i o  is es t ab l i shed  among mature 
Snails.  
Sna i l s  and i s o l a t e d  the  males and t h e  females 
in s epa ra t e  t r a y s .  
Snails were examined aga in  and one male was 
found i n  the  female t r a y .  
l a t e r  they were re-examined and the  male 
group was s t i l l  a l l  male whereas t h e r e  Was 
a second male i n  the  female t r a y  which w a s  
a+ f i l l e d  wi th  capsules  of f e r t i l e  eggs. 
since t h e r e  were no r eve r sa l s  i n  the  male 

and only  two apparent r eve r sa l s  i n  t h e  
female t r a y ,  which might have been contami- 
nants from d r i f t i n g  seaweed, sex  r eve r sa l  
either does not  occur i n  mature Thais o r  t o  
8uCh a s l i g h t  degree t h a t  it is i w i g n i f i -  

Researchers observed t h a t  a major i ty  

The labora tory  sexed 300 mature 

S ix  months l a t e r  t he  

Seven months 

cant.  

Conclusive experiments with t h e  chemi- 
cal metaldehyde, widely used as a c o n t r o l  
*Or t e r res t ia l  s n a i l s ,  showed t h a t  i t  is 
' e lec t ive ly  t o x i c  t o  marine s n a i l s  as w e l l .  

h igh concent ra t ions  o f  it a re  required 
and its i n s o l u b i l i t y  i n  water make us ing  

t h i s  chemical impract icable  f o r  d r i l l  
cont ro l  i n  oys t e r  producing areas. F ina l  
experiments wi th  hermit  c rabs  show t h a t  
they a re  of r e l a t i v e l y  l i t t l e ,  if any, 
importance as n a t u r a l  p reda tors  of  t h e  drill 
i n  t h i s  a rea .  

CLAM AND CHESAPEAKE OYSTER 
INVESTIGATIONS 
John B. Glude 

Annapolis,  Maryland 

SOFT CLAMS 

Sagadahoc Bay.--Size and growth d a t a  
were obtained from a l l  clams taken from the  
1956 census. S t a t i s t i c a l  determinat ions 
from t h e  ma te r i a l  w i l l  be completed i n  the  
f a l l  of 1957. 

The populat ion is s t i l l  decreasing;  
i ts r a t e  of d e c l i n e  was so low t h a t  t he  
census w a s  omitted i n  1957 and w i l l  be taken 
b i e n n i a l l y  i n  t h e  f u t u r e  un t i l  a d e f i n i t e  
change i n  the  popula t ion  is ind ica t ed ,  where  
upon annual s t u d i e s  w i l l  be resumed. 

Interviews withdiggers  were continued 
t o  maintain the  records of  t he  volume of  
clams be ing  removed from the  bay. During 
1956 the  average ca tch  dropped t o  a h a l f  
bushel per  man per  t i d e .  I n  the  sp r ing ,  
however, because of t h e  s u r v i v a l  of a se t  
i n  the  o u t e r  p a r t  of t h e  bay where c rab  
preda t ion  is low the  ca t ch  increased  t o  one 
bushel  per  m a n  per t i d e .  

Monthly sediment samples were con- 
t inued  f o r  t he  purpose of judging the  suc- 
cess  of  s e t t i n g  i n  the bay. While t h e  1955 
s e t  w a s  almost completely des t royed ,  a fa i r  
1956 s e t  occurred i n  the  near  shore  areas. 
This se t  surv ived  i n  numbers up t o  60 clams 
per  square  f o o t  up t o  the  e a r l y  sp r ing  of 
1957. When the  clams i n  this se t  exceeded 
the  5 mm. s i z e ,  green crabs des t royed  many 
of them. 

Sam's Cove.--Monthly sampling at  f i v e  
s t a t i o n s  wi th in  t h i s  a r ea ,  which a low 
fence pro tec ted  from crab  preda t ion ,  h d i -  
ca ted  a good s u r v i v a l  of  t h e  1955 year  
c l a s s .  An exce l l en t  s e t  occurred in 1956 
and has surv ived  wel l .  The average concen- 
t r a t i o n  f o r  t he  area i n  the  sp r ing  of  1957 
w a s  about 100 clams per  square  f o o t  and the  
highest concent ra t ion  sampled was 324. Gmwth 
r a t e s  slowed down, showing the  inf luence  of 
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F I S H E R I E S  RESEARCH LABORATORY, U.S. F I S H  AND W I L D L I F E  S E R V I C E  
EOOTHEAY HARBOR, MA I NE 

PORTION OF CLAM FLATS 
SURVIVAL OF SOFT CLAMS W I T H I N  THE f t N C F D  ARLA ( S I P H O N  HOLE5 AT L E F T )  ANU 

I N  SAM'S  COVE, OREMEN, MAINE,  I L L U S T R A T I N G  EXCELLEN7 

NO S U R V I V A L  O U T S I D E  ( R I G H T  S I D E )  
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a g r e a t e r  than  optimum concent ra t ion  of 
clams. The f i r s t  of  t he  1957 s e t  w a s  found 
during t h e  l a s t  week i n  June 1957. 
clams ranged around .5 mm. i n  s i z e .  

These 

Inf luence  of Gemma on Mya se t . - - In  
Several  ins tances  i t  has been pointed out 
t h a t  where the  small  b iva lve  Gemma gemma 
O C C U r S  i n  numbers, t h e  s o f t  clam w i l l  not 
be found,  though the  s u b s t r a t e  may be s u i t -  
able  f o r  its exis tence .  I n  the  s p r i n g  of 
1957 an experiment w a s  s t a r t e d  t o  tes t  
Whether t h i s  may r e s u l t  from d i r e c t  compe- 
t i t i o n  between t h e  two spec ies .  

Severa l  p l o t s  of sand were secured 
from Sagadahoc Bay, an a rea  i n  which both 
Gemma and occur ,  and were placed i n  
Sam's Cove, an area of r e l i a b l y  heavy 
Se t .  
and h a l f  only s t e r i l e  sand. 

CI 

Half of these  p l o t s  contained Gemma 

Throughout t he  s u m e r  of 1957 weekly 
samples w i l l  be taken i n  these t e s t  p l o t s  
t o  determine when and i n  what numbers young 
s o f t  c l a m  appear and t o  fol low the  in t e r -  
ac t ion  between the  two Species.  

I n  add i t ion  t o  t h e  above, a l a r g e  a rea  
of Sagadahoc Bay was s t e r i l i z e d  by Steaming 
the  f l a t s  a t  low t i d e  wi th  a common weed 
burner as  a por tab le  hea t  source. .  The a rea  
is probably l a r g e  enough t o  prevent new 
Gemma from being washed i n t o  the  p l o t .  
t h i s  organism, unl ike  the  s o f t  clam, does 
not have a planktonic  s t a g e ,  any rePoPula- 
t i o n  w i l l  occur only from the  migrat ion of 
Young Gemma. 
appears i n  t h i s  a r ea ,  then a na tu ra l  Segment 
of the  f l a t s  w i l l  be ava i l ab le  f o r  s tudying 
the  r e l a t ionsh ips  of t he  two organisms. 

ShCe 

If a s e t  of s o f t  clams a l s o  

GREEN CRABS 

Tagging.--Of 250 crabs ,  Carcinides  
Zaenas, tagged wi th  i n t e r n a l  t ags  and held 
Over win ter  i n  a submerged cage a t  Wickford 
Harbor, only 62 survived t o  sp r ing .  up t o  
June 28, 12 of t he  62 died without shedding, 

shed and 4 of these  r e t a ined  t h e i r  t ags .  
k a u s e  of t he  high win ter  mor t a l i t y  and the  

drawn as  t o  whether crabs bear ing t ags  f o r  
long per iods  of time r e t a i n  i n t e r n a l  tags  
through molting. On May 2,  1957, 59 c rabs  
*ere tagged and 12 of them shed. Ten of them 
l ived  through the  molt ,  8 re ta ined  t h e i r  
tags while 2 d id  not .  
crabs tagged on June 12 ,  1957 y ie lded  9 

r a t e  of shedding no cOnclUSiOnS Can be 

Another group of 34 

shedders of which 3 r e t a ined  t h e i r  t a g s  and 
6 d id  not.  
be r ry  box reduced the  numbers of c rabs  t h a t  
can be held i n  the cage. However, t he  be r ry  
boxes e l imina te  canabalism. 

Placing each crab i l l  a p l a s t i c  

F ie ld  studies.--The r e s u l t s  of a 2-year 
s tudy  of t he  stomach contents  of green crabs 
obtained from Plum I s l and  Sound, Mass achu- 
s e t t s ,  was presented a t  t he  March staff m e e t -  
ing.  Emphasis was placed on the  techniques 
employed i n  obta in ing  samples of  t h e  crabs.  
The l a r g e s t  numbers of c rabs  and t h e  l a r g e s t  
numbers having food i n  t h e i r  stomachs were 
found i n  the  e a r l y  morning c o l l e c t i o n s  rather 
than  i n  the  l a t e  af ternoon c o l l e c t i o n s ;  t h i s  
f a c t  ind ica ted  t h a t  t h e  c rabs  are pr imar i ly  
noc turna l  animals. 
show t h a t  t he  c rabs  probably s e l e c t  small  
foods r a the r  than  l a rge  ones.  Thus, new 
sets of %sand Mytilus may be preyed upon 
heav i ly ,  e s p e c i a l l y  s i n c e  l a r g e  numbers of 
small animals,  such as Gemma and Hydrobia, 
appeared so f requent ly  i n  the  c rabs '  stom- 
achs.  A di f fe rence  because of s i z e  o r  s ex  
could not  be demonstrated i n  the  food h a b i t s  
of crabs which were over  30 mm. 

Data were presented t o  

Laboratory s t u d i e s  .--During the  sum- 
mer of 1956 approximately 250 green crabs 
were s t a r v e d  i n  the  labora tory  and then 
s e l e c t i v e l y  f ed  over  given t i m e  per iods .  
Data were co l l ec t ed  on sex  d i f f e rences  i n  
regard t o  food taken ,  volume of food mate- 
r i a l  consumed and c e r t a i n  food preferences .  
Observations were made on r a t e s  of s h e l l  
r e g u r g i t a t i o n  and de feca t ion  i n  an e f f o r t  
t o  measure d i g e s t i o n  rate.  Some of the  more 
important conclusions drawn from t h e  s tudy 
are : 

1. No appreciable  d i f f e rence  i n  food 
h a b i t s  obtained between sexes of s i m i l a r  
s i z e .  

2.  S h e l l  is both  regurg ia ted  and 
given o f f  with t h e  f aeces .  

3. Stomach ana lys i s  is not a com- 
p l e t e l y  accura te  q u a n t i t a t i v e  measure of 
food consumption s i n c e  i n  the  major i ty  of 
t he  cases t h e  umbones of b iva lves  a r e  not 
taken  i n .  

4 .  No cases  were noted where a clam 
over 4 mm. i n  l eng th  was consumed whole. 

5. Crabs under 20 mm. can c rush  
s o f t s h e l l  clams of a length  equal  t o  t h e i r  
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carapace width.  Crabs over  20 mm. can open 
clams of increas ingly  g r e a t e r  length  than 
t h e i r  carapace width and the  l a r g e s t  c r abs ,  
around 70 and 80 mm., can handle any l a r g e  
s o f t s h e l l  clam. 

6. Starved crabs consume the  e n t i r e  
s o f t  p a r t s  of the  clams. Crabs suppl ied  
with an excessive number of clams consume 
cnly the  v i s c e r a l  mass and, a f t e r  having 
consumed t h e i r  l i m i t ,  break up a l l  remain- 
i n g  clams. 

7. Crabs show l i t t l e  preference  
among small  &, Myti lus  and Macoma; how- 
e v e r ,  when the  clams a r e  l a r g e ,  t he  c rabs  
usua l ly  p r e f e r  b. 

Tolerance t o  low temperatures.-- 
Under l abora to ry  condi t ions  s imula t ing  the  
exposed i n t e r t i d a l  zone green crabs  were 
exposed f o r  var ious  per iods  of t ime up t o  
12 hours t o  temperatures  of approximately 

10' P., 0' F. and -10' F. Within t h i s  
temperature range i n  na tu re ,  t he  majori ty  
of c rabs  win ter ing  i n  the  i n t e r t i d a l  zone 
would be s a f e .  Since most of these  crabs 
are bur ied  i n  the  sediments near  t he  low 
water mark, t h e i r  l o c a t i o n  is exposed t o  
no more than  two o r  t h r e e  hours of  a i r  
temperature .  
t a l i t y  occurred among crabs  exposed f o r  a 
long per iod of time a t  the  lower tempera' 
t u r e s  , good s u r v i v a l  occurred among crabs 
exposed t o  even the  lowest temperature 
range f o r  per iods  up t o  fou r  hours.  

Although a high r a t e  of mor@ 

During 1956 good evidence w a s  accu' 
mulated from ten l o c a l i t i e s  i n  Maine a d  
two i n  Massachusetts which ind ica t ed  e i ther  

the heavy m o r t a l i t i e s  of  green crabs dur ing  
winter of  1955-1956 o r  reduced populatio*s 
i n  1956 o r  both.  I n  s e v e r a l  of t he  c*eS 
of d e f i n i t e  w in te r  m o r t a l i t i e s  t he  deaths 
apparent ly  occurred dur ing  the  extremely 
co ld  per iods  of l a t e  December and ea r ly  
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Control  of green c rab  
predation.--The improved model 
of an t i -c rab  fence  e rec t ed  i n  

W E E N  CRABS DEAD AFTER FEEDINQ UPON CHOPPED ALEWIVES 
TREATED WITH LINDANE I N  A CRAB CONTROL EXPERIMENT I N  

UPPER LANDINQ CREEK, WELLS, MAINE 

January.  
however, numerow f i e l d  observat ions i n  
c e n t r a l  and e a s t e r n  Maine during t h e  co ldes t  
Par t  of the  win ter  f a i l e d  t o  revea l  any 
widespread c r a b  m o r t a l i t i e s .  A few ins tances  
of c rab  m o r t a l i t i e s  were reported during a 
thaw fol lowing an extended period of heavy 
ic ing .  
formerly support ing f a i r l y  high c rab  POPU- 
l a t i o n s  had a considerably reduced popula- 
t i on .  These areas  too  had extended per iods 
Of heavy i c i n g  during the  winter .  These 
f ind ings ,  toge ther  w i t h  the  r e s u l t s  of t he  
labora tory  experiments,  i nd ica t e  that l o w  
temperatures alone cannot account f o r  mass 
crab m o r t a l i t i e s .  
Other environmental f a c t o r  t o  which the  
green c rab  is known t o  be s e n s i t i v e ,  a s tudy 
will be made of i t s  oxygen requirements t o  
determine whether n a t u r a l  circuW-tanCeS may 
a r i s e  which lead  t o  oxygen de f i c i enc ie s .  

During the  winter  of 1956-1957, 

I n  the  sp r ing  of 1957 s e v e r a l  a reas  

S ince  oxygen is the  only 

1956 kept t he  c rabs  from Sam's 
Cove throughout t he  1956 season. 
Trap catches of c rabs  wi th in  
the  fence  remained r e l a t i v e l y  
low. A gradual i nc rease  i n  mean 
s i z e  accompanying a gradual  in- 
c rease  i n  catch ind ica t ed  t h a t  
the  c rabs  being caught were 
small ones which were growing 
wi th in  the  enclosed area .  These 
l imi t ed  numbers were soon reduced 
t o  a low leve l ,  however, 

Using the  C l a m  Invest iga-  
t i ons '  bas i c  an t i -c rab  fence  
des ign ,  t he  Maine Department of 
Sea and Shore F i s h e r i e s ,  mostly 
i n  cooperat ion wi th  clam-produc- 
ing towns, i n  1956 ins ta l led  
over 7 ,000 f e e t  o f  fenc ing;  

I n  l a t e  November, when 
the  c rab  a c t i v i t y  had g r e a t l y  
diminished,  t h e  fence was taken 
down f o r  t he  win ter .  The new 
des ign ,  incorpora t ing  removable 
panels  of  fenc ing ,  g r e a t l y  fa- 
c i l i t a t e d  t h e  disassembly. The 
fe'nce was reassembled dur ing  
Apr i l  and a t rapping  program is 
aga in  being c a r r i e d  out as a 
check on c rab  concent ra t ions  
both in s ide  and ou t s ide  t h e  
fenced areas .  

Another method of  c o n t r o l l i n g  green 
crabs  is wi th  Lindane (gamma isomer of ben- 
z ine  hexachlor ide) .  Expermments reported 
i n  f i s c a l  1956 ind ica t ed  t h a t  Lindane was 
extremely tox ic  t o  green crabs  i n  d i l u t i o n s  
as low as one p a r t  i n  10 m i l l i o n  p a r t s  o f  
water . 

Two la rge-sca le  experiments were con- 
ducted i n  the  Upper Landing Creek and Popes 
Creek systems i n  Wells ,  Maine dur ing  t h e  
summer of 1956. 
i n  a 20 percent  commercial s o l u t i o n  of 
Lindane were used as b a i t  and d i s t r i b u t e d  
along the  sho re l ine .  Costs  amounted t o  $21 
per  mile f o r  ma te r i a l s  and $22 per  mile f o r  
l abor .  Both experiments r e su l t ed  i n  m a S s  
m o r t a l i t i e s  of  green crabs which brought 
about temporary reduct ions  i n  popula t ions .  
The t rapping  program ind ica t ed  t h a t  t h e  
ca t ch  f e l l  from about 100 c rabs  per t r a p  

Frozen alewives s a t u r a t e d  
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per  day before  the  ope ra t ion  t o  a maximum 
of seven crabs per  t r a p  per  day af terwards.  
Green crabs  remained i n  low numbers during 
the  remainder of  1956. However, prel iminary 
surveys i n  t h e  sp r ing  of  1957 ind ica t ed  t h a t  
t h e  crabs had migrated back i n t o  t h e  areas  
and t h e  populat ion numbers seemed as high 
as ever .  

The temporary reduct ion occurred a t  a 
c r i t i c a l  time i n  t h e  annual cyc le  of  t h e  
s o f t  clam populat ion when t h e  crabs a r e  
extremely ac t ive  and when t h e  s m a l l  clams 
a r e  reaching a s i z e  r ead i ly  ava i l ab le  t o  
t h e  crabs.  The reduct ion  w a s  probably re- 
spons ib le  f o r  t h e  good s u r v i v a l  of a dense 
1956 s e t  of clams. 

Annual es t imate  of green c r a b  abun- 
dance.--The t rapping  method cons is ted  of 
f i s h i n g  three s tandard  t r a p s  i n  each loca- 
tZon f o r  two days during t h e  f i rs t  p a r t  o f  
each month f o r  t h e  period May through Octo- 
be r .  Fresh he r r ing ,  a s tandard b a i t ,  was 
used whenever poss ib le .  Trapping i n  Maine 
was done wi th  the  cooperat ion o f  t he  Maine 
Department of Sea and Shore P i she r i e s  and 
i n  Massachusetts w i t h  the Divis ion of Marine 
P i she r i e s  and Town S h e l l f i s h  Of f i ce r s .  The 
fol lowing t a b l e  shows t h e  r e s u l t s  of fou r  
years  of t rapping:  

- 

Table 1.--Mean catches  of green crabs f o r  comparable 
periods--catch per trap per day. 

Maine: 
Jonesport 
Trenton 
Southport 
Kennebunk River 

Massachusetts : 
Plum Is land Sound 

Rhode Is land:  
Narragansett Marine 
Narrow River 
Potter  Pond 

N i a n t i c  River 
Connecticut: 

1953 1954 1955 - - -  
300 153 235 
152 155 239 

79 113 175 
37 125 47 

215 129 238 

9 
-- 38 -- 132 

-- Lab. Basin -- -- -- 

-- 268 -- 

1956 - 
332 

3 
190 -- 
250 

-- 
78 

135 

-- 

Predators  of green crabs.--To test  
t h e  suggest ion t h a t  populat ions of green 
crabs  may be checked wi th in  t h e i r  n a t u r a l  
range by a heavy preda t ion  by f i s h ,  t h e  
fol lowing s t u d i e s  are being conducted: 

A beam trawl having a +foot  mouth 
and a 12-foot bag w a s  constructed t o  o b t a i n  
f i s h  specimens from shal low water a reas  
south  of  Cape Cod, Rhode I s l and ,  inhabi ted  
by green crabs .  The stomach contents  of 

reen 
t he  f i s h e s  w i l l  be examined t o  s e e  if !be 
crabs are being preyed upon. Much of #d 
sampling has been explora tory  i n  nature 
the  r e s u l t s  of  stomach ana lys i s  have 
meager. Samples of f i s h  have been 
a l s o  by t r awls  from the  deep water are$o 
Narraganset t  Bay bu t  they have yielded ,to@ f i s h e s  having green crabs i n  t h e i r  cat i f lg  
The beam trawl has been useful  i n  10 
green crabs  i n  s a l t  ponds about Narragaii 
s e t t  Bay. 

d and i n  Pox H i l l  Pond on Conanicut I s l a  ofl 
o the r s  have been dredged from Charlest 
Pond. 

beeo d 
,bt aifl:j 

bSi 

Large numbers have been caug 

fiO@ 
The c o l l e c t i o n  of f i s h  i n  waters 

of Cape Code, Maine was begun in June' 
Various types of  f i s h i n g  gear a r e  bein$ 
employed near shore  i n  a reas  where gre 
c r abs abound. 

HARD CLAMS A P  
ph0"' 

Produc t iv i ty  i n  Greenwich B a M  5ti' 
Island.--Two b i o l o g i s t s  of the  Clam 
ga t ions  continued on d e t a i l  t o  the .A 

off i c e  - 
of River Basin S tud ie s  of the  Fish 9"195' 
W i l d l i f e  Se rv ice  during most of fiscal osed roQ f o r  s t u d i e s  i n  connection with the  p t 
hur r icane  con t ro l  b a r r i e r s .  As a res'' 

of these studies, the  hard clam ceflS@ dl Of 
Greenwich Bay was expanded t o  cover 
upper Narraganset t  Bay. These data  efi 
showed the  present  d i s t r i b u t i o n  and   it' 
of hard clam s tocks  can be correlate& 
the  same d a t a  a f t e r  cons t ruc t ion  of 
b a r r i e r s .  

2r 482 
Prom Apr i l  t o  November 1956, 

bottom samples were taken. This number fl"' 
included the  annual census of Gree nwichJqO 

l a t e  I n  add i t ion ,  305 samples taken i n  
and e a r l y  1956 i n  t h e  Providence River 
Mount Hope Bay were used a l so .  

Greenwich Bay decl ined t o  t h e  lowest 'jot 
i n  seven  years of s tudy ,  The densitYpl' 
1956 w a s  about 0.38 per  square foot' ZbC$ 
though t h e  t a t a l  populat ion dedined '  ft01 

t he  low point  i n  1953. This is in pula'i,,v 
t o  a s teady  dec l ine  i n  the  l e g a l  ~ e o ~ f a ~ c p  
from t h e  high poin t  i n  1953. The Grf efid pt 
c a l  d i s t r i b u t i o n  of hard clams i n  
Bay remained i n  general  the  same asdeflfi, 
vious years ,  wi th  the  high and low iciO cp ateas i n  approximately the  same POs 
The t o t a l  ca tch  of hard c l a m  i n  Gre 

jfl 
The t o t a l  abundance of hard c1a;pt 

sub lega l  populat ion s l i g h t l y  incre$ontf ed 4 ofi 

$0 jtY 
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Bay, based on in te rv iew d a t a ,  w a s  t he  lowest 
of any year s i n c e  the  s tudy  began. The 
ca t ch ,  however, i n  1956 was made up of nearly 
equal numbers of "necks" and "large".  
is i n  con t r a s t  t o  a l l  previous years  when 
the  ca tch  of "necks" was g r e a t e r  than t h e  
ca t ch  of "large".  This i nd ica t e s  a s h i f t  
i n  t he  f i s h e r y  t o  concent ra te  on the  accu- 
mulated s tock  of  "large" hard clams. 

This  

The o the r  p a r t s  of upper Narraganset t  
Bay showed some con t r a s t s  with Greenwich 
Bay. The dens i ty  of hard clams i n  the  Pro- 
vidence River was much heavier  than t h a t  of 
m y  o the r  l o c a l i t y .  The dens i ty  f o r  1956 
Was 1.56 per  square f o o t ;  t h i s  is nea r ly  
twice the  next most dense area and near ly  
20 times the  least  dense a rea .  I t  f i v e  
times the  average d e n s i t y  f o r  upper Narra- 
ganse t t  Bay. 
heaviest  d e n s i t i e s  f o r  "sublegals" , "necks" 
md "large" s i z e  ca tegor ies .  
I s land  a r e a  had the  lowest hard clam densi-  
t i e s .  
average f o r  upper Narraganset t  Bay i n  a l l  
s i z e  ca t egor i e s .  A s e r i e s  of d i s t r i b u t i o n  
diagrams were p lo t t ed  f o r  t o t a l  a l l  S i zes ,  
'lsublegals" "necks" and "large". These 
cha r t s  which show the  a reas  of high and low 
concentrat ion i n  upper Narraganset t  Bay have 
evoked much i n t e r e s t  from the  fishermen. 

Providence River showed t h e  

The Hope 

Greenwich Bay ranked c lose  t o  the  

clams planted i n  the  s u b t i d a l  a r ea  of 
Greenwich Bay i n  the  f a l l  of 1955 t o  s tudy  
growth were redug i n  the  sp r ing  Of 1957. 
Of t he  550 hard clams p lan ted ,  364 were re- 
:overed by tonging and SCUBA diving.  Growth 

the  20 months was 16.7 mm. The mean 
Planted l eng th  w a s  42.8 mm. and the  mean 
recovered length  59.5 nun. 

Seasonal a 

r e l a i o n s h i p  would probably e x i s t  between 
the seasonal  abundance of Venus la rvae  i n  
an a rea  and the  abundance of s e t  found in 
the a r e a  a t  a l a te r  da te .  Perhaps the  prime 
P re requ i s i t e  f o r  t h i s  r e l a t i o n s h i p  is t h a t  
the a rea  have an independent or near ly  inde- 
Pendent water c i r c u l a t i o n  During f i s c a l  
1957 the  d a t a  f o r  1953-1956 from Wickford 

were analyzed f o r  t h i s  r e l a t ionsh ip .  
A summary of t hese  d a t a  is ,presented i n  
table  2. Values a re  presented a~ index 
n'aers showing re1 a t i v e  abundance between 

i n  each column. Each column uses  1953 
the  base va lue  f o r  t h a t  column. The 

shows t h a t  while t he  r e l a t i v e  abundance 

of bo th  ca t egor i e s  of  l a rvae  f luc tua ted  
wi th in  a narrow range dur ing  the  years  under 
cons idera t ion ,  t he  r e l a t i v e  abundance o f  
se t  increased markedly each success ive  year .  
Apparently the re  is no connection between 
l a r v a l  abundance and s e t  dens i ty  i n  Wickford 
Harbor. 

Table 2 

Year Ear ly  l a rvae  Mature l a rvae  Set 
1953 1 1 1 
1954 2.4 1 .4  2.3 
1955 2.1 2.1 6.7 
1956 4.4 1.3 32.3 

Index numbers - 

Spat  t r a p  s tudies . - -Resul ts  of pre- 
vious at tempts  t o  c o l l e c t  hard clam seed 
by us ing  the  " t i d a l  spa t - t rap"  showed t h a t  
t he  l a rvae  could success fu l ly  be r e t a ined  
and would s e t t l e  out as s p a t ,  However, t he  
numbers co l l ec t ed  were smal l  and no g r e a t e r  
than could be found i n  the  f i e l d .  
t i t y  of l a rvae  bear ing  water f i l t e r e d  by 
the  t r a p  appeared t o  con t ro l  t he  abundance 
of seed.  
f i e l d  season two dock t r a p s  were operated 
i n  add i t ion  t o  the  t i d a l  t r ap .  
p l i e d  these  s p a t  t r a p s  wi th  water.  
t he  spawning season  an est imated 5,400 
mature Venus l a rvae  were introduced i n t o  
dock t r a p  #1 and 3,500 i n t o  t r a p  #2. 
quent sampling of t he  r e s u l t a n t  s e t  y ie lded  
24 seed  per  square f o o t  i n  t r a p  #1, 808 per  
square  foo t  i n  t r a p  #2 and 4 per  square f o o t  
i n  t h e  t i d a l  t r a p .  
taken i n t o  the  t i d a l  t r a p  could not be es t i -  
mated but  it w a s  undoubtedly much lower than  
t h a t  i n  e i t h e r  dock t r a p .  A bronze pump 
suppl ied dock t r a p  # l .  The t o x i c i t y  of cop- 
per  may account f o r  t he  low i n i t i a l  number 
of seed i n  dock t r a p  #1. Subsequent heavy 
mor ta l i t y  i p  dock t r a p  #2 reduced the  abun- 
dance of seed t o  4 per  square f o o t .  
explana t ion  can be of fe red  f o r  t h i s .  The 
f a c t  remains t h a t  an i n i t i a l  s e t  fa r  exceed- 
i n g  any h i t h e r t o  obtained e i t h e r  i n  a s p a t  
t r a p  or i n  t h e  f i e l d  had been caught.  

The quan- 

Consequently, dur ing  the  1956 

Pumps sup- 
During 

Subse- 

The number of l a rvae  

No 

A pumping procedure similar t o  t h a t  
used i n  1956 was s e t  up f o r  t he  1957 season ,  
bu t  two important d i f f e rences  m u s t  be men- 
t ioned:  (1) the  pumps were new, a l l - i r o n  
cons t ruc t ion ,  wi th  p l a s t i c  i n t ake  and d i s -  
charge l i n e s  and (2) because of a f o r t u i t o u s  
circumstance,  many more mature Venus l a rvae  
were ava i lab le .  Sampling f o r  t he  r e s u l t a n t  
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s e t  w i l l  be done in t h e  near  f u t u r e .  

Preda t ion  s tudies . - -Five experiments 
were s t a r t e d  and f o u r  completed dur ing  
f i s c a l  1957. Experiment # l  involved t h r e e  
p l an t ings  of 900 hard clams each ( l e s s  than  
15  mm. i n  l eng th ) .  One p l an t ing  w a s  pro- 
t e c t e d  by a covering of 8 x 8 meshes t o  the  
inch Saran  p l a s t i c  sc reen .  Another p l an t ing  
w a s  made i n s i d e  a wooden frame about 3-4" 
high wi th  a h o r i z o n t a l  3-4" f l a n g e  d i r ec t ed  
outward. The t h i r d  p l an t ing  w a s  unprotected.  
The experiment r an  from May t o  t h e  end of 
October. The r e s u l t s  fol low: unprotected,  
31 percent  s u r v i v a l ;  wooden frame p l o t ,  62 
percent  s u r v i v a l ;  and Saran-covered p l o t ,  
82 percent  su rv iva l .  

Experiment #2 cons i s t ed  of f i v e  p lan t -  
ings of 1 ,000 Venus each (3-13 m. i n  length) .  
These p l an t ings  were made wi th in  b a r r i e r s  
of t he  fo l lowing  ma te r i a l  and des ign:  (1) 
s t r a i g h t  wood s i d e s ,  (2) s t r a i g h t  wood s i d e s  
w i t h  a s t r i p  of copper around the  t o p  t o  
discourage e n t r y  o f  oys t e r  dri l ls ,  (3)  alu- 
minum f l a s h i n g ,  (4) heavy gauge l inoleum 
and (5) ingot  i r o n  shee t  metal. These bar- 
r i e r s  s tood o f f  t he  bottom from 6-10". The 
p l an t ings  were m a d e  i n  mid-August and on 
October 30 t h e  ingot  i r o n  and t h e  aluminum 
f l a s h i n g  p l o t s  were dug up. The r e s u l t s  
fol low: ingot  i ron ,  63 percent  recovery,  
and aluminum, 61 percent  recovery.  A l l  
barriers were l e f t  i n  p l ace  t o  t e s t  t h e i r  
d u r a b i l i t y  t o  winter  condi t ions .  I c ing  was 
seve re  i n  January and the  l inoleum barrier 
w a s  crushed almost t o  t h e  l e v e l  of t he  sub- 
s t ra te .  The remaining barriers were e i t h e r  
t o r n  loose  o r  s e t t l e d  u n t i l  t h e i r  tops  were 
near ly  l e v e l  with the  s u b s t r a t e  by sp r ing .  
Because of  t he  f a t e  of  t hese  b a r r i e r s  no 
attempt w a s  made t o  r ed ig  the  p l o t s .  

Experiment #3 cons is ted  o f  a p l an t ing  
of 405 hard clams (12-23 mm.)  wi th  no pro- 
t e c t i o n  aga ins t  p reda t ion .  This  p l an t ing  
a l s o  w a s  made i n  mid-August and dug up i n  
l a t e  October.  Recovery was 84 percent .  This  
demonstrates t h e  r ap id  dec l ine  i n  the  preda- 
t o r y  e f f i c i e n c y  o f  c rabs  i n  Wickford Harbor 
when the  l eng th  of t he  hard clam exceeds 
about 15  mm. 

Experiment #4 cons is ted  of p l a n t i n g  
600 Venus (13-24 mm.) with  no p r o t e c t i o n  t o  
t e s t  t he  degree of preda t ion  on t h i s  size 
range of  Venus. The p l a n t i n g  w a s  made on 
November 6 ,  1956 and a few clams d ied  during 
t h e  win ter .  As of June 30, 1957 no evidence 

of c rab  o r  d r i l l  p reda t ion  had been noted, 
This p lan t ing  w i l l  be dug up i n  t h e  f a l l  of 
1957. 

Another experiment was se t  up i n  mid- 
June 1957 and is being maintained. I t  
u t i l i z e s  a combination of mechanical and 
chemical con t ro l  methods. Th i r t een  p l an t s  
of 1,000 Venus each (4-11 mm. 1 have been 
e s t ab l i shed .  
ments and f o u r  r e p l i c a t e s .  The experiment 
w i l l  be examined i n  the  l a t e  f a l l  of  1957. 

There are n ine  d i f f e r e n t  treat* 

P a r a s i t e s  of t h e  green crab.--A survey 
of the  p a r a s i t e s  of  the green c rab  which 
might be used t o  e f f e c t  b i o l o g i c a l  cont ro l  
r e su l t ed  i n  iden t i fy ing  two of its pr inc ipa l  
p a r a s i t e s .  The f i r s t ,  a c rus tacean  parasLte 
found i n  the  egg masses, w a s  i d e n t i f i e d  by 
.Professor  Mart in  Johnson of La J o l l a ,  Calre 
f o r n i a ,  as a ha rpac t i co id  copepod Chonio- 

k sphaera  cancrorum n.g. , n.sp.  , descr ibed by 
C.  J. Connolly i n  1929 from eggs of t he  roc 
crab ,  Cancer amoenus, along t h e  North A t l a n e  
t i c  coas t  of America. 

Harpac t i co id  n a u p l i i  abundant i n  the 
haemocoele of apparent ly  hea l thy  c rabs  may 
be a s t a g e  o f  t h i s  same s p e c i e s ,  bu t  t h i s  
remains t o  be e s t ab l i shed .  

The o t h e r  DrinciDal Daras i t e  is a tre' 
matode, Microphallus sirnilis Jxgerskibld 
(1900).  which DasSeS from s n a i l s  of  t he  genU5 
L i t t o r i n a  t o  the green c rab  t o  g u l l s .  
p a r a s i t e  has caused the  dea th  of crabs by 
heavy i n f e s t a t i o n s  produced i n  the  labor  
but  such condi t ions  would probably not  Occuf 

i n  na ture .  

The survey of p a r a s i t e s  showed no.sig0 
n i f i c a n t  d i f f e rence  i n  degree of in fec t lo"  
of specimens taken nor th  and south  of  Capeite 
Cod. The most f requent  and abundant paras 
w a s  t h e  trematode mentioned above. It  was 
found both nor th  and south  of  t he  Cape and 
sometimes abundantly i n  c rabs  from BoothbaY 
Harbor, Maine. Crabs a re  o f t e p  heavi ly  L*- 
f ec t ed  i n  na ture  but do not  appear t o  be 
s e r i o u s l y  harmed. 

This 

atofy' 

found 
,*t5' 

No protozoan p a r a s i t e s  have been 
t h a t  could s e r v e  as e f f e c t i v e  con t ro l  a& 

I n  the  cont inuing s tudy  of the  Parad 
s i tes  of 
made t o  work out  t he  l i f e  cyc le  of 

a rena r i a , - an  e f f o r t  is  being 

myae and the  metacercar iae  from Sagad*oiotb 
Bay s o f t  clams and t o  determine if they 
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may be s t a g e s  of a s i n g l e  spec ie s  of 
a!mnophallus. I n  t h e  sp r ing  of 1957 speci-  
mens of adul t  trematodes were obtained 
from adul t  e i d e r  ducks from the  v i c i n i t y  of 
bo thbay  Harbor. The eggs from these  adu l t  
worms were fed t o  both H i a t e l l a  and &a 
which w i l l  be examined l a t e r  f o r  the pre- 
sence of Cercar ia .  
Obtained a l s o  i n  t h e  s p r i n g  of 1957 and the  
Young ducks hatching from them were fed a 

d i e t  and then  infec ted  wi th  meta- 
cercar iae  from &a. These ducks w i l l  be 

f o r  adul t  worms; if found, they  
will be compared wi th  those  from ducks i n  
"ature and from ducks s i m i l a r l y  r a i sed  and 
fed metacercar iae  from M y t i l w .  

Bider duck eggs were 

BOTTOM SURVEY 

This program, s t a r t e d  i n  1955, w a s  
&tended t o  a s c e r t a i n  t h e  typ ica l  common 

l i v i n g  on and in the l e v e l  a reas  of 
the l o c a l  s e a  bottoms. 
gathered i n  conjunct ion w i t h  cooperat ive 
Pro jec ts  i n  Europe and along the A t l a n t i c  
and Gulf coas t s  is expected t o  lead  t o  the 
de l  imi t a t ion  of world-wide animal communli - 
t i e s  i n  r e l a t i o n  t o  marine ecologica l  
Condi t ions.  A manuscript dea l ing  w i t h  the  
'ore than  13,000 indiv idua l  organ isms iden- 
t l f i e d  from t h e  1955 samples i s  near ing 

the Boothbay Harbor area.  

'Orted, 

The information 

I n  1956 samples were taken i n  
A l l  organisms 

been removed from the  samples and 

CLAM INVESTIGATIONS I N  THE 
CHESAPEAKE AREA 

Sof t  clam projects.--Two s o f t  clam 
were set  UD at Warehouse Creek 

B a t e r n  Bay during june  1957. I n  one 
e ighteen  1' x 2' x 7" deep t r a y s  

dug i n t o  the  bottom. S i x  t r a y s  were 
'Overed wi th  1/4" asphaltum-painted galva- 
"zed mesh sc reen .  S i x  were uncovered and 
to s i x  t r a y s  a s t r i p  of 1/4" mesh sc reen  

at tached around t h e  ou t s ide  edge which 

face.  

and t o  e l imina te  displacement o f  clams 
by wave ac t ion .  

three inches above the  t r a y  sur -  

any movement of  t he  clams from the  
The purpose of t h i s  s t r i p  w a s  t o  

I n t o  each t r a y  100 small clams, aver- 
aging about 25 nun. i n  l eng th ,  were in t ro -  
duced and a l l  t r a y s  pro tec ted  wi th  screen  

u n t i l  t he  clams buried themselves;  
the Covers were then  removed from t h e  

unprotected t r a y s  and the  t r a y s  w i t h  sides. 
I n  the  f a l l  of 1957 a s e r i e s  of t h r e e  t r a y s  
from each group w i l l  be removed and the  
o t h e r  s e r i e s  of nine t r a y s  w i l l  be removed 
i n  t h e  sp r ing  of 1958. 
measure the n a t u r a l  and preda tor  mor t a l i t y  
and growth during var ious  per iods  of t he  
year .  The o the r  experiment c o n s i s t s  of two 
8' x 8' p l o t s ,  one of which was fenced wi th  
1/2" mesh sc reen  extending above h igh  t i d e  
l e v e l  and the  o t h e r  unfenced. C l a m s  were 
introduced i n t o  each p l o t  a t  a concent ra t ion  
of 50 t o  the  square f o o t .  P ro tec t ion  w a s  
placed around the  unfenced p lo t  u n t i l  t he  
clams bur ied  themselves. Sampling w i t h i n  
these  two p l o t s  w i l l  be conducted i n  the  
f a l l  of 1957 and i n  1958 t o  measure n a t u r a l  
and preda tor  mor t a l i t y  and growth of clams. 

The o b j e c t i v e  is t o  

Hard clam projects . - -Studies  on t h e  
hard clam are beinn conducted a t  Chinco- - 
teague Bay. Three experimental  p l o t s  were 
e s t ab l i shed :  one p l o t  i n  mud s u b s t r a t e  a t  
Prankl in  C i ty ,  one i n  the  s u b t i d a l  zone 
(mud s u b s t r a t e )  at  Watts Bay and another one 
inshore i n  t h e  in te r t ida l  zone i n  sand sub- 
s t r a t e .  

A t  Frankl in  Ci ty  t h r e e  groups of fou r  
t r a y s  were bur ied  i n  a random block design.  
Each t r a y  conta ins  two compartments w i t h  an 
a rea  of 1.5 square f e e t  per  compartment. 
I n  a manner similar t o  the  p l o t  of t r a y s  s e t  
ou t  a t  Warehouse Creek some of the compart- 
ments were covered with sc reen ,  some uncov- 
ered and o the r s  wi th  sc reen  s i d e s .  Clams 
used i n  these  p l o t s  were hatchery reared a t  
Milford,  Cormecticut labora tory .  Three s i z e s  
of clams were p lan ted  i n  o rde r  t o  measure 
the n a t u r a l  and preda tor  mor t a l i t y  and growth 
by size groups. 

A t  Watts Bay s i m i l a r  p l o t s  were estab-  
l i shed  and, i n  add i t ion ,  at  each p l o t  two 
covered t r a y s  were set ou t  with 1956 s e t  
mode I s l a n d  clams obta ined  from a n a t u r a l  
clam bed, WO covered trays of small  and 
medium s ize  clams were a l s o  s e t  up i n  which 
a s u b s t r a t e  d e f e r e n t  from t h a t  placed i n  the  
p l o t  was used. The o b j e c t i v e  of t hese  ex- 
periments is t o  measure the growth and the  
n a t u r a l  mor t a l i t y  by s u b s t r a t e  and t o  assess 
the  e f f e c t  t h a t  s u b s t r a t e ,  t i d a l  zone and 
size of clams have on preda t ion .  The re- 
seachers  hope t o  determine if a s i n g i f i c a n t  
d i f fe rence  exists between the n a t u r a l  mor- 
t a l i t y  and t h e  growth of  hatchery-reared and 
n a t u r a l l y  reared  clams. 
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OYSTER DRILL CONTROL 

D r i l l  t r apping  i n  Chincoteague Bay.-- 
Trapping oys t e r  d r i l l s  wi th  40 oys te r -ba i t -  
f i l l e d  wire bags per  acre  removed 100,000 
of them from 12  ac res  i n  two years .  The 
removal of t h i s  number of d r i l l s  was s u f f i -  
c i e n t  t o  permit a s u r v i v a l  of  approximately 
1,200 oys t e r  s e t  per  bushel of  p lan ted  
s h e l l s  i n  1956. This is a set of  o y s t e r s  
of  commercial s i g n i f i c a n c e  i n  t h i s  area.  
I n  1955, t he  first summer of t hese  experi-  
ments, t he  planted s h e l l s  on t h i s  p l o t  
f a i l e d  t o  ca tch  a commercial s e t  of o y s t e r s  
although s h e l l s  i n  w i r e  bags he ld  o f f  t he  
bottom caught o y s t e r  se t  a t  t h e  r a t e  of  500 
o r  more s p a t  per  bushel  of shells. An aclja- 
cent  p l o t  from which no d r i l l s  were removed 
showed no ca t ch  of o y s t e r s  ab le  t o  su rv ive  
the  season  of 1955 o r  t h a t  o f  1956. I n  
f a c t ,  a l i n e  of o y s t e r  b a i t e d  t r a p s  w a s  se t  
out  i n  1956 t o  t e s t  t he  r a t e  of  d e s t r u c t i o n  
of b a i t  and i n  two weeks the  d r i l l s  k i l l e d  
every o y s t e r  on t h i s  p l o t .  Never the less ,  
d r i l l  t rapping  a t  the  r a t e  descr ibed ,  per- 
s i s t e n t l y  ca r r i ed  out  even i n  the  presence 
of new o y s t e r  s e t ,  can remove enough o y s t e r  
d r i l l s  t o  save many seed oys t e r s  which 
would not have survived had no con t ro l  been 
exercised.  

Another f a c t o r  of  s i g n i f i c a n c e  devel-  
oped from t h e  t rapping  program. That w a s  
t he  importance of  t he  cu r ren t  recrui tment  
on the  maintenance of  t he  d r i l l  populat ion.  
Unless the  young d r i l l s  of t he  year a r e  
k i l l e d  o r  removed a t rapping  program i s  
only  p a r t l y  e f f e c t i v e .  The t rapping  r e s u l t s  
of 1955 and 1956 i l l u s t r a t e  t h i s .  U n t i l  
August 20, 1955 the  ca t ch  records on each 
of  t he  t h r e e  p l o t s  were q u i t e  a l i k e  but  
a f t e r  t h a t  t ime p l o t s  #2 and #3 began t o  
show increas ing  numbers of  small Urosalpinx 
i n  the  ca tch  while  p l o t  #1 lacked t h i s  s i z e  
group. Small d r i l l s  cons t i t u t ed  63 percent  
of t he  ca tch  on p l o t  #3, 51 percent  on p l o t  
#2 and 29 percent  on p l o t  #1. 

There must be a reason f o r  such a 
d i f f e r e n c e  i n  the  r a t e s  of recrui tment  on 
these  p l o t s .  On p l o t  #1 a d e f i n i t e  s t e p  t o  
con t ro l  t he  recrui tment  of young d r i l l s  was 
made by immersing a l l  t r a p s  i n  a weak cop- 
per  s u l f a t e  ba th  a t  t he  peak o f  t he  d r i l l  
egg case  depos i t ion .  No such s t e p  was taken 
on p l o t s  #2 and # 3  i n  1955. 

A l l  p l o t s  i n  1955 and 1956 were t rap-  
ped a l i k e  t o  remove j u v e n i l e  and adu l t  

d r i l l s .  
k i l l i n g  d r i l l  embryos used on p l o t  #1 ap- 
peared,  t he re fo re ,  t o  be a s i g n i f i c a n t  
agent f o r  reducing t h e  number of d r i l l s  
cont r ibu ted  by t h e  cu r ren t  hatching.  
method o f  c o n t r o l  was proposed and t e s t e d  
by Engle i n  1940 and reported t o  the  oyster  
i ndus t ry  i n  1941 and confirmed by Newcode 
i n  Vi rg in i a  i n  1941-1942 and Lindsay and 
McMillin i n  Washington i n  1945, 1949 and 
1950. 

The copper s u l f a t e  method of  

This 

A p l o t  trapped i n  1955 y ie lded  8,00° 
Urosalpinx of which 3,200 were young of the 
year  caught i n  September. 
1955 were the  bulk of  the  e a r l y  1956 seaSon 
ca t ch  of d r i l l s .  
a copper s u l f a t e  s o l u t i o n  when the  egg cases 
appeared dur ing  the  summer of 1956. A t  the 
end of t he  summer, when t h e  cu r ren t  recruit* 
ment of  young d r i l l s  would normally appear 
i n  g rea t  numbers, only 665 were caught Or 
only 20 percent  of  t h e  number caught the  
previous year  when the  p l o t  was not t r ea t ed ‘  

These young of 

A l l  t r a p s  were dipped in 

Another t e s t i n g  of the  effect iveness  
of t h e  copper s u l f a t e  d i p  t o  k i l l  d r i l l  
embryos w a s  performed on another  p l o t  in 
1956. I n  1955 a p l o t  rece iv ing  the  d i p  
t reatment  a t  t he  proper  t i m e  y ie lded  only 
330 young d r i l l s  o r  7 percent  of the  tota1 
ca tch .  I n  1956 this same p l o t  w a s  trapped 
but  not dipped and 1,834 young d r i l l s  O r  
33 percent  of t he  t o t a l  ca t ch  w a s  caught. 
On a p l o t  undipped i n  1955 but  dipped i n  
1956 the  number of small d r i l l s  dropped 
from 41 percent  t o  5 percent  from June to 
August . 

Prom a p l o t  trapped each year  but 
dipped i n  copper s u l f a t e  e i t h e r  year  the 
ca tch  of  young d r i l l s  w a s  1 ,150  f o r  1955 an 
and 1,200 f o r  1956 o r  25.2 and 24.8 percent 
of  t he  t o t a l  catch.  
used here  appears t o  be ab le  t o  hold a 
populat ion of  d r i l l s  a t  a c e r t a i n  l e v e l  but 
is not  e f f ec t ive  i n  reducing the  numbers 
unless  t he  annual recrui tment  is reduced at 
t h e  same time. The combination of  t he  trap’ 
ping and the  dipping of t r a p s  appears t o  bSu 
e f f e c t i v e  i n  c o n t r o l l i n g  d r i l l s  s u f f i c i e n t  
t o  produce seed oys t e r s .  Oyster seed caught 
on planted s h e l l s  on these  p l o t s  w i l l  be 
pro tec ted  by these  methods during 1957 t o  
determine how many can  be brought t o  hacc 
ves t ing  s i z e  . 

Trapping at  t h e  r a t e  

D r i l l  t rapping  i n  York River ,  V i z -  
ginia . - -Oyster  d r i l l s  a r e  abundant i n  lower 
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Chesapeake Bay and i ts  t r i b u t a r i e s  whose 
S a l i n i t i e s  remain above 15  p a r t s  per thou- 
sand during most of t he  year .  
is one of these .  
Oyster ba r  i n  lower York River ,  was chosen 
as a p lace  i n  which t o  perform t rapping  

posedly the  s t a b l e  s a l i n i t y  needed t o  main- 
ta in  a d r i l l  populat ion.  
acres each were reserved f o r  t he  d r i l l  con- 
t r o l  experiments.  
‘3 Oyster-baited t r a p s  per acre  and t h e  
Other was untrapped. 
ed on each a rea  i n  the  s p r i n g  of 1955. 

YQrk River 
Wormly Rock, a n a t u r a l  

because i t  h a d d r i l l s  and sup- 

Two areas  of t h r e e  

One area  was trapped wi th  

Clean s h e l l  was p lan t -  

The r e s u l t s  of these  p ro tec t ion  ex- 
periments fo l low:  

- 1955. On planted s h e l l s  75 percent  
of the  t o t a l  oys t e r  s e t  survived 
the  f i r s t  season  on the  trapped 
area  while  53 percent  survived on 
the  untrapped a rea ;  5.9 percent  
of s p a t  were d r i l l e d  on t h e  untrap- 
ped area .  

- 1956. On the  p lan ted  s h e l l  80 percent  
of t he  t o t a l  oys t e r  s e t  survived 
on the  trapped a rea  while 62 per- 
cent  survived on t h e  untrapped area; 
5 .8  percent  o f  t he  oys t e r  s p a t  were 
d r i l l e d  on the  trapped a rea  while 
19.0 percent  of  the  o y s t e r  spat  were 
d r i l l e d  on the  untrapped area.  

Drills were much less numerous on 
these beds than  i n  t h e  Chincoteague Bay beds 
khich account f o r  a moderately good s u r v i v a l  
Of the  s p a t f a l l  even on the  untrapped area.  

observa t ions  on t rapping  showed t h a t  
‘:moving o y s t e r  d r i l l s  a t  t he  r a t e  poss ib l e  
“ l th  93 t r a p s  per acre  helped t o  save 20-25 
Percent of t he  oys t e r  s e t  o f  t he  two years  

observa t ion .  

Freshe ts  fo l lowing  a hur r icane  rad i -  
c a l l y  changed condi t ions  i n  t h i s  a r ea  and 
the n a t u r a l  popula t ion  of d r i l l s  was reduced 

trol- 
Of t rapping  
Operation i n  lower York River was terminated 

May 1, 1957 and t r ans fe r r ed  t o  the  Chin- 
‘Oteague Bay t o  inc rease  the  e f f o r t  t h e r e  
Qd t o  conso l ida t e  the  p ro jec t  where d r i l l s  
and Oysters were more abundant. 

lowered s a l i n i t y ,  a most e f f e c t i v e  Con- 

a d r i l l  con t ro l  method, t he  
To cont inue the  s tudy  on the  va lue  

Puture plans .--The exce l l en t  se t  of 
ayster i  during 1956 i n  Chincoteague Bay 

provided an oppor tuni ty  t o  o b t a i n  good seed 
which could be used t o  eva lua te  the  economic 
aspec ts  of  d r i l l  con t ro l  by t rapping .  The 
S t a t e  of Maryland Department of Research and 
Education made ava i l ab le  700 bushels  of seed 
caught on planted s h e l l s  i n  the  v i c i n i t y  of 
Ocean C i t y ,  Maryland, and is cooperat ing i n  
the  fol lowing experiment. This experiment 
inc ludes  t h r e e  methods of d r i l l  con t ro l  
e i t h e r  p rac t i ced  by the  indus t ry  o r  advocated 
by the  United S t a t e s  F ish  and Wi ld l i f e  Ser-  
v i ce  and w i l l  be continued u n t i l  t h e  win ter  
of 1959-1960 when the  oys t e r s  a r e  expected 
t o  be of market s i z e .  The experiment con- 
sists o f  seven p l o t s ,  each conta in ing  f o u r  
‘acres  and separa ted  by untouched s t r i p s  of 
na t ive  o y s t e r  land ,  
100 bushels  of seed oys t e r s  were planted i n  
the  cen te r  of the  4-acre p l o t ,  t h e  p l an t ing  
covering almost a h a l f  acre .  

I n  the  c o n t r o l  a r e a ,  

I n  two 4-acre p l o t s  t h e  bottom w a s  
cleaned by repea ted ly  dragging a commercial 
o y s t e r  dredge l i ned  with a f i n e  mesh bag 
over  t he  p l o t  u n t i l  p r a c t i c a l l y  no s h e l l s  
o r  debris were obta ined .  The seed o y s t e r s  
(100 bushels  i n  each p l o t )  were planted i n  
t h e  cen te r  of each 4-acre p l o t ,  t he  p lan t -  
ing  covering almost h a l f  an acre .  

I n  two add i t iona l  p l o t s  t he  bottom w a s  
cleaned as descr ibed above and the  oys t e r s  
were p lan ted  i n  t h e  same way. However, oys- 
t e r  d r i l l s  w i l l  be trapped i n  these  p l o t s  
by us ing  40 bags of  seed o y s t e r s  d i s t r i b u t e d  
throughout the  a rea  i n  which the  seed oys- 
t e r s  were p lan ted .  These t r a p s  w i l l  be 
f i s h e d  once a week dur ing  t h e  warmer months 
of 1957, 1958 and 1959. 

The f i n a l  two p l o t s  were cleaned,  
p lan ted  and w i l l  be trapped i n  the  same way 
as the  two p l o t s  descr ibed above except 
t h a t  t he  d r i l l  t r a p s  w i l l  be immersed per i -  
o d i c a l l y  i n  a copper s u l f a t e  s o l u t i o n  
throughout t he  spawning season t o  des t roy  
d r i l l  embryos i n  t h e  egg cases .  This  t r e a t -  
ment w i l l  cont inue f o r  t h e  summers of  1957, 
1958 and 1959. 

A t  t he  end of t he  experiment t he  oys- 
ters w i l l  be harvested by commercial oys te r -  
men and product ion determined. Cost account 
records w i l l  be kept  f o r  the  e n t i r e  ope ra t ion  
t o  determine whether t hese  methods of d r i l l  
con t ro l  a r e  commercially p r a c t i c a b l e .  

Drill con t ro l  by copper fencing.--In 
the  f i r s t  40 days of a n  experiment a t  
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Chincoteague Bay, V i rg in i a  539 Urosalpinx 
en tered  the  c o n t r o l  a r ea ,  which was fenced 
wi th  a galvanized i r o n  hardward c l o t h  fence  
f o u r  inches high.  During the  same per iod  
only 14 Urosalpinx were found i n s i d e  t h e  
enc losure  which w a s  fenced by a brass  s c reen  
of t he  same he ight  and two of t h e s e  were 
be l ieved  t o  have crawled under the  fence  
through a ho le  dug by crabs .  Only two s- 
s a l p i n x  were found i n s i d e  a t h i r d  exper i -  
mental a r ea  which i ssur rounded by a p l a s t i c  
s c reen  fence  wi th  a 3/4-inch wide copper 
s t r i p  around t h e  ou t s ide .  Both d r i l l s  were 
bel ieved t o  have crawled under the  f ence  
when wave ac t ion  washed one corner  of t h e  
fence c l e a r  of t he  bottom. 

There was no i n d i c a t i o n  of  less s e t -  
t i n g  o r  g r e a t e r  m o r t a l i t y  of o y s t e r s  which 
might have been caused by copper i n  the  two 
experimental  p l o t s  as compared wi th  the  
con t ro l .  

The b r a s s  s c reen  f ence  has remained 
i n  p lace  i n  t h e  i n t e r t i d a l  zone f o r  a year 
bu t  is l e s s  e f f e c t i v e  i n  r e p e l l i n g  d r i l l s  
than  it was i n  the  summer of 1956. This  
experiment w i l l  be continued t o  determine 
the  maximum time which a b r a s s  s c reen  fence  
can be used under the  severe  condi t ions  of  
t he  i n t e r t i d a l  zone. 

One of t he  l i m i t a t i o n s  of copper bar-  
r i e r s  is t h a t  t h e  d isso lved  copper may 
change the  co lo r  of the  o y s t e r s  immediately 
ad jacent  t o  a fence  t o  a bluish-green.  I n  
the  Chincoteague Bay experiment dur ing  the  
summer of  1956, 92 percent  o f  t he  o y s t e r s  
w i th in  18 inches of  t he  4-inch brass  s c reen  
were greenish  af ter  f o u r  months. 
percent  of t he  o y s t e r s  w i th in  18 inches ’o f  
t he  p l a s t i c  and copper fence  were greenish  
a t  t h e  end of  t h i s  per iod and none of t h e  
o y s t e r s  i n  the  con t ro l  p l o t  was green. 
La te r  f ence  designs use  smaller q u a n t i t i e s  
of copper which reduces t h e  d i s c o l o r a t i o n  
of t h e  o y s t e r s  as  wel l  as  t he  cos t .  

Only 8 

A t e s t  w a s  made a t  t he  Boothbay Har- 
b o r ,  Maine labora tory  o f  a s n a i l  fence  
which was made of  cha in ,  Saran p l a s t i c  
s c reen  and Styrofoam f l o a t s ;  a 1-inch s t r i p  
of copper sc reen  w a s  used as a chemical 
b a r r i e r .  This  fence  resembles a minia ture  
s e i n e  wi th  the  cha in  a s  t h e  lead  l i n e  and 
t h e  Styrofoam f l o a t s  ho ld ing  the  s c r e e n  
e r e c t .  The copper sc reen  is s t a p l e d  t o  t h e  
o u t s i d e  of  t he  fence  approximately 1/3 of 
the  way down from the  top .  The he ight  o f  

t h i s  fence  is approximately 6-1/2 inches 
I t  is  hoped t h a t  t he  f l e x i b i l i t y ,  ease of 
cons t ruc t ion  and i n s t a l l a t i o n  of t he  fence 
w i l l  make its use economical s i n c e  t e s t s  in 
the  l abora to ry  and i n  a t i d a l  a r ea  have in- 
d ica t ed  t h a t  i t  is e f f e c t i v e  i n  design and 
as a b a r r i e r .  
up a t  Watts Bay, V i rg in i a  during June 1957 
t o  t e s t  t he  f l e x i b l e  b a r r i e r  and t o  compare 
it wi th  the  des igns  used i n  1956. 

r i e r s ,  nine an t i - foul ing  p a i n t s  were t e s t ed  
a t  t h e  Boothbay Harbor l abora to ry  f o r  effeCc 
t iveness  as b a r r i e r s  f o r  d r i l l s .  S ix  of 
these  p a i n t s  proved t o  be e f f e c t i v e  bar r ie rs  
t o  oys t e r  d r i l l s ,  Urosalpinx and Euple-9 
i n  l abora to ry  experiments.  F i e ld  experi’ 
ments a r e  being s e t  up i n  Watts Bay t o  tes t  
t he  e f f ec t iveness  of t hese  s i x  pa in t s  under 
n a t u r a l  condi t ions .  

Six l/lOO-acre p l o t s  were set 

I n  l i n e  with the work on copper bar- 

Laboratory and f i e l d  observat ions Of 
b a r r i e r s  r a i s e d  the  ques t ion  whether the 
r e p e l l i n g  p rope r t i e s  of copper r e su l t ed  
from its e l e c t r o p o t e n t i a l  o r  t he  chemical 
r e l e a s e  of  copper ions .  
periments a t  Boothbay Harbor,  fences  of 
i n e r t  carbon were connected t o  a 12-volt 
b a t t e r y  through a v a r i a b l e  r e s i s t o r  and 
given an e l e c t r o p o t e n t i a l  of 270 mill ivolts 
which is s i m i l a r  t o  t h a t  o f  me ta l l i c  copper 
i n  s e a  water (240 m i l l i v o l t s ) .  Dril ls  
r e a d i l y  crossed t h i s  carbon b a r r i e r  but  
were r epe l l ed  by t h e  copper b a r r i e r .  
vo l tage  i n  the  carbon f ence  was then  in- 
creased t o  1 ,300  m i l l i v o l t s  and l a t e r  to 
12,000 m i l l i v o l t s  without r e p e l l i n g  *a’ 
Urosalpinx and Nassa. The electropotent ia l  
does not exp la in  the  r e p e l l i n g  ac t ion  of 
copper and, t he re fo re ,  t he  r e l e a s e  of toxic 
copper ions probably causes the  e f f e c t .  

I n  labora tory  ex* 

The 

Control by s u c t i o n  dredging.--me 
small-scale  model being t e s t e d  removes ~- 
d r i l l s  from the  bottom-at t he  r a t e  of sou 
per  hour when the  d r i l l  popula t ion  is 25,000 
per  acre .  The d r i l l  dredge a t  t h i s  ra te  
can remove i n  a 10-hour day about t he  

1 Y  number of d r i l l s  as 93 t r a p s  tended Week 
can remove i n  a season.  While t h i s  spec‘’ 
l a t i o n  is  based on l imi t ed  dredge informac 
t i o n ,  i t  i s  encouraging because t rapping 
a t  t h i s  r a t e  can remove enough d r i l l s  totban 
permit a b e t t e r  su rv iva l  of oys t e r  spat 
was found on an untrapped a rea ,  

The d r i l l  dredge i n  t e s t s  , in  1956 
showed a maximum e f f i c i e n c y  of 15 percent‘ 
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To examine the  gear  while i n  ope ra t ion ,  
P h h  and Wi ld l i f e  Se rv ice  SCUBA d i v e r s  
Observed the  ac t ion  of t he  dredge on the  
bottom a t  d i f f e ren t  towing speeds f o r  sev- 
e r a l  hours .  
dredge w a s  i nc l ined  t o  jump o r  bounce. 
When the  towing speed was reduced t o  two 
knots o r  l e s s ,  the  c u t t i n g  blade tended t o  
P i l e  up bottom mate r i a l  i n  a r o l l i n g  heap 
ahead of i t ,  and only a small  amOI.Int passed 
Over the  c o l l e c t i n g  screen  of t he  dredge. 

A s  the  speed increased the  

To maintain a constant  movement of  
bottom mater ia l  over t he  c o l l e c t i n g  screen ,  
a towing r a t e  of t h r e e  knots was needed. 

t h a t  r a t e ,  however, t he  dredge d i d  not 
a cons tan t  contac t  with the  bottom. 

b lades  were designed and a t tached  
ahead of t h e  c u t t i n g  blade t o  overcome t h i s  
'Ondition. This add i t ion  increased the  
e f f ic iency  of the dredge by 3 percent .  

OYSTER SPAT COLLEC"0RS 

Standard cu l tch ing  p r a c t i c e  i n  the  
Oyster indus t r y  c o w  is ts of broadcast ing 
she l l s  on s u i t a b l e  bottom. 
Poten t ia l  of t he  mid-depth water m a s s  is 
not u t i l i z e d  commercially on the  A t l a n t i c  
"ast ,  a l though such u t i l i z a t i o n  has  proven 
C o ~ e r c i a l l y  f e a s i b l e  i n  Japan and on the  
Pac i f ic  coas t  of North America. 

The s e t t i n g  

Various test  Surfaces ,  i n  add i t ion  t o  
O y s t e r  s h e l l s ,  which are bel ieved t o  be 

two d i f f e ren t  p laces  i n  Chesapeake Bay hav- 
'"g d i s s i m i l a r  hydrographic c h a r a c t e r i s t i c s .  
One of t hese  was a p ro tec t ed ,  shal low depth ,  
'low c u r r e n t ,  good s e t t i n g  t r i b u t a r y ;  t he  
Other was the  oppos i te  of t h i s  i n  environ- 
mental f a c t o r s .  

t o  s e t t i n g  oys t e r  l a rvae  were 
on the  bottom and a t  mid-depths i n  

Test su r f aces  inc lude  coated 2'' x 2" 
s t r i n g s  of p ie rced  oys t e r  s h e l l s  

hung Qn wires  and oys ter  s h e l l s  i n  wire bags 
resting on the  bottom. 
Coated with fragmented s h e l l s  known t o  POUl- 
t ry  farmers as " la rge  g r i t s " ;  o the r s  wi th  
Concrete.  
Oriented t h e  same on each s t r i n g ,  s h e l l  bags 

f i l l e d  haphazardly.  Some s t r i n g s  were 
hung with s h e l l s  wi th  the  smooth inne r  f a c e  

if the Poles  and t h e  s h e l l  s t r i n g s  were f ive  
eet long i n s t a l l e d  v e r t i c a l l y  from the  

surface t o  the  bottom a t  mean low water .  

Some poles  were 

While s h e l l s  on s t r i n g s  were 

Others wi th  s h e l l s  wi th  the  smooth 
face downward. The coated Surfaces  

S h e l l s  on the  bottom i n  wire bags 
caught an average of fou r  s p a t  per s h e l l  
at t h e  deep water a rea  and one spa t  per  
s h e l l  i n  t he  shal low water a rea .  Commercial 
c u l t c h  i n  the  shal low water area a l s o  ob- 
t a ined  an average of one Spat per  s h e l l .  
I n  genera l ,  t h i s  ind ica ted  a low s e t t i n g  
r a t e  a t  each of the  t e s t i n g  s i t e s .  This a l s o  
r e f l e c t e d  the  low s e t t i n g  r e s u l t s  reported 
from o the r  p a r t s  of t he  upper Chesapeake Bay. 

Mid-depth s t u d i e s  were made on sus-  
pended s h e l l  s t r i n g s  and poles  coated wi th  
concre te  and s h e l l  g r i t  s tuck  i n  t h e  bottom. 
The low s e t t i n g  r a t e  made conclusive evalu- 
a t i o n  d i f f i c u l t .  
showed a s l i g h t  preference  f o r  s h e l l  g r i t  
coa t ings  t o  concre te  coa t ings .  
about equa l ly  abundant on each type of coat-  
ing.  
s e t t i n g  medium as s h e l l s .  

Spat  s e t t i n g  on poles  

Fouling was 

Coated poles  d i d  no t  seem as good a 

Spat  s e t t i n g  was s l i g h t l y  more abun- 
dant  on lower than on upper po r t ions  of  
po les  and s h e l l  s t r i n g s .  I n  the  shal low,  
o r  5-fOOt depth a rea ,  s p a t  occurred from 
the  bottom t o  the  4-foot l e v e l  and i n  the  
deep o r  10-foot a r ea  s p a t  occurred from the  
bottom t o  the  7-foot l e v e l .  

A spec tacu la r  d i f f e r e n t i a l  s e t t i n g  

Measuring up from 
according t o  depth zones appeared on sus- 
pended s h e l l  s t r i n g s .  
the' bottom b e t t e r  than  50 percent  of  s e t t i n g  
was found wi th in  the 1-foot  zone and f u l l y  
80 percent  wi th in  the  2-foot zone. 

Tests  of s e t t i n g  preferences  between 
cleaned and d i r t y  shells were inconclusive.  
In  one ins tance  the s p a t  count on cleaned 
s h e l l s  was e i g h t  times the  count on d i r t y  
s h e l l s  s i m i l a r l y  suspended nearby. I n  
another i n s t ance ,  t he  s p a t  counts on c l e a n  
and d i r t y  s h e l l s  exposed toge ther  i n  bags 
showed no c l e a r  preference f o r  o r i g i n a l  
c l e a n l i n e s s .  

The phys ica l  t e x t u r e  of s h e l l  su r f aces  
appeared e f f e c t i v e  i n  s e t t i n g  frequency. 
Despite s h e l l  o r i e n t a t i o n  more s p a t  a t tached  
t o  the  rough o u t e r  su r f aces  of s h e l l s  on 
s t r i n g s  and i n  bags than  t o  t h e  smooth inner  
s u r f  aces .  

S h e l l  o r i e n t a t i o n  appeared a f a c t o r  
i n  s e t t i n g  frequency. 
t e x t u r e  s p a t  were more numerous on t h e  
under su r faces  of the  s h e l l s  on s t r i n g s  
than  on the  upper su r faces .  

I n  s p i t e  of s u r f a c e  
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Other t r ends  appeared i n  t h e  s p a t  
counts.  General s e t t i n g  frequency decreased 
Up the  creek with s t a t i o n  loca t ion .  Spat  
Survival  decreased a l s o  i n  the  same d i rec-  
t i o n .  These d i f f e rences  obtained both on 
t e s t  s h e l l s  and commercial cu l t ch .  

The sp r ing  and summer program of 1957 
under t h i s  i nves t iga t ion  is a p i l o t  appl i -  
ca t ion  of t he  u t i l i z a t i o n  of t he  mid-depth 
zone f o r  seed c o l l e c t i o n  on a s t reaml ined  
commercial b a s i s .  The mid-depth c o l l e c t o r s  
W i l l  be compared i n  a l l  phases of e f f o r t  
With the  r egu la r  broadcast  system O f  d i s -  
t r i b u t i n g  cu l t ch .  

SECTION OF INLAND FISHERIES 
W i l l i a m  F .  Carbine 
Washington, D.  C. 

Fresh-water f i s h e r y  research  inc ludes  
s t u d i e s  on the  Great Lakes s p o r t  and connner- 
c i a 1  f i s h e r i e s ;  f i s h  i n  f e d e r a l l y  con t ro l l ed  
Waters and improvement of f i s h  cu l tu re .  

The research  is designed i n  p a r t  t o  
assist o the r  governmental agencies and 
s t r e s s  resource conservat ion connnon t o  many 
s t a t e s .  
to provide the  f a c t s  and p r i n c i p l e s  required 

these  agencies  f o r  t h e  proper management 
Q d  u t i l i z a t i o n  of t h e i r  f i s h e r y  resources .  
%e research  i n  physiology, pathology and 
n u t r i t i o n  of t r o u t  and salmon assist federal ,  
S t a t e  and p r i v a t e  ha t che r i e s  i n  increas ing  
t h e i r  e f f i c i ency ,  thereby providing b e t t e r  

Most of t he  research  is designed 

and ensuring the  perpe tua t ion  of 
s p o r t  and commercial spec ie s .  

GREAT LARES FISHERY INVESTIGATIONS 

James W .  Moffett  
Ann Arbor, Michigan 

The Great Lakes a r e  producers Of t he  
Choices t  f resh-water f i s h e s  i n  the  United 
S t a t e s .  
than i t  should and f i s h e r i e s  f o r  c e r t a i n  
‘Pecies co l l apse  o r  spo rad ica l ly  expand t o  
the u l t ima te  disadvantage of a l l  concerned. 

a r e  incompletely understood although 

The product ion f l u c t u a t e s  much more 

f l u c t u a t i o n s  and t h e i r  underlying 

spec i f i c  causes ,  such as s e a  lamprey inva- 
sions, have received considerable  a t t e n t i o n .  

duc t ion  and development and app l i ca t ion  Of 

economical methods f o r  con t ro l  of such known 
Causat ive f a c t o r s  as s e a  lamprey preda t ion  

of t he  problems of s u s t a i n i n g  pro- 

a r e  the  u l t imate  ob jec t ives  of these  
i n v e s t i g a t i o n s .  

SEA LAMPREYS 

Background.--For more than 80 years  
f i s h i n g  i n  the  Great Lakes has been a s i z e -  ” 
able  indus t ry  and a popular r e c r e a t i o n  f o r  
f ishermen of t h e  United S t a t e s  and Canada. 
The most pr ized  f i s h ,  and the  backbonz of 
t h e  f i s h i n g  indus t ry ,  has been the  l ake  
t r o u t .  
t o  more than  15 mi l l i on  pounds, worth near ly  
$8 mi l l i on .  But i n  1939 the  lake  t r o u t  i n  
Lake Huron suddenly began to  dec l ine  i n  
numbers and wi th in  14 years  they had a l l  
but  disappeared from t h a t  l ake ;  t he  ca tch  
dropped from more than  5 mi l l i on  pounds a 
year t o  344,000 pounds i n  1953. The same 
f a t e  began t o  overtake Lake Michigan’s t r o u t  
i n  1946, and the  ca t ch  t h e r e  f e l l  from more 
than  5-1/2 mi l l i on  pounds t o  402 pounds i n  
1953. Sealampreys,  m t o v e r f i s h i n g ,  weather 
or d i s e a s e ,  caused the  disappearance of the  
l ake  t r o u t .  

Ingood years  the t r o u t  ca tch  amounted 

The lampreys are o ld  inhab i t an t s  of 
t he  S t .  Lawrence River and Lake Ontar io .  
U n t i l  1829 the  Niagara F a l l s  blocked t h e i r  
migra t ion  i n t o  the  o the r  Great Lakes. Then 
t h e  bu i ld ing  of t h e  Welland Ship  Canal pro- 
vided passage around the  Niagara F a l l s  t o  
Lake Erie. I n  Lake Erie the  lampreys d id  
not  f l o u r i s h  because the  waters were too 
w a r m  and spawning condi t ions  poor. By the  
l a t e  1930s they had penet ra ted  i n t o  Lake 
Huron where because of a favorable  environ- 
ment they mul t ip l i ed  r ap id ly  and made g r e a t  
inroads i n t o  the  f i s h  of t h a t  l ake .  A t  t he  
same time they spread through the  S t r a i t s  
of Mackinac i n t o  Lake Michigan, where they 
r ap id ly  increased .  The locks  and dams a t  
t he  head of Sa in t  Marys River apparent ly  
slowed t h e i r  migra t ion  i n t o  Lake Supe r io r ,  
but  they  f i n a l l y  c l ea red  t h a t  hurd le  and 
are now well e s t ab l i shed  i n  t h a t  lake.  

commercial f i s h i n g  f o r  l ake  t r o u t  i n  Lakes 
Huron and Michigan ended s e v e r a l  years  ago. 
A s  t h e  lake  t r o u t  gave o u t ,  t h e  lampreys 
turned more and more t o  o the r  fish--white- 
f i s h ,  sucke r s ,  wal leyes  and so  f o r t h .  

To t r y  t o  save the  l ake  t r o u t  and 
o the r  f i s h ,  t he  United S t a t e s  F ish  and Wild- 
l i f e  Se rv ice ,  t he  Great Lakes s t a t e s  and 
Canada have been ca r ry ing  on research  and 
t e s t i n g  measures aga ins t  t he  lampreys. On 
September 10, 1954 the  United S t a t e s  and 
Canada signed a t r e a t y  f o r  J o i n t  ac t ion .  

Because of the  lamprey preda t ions  
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YEARS OF O P E R A T I O N  

I n i t i a l  e f f o r t s  a t  con t ro l  of t he  
lampreys focused on the  prevent ion  of the i r  
spawning. Electromechanical wei rs  and 
t r a p s  and e l e c t r i c a l  b a r r i e r s  were developed 
which success fu l ly  block or des t roy  spaf l ing 
runs of adul t  lampreys. When i n s t a l l e d  i n  
spawning s t reams,  t hese  devices  provide an 
e f f ec t ive  method of  reducing the  numbers Of 
lampreys, Unfortunately,  a lamprey control  
program based on the  prevent ion of spawning 
w i l l  not show r e s u l t s  f o r  seven o r  more 
years .  A t  least  s i x  genera t ions  of larvae!  
spawned before  the  e l e c t r i c a l  blockade of 
t he  s t r eams ,  must grow, t ransform,  migrate 
t o  the  l a k e s ,  prey on the  f i s h  and e n t e r  
spawning streams before the  blockade is 
e f f ec t ive .  
i n  Lake Supe r io r ,  where t h e r e  is evidence 
t h a t  lamprey preda t ion  w i l l  cause t h e  ~ 0 1 -  

lapse  of t h e  l ake  t r o u t  f i s h e r y ,  as  has 
occurred i n  Lakes Huron and Michigan, before 
weir c o n t r o l  measures can become ef fec t ive '  

Such delay may prove d isas t rous  

Because of these  f a c t s  t he  p r inc ipa l  
problem became one of  developing techniques 
f o r  a t t ack ing  the  lampreys which might Pro* 
duce more immediate ,control  of t h e  species '  

S E A  LAMPREY RESEARCH LABORATORY A i  HAMMOND BAY N E A R  ROQERS C I T Y ,  M I C H I G A N  
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If the  l a rvae  i n  the  streams could be 
destroyed,  t he  populat ions might be reduced 
s u b s t a n t i a l l y  i n  the  lakes  i n  l e s s  than  two 
Years. In an attempt t o  loca t e  chemicals 
which would be l e t h a l  t o  l a r v a l  lampreys 
but  r e l a t i v e l y  harmless t o  o the r  f i s h ,  more 
than 4,000 chemicals were t e s t e d .  

Current research.--The establ ishment  
Of t he  Great Lakes Fishery Commission i n  
June 1956 made poss ib l e  an improvement i n  
Operation and i n  coord ina t ion  and planning 
of s e a  lamprey c o n t r o l  ‘and research  i n  the  
%at  Lakes. The Commission contracted 
with t h e  Fish and Wi ld l i f e  Service t o  exe- 
cute  t h e  lamprey program i n  United S t a t e s  
waters and with the  F i she r i e s  Research 

Board of Canada as the  agency i n  Canadian 
waters .  

Lamprey con t ro l  w a s  confined t o  Lakes 
Super ior  and Michigan with the  except ion of 
an experimental  b a r r i e r  on Lake Huron. D i s -  
covery of l a r g e  runs i n  Wisconsin t r i b u -  
t a r i e s  of Lake Superior  r e q u h  ed the  i n s t a l -  
l a t i o n  of f i v e  new e l e c t r i c a l  con t ro l  devices  
A s i x t h  new s t r u c t u r e  was operated on the  
L i t t l e  Two Hearted River.  By June 28, 1957 
the  take of lampreys amounted t o  53,887 
from 39 con t ro l  devices  along the  south  
shore  of Lake Superior .  The 1957 take ex- 
ceeded t h a t  of preceding years i n  most major 
s t reams.  The f i v e  new b a r r i e r s  i n  Wiscon- 
s i n  took 19,555 lampreys. 

SEA LAMPREY CONTROL BARRIERS ACROSS THE TWO HEARTED R I V E R ,  LUGE COUNTY, M I C H I G A N .  
THE ALTERNAT [NO-CURRENT STRUCTURE IS I N  THE LEFT BACKGROUND AND A DIRECT-CURRENT 

D E V I C E  I S  I N  THE FOREGROUND 
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To support  t he  expansion of t he  
lamprey con t ro l  program on Lake Michigan, 
new f i e l d  s t a t i o n s  were e s t ab l i shed  at  
Oconto, Wisconsin, and Ludington, Michigan. 
Eighteen electromechanical  devices  were 
added t o  Lake Michigan's con t ro l  network 
and cons t ruc t ion  was wel l  advanced on e i g h t  
o the r s .  By June 30, 1957, 64,102 lampreys 
were taken from 37 u n i t s .  The s i n g l e  weir 
on Lake Huron took 8,163 lampreys. These 
f i g u r e s  show a continued h igh  abundance i n  
Lakes Michigan and Huron. 

Res e arch a c t i v i t i e s  we r e  d i r e c t e d  
toward t e s t i n g  s p e c i f i c  l a r v i c i d e s  and 
experimental  opera t ion  of d i r ec t - cu r ren t  
e l e c t r i c a l  d ive r s ion  devices .  Tes ts  of 
two l a r v i c i d e s  were c a r r i e d  out i n  raceways 
designed t o  s t imu la t e  s t ream condi t ions.  
The r e s u l t s  of t h e - t e s t s  of both a ch lo r i -  
nated and a f l u o r i n a t e d  n i t rophenol  were 
h ighly  encouraging and ind ica t ed  t h a t  

a c t u a l  "p i lo t "  t rea tment  of streams should 
be i n i t i a t e d .  These two chemicals were 
s e l e c t e d  as the  most e f f e c t i v e  a f t e r  many 
experiments wi th  more than  4,000 compounds 
over t h e  l a s t  s e v e r a l  years .  

Pre l iminary  surveys  of 13  s t r e w  
s e l e c t e d  f o r  t e s t  t reatment  were completed 
and t h e  S t a t e s  of Michigan and Wisconsin 
have authorized the  Great Lakes Fishery 
Inves t iga t ions  t o  t r e a t  them. 

The i n s t a l l a t i o n  and ope ra t ion  of 
seven experiment a1 d i r ec t - cu r ren t  devices  
i n  combination with a l t e r n a t i n g  cu r ren t  
c o n t r o l  b a r r i e r s  i n  Lake Super ior  s t r e a m  
reduced f i s h  m o r t a l i t y  from 85 percent  t o  
8 .5  percent .  
genera tor  developed under con t r ac t  f o r  
t h i s  p ro jec t  produced pulsed d i r e c t  current 
through the  season.  Previous equipment 
f r equen t ly  broke down. 

A new type of r e l ax ing  pulse 
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F ISHERY INVESTIGATIONS 

Research vessels.--The v e s s e l  Cisco 
during May-November 1956 made a hydro- 
graphic  and f i s h e r y  survey of Saginaw Bay 
a d  southern  Lake Huron, Experimental 
t rawl ing  revealed t h a t  t he  alewife  made up 
about one-half of t he  f i s h  populat ion i n  
shallow a reas  of t he  Bay (up t o  10 fathoms) 
a d  smelt  a t h i r d  of the  t ake  i n  both  sha l -  
low and deep water.  
spec ies  is of s i g n i f i c a n t  commercial va lue  
i n  t he  Saginaw Bay f i s h e r y .  Yellow perch,  
the only  o ther  spec ie s  taken abundantly i n  
the experimental  f i s h i n g ,  made up l e s s  than  
20 percent  of t he  t r awl  catches i n  shal low 
areas  and about 50 percent  a t  depths over 
10 fathoms. 
important in  the  commercial f i s h e r y ,  gener- 
a l l y  l e s s  than  1 percent  of t he  ca t ch  of  a 
small  mesh t rawl  was above the  minimum 
lega l  length  of 8-1/2 inches.  Inshore 
a reas ,  where usua l ly  shallow-water Species  
such as carp  and c a t f i s h  a re  found, were 
not sampled i n  the  Cisco s t u d i e s .  

Nei ther  of t hese  

While t h e  yellow perch is 

I n  deeper a reas  (25-50 fathoms) of 
Lake Huron, chubs were not nea r ly  

as abundant a s  i n  Lake Michigan. I n  Lake 
40 chubs were taken i n  500 f e e t  Of 

%‘Ion g i l l  ne t  wi th  equal  length  o f  2-1/2- 
and %inch mesh, while  t he  same experi-  
mental  u n i t  f i shed  i n  Lake Michigan a t  com- 
parable  depths  and per iods i n  1954-1955 
took 80 chubs i n  the  no r th  po r t ion  and 250 
chubs i n  t h e  south .  
Size of Lake Huron chubs, however, makes 
them va luable  t o  the  f i s h e r y  as small  f i s h  
are Unmarketable. 
:OO-foot g i l l  n e t s ,  10  chubs (42 percent )  
In southern  Lake Huron were over 10 inches 
long,  bu t  only 9 (12.6 percent )  and 8 (6.1 
Percent)  exceeded t h i s  length  i n  nor thern  
md Southern Lake Michigan, r e spec t ive ly .  

abundant i n  southern  Lake Huron than  i n  
Lake Michigan. 

The r e l a t i v e l y  l a r g e  

O f  t he  f i s h  taken i n  

marketable chubs a r e  s l i g h t l y  more 

The 1956 survey included ex tens ive  
s tudies  of t he  phys ica l  and chemical charac- 
t e r i s t i c s  of Saginaw Bay and southern  Lake 

and the  c o l l e c t i o n  of numerous samples 
Planktonic  and bottom inhab i t ing  f i sh -  ‘QQ~ organisms. Prel iminary r e p o r t s  a r e  

being made on much of t h i s  ma te r i a l .  The 
‘lchigan Department of Conservation assisted 
in car ry ing  out a l a r g e  p a r t  of t h i s  work. 

S t a r t i n g  t h e  last week of Apr i l  1957, 

t h e  Cisco has been surveying Lake E r i e  t o  
l e a r n  the  d i s t r i b u t i o n  and r e l a t i v e  abun- 
dance of var ious  spec ie s  of commercial and 
non-commercial f i s h  i n  d i f f e r e n t  a r eas  and 
times of t he  year ,  
is  rece iv ing  p a r t i c u l a r  a t t e n t i o n .  

Their  e a r l y  l i f e  h i s t o r y  

The vesse l  Musky p a r t i c i p a t e d  i n  spe- 
c i a l  synopt ic  s t u d i e s  of Saginaw Bay. 

Lake Superior  inves t  i g a t  ions .  - -Pr ior  
t o  the  establ ishment  of t he  s t a t i o n  a t  
Ashland, Wisconsin, i n  May 1957, f i s h e r y  

S E T T I N G  1/2-METER TOW NET FROM RESEARCH VESSEL 
w. T H I S  CLOSING NET I S  USED TO STUDY THE 
VERTICAL DISTRIBUTION OF LARVAL F I S H  AND LARGER 

FOOD ORGANISMS 
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r e sea rch  on Lake Superior  had been on a 
h ighly  r e s t r i c t e d  and i n t e r m i t t e n t  b a s i s .  
The work had been l imi t ed  c h i e f l y  t o  sur -  
veys of  t he  Cisco i n  1952 and 1953, t o  an 
annual sampling of l ake  he r r ing  spawning 
runs a t  s e l e c t e d  po r t s  and t o  observa t ions  
of lake  t r o u t  landings a t  Marquette. The 
newly organized staff w i l l  cont inue and 
broaden the  work on lake  t r o u t  and l a k e  
he r r ing  and undertake a program of s tudy  on 
t h e  wh i t e f i sh ,  a spec ie s  t h a t  may be ab le  
t o  withstand g r e a t e r  e x p l o i t a t i o n  and, t h u s ,  
be va luable  t o  the  indus t ry  i n  su rv iv ing  
the  an t i c ipa t ed  s c a r c i t y  of l ake  t r o u t  o v e r .  
t he  next few years .  

Lake E r i e  inves t iga t ions . - -S taf f  
members a t  t he  Sandusky s t a t i o n  e s t ab l i shed  
i n  mid-June 1957 are  acquaint ing themselves 
wi th  l o c a l  f i s h i n g  methods and problems. 
Otherwise,  t he  f i s h e r y  research  on Lake 
Erie was l imi t ed  t o  the  annual f a l l  sampling 
of the  commercial l andings  a t  var ious  p o r t s  
and a con t inua t ion  of t h e  inqui ry  i n t o  the  
age,  s i z e  and year-class  composition o f  
walleye and b lue  p ike .  

Green Bay-Saginaw Bay inves t iga t ions .  
--A major advance was made i n  the  knowl- 
edge of t he  f i s h e r i e s  o f  Saginaw Bay wi th  

completion of a s tudy  of  t he  f l u c t u a t i o n  
of t he  yellow perch popula t ion  based on 
ma te r i a l  c o l l e c t e d  i n  1943-1955. The aver’ 
age age of f i s h  i n  t rap-ne t  samples col-  
l ec t ed  i n  the  sp r ing  increased between 1929’ 
1930 (3.8 .years)  and 1943-1955 (4.3 years )  
and growth dec l ined  sharp ly .  Yellow perch 
o f  the  1929-1930 samples reached l e g a l  
length  (8-1/2 inches)  i n  3 years but  those 
taken i n  1943-1955 required more than  5 
years  t o  a t t a i n  the  same s i z e .  The modal 
length  dropped from 8.5 - 8.9 t o  6 .5  - 6 s 9  
inches and the  percentage of  lega l -s ized  
f i s h  from 74 t o  11. I n  both pe r iods ,  the 
females averaged l a r g e r  than the  males and 
grew more r ap id ly .  

The growth i n  l eng th  and weight of 
Saginaw Bay yellow perch i n  1943-1955 was 
the  lowest ye t  reported from any Great 
Lakes waters .  The decrease was bel ieved 
t o  have r e su l t ed  from a more than sevenfold 
increase  i n  the  populat ion dens i ty .  
”space f a c t o r ”  r a t h e r  than competi t ion for  
food may account f o r  t he  dec l ine  i n  growth 
r a t e .  Fish of  t he  1943-1955 samples did 
not  evidence a sca rc i ty ‘  of food;  on the  Con- 
t r a r y ,  they were heavier  f o r  t h e i r  length 
than f i s h  caught i n  1929-1930. 

A 

200 0 5 0  100 

NUMBER OF FISH P E R  N E T  

ABUNDANCE OF CHUBS I N  LAKE M I C H I G A N  AND SOUTHERN LAKE HURON SHOWING THE PORTION OF MARKETABLE S I z E  
(OVER 10 INCHES LONG) 
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Males were r e l a t i v e l y  more p l e n t i f u l  
i n  1943-1955 (62 percent )  than  i n  1929-1930 
(25 pe rcen t ) .  
a t t a ined  sexual  matur i ty  a t  a small  s i z e  
(near ly  a l l  males were mature a t  a l l  l engths  
Of 5 inches and g r e a t e r ;  80 percent  of 
females were mature a t  7.0 - 7.4  inches) .  

Both males and females 

- 

The s t ronges t  year c l a s s e s  were those 
of 1939 and 1952 and t h e  weakest were those 
of 1941 and 1945. 
cor re la ted  s i g n i f i c a n t l y  w i t h  product ion 4 ,  

and 6 years  l a t e r ,  but  not  with the  abun- 
dance of lega l -s ized  f i s h  i n  t h e  year  of 
hatching o r  wi th  temperature ,  p r e c i p i t a t i o n ,  
water  l e v e l  and t u r b i d i t y .  

Year-class s t r e n g t h  w a s  

The annual f l u c t u a t i o n  of  growth i n  
length i n  the  f i r s t  year and i n  l a t e r  years  
Of l i f e  was d i s s i m i l a r .  F i r s t -year  growth 
was poorest  i n  1942 but tended 
Strongly t o  improve i n  subsequent 
Years. F i r s t -year  growth w a s  cor- 
:elated negat ive ly  with t u r b i d i t y  
l n  June but  w a s  not  co r re l a t ed  
with year -c lass  s t r e n g t h  o r  o t h e r  

i nves t iga t ed .  F luc tua t ions  
Of growth i n  l a t e r  years  of  l i f e  
\Irere l a r g e l y  without t rend .  Growth 
1n these  years was not co r re l a t ed  
with the  abundance of lega l -s ized  
f i s h ,  temperature ,  p r e c i p i t a t i o n ,  

w i t h  the  water l e v e l  f o r  May t o  
October. 

t u r b i d i t y ,  bu t  var ied  inverse ly  

The accumulation of  ma te r i a l  
‘4 the  yellow perch of Green Bay 
S ta r t ed  i n  1948 is near ing the  poin t  
where an inqu i ry  i n t o  f a c t o r s  of 

‘%haw Bay soon may be poss ib l e .  
‘ertain prel iminary analyses  have 
been s t a r t e d  and a paper is  i n  

similar t o  t h e  one made f o r  

on the  ques t ion  of s c a l e  s t ruc -  
and growth. 

The rou t ine  sampling of o the r  
Pr inc ip le  spec ie s  of both Green Bay 
ud Saginaw Bay has been continued. 

Deep waters  of Lakes Huron 
%Michigan.--In add i t ion  t o  obser- 
vations made by the  Cisco i n  southern  
!%e Huron i n  1956, work has con- 
‘InUed on the  ana lys i s  of ma te r i a l s  
*d d a t a  on t h e  chubs of Lake Michi- 
gan. This s tudy  is d i r e c t e d  p r inc i -  
pa l ly  at  a comparison of 1930-1932 

and 1954-1955 with respec t  t o  age,  growth, 
d i s t r i b u t i o n  arid l o c a l  and reg iona l  abun- 
dance. 

A s tudy  of the  d i s t r i b u t i o n ,  migrat ion 
and l i f e  h i s t o r y  of t he  f ish-food organism. 
Mysis r e l i c . t a ,  formed the  b a s i s  of a-doc- . 
t o r a l  d i s s e r t a t i o n  accepted by the  Univers i ty  
of Michigan. 

WESTERN INLAND FISHERY INVESTIGATIONS 

I. CALIFORNIA-NEVADA INLAND 
FISHERY INVESTIGATIONS 

Reed S. Nielson 
Reno, Nevada 

lakes  and streams i n  Ca l i fo rn ia  and Nevada 
Fishing pressure  on high mountain 

/ 

AVERAGE CALCULATED WEIGHTS AT THE END OF EACH YEAR OF 
L I F E  FOR YELLOW PERCH FROM DIFFERENT GREAT LAKES WATERS 
(SEXES COMBINED) .  LAKE E R I E ,  SHORT DASHES; GREEN BAY, 
DOTS AND DASHES; NORTHERN LAKE M I C H I G A N ,  TWO DOTS AND 

DASHES; SAGINAW BAY, 1929-1930, LONG DASHES; SAGINAW 
BAY, 1943-1955, S O L I D  L I N E  
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has more than  doubled i n  recent  years .  
There has been no comparable increase  i n  
the  fundamental knowledge needed t o  maintain 
the  f i s h e r y  resources  of t hese  waters  i n  
r e l a t i o n  t o  inc reas ing  angl ing  pressure .  
These i n v e s t i g a t i o n s ,  through p i l o t  s t u d i e s ,  
a r e  designed t o  determine the  bas i c  produc- 
t i v i t y  of t hese  lakes  and streams, t o  devel-  
op new techniques f o r  a s ses s ing  the  stream 
and lake  p roduc t iv i ty ,  t o  eva lua te  the  pre- 
s e n t  ex tens ive  and expensive p r a c t i c e  of 
s tocking  hatchery-reared,  ca tchable-s ize  
t r o u t  i n  streams, t o  assess the  phys ica l  
v i t a l i t y  of hatchery-reared t r o u t ,  and t o  
determine t h e  e f f e c t s  of seasonal  c l i m a t i c  
condi t ions  on t r o u t  and on t h e i r  s t ream and 
l ake  h a b i t a t s .  This in format ion  w i l l  be 
used as a guide i n  formula t ing  improved 
management p r a c t i c e s  and procedures and i n  
developing methods t o  increase  the  produc- 
t i v e  c a p a c i t i e s  of  these  waters .  

TROUT SURVIVAL 

Trout  s u r v i v a l  i n  streams.--In Ju ly  
1956 experiments were begun in a 1-mile. 
4-sect ion experimental  s t ream t o  determine 
the  s u r v i v a l  of f i v e  groups of  catchable-  
s i z e  rainbow t r o u t  which had been reared  i n  
C a l i f o r n i a  ha t che r i e s .  O f  t he  two groups 
of  rainbows from Darrah Spr ings ,  one group 
had been f e d  p e l l e t  food and the  o the r  a 
r egu la r  meat d i e t  con t ro l .  The groups from 
San Joaquin,  Fish Spr ings  and Hot Creek had 
been given t h e  r egu la r  d i e t .  A check on 
November 1 found an average o f  90 percent  
recovery from t h e  s t ream h a b i t a t .  This 3- 
month phase of  t he  experiments demonstrated 
t h a t  95.1 percent  from four of the  f i v e ,  
groups would have been ava i l ab le  t o  ang le r s  
t h r e e  months a f t e r  t h e  midseason p l an t ing  
i n  t h e  s t ream. The s u r v i v a l  of the  p e l l e t -  
f e d  t r o u t  w a s  7 3 . 3  percent .  

The t r i a l s  were continued through 
Apr i l  t o  determine the  s h a r e  of  [ a l l  su rv i -  
vors  from one summer’s s tocking  which would 
be ava i l ab le  a t  the  opening of the  next  
angl ing season  t o  compare win ter  v i t a l i t y  
of  t he  var ious  l o t s  and t o  attempt t o  f i n d  
sound reasons f o r  any d i f f e rences  i n  per- 
formance. I n  the  November-May per iod ,  t h e  
mean recovery from a l l  fou r  stream s e c t i o n s  
was 69 percent  f o r  San Joaquin t r o u t  ( b e t t e r  
than  expected i n  cons ide ra t ion  of  t he  pre- 
vious winter exper ience) ,  48 percent  f o r  
Darrah Spr ings  r egu la r -d i e t  t r o u t  (about a8 
expected)  and an average of  21  percent  f o r  
t he  remaining t h r e e  groups. As i n  t h e  

summer-fall phase,  t h e  dry-food group 
suffered the  g r e a t e s t  mor t a l i t y  i n  t h e  
stream sec t ions .  The t r o u t  of a l l  groups 
l o s t  30 t o  36 percent  i n  c o e f f i c i e n t  of 
condi t ion  over  t he  e n t i r e  n ine  months, Which 
was comparable t o  reduct ions  experienced 
i n  e a r l i e r  s u r v i v a l  experiments.  Although 
t h e r e  were some d i f f e rences  i n  d i s t r i b u t i o n  
o f  dea ths  i n  t h e  win ter -spr ing  pe r iod ,  these 
could not be l inked  wi th  d i f f e r e n c e s  i n  
i n i t i a l  v i t a l i t y  except i n  t h e  case  of the 
pe l l e t - f ed  t r o u t  which had demonstrated 
t h e i r  weakness i n  the  f i r s t  t h r e e  months. 
Examinations in January and March revealed 
moderate p a r a s i t i s m  and i n t e s t i n a l  disorder  
i n  a l l  groups,  bu t  no se r ious  m o r t a l i t y  
f a c t o r s .  Winter condi t ions  were about aver’ 
age f o r  t h e  a rea  and the  s t ream s e c t i o n s  
were br idged wi th  i c e  and snow f o r  about 
t h r e e  weeks. A i r  temperatures ,  however, 
were about s i x  degrees below average i n  
January wi th  many subzero days. 

Trout s u r v i v a l  i n  a pond.--Trout from 
t h e  above-named C a l i f o r n i a  ha t che r i e s  Sur’ 
vived nine months i n  a 1200-sq. f t .  pond, 
conta in ing  some n a t u r a l  food,  a t  r a t e s  
ranging from 53 t o  100 percent .  Although 
no per iodic  counts of t he  su rv ivo r s  were 
made dur ing  the  t e s t ,  t he  p a t t e r n  of known 
mor ta l i t y  ind ica t ed  t h a t  most of t he  deaths 
occurred i n  the  f i n a l  two months. S l i g h t  
ga ins  i n  l eng th ,  l o s s e s  i n  weight and 25 
t o  40 percent  reduct ions  i n  cond i t ion  factor 
occurred i n  a l l  groups except t h a t  the  flnal 

mean weight of  Fish Spr ings  t r o u t  ind ica ted  
an increase .  The inc rease  probably resul ted 
from g r e a t e r  m o r t a l i t y  among the  smal le r  
t rou t - - these  f i s h  were ove r s i ze  l e f tove r s  
from the  s t ream-planted l o t s  and could not 
be graded c l o s e l y  f o r  uniform length .  
genera l  comparison between t abu la t ed  Survie 
v a l s  of stream and pond experiments ind i -  
ca t ed  an advantage i n  the  qu ie t  water  
s i t u a t i o n ,  d e s p i t e  a 3-month i c e  cover which 
f o r  several weeks sagged almost t o  the  bot’ 
tom of the  pond as a r e s u l t  of low water.  
I n  t h i s  test the  San Joaquin and Darrah 
Spr ings  t r o u t ,  which had been fed the  regu’ 
l a r  d i e t ,  survived b e s t .  

A 

S t a r v a t i o n  t e s t . - -P i f ty  f i s h  from 
each of t h e  f i v e  groups were he ld  162 days 
i n  food- t igh t ,  indoor hatchery t roughs.  
I n  t h i s  s t r i n g e n t  t e s t  a d i s t i n c t  l ack  Of 
v i t a l i t y  was observed i n  the Darrah Springs 

He aVY t r o u t  wi th  the  
m o r t a l i t y  of  t h i s  group,  apparent ly  caused 
by ma lnu t r i t i on ,  began i n  September and 

h i s t o r y  of d ry  f eed .  
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el iminated 62 percent  of t he  l o t  after 
th ree  months. M o r t a l i t i e s  i n  t h e  o ther  
Groups were r a t h e r  evenly d i s t r i b u t e d  over 
the t o t a l  time and were l i g h t  among the  
Hot Creek and Fish Springs t r o u t .  Because 
of t he  difference i n  t h e  length of t he  
t e s t s  and l e s s  exe rc i se  by the  t r o u t  i n  the  
s t a r v a t i o n  t roughs,  loss  of body condi t ion  
i n  the  s t a rved  t r o u t  was l e s s  than i n  the  
stream o r  the  pond. A f reezeup of t h e  
water supply terminated t h i s  experiment on 
January 10. 

Experiments i n  1957-1958.--0n May 15  
experiments,  s i m i l a r  t o  those  descr ibed 
above, were begun wi th  two groups of catch-  
able-s ize  rainbow t r o u t  from the  Moccasin 
Creek Hatchery of t he  C a l i f o r n i a  Department 
Of Fish  and Game. One group was reared  on 
regular  hatbhery d i e t s  while t h e  o the r  was 
reared on a d i e t  of f o r t i f i e d  p e l l e t s .  Five 
t rou t  from each group examined a t  the  hatch- 
ery p r i b r  t o  t r a n s p o r t a t i o n  were i n  good 
condi t ion except f o r  too much v i s c e r a l  f a t ;  

cond i t ion  w a s  most pronounced among 
the pe l l e t - f ed  f i s h .  
were moderate t o  abundant on the  body sur -  

E p i s t y l i s  and gyros 

of a l l  t r o u t  examined. The t r o u t  
i n  good condi t ion  a f t e r  a 13-hour 

haul and, sus t a ined  neg l ig ib l e  l o s s  through 
a 1-week hiding per iod  during which f i s h  
for the  var ious  tests were s e l e c t e d  accord- 
!% t o  uniform t o t a l  l ength  and marked for 
ldent i f i c a t i o n  by amput at ion  of t h e  f i n s .  
‘elected regular  d i e t  f ed  t r o u t  averaged 
3.75 per  pound, had an average length  of 
27.6 cm., a weight of 120.8 grams and a 

f a c t o r  of 1.040 as compared wi th  
4.00 per  pound, a length  of 22.1 cm., a 
”eight of 103.5 grams and a condi t ion  faC- 
tor o f  0.954 f o r  t h e  pe l l e t - f ed  group. A t  
the end of June 30, l o s s e s  i n  the  var ious  
tests were s m a J l  bu t  more pronounwd among 
the Pe l le t - fed  f i s h .  There were no lo s ses  
In t he  pond t e s t ;  3 regular  d i e t  and 4 
Pellet-fed t r o u t  d ied  i n  t h e  S ta rva t ion  
test and 1 regular  d ie t  and 5 pe l le t - fed  
t rout  d ied  i n  the  s t ream t e s t .  

The r egu la r  d i e t  t r o u t  from t n e  Hot 
Creek, F i sh  Springs and San Joaquin hatch- 
eries w i l l  be  used beginning July 23, 1957 
to repeat  t he  1956-1957 t e s t s .  
ments concluded with t r o u t  f tom these  
ha tcher ies  d i sc losed  d i f f e rences  i n  v i t a l i t y  
and a b i l i t y  t o  surv ive  but  t he  reasons f o r  
‘ e s e  d i f f e rences  are not c l e a r .  Therefore ,  

bao*,say, h i s topa tho log ica l  and d i sease  

The exper i -  

next year ’s  program w i l l  include the  

examinat ion of r ep resen ta t ive  specimens of 
a l l  groups of t r o u t  a t  t he  beginning,  check 
po in t s  and conclusion of each experiment.  
In  add i t ion ,  t he  h a b i t a t  of each experimen- 
t a l  s t ream s e c t i o n  w i l l  be evaluated t o  
determine the  inf luence  of s t ream q u a l i t y  
on t r o u t  s u r v i v a l .  

Hatchery eva lua t  ion.--A chemical 
ana lys i s  of some Ca l i fo rn ia  hatchery water  
supp i i e s  and some unusual ly  product ive 
n a t u r a l  t r o u t  waters  has been accomplished 
as o r i e n t a t i o n  work pre l iminary  t o  a s tudy  
of a s soc ia t ions  among water q u a l i t y ,  o t h e r  
hatchery condi t ions  and product ion and 
q u a l i t y  of t r o u t ,  
u a t i o n  of ha tchery  waters  (physical-  
chemic a l -b io logic  a1 c h a r a c t e r i s t i c s  and 
methods of use )  i n  r e l a t i o n  t o  t r o u t  s t o c k s ,  
f e e d s ,  growth, l o s s e s ,  v i t a l i t y  and o the r  
f a c t o r s  r e l a t i n g  t o  t r o u t  produced a t  t h e  
major ha t che r i e s  i n  C a l i f o r n i a ,  Nevada and 
elsewhere.  

This w i l l  embody an eval-  

PMDUCTIVITY OF HIGH SIERRA LAKES 

Periphyton sampling was conducted on 
e i g h t  of t he  n ine  lakes  i n  the  upper Con- 
v i c t  Creek Basin i n  August and on Convict 
Lake i n  November and Apr i l .  Constance Lake 
was not sampled because snow and i c e  c losed 
i t .  Quan t i t a t ive  r e s u l t s  were s i m i l a r  t o  
but  d id  not  (on a ranking basis)  dup l i ca t e  
the  r e s u l t s  of t he  previous yea r ,  al though 
s i x  o f  t he  lakes  appeared f a i r l y  s t a b l e  
wi th  approximately the  same amount of mate- 
r i a l  formed a t  var ious  l e v e l s  during com- 
parable  per iods  of t h e  two years .  Analysis  
of t hese  samples cont inues t o  i n d i c a t e  a 
genera l  l i n e a r  re1  a t  ionship between periphy- 
ton product ion and physico-chemical f a c t o r s ,  
but  no s p e c i f i c  l i m i t i n g  o r  c o n t r o l l i n g  
f a c t o r s  have ye t  been i d e n t i f i e d .  Work on 
the  i d e n t i f i c a t i o n ,  r e l a t i v e  abundance and 
condi t ions  o f  ex i s t ence  of t h e  per iphyton 
organisms is cont inuing.  Experiments i n  
c u l t u r i n g  the  organisms under con t ro l l ed  
labora tory  condi t ions  is proceeding a t  the  
Cortland, New York s t a t i o n .  A sampling 
apparatus  involving the  use of  preweighed 
g l a s s  s u b s t r a t e s  was t e s t e d  but  was imprac- 
t i c a l  for f i e l d  use.  

P a r t i a l  chemical analyses  of water 
samples from t h e  lakes  i n  Convict Creek 
Basin,  Mamonth and June Lake groups and 
Lake Crowley were c o w l e t e d .  
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11. ROCKY MOUNTAIN FISHERY INVESTIGATIONS 
Ol ive r  B. Cope 

Logan, Utah 

Increas ing  numbers of anglers  v i s i t  
Yellowstone Lake each year .  The a c t i v e  
hatchery program former ly  ca r r i ed  on i n  
these  waters took l a r g e  numbers o f  cut-  
t h r o a t  t r o u t  eggs from t h i s  drainage each 
yea r ,  and the  e f f e c t s  of t he  program a re  
being assessed .  
determine the  b e s t  con t ro l  procedures t o  
be used i n  perpe tua t ing  t h i s  popula t ion  
and t h i s  f i s h e r y  i n  accordance wi th  the  
p o l i c i e s  of t h e  Nat ional  Park Serv ice .  

This  s tudy  is designed t o  

A c t i v i t i e s  t h i s  year were devoted 
c h i e f l y  t o  popula t ion  work on Yellowstone 
Lake and its t r i b u t a r i e s ,  t o  s tock ing  
experiments i n  t h e  Madison River system, 
t o  the  gray l ing  problems on Grebe Lake 
and t o  cooperat  i on  on DDT-f i s h  problems 
wi th  o the r  agencies .  

Yellowstone Lake.--The popula t ion  
of the  c u t t h r o a t  t r o u t  i n  Yellowstone Lake 
must,  on the  b a s i s  of measurements made 
t h i s  year ,  be considered as being i n  no 
immediate danger f o r  ove rexp lo i t a t ion .  

Despi te  increased f i s h i n g  pressure  i n  1956 
over  t h a t  i n  1955, f i s h i n g  success  remained 
high.  
1957 were h igh  i n  numbers of  f i s h  up t o  
June 30. 
1957 have been 

The spawning runs i n  t h e  s p r i n g  of 

Pe l i can  Creek spawner counts  since 

1947 - 19,163 1953 - 12,418 
1948 - 9,531 1954 - 10,340 
1949 - 32,431 1955 - 12,368 
1950 - 15,076 1956 - 7,000 
1951 - 7,423 1957 - 16,027 
1952 - 6,521 

Ind ica t ions  a r e  t h a t  o t h e r  spawning s t r e @  
a r e  a l s o  suppor t ing  s i z a b l e  spawning runs 
t h i s  year .  These t rends  suggest  t h a t  t he  
present  p r a c t i c e  of r e l y i n g  on n a t u r a l  
reproduct ion alone may be e n t i r e l y  appro- 
p r i a t e  under present  f i s h i n g  p res su res .  
The problem is t o  p r e d i c t  i t s  adequacy for 
t he  pred ic ted  increases  i n  t h e  numbers of 
fishermen as of  1966. 

I n  the  s p r i n g  of 1957 beginnings 
were made on an i n t e n s i f i e d  program of l i m -  
no logica l  measurements on Yellowstone Lake. 
This program w i l l  featur 'e smal le r  numbers 
of s t a t i o n s  and more observa t ions  a t  each 
s t a t i o n .  The aim of the  s tudy  is t o  secure 

THE BOAT F I S H E R Y  I N  600 YARDS OF THE YELLOWSTONE R I V E R  AND NEAR THE OUTLET OF YELLOWSTONE LAKE 
TOOK AN ANNUAL AVERAGE OF 54,000 CUTTHROAT FROM 1950 TO 1955 
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information on the basic productivity i n  
t h i s  water. The data  collected indicate  
differences i n  water qual i ty  from place t o  
Place i n  the lake. 

Madison River system.--Pishing i n  the 
Madison River and the Firehole River i n  
1956 w a s  below average. This lack of suc- 
cess cannot be associated with the in t e r -  
ruption of stocking except i n  the case of 
the legal-size rainbows formerly planted i n  
the Madison River. The 1957 program 
emphasized careful  measurements of e f f o r t  
and catch t o  keep track of trends i n  these 
Waters. Thus f a r  i n  1957 f i sh ing  appears 
t o  be b e t t e r  than i t  w a s  i n  1956, when high 
water affected the f ishing f o r  several  
weeks. 

Grebe Lake.--The experimental 
manipulation of grayling planting schedules 
on Grebe Lake continues. The s i zes  of 
egg planting into t h i s  water have been 
reduced from year t o  year; no planting w a s  
done i n  1957. 
l i n g  have been sustained a t  high l e v e l s ,  
averaging about 6,000 spawners in to  Hatch- 
ery Creek, and angler catches have been 
a t  the same general level .  The only major 
change in  f i s h  populations i n  the past  
f i v e  years has been an apparent reduction 
i n  numbers of hybrid t rout  entering the 
t raps  on the spawning streams. A disser ta-  
t i o n  on the grayling of Grebe Lake is 
being completed f o r  the University of Michi- 
gan. 

The spawning runs of gray- 

C O U N T ~ N Q  cUTTHROAO TROUT I N  T H E I R  UPSTREAM SPAWNING MIGRATION I N  GROUSE CREEK, 
YELLOWSTONE N A T I O N A L  PARK 
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DDT-f is h s t u d i e s  . --The Rocky Mount a i n  
F i she ry  I n v e s t i g a t i o n s ,  t he  United S t a t e s  
Fores t  Se rv ice  and t h e  Montana F i sh  and 
Game Department i n  the  summer of  1956 coop- 
e r a t i v e l y  observed s e v e r a l  Montana streams 
which were a f f e c t e d  by a i r p l a n e  spraying  of 
DDT f o r  t he  c o n t r o l  of  t he  spruce budworm. 
This  s tudy  suggested t h a t  t h e  spray d id  no t  
e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  a f f e c t  t he  
f i s h .  Reduction i n  t h e  numbers of s t ream 
bottom organisms r e s u l t e d ,  bu t  by the  end 
of t he  summer these  populat ions were re- 
covering. 

P lans  have been made f o r  spraying  i n  
Yellowstone Park.  The Rocky Mountain Fish- 
e ry  Inves t iga t ions  has  made pre-spray 
measurements in seven streams t o  aLsess the  

e f f e c t s  on aquat ic  animals.  This program 
w i l l  cont inue through the  summer of 1957 
and probably i n t o  1958. 

FRESH-WATER BIOLOGICAL LABORATOR1 ES 

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

Cort land,  New York 

The inc reas ing  c o s t s  of hatchery foods 
and the  u n a v a i l a b i l i t y  of many products  
used i n  t h e  pas t  have necess i t a t ed  t h e  s t u d y  
of n u t r i t i o n a l  requirements of t r o u t  t o  
f i n d  a b e t t e r  b a s i s  f o r  formula t ing  hatchery 
d i e t s .  S tud ie s  upon f a t ,  p r o t e i n ,  carbohy’ 
d r a t e s  metabolism and vi tamin and mineral  

USINQ AN ELECTRIC S E I N E  T O  SAMPLE TROUT POPULATIONS I N  THE MADISON R I V E R ,  
YELLOWSTONE NATIONAL PARK 
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requirements of t r o u t  provide d a t a  t h a t  may 
be applied i n  preparing t h e i r  d i e t s  which 
w i l l  r e s u l t  i n  b e t t e r  growth, lower produc- 
t i on  c o s t s  and reduced f i s h  m o r t a l i t i e s .  
An understanding of t he  n u t r i t i o n a l  require-  
ments of t r o u t  permits  t he  development of 

cost  of food s to rage ,  food prepara t ion  and 
labor of feeding f i s h .  
t$3 of t r o u t  i n  ha tcher ies  a re  of n u t r i -  
tlOnal o r i g i n ,  
“Utr i t iona l  f ind ings  prevents  t h e  occurrence 
Of n u t r i t i o n a l  d i sorders .  

feeding techniques t h a t  w i l l  reduce t h e  

Many of t he  mortal i -  

and t h e  app l i ca t ion  o f  

Vitamin requirement of t r o u t  .--In 
t e s t s  t o  determine the  vi tamin requirement 
Of t r o u t ,  vitamin omission s t u d i e s  with a 
%the t i c  d i e t  e s t ab l i shed  t h e  need of lake 

f o r  r ibo f l av in ,  pantothenic ac id ,  
biotin and pyridoxine.  
Period no need was shown f o r  f i v e  o the r  
“‘embers of t h e  vi tamin B complex. 
are i n  progress 
min B complex requirement f o r  rainbow t r o u t ;  

no conclusions can be reported now. 

Over a 34-week 

Tes ts  
t o  f u r t h e r  s tudy the  v i t a -  

Absorption of minerals by t rout . - -  
Studies were made t o  determine the a b i l i t y  
!f t r o u t  to -absorb  minerals .  
% dissolved coba l t ,  brook, brown, l ake  
and rainbow t r o u t  revealed t h e i r  metabolic 
a c t i v i t y .  The brooks,  browns and rainbows 
had a higher  r a t e  of metabolism a t  a water 

of 51° P. than a t  36’ P.; t h e  
had the  h ighes t  r a t e  of metabolism 

Of these  th ree  spec ies .  
a h e r  r a t e  of metabolism a t  51’ P. than 
at 36O p .  

After  absorb- 

The lake  t r o u t  had 

Studies  on incubat ing brown t r o u t  eggs 
to determine t h e i r  in take  of  calcium from 
the water found t h a t  they absorbed a g r e a t e r  

Of incubat ion lengthened. The t o t a l  calcium 
"intent of t he  egg increased a l s o  as incuba- 
tlon Progressed. 

Brook t r o u t  made a g rea t e r  Use of d i s -  
“lved calcium when the  waters were enriched 
kith Phosphate than when they were not .  
Pe r t i l i za t ion  of water with phosphate seems 
to bene f i t  t he  f i s h  d i r e c t l y  and not  s o l e l y  
through t h e  food chain.  

o f  rad ioac t ive  calcium as the per iod 

in Twenty-four hours after feeding food 

Of 

“as unabsorbed, 20 percent ass imi la ted  and 

a g e l a t i n  capsule ,  a t  a water temperature 
P., 60 percent  of t h e  food calcium 

Percent excreted.  A t  a water temperature 

of 36’ P., 90 percent  of the food calcium 
was unabsorbed, 7 percent  ass imi la ted  and 
3 percent  excreted.  The r a t e  of  u t i l i z a t i o n  
of  calcium depended upon the  metabolic r a t e  
of  t he  f i s h  which i n  t u r n  depended upon the  
water temperature.  

Through use of  the  absorpt ion of  radio- 
a c t i v e  cobal t  a s  a measure, t he  e f f e c t  o f  
var ious  drugs upon the metabolic r a t e  of 
t r o u t  is under inves t iga t ion .  Data, however, 
a r e  not s u f f i c i e n t  f o r  repor t ing  now. 

Feeding t r i a l s . - - P e l l e t s  as food f o r  
hatchery t r o u t  have r e su l t ed  in  reduced 
conversions,  labor  cos t  of feeding  and food 
preparat ion.  The e f f i c i ency  o f  p e l l e t s  i n  
terms of growth, m o r t a l i t i e s  and conversions 
of f i s h  equals  t h a t  o f  t he  s tandard  d i e t s .  
T e s t s  were made t o  determine t h e  value of  
s tandard hatchery p e l l e t s  and p e l l e t s  highly 
f o r t i f i e d  with vi tamins as  food f o r  hatchery 
t r o u t .  After fou r  months, f i s h  which had 
been fed a p e l l e t  highly f o r t i f i e d  with 
vi tamin concent ra tes  became weak and could 
not be handled without a high mor ta l i ty .  
Because t h e  mor ta l i ty  o f  t he  f i s h  increased 
the experiment was discont inued af ter  an 
8-month t r i a l .  Samples of t he  f i s h  were 
preserved f o r  ana lys i s  t o  determine if a 
hypervitaminosis had developed. The cont ro l  
d i e t ,  cons i s t ing  of  t he  s tandard hatchery 
p e l l e t ,  f e d  t o  the  f i s h  without supplemental 
feeding  produced d i f f e r e n t  r e s u l t s .  After 
t e n  months without f r e s h  meat, the f i s h  
showed exce l l en t  growth r a t e s ,  normal mor- 
t a l i t i e s  and no anemia. These experiments 
w i l l  be continued. 

Comparison of  hatchery d i e t s  and 
n a t u r a l  food of  f i sh . - -  S tud ie s  p a r t l y  con- 
firmed ear l ier  conclusions t h a t  n a t u r a l  
food is more e f f i c i e n t  than  hatchery d i e t s  
i n  producing f i s h .  Natural  food conta ins  
about 12  percent  of p r o t e i n  and hatchery 
d i e t s  28 t o  35 percent .  Natural  food g ives  
evidence of  producing equal  growth r a t e s  
and conversion f a c t o r s  when f e d  t o  f i s h .  
Beef l i v e r  supplemented w i t h  cod l i v e r  o i l  
and l i v i n g  b r h e  shrimp f o r  brook t r o u t  f r y  
were super ior  t o  a con t ro l  d i e t  of beef 
l i v e r  alone. 
b r i n e  shrimp was super ior  t o  both of these  
d i e t s .  

I n  terms of p ro te in  conversion,  

I n  terms of c a l o r i e s  usable  by t r o u t ,  
n a t u r a l  food conta ins  about 70 c a l o r i e s  per  
100 grams. 
c a l o r i e s  per  100 grams ( a l l  meat d i e t )  t o  

Hatchery d i e t s  vary from 90 
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279 (pe l l e t ed  types of food) .  Bven hatchery 
d i e t s  producing equal  growth and conversion 
rates w i l l  va ry  widely i n  t h e i r  c a l o r i e  con- 
t e n t .  I n  t h e  hope t h a t  t he  c a l o r i e  conten t  
may be t h e  missing key, as it was i n  chicken 
n u t r i t i o n ,  a series of experiments have been 
designed t o  provide a wide v a r i e t y  of calo-  
r ie  and p r o t e i n  con ten t s  i n  d i e t s  t h a t  more 
nea r ly  approach n a t u r a l  foods.  S ince  these  
experiments have been under way only six 
weeks, t h e  r e s u l t s ,  while  promising, a r e  too 
inconclus ive  f o r  repor t ing .  

Composition of  t r o u t  blood.--For b a s i c  
s t u d i e s  upon the  physiology and pathology of 
t r o u t ,  t he  composition of t h e  blood o f  t h e  
t r o u t  m u s t  be known. The blood of brown 
t r o u t  w a s  analyzed f o r  n ine  inorganic  com- 
pounds and va lues  were e s t ab l i shed  f o r  i r o n ,  
ch lo r ide ,  sodium, magnesium, potassium, ca l -  
cium, phosphorus, su lpha te  and copper. The 
l e v e l s  of these  elements i n  t h e  blood of  
brown t r o u t  were s i m i l a r  t o  those  reported 
f o r  ca rp  ard human beings.  

S tud ie s  a re  under way t o  
normal l e v e l  of s e v e r a l  of t h e  
pounds of f i s h  blood. No d a t a  
a t  t h i s  t ime f o r  r epor t ing .  

e s t  ab1 i s h  t h e  
organic  com- 
a r e  ava i l ab le  

The experiment a1 r e s u l t s  of t h i s  
l abora to ry  a r e  descr ibed  in d e t a i l  i n  t h e  
annual r epor t  o f  t h e  Cort land Laboratory 
which the  S t a t e  of New York Conservation 
Department publ ished.  This work is done 
under a coopera t ive  agreement among t h e  
P i s h  and Wi ld l i f e  Se rv ice ,  t he  S t a t e  of 
New York Conservat ion Department 
ne11 Univers i ty .  

and Cor- 

11. SALHON NUTRITION LABORATORY 

John E. Halver 
Cook, Washington 

The n u t r i t i o n a l  requirements  of salmon 
i n  terms of  t he  b a s i c  n u t r i e n t s ,  amino 
a c i d s ,  carbohydrates ,  f a t t y  a c i d s ,  vi tamins 
and minera ls  have not  been completely es tab-  
l i s h e d .  A p r e r e q u i s i t e  f o r  determining 
which of t hese  n u t r i e n t s  is requi red  and 
i n  what amounts must be the  es tab l i shment  
of a t es t  d i e t  f o r  each group i n  which the  
n u t r i e n t  t o  be s tud ied  can be experiment- 
a l l y  con t ro l l ed .  
d i e t s  then  can be used t o  determine t h e  
q u a l i t  a t  i ve  and q u a n t i t a t i v e  n u t r i t i o n a l  

Appl ica t ion  of t hese  t e s t  

requirements ,  and adequate experimental  
con t ro l  of t he  d i e t  i ng red ien t s  is poss ib le  
f o r  extended s t u d i e s  i n  advanced biology Of 
t he  animal. 

Research i n  the  f i e l d s  of human medi- 
has  empha- c i n e ,  biochemistry and n u t r i t o n  

s i z e d  the  importance of  h i s t o l o g i c a l  s tudies‘  
Histology o f f e r s  one of t he  b e s t ,  and i n  
some cases  the  on ly ,  t o o l  f o r  d e t e c t i n g  .Subc 
c l i n i c a l  syndromes, d iagnos is  of neopl@@, 
c e l l u l a r  l o c a t i o n  of biochemical cons t i tu ’  
e n t s ,  s t u d i e s  of t h e  e t io logy  of d i sease  
and char a c t  e r i z a t  ion  of s u b t l e  physiologica1 
changes. S i m i l a r l y ,  comparative biochemis- 
t r y ,  se ro logy ,  physiology and gene t i c s  Offer 
i nd iv idua l  and complementary t o o l s  f o r  parc 
t i c u l a r  problems i n  advanced biology. Only 
by understanding the  body func t ions  of the 
animal, t h e  requirements and limits of each 
chemical and physical  r eac t ions  and the  
o rgan iza t ion  of these  func t ions  wi th in  the 
body can the  phys io logica l  behavior  of f ish 
be comprehended. 

NUTRITION AND BIOCHEMISTRY 

Chinook salmon vi tamin requirements:  
--Through use of t he  experiment a1  f a c i l i t @  
a t  Hagerman, Idaho, experiments were con- 
p l e t ed  on the  q u a n t i t a t i v e  v i tamin  require* 
ments of chinook salmon. Por the  f i r s t  set 
of experiments l a r g e  increments of one vita’ 
min at  a t i m e  were de l e t ed  from t h e  complete 
vi tamin t e s t  d i e t  and t h e  growth response 
was measured. A t  t h e  completion of the  
20-week f eed ing  per iod ,  t he  f i s h  were indi’ 
v idua l ly  weighed and measured and represen’ 
t a t i v e  50- f i sh  samples from each trough Wefe 
ev i sce ra t ed .  The l i v e r s  were removed fro* 
t h e  anes the t ized  f i s h  while  they  were still 
a l ive ,  quick f rozen  i n  l i q u i d  n i t rogen  and 
s t o r e d  a t  d ry  i c e  temperatures  i n  small  
ampoules u n t i l  subsequent vi tamin analysis, 
and the  carc’asses were f r o z e n  a t  d ry  i c e  
temperatures  and s i m i l a r l y  held.  Blood 
counts and hemoglobin de te rmina t ions  Were 
run on 20-f ish samples &om c r i t i c a l  l o t s  O f 5  
vi tamin-def ic ien t  f i s h  with s p e c i a l  emPhasl 
on those l o t s  which previous ly  had indicated 
an abnormal blood p i c t u r e .  Post-mortem 
observa t ions  were conducted on io- f i sh  Same 
p les  from each l o t  of  vi tamin-deficient  
f i s h .  Chemical and h i s t o l o g i c a l  sanples  
were preserved at  each biweekly weigh Per 
and t r a n s f e r r e d  t o  t h e  l abora to ry  f o r  futuf; 
ana lys i s .  H i s to log ica l  ana lys i s  o f  s e r i a l  
s ec t ioned  t i s s u e s  w i l l  be surveyed f o r  
c iency  syndromes. Proximate ana lys i s  was 
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Completed on each l o t  o f  f i s h  a t  the 
terminat ion of t h e  experiment. From the  
information c u r r e n t l y  ava i l ab le  based on 
growth response and m o r t a l i t y  s t u d i e s ,  
t e n t a t i v e  q u a n t i t a t i v e  vi tamin l e v e l s  were 
determined f o r  thiamine,  r i b o f l a v i n ,  pyri-  
doxine, pantothenic  a c i d ,  b i o t i n ,  f o l i c  
ac id ,  chol ine  and n i c o t i n i c  acid.  Incon- 
c lus ive  r e s u l t s  were, ob ta ined ,  a t  l e a s t  i n  
the  growth response,  f o r  i n o s i t o l  and 
vitamin B12. 
completed, t h e  f rozen  l i v e r s  were assayed 
f o r  t h e i r  r e spec t ive  vi tamin content .  
microbiological  assays i n  general  supported 
the growth r e s u l t s  and, wi th  the  poss ib l e  
exception of n i c o t i n i c  a c i d ,  t e n t a t i v e  safe 
l eve l s  of vi tamin conten t  f o r  chinook 
Salmon d i e t s  m e r  these  experimental  con- 
d i t i ons  were determined. Again, inconclu- 
s i v e  r e s u l t s  were obtained wi th  vi tamin 
’12 and i n o s i t o l ,  al though the  i n o s i t o l  
assays ind ica t ed  an in te rmedia te  po in t  of 
maximum l i v e r  s to rage ,  

When the  feeding  s t u d i e s  were 

The 

S i l v e r  salmon vi tamin studies.--A 
research  program was begun wi th  

the S t a t e  of Washington Department of 

=equirements of s i l ve r  salmon. 
d e f i c i e n t  i n  thiamine,  r i b o f l a v i n ,  

P h i d o x i n e ,  pantothenic  ac id  and b i o t i n  
s p e c i f i c  vi tamin de f i c i ency  syn- 

dromes s i m i l a r  t o  those  observed i n  chinook 
and have been separa ted  f o r  t e s t i n g  

!heir recovery when the  missing vi tamin 
1s re turned t o  the  r a t i o n .  

t o  t e s t  the q u a l i t a t i v e  vitamin 
Groups of 

A low level 
k i d e n c e  of oc tomi t i s  d i sease  (Hexamitus m) was observed i n  most l o t s  of f i sh  
‘n t h e i s s a q u a h  Hatchery water supply ,  bu t  

Ser ious  ep izoo t i c  appeared. 

Sockeye salmon vi tamin studies.--An 

‘‘%Uirements of sockeye salmon was i n i t i -  
ated a t  t he  Wil lard Laboratory,  
the t e n  water-soluble  vi tamins has been 
de le ted  one a t  a time from the  vi tamin 

these diets a r e  being f e d  t o  ind iv idua l  l o t s  
Of sockeye salmon i n  an aquarium. The f i s h  
have completed the  in t roductory  prepara tory  
feeding program and a r e  be ing  f ed  the  spec;- 
‘lc vi tamin d e f i c i e n t  d i e t s .  
‘! Pathology has  been observed and t h e  spe- 
‘lfic vi tamin def ic iency  syndromes should 

t o  t es t  the  q u a l i t a t i v e  v i tamin  

Each of 

in  t h e  complete vi tamin tes t  d i e t ;  

NO d i sease  

i n  August 1957. 

Salmon p r o t e i n  l e v e l  studies.--Two 
Sets of experiments were conducted a t  two 

d i f f e r e n t  water temperatures t o  t e s t  t he  
p r o t e i n  requirement of  chinook salmon when 
percent  ga in  is p lo t t ed  aga ins t  p r o t e i n  
conten t  of t he  d i e t .  Prom d i f f e r e n t  l o t s  
of f i s h  fed a reasonably balanced p ro te in  
i n  t h e i r  d i e t  a t  d i f f e r e n t  p r o t e i n  l e v e l s ,  
a curve w a s  obtained which has  an i n f l ec -  
t i o n  poin t  a t  t h e  optimum p r o t e i n  in t ake .  
The i n f l e c t i o n  po in t s  occurred a t  approxi- 
mately 40 percent  p r o t e i n  f o r  t he  sp r ing  
water temperature (7 .7 ’  C.) a t  t he  Wil lard 
Laboratory and a t  approximately 50 percent  
p r o t e i n  i n  the  Hagerman water supply (14.4’ 
C.). These experiments were repeated and 
confirmed the  t e n t a t i v e  p r o t e i n  require-  
ments of chinook salmon as approximately 
40 percent  p r o t e i n  a t  the  Wil lard Labora- 
t o r y  sp r ing  water temperature and a t  appro- 
ximately 50 percent  p r o t e i n  at t h e  Hagerman 
temperature.  This d i f f e rence  i n  p r o t e i n  
requirement versus  water temperature may 
f u r n i s h  c r i t i c a l  d a t a  i n  i n t e r p r e t i n g  
d ivergent  r e s u l t s  from d i f f e r e n t  ha t che r i e s  
feeding  the same d i e t  and w i l l  become impor- 
t a n t  when var ious  hatchery d i e t s  a r e  being 
formulated.  S ince  the  p r o t e i n  component 
of t he  d i e t  is the  most expensive ingredien t  
and the  most c r i t i c a l  t o  keep balanced,  
t e s t i n g  the  optimum p r o t e i n  in t ake  a t  each 
water temperature t o  assure  e f f i c i e n t  u t i l i -  
z a t i o n  of the  d i e t  and product ion of h igh  
q u a l i t y  f i s h  may be necessary.  

Amino acid quant i ta t ions , .  --Through 
use of t h e  f a c i l i t i e s  a t  Hagerman and 
advanced chinook salmon f ingedings a c lear -  
cu t  s epa ra t ion  i n  growth response was 
obtained between t h e  .6 percent  and . 8  per- 
cen t  methionine die’t and between the  .8 
percent  and 1.0 percent  threonine d i e t .  
A l l  d i e t s  conta in ing  amounts of methionine 
and threonine d i e t .  A l l  d ie t s  conta in ing  
amounts of methionine and threonine  g r e a t e r  
than these  f i g u r e s  r e s u l t e d  i n  comparable 
growth between l o t s  of  f i s h .  Calculated 
on the  b a s i s  of a 5 percent  body weight 
d i e t a r y  in t ake  per day, t h e  q u a n t i t a t i v e  
requirements f o r  methionine and threonine  
would be approximately . 4  gm/kg/day and 
.6 .gm/kg/day, r e spec t ive ly .  These amino 
ac ids  were quan t i t a t ed  wi th  the p r o t e i n  
component i n  t h e  d i e t s  cons i s t ing  of appro- 
ximately one-half t h e  case in -ge la t in  mix- 
t u r e  used i n  the  vitamin test d i e t ,  and 
t h e  o the r  h a l f ,  c r y s t a l l i n e  amino ac ids .  
Using the  case in-ge la t in  mixture f o r  o the r  
amino acid quan t i t a t ions  is impossible  
s i n c e  even at  ha l f - leve l  p r o t e i n  requi re -  
ment t he  remaining e i g h t  e s s e n t i a l  amino 
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acids are present in considerable quan t i t i e s  
and may be of su f f i c i en t  magnitude t o  s a t i s -  
f y  the pa r t i cu la r  amino acid requirement of 
one or more of these indispensable amino 
acids. Therefore, various other proteins 
are being used t o  supply the protein compo- 
nent of chinook salmon d ie t s .  Corn gluten,  
which is low i n  lysine,  is being s tudied,  
Drackett (soybean protein)  is  being f e d ,  
and various amino acid mixturescontaining 
some inexpensive DL forms are being tested.  
As the f i r s t  approximation of the quantita- 
t i v e  amino acid requirements of chinook 
salmon f o r  the other  e ight  e s sen t i a l  amino 
acids,  a t i s s u e  projection technique is 
being employed through the use of the levels  
obtained f o r  methionine and threonine re- 
quired i n  the d i e t .  Tissues are  being 
analyzed and from the threonine and methio- 
nine content an estimate of the other eight 
e s sen t i a l  amino acids based on t i s s u e  COQ- 

p le t ion is being projected. These projected 
values w i l l  be confirmed with feeding 
s tudies  which may eliminate the need f o r  
many increments widely separated t o  deter-  
mine the s p e c i f i c  amino acid requirement. 

Salmon protein metabolism.--At Willard 
Laboratory the arginine-orni thine-ci t rul l ine 
cycle was investigated by feeding arginine- 
depleted chinook salmon c r y s t a l l i n e  orni- 
thine and c i t r u l l i n e  t o  t e s t  the poss ib i l i t y  
of the other two intermediates i n  the cycle 
e f f ec t ive ly  subs t i t u t ing  f o r  arginine. 
Growth responses and general biological  
observations indicated t h a t  c i t r u l l i n e  could 
s u b s t i t u t e  f o r  arginine i n  t h e  arginine 
requirement of chinook salmon, but t ha t  
orni thine was ineffect ive.  These r e s u l t s  
substant ia te  the i n t  roconvert i b i l i t y  of 
c i t r u l l i n e  and arginine i n  both the f i s h  
and the chick. Three s e t s  of experiments 
designed t o  t e s t  the p o s s i b i l i t y  of using 
only the ten e s sen t i a l  amino acids as the 
protein component of the d i e t  indicated t h a t  
under the experimental conditions a t  Willard 
and Hagerman the animal can maintain body 
weight but cannot deposit new t i s sue  if the 
protein component cons i s t s  of only these 
indispensable amino acids. This is i n  con- 
trast t o  the r a t  which can grow when the 
protein component cons i s t s  of  only the 
e s sen t i a l  amino acids.  The f i s h  seems cap- 
able,  however, of u t i l i z i n g  large quant i t ies  
of arginine as a nitrogen component i n  the 
d i e t .  Tests with glutanic  acid,  d i a m n i u m  
c i t r a t e ,  and glycine urea f a i l e d  t o  give 
any growth response, but the f i s h  seemed 
capable of u t i l i z i n g  arginine readi ly .  

Digestive enzymes of salmon.--A study 
of the digest ive enzymes of chinook salmon 
has been i n i t i a t e d .  
which w i l l  be used t o  t e s t  the a c t i v i t y  of 
protein-digesting anzymes of chinook salmon 
have been made. To characterize the diges- 
t i v e  enzymes of salmon, procedures m u s t  be 
developed f o r  i so l a t ing  the individual C O W  
ponents. Assay methods are needed t o  f o l l M  
the a c t i v i t i e s  i n  various f r ac t ions  and i n  
the crude extracts  of organs. Specific Sob’ 
s t r a t e s  necessary f o r  these assays are  being 
prepared. Specimen organs w i l l  be collected 
from salmon i n  t h e i r  natural  environment 
and preserved u n t i l  used. 
enzymes w i l l  be characterized by physical 
propert ies  and by spec i f i c  a c t i v i t i e s  t o  
help f i s h  physiology and t o  compare with 
mammalian analogues. 

Some specif ic  substrates 

Various t ryp t i c  

Chinook salmon ovarian sex hormones. 
--Studies have been completed on i so l a t ing  
and identifying cha rac t e r i s t i c  ovarian sex 
hormones from chinook salmon. Through use 
of column chromatography techniques with 
s i l i c i c  acid columns, a l l  estrogenic activity 
from salmon ovarian t i s s u e  has been separated 
i n t o  one s m a l l  f r ac t ion .  Tests of both 
mature ovaries and spent ovaries from the 
spawning operations on the Columbia River 
found tha t  the g rea t e s t  estrogknic ac t iv i ty  
per un i t  weight was i n  the spent ovaries Of 

chinook salmon. This material w a s  ground, 
extracted and separated with the automatic 
f r ac t ion  col lector  using s i l i c i c  acid cOlUlnns 
and various eluents with each s e t  of solveat 
systems. The technique of co l l ec t ing  a l l  
a c t i v i t y  i n  one small f r ac t ion  offers the 
p o s s i b i l i t y  of developing a p r a c t i c a l  colLeC* 
t ion  procedure f o r  theee s t e ro ids .  Rat 
screening assays f o r  estrogens confirmed 
these findings and f u r t h e r  indicated that  
the female sex a c t i v i t y  of salmon ovarian 
t i s sue  s t e ro ids  m u s t  act  s imi l a r ly  t o  that 
of mammalian s t e ro ids .  

D-amino acid oxidases .--The D-amino 
acid oxidase study indicated t h a t  e i t h e r  . - ~  
low l eve l s  of the enzyme were present dUrixril 
the  summer feeding period of the salmon Or 
t ha t  the i so l a t ion  technique used waa ,ithet 
inact ivat ing the enzyme present o r  was not 
e f f i c i en t ly  extract ing it from the medium* 
A preparation of hog Pamino acid oxidase ” 
being used as a control f o r  fu r the r  methods 
of extract ion and iden t i f i ca t ion  of t h i s  
enzyme. 
acid oxidase can be prepared i n  suff ic  
quantity the 18 common amino acids f ed  3 

As soon as chinook salmon D - W n o  
ient 
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the 
of oxidation. When c r i t i c a l  amino acids 
are found, such as &valine o r  D-isoleucine, 
they can be eliminated from the d i e t  and 
reduce considerably the cost  of the amino 
acid t e s t  d i e t  feeding s tudies .  

t e s t  d i e t s  w i l l  be surveyed f o r  r a t e s  

Paper chromatography of f r e e  and 
,tissue amino acids i n  salmon.-- An intensive 
study of paper chromatography techniques of 
f ree  and tissue-bound amino acids i n  various 
salmon t i s sues  has been conducted. Stand- 
ardized chromatography techniques have been 
developed which w i l l  separate and detect 
qual i ta t ively and quant i ta t ively the amin4 
acid content of various eluents and ex t r ac t s .  
A number of s a t i s f ac to ry  solvent systems 
have been developed f o r  separating various 
groups and specif ic  amino acids i n  t i s sue  
extracts.  Various physical changes i n  

and methods have been developed 
*Or  use with f i s h  t issues .  
smpling techniques have been tes ted and a 
rather unique method w a s  devised which 
seemed most s a t i s f ac to ry  f o r  the t rying con- 
d i t i ons  encountered i n  f i e l d  sampling. 
cylinder of f l e s h  s l i g h t l y  poster ior  t o  the 
dorsal  f i n  and j u s t  above the l a t e r a l  l i n e  

This cylin- 
der contained a suff ic ient  sample f o r  in- 
”estigating f r e e  amino acids,  l i p i d ,  carbo- 
hydrate and/or pigment components. The 
Cylinder was removed from the borer,  wrapped 

*reezing area.  Liquid nitrogen was the most 
Sat isfactory as some autolysis of the t i s sue  

observed even a t  dry i c e  temperatures. 
A control portion of the frozen cylinder 

l a t e r  dissected and the f r e e  and t i s sue  
acids were extracted.  
servation techniques would not be necessary 
:ith 
lnVes t iga t  ion of those samples obtained fo r  
free amino. acids indicated considerable 
“ to lys i s  and a corresponding change i n  the 

amino acids extracted.  Pressed t issues  
a l so  used w i t h  varying degrees Of SUc- 

Cess; however, sub t l e  differences i n  the 
y x t u r e  of components present i n  the t i s sue  
Juices crushed on the paper were not detecq- 
ed-  
Paper chromatography techniques the spec i f i c  

r ead i ly  detected,  both qua l i t a t ive ly  and 

A number of 

A 

removed with a cork borer. 

aluminum f o i l  and deposited i n  a rapid 

Such c r i t i c a l  pre- 

t i s sue  amino acids ,  but his tological  

Through use of available standardized 

acid content of f i s h  t i s sues  can be 

by meam of the densitometer. 

Specific amino acid assays studies.-- 
rapid method fo r  amino acid assays of 2 

Specific amino acid carboxylases have been 
obtained and experiments i n i t i a t e d  t o  develop 
a staxidatdized procedure f o r  rapid amino 
ac id  assays with these anzymes. Thmugh use 
of a small amount of a substrate  or hydroly- 
s a t e  i n  a Warburg f l a sk ,  together with a 
buffer  and a known amount of the spec i f i c  
amino carboxylase, the amount the s p e c i f i c  
mono ficid metabolized by the enzyme i n  the 
Warburg apparatus can be measured. Since 
the reaction is stoichiometric and rapid,  
the e n t i r e  assay can be completed i n  from 
30 minutes t o  one hour. 

Protein and carbohydrate s tudies  with 
p r a c t i c a l  diets.--Assays have been completed 
on d i e t a ry  ingredients and feeding s tudies  
i n i t i a t e d  a t  the Salmon Culture Laboratory 
a t  Bnt ia t ,  Washington, which is using iso- 
calor ic  d i e t s  with a constant carbohydrate- 
protein r a t i o .  Various levels  of protein 
i n  the d i e t  have been calculated and d i e t s  
containing 65, 60, 5 5 ,  50 and 45 percent 
protein and approximately 5 ,  10, 15,  20 and 
25 percent carbohydrate have been prepared 
which consist  of a p rac t i ca l  hatchery meat 
mixture, purif ied carbohydrate and carbohy- 
drate  from a low-cost meal. 
ments are designed to  t e s t  the optimum 
protein intake of chinook salmon under prac- 
t i c a l  hatchery feeding conditions where 
p rac t i ca l  Batchery d i e t s  are used t o  fu rn i sh  
the nu t r i en t s  t o  the animal.  The f i s h  have 
been on the new d i e t s  approximately four 
weeks. 

These experi- 

Inorganic requirements. --To determine 
if salmon can s a t i s f y  a l l  t h e i r  inorganic 
requirements from the water i n  which they 
l i v e ,  a feeding t r i a l  w a s  conducted on 
advanced chinook salmon f r y  i n  which a d i e t  
e s s e n t i a l l y  f r e e  of inorganic elements was 
compared with a complete t e s t d i e t  i n  both 
r e l a t i v e l y  hard and s o f t  water. Results 
based on growth r a t e  and mortali ty during 
the 14-week feeding period were inconclusive. 
Analysis t o  determine the effect  of the d i e t  
on body composition w i l l  be conducted. Peed- 
ing t r i a l s  t o  determine if the r a t i o  of 
d i e t a ry  calcium and phosphorus a f f ec t s  t h e i r  
ava i l ab i l i t y ,  as with mammals, a r e  being 
conducted. The d i e t a ry  calcium-phosphorus 
r a t i o  is varied i n  f i v e  s teps  from 1 O : l  t o  
1 : l O  t o  determine if the calcium content of 
water a f f ec t s  the d i e t a ry  requirement. The 
t r ia l s  are being conducted simultaneously 
a t  Willard w i t h  so f t  water and a t  Hagerman 
with hard water. 

amounts of t i s sue  has been i n i t i a t e d .  
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Surviva l  studies.--Two of t he  f a c t o r s  
involved i n  s u r v i v a l .  stamina and a b i l i t y  
t o  withstand s t a r v a t i o n ,  have been i n v e s t i -  
ga ted ,  Various dev ices  f o r  ob ta in ing  a 
reproducib le  measure of  s tamina a r e  being 
inves t iga t ed .  F ish  from var ious  completed 
n u t r i t i o n a l  s t u d i e s  a re  being used i n  the  
s t a r v a t i o n  s t u d i e s ,  With f i s h  from var ious  
q u a n t i t a t i o n  s t u d i e s ,  t he  opt imal  l e v e l  
found on t h e  feeding  t r i a l  showed s i g n i f i -  
c a n t l y  g r e a t e r  s u r v i v a l  time. When vitamin- 
d e f i c i e n t  f i s h  were used, a s i g n i f i c a n t  
v a r i a t i o n  was noted between d i f f e r e n t  defi-  
c i enc ie s .  

HISTDLOGY 

Normal h is to logy  of salmonids.--The 
c o l l e c t i o n  of normal h i s to lonv  s l i d e s  of 
wild and hatchery salmonids ibmpiled dur ing  
the  p a s t  s e v e r a l  years  is ava i l ab le  t o  
i n v e s t i g a t o r s  on a loan b a s i s .  

Histology of salmonids under def ined  
n u t r i t i o n a l  condi t ions  .--A program has been 
i n i t i a t e d  t o  prepare  f o r  h i s t o l o g i c a l  exam- 
i n a t i o n  of  f i s h  samples taken under def ined 
n u t r i t i o n a l  cond i t ions .  Materials prepared 
were, f i r s t ,  14 ,  28, 42, 56 and 70 pe rcen t ,  
and, second, 25, 30, 35 and 40 percent  pro- 
t e i n ,  methionine and threonine and the  
water-soluble  vi tamin q u a n t i t a t i o n  groups.  
Examinationq were made of a l l  t he  ma te r i a l s  
except the  vi tamin group. The pa thologica l  
c h a r a c t e r i s t i c s  s een  most f r equen t ly  i n  the 
f i r s t  and second p r o t e i n  samples were f a t t y  
i n f i l t r a t i o n  of  t he  l i v e r  and f a t t y  degen- 
e r a t i o n  of t h e  pancrea t ic  area.  The degree 
of pathology i n  the  tissues on a l l  l e v e l s  
var ied  considerably.  Pur ther  ana lys i s  w i l l  
be made. 

Xn the  methionine and threonine  mate- 
r i a l ,  two l e v e l s  from each group were 
examined, -80 and .30 from the  former and 
1.00 and .40 from t h e  l a t t e r .  The most 
prominent h i s topa thology noted i n  the  s tudy  
was t h e  pronounced hyperp las ia  of the  g i l l s  
which w a s  most no t i ceab le  in t h e  .30 methio- 
n ine  and 1.00 threonine  l e v e l s .  The h is -  
tology o f  these  g i l l s ,  wi th  hyperp las ia  
s t a r t i n g  from the  basal c e l l s  of  t h e  f i l a -  
ments and i n  extreme cases  r e s u l t i n g  i n  com- 
p l e t e  f u s i o n  of t he  lamel lae ,  is s i m i l a r  t o  
t h a t  observed i n  pantothenic  acid-def i c i e n t  
f i s h .  F a t t y  l i v e r  and f a t t y  degenera t ion  
were also observed i n  a l l  l e v e l s  of  the 
threonine  and methionine ma te r i a l  bu t  here  
aga in  the  degree of pathology var ied  as i n  

t he  p r o t e i n  q u a n t i t a t i o n  samples. 
d e t a i l e d  survey is planned. 

A more 

Riboflavin and thiamine groups from 
the  water-soluble  vi tamin s tudy ma te r i a l  
have been sec t ioned  and s t a i n e d  and a r e  
ready f o r  zxamination. 

H i s to log ica l  comparison of  wild and 
hatchery-reared salmonids .--To inves t iga t e  
t h e  h i s t o l o g i c a l  changes t h a t  may occur 
after the p lan t ing  of  hatchery-reared f i s h ,  
t he  Minter Creek Bio logica l  Research S t a t i d  
of t h e  S t a t e  of Washington Department of 
F i s h e r i e s  and t h e  Willard Laboratory con- 
ducted a s tudy  on a group of ha tchery  s i l v e r  
salmon by observing these  changes a t  various 
per iods  i n  f i s h  a f t e r  p l an t ing  and comparing 
them wi th  wild f i s h  from t h e  same parent  
s tock .  For a follow-up s tudy  on the  above 
groups a d u l t  s i l v e r s  r e tu rn ing  t o  spawn 
aEter  two years  a t  s e a  were c o l l e c t e d  and 
prepared f o r  subsequent ana lys i s .  

Histophysiology and h i s t o c h e m i s t r y 3  
salmonids,  --The f a l l  chinook salmon i n  their 
f i f t h  year  i n  f r e s h  water  cont inue t o  sur’ 
v ive .  Between September and December 1956 
t h e  ma jo r i ty  of  t h e  m o r t a l i t y  occurred i n  
the  mature males. 
d i e d  dur ing  t h i s  same period were charac- 
t e r i z e d  by underdeveloped ovar ies .  Beginc 
ning i n  the  l a t t e r  p a r t  o f  January 1957, 
kidney disease plagued t h e  remaining f i s h ,  
S ince  the attempt t o  check the  d i sease  by. 
feeding  sulmet was unsuccessfu l ,  an experl’ 
ment was s e t  up t o  determine t h e  e f fec t ive-  
ness  of a n t i b i o t i c s .  The f i s h  were divided 
i n t o  two groups. One group w a s  inocula ted ,  
in te rmuscular ly ,  wi th  15,000 u n i t s  of peni’ 
c i l l i n  per  pound of  f i s h ;  and the  o the r  
wi th  10,000 u n i t s  o f  combiotic ( p e n i c i l l i n  
PlUS streptomycin)  per  pound of f i s h .  A11 
f i s h  from the  combiot ic- injected group Sub- 
sequent ly  d ied  while  only one m o r t a l i t y  
occurred i n  t h e  p e n i c i l l i n  group. 

The few females which 

A second series of  p e n i c i l l i n  a t  
30,000 u n i t s  per  pound of f i s h  was given to 
t h e  remaining f i s h  when the  presence of 
kidney d i sease  aga in  became apparent.  
though i t  is too e a r l y  t o  p r e d i c t  t he  effec+ 
t iveness  of the  a n t i b i o t i c  
aga ins t  t he  d i p l o b a c i l l u s ,  t he  ind ica t ions  
are encouraging. O f  t he  30 dea ths  s ince  
the  last m o r t a l i t y  of t he  mature male i n  
December 1956, 25 were immature females a*d 
t he  remaining f i v e  immature males,  

A l +  

a prophylatic 
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Neoplasms of  salmonids .--Offsprings 
of the  i n i t i a l  group of guppies anes the t ized  - -  - _. 

With urethane were given s i m i l a r  anes the t i -  
za t ions .  I n  t h i s  second experiment,  how- 
ever ,  25 success ive  t rea tments  over a per iod 
of 3-1/2 weeks were given. No gross  pathol-  
ogy was observed. H i s to log ica l  examinations 
of t he  two groups w i l l  be made l a t e r .  

111. Wl??TERN FISHERY DISEASE LABORATORY 
Robert R. Rucker 

S e a t t l e ,  Washington 

Fish d i seases  a re  a l i m i t i n g  f a c t o r  

Some d i seases  a re  of unknown e t io logy ,  
i n  the  numbers of f i s h  produced by hatcher-  
ies. 
Some a r e  without  con t ro l  measures and some 
are  recognized and have con t ro l  measures. 
The goal  of t h i s  labora tory  is  t o  make more 
f i s h  ava i l ab le  t o  the  s p o r t  and commercial 
fishermen. 

t he  e t i o l o g i c  agent and de ter -  
mining the rapeu t i c  and prophyla t ic  measures. 

This can be accomplished by 

Bac te r i a l  and v i rus- l ike  agents  con- 
The t inue t o  plague the  f i s h  populat ions.  

laboratory’s  e t i o l o g i c a l  s tudy  is being 
expanded by cooperat ing with f i s h e r y  groups 
‘II Oregon, Idaho and Washington and the  
In t e rna t iona l  North P a c i f i c  P i she r i e s  COmmiS- 

t o  determine the  sources  of  i n fec t ions .  
About 1 ,000  kidney Smears from salmon i n  t h e  
‘Orth P a c i f i c  showed t h e  presence of acid- 
East b a c t e r i a  i n  only  t h r e e  adu l t  sockeye 
salmon. One of these  salmon came from Lake 

on Attu I s l and  and the  o t h e r  two 
about 75 miles west of  Juneau, Alaska. 

This  d i sease  i s  probably cont rac ted  
through the  food a t  ha t che r i e s  and 

The ac id- fas t  b a c t e r i a  cause f i s h  tuberculo- 
sis. 

!s found i n  r e tu rn ing  adu l t s .  
lt is assoc ia ted  wi th  high l o s s e s  among 
‘hge r l ings  but i t  is genera l ly  chronic .  

On occasion 

An e f f o r t  is being made t o  develop a 
medium t h a t  w i l l  g ive  cons i s t en t  r e s u l t s  f o r  
.‘Solation and growth of t h e  ac id- fas t  organ- 
lsm, 

riological  s t u d i e s ,  t he  de te rmina t ion  of 
therapeutic agents  and a id  i n  d iagnos is .  

*ish, but  i n  no case  has a s a t i s f a c t o r y  con- 
trol been found. 

Such a medium w i l l  f a c i l i t a t e  bacte-  

drugs used success fu l ly  on tubercular  
beings have been t e s t e d  on in fec t ed  

A t ube rcu l in  t e s t  f o r  f i s h  tuberbulo- 

While no success  has been r e a l i z e d ,  
Would be advantageous as a d i agnos t i c  

t he  outcome of present  experiments may 
prove successfu l .  

The p o s s i b i l i t y  of f i s h  tuberculos is  
being t ransmi t ted  i n  the  egg is  under 
inves t iga t ion .  Crosses between in fec t ed  
and non-infected female s tee lhead  t r o u t  
wi th  infec ted  and non-infected males of t he  
same spec ies  were made. 
a r e  being reared  f o r  observat ion.  

The f i n g e r l i n g s  

Corynebacterium sp. cause kidney 
d i s e a s e ,  another s e r ious  d i sease  of  salmon 
and t r o u t .  Ant i sera  from e a s t e r n  and west- 
e rn  s t r a i n s  were developed. Cross r eac t ions  
were obtained wi th  t h e  heterologous s t r a i n s  
but  a t  a lower t i t e r  than with t h e  homolo- 
gous s t r a i n s .  Kidney d i sease  a n t i s e r a  d i d  
not agg lu t ina t e  d iphthero id  organisms of 
human o r i g i n .  

To t e s t  t h e  theory t h a t  t he  kidney 
d i sease  organism might be the  same as the  
salmon poisoning r i c k e t t s i a  , comparatively 
e l e c t r o n  microscopic s t u d i e s  o f  the  two 
organisms were made. They indica ted  t h a t  
these  organisms a re  e n t i r e l y  d i f f e r e n t .  

A d i sease  or fami ly  of  d i seases  
cha rac t e r i zed  by t h e i r  a b i l i t y  t o  pass  
through a bacter ia-proof  f i l t e r  is being 
s tud ied .  Mater ia l  from chinook salmon 
f i n g e r l i n g s  a t  the  Coleman, C a l i f o r n i a  and 
Wil la rd ,  Washington s t a t i o n s  is  being 
inves t iga t ed .  S imi l a r  mater ia l  from the  
sockeye salmon f i n g e r l i n g s  a t  t he  Leaven- 
worth and Carson, Washington s t a t i o n s  w a s  
maintained i n  the  l abora to ry  but  was l o s t  
i n  passage,  poss ib ly  caused by a loss i n  
v i ru lence .  The f i l t e r e d  ma te r i a l  normally 
causes  a mor t a l i t y  i n  hea l thy  f i s h  about 
s i x  days a f t e r  inocula t ion .  No the rapeu t i c  
measures have 
d isease  and prevent ion has been the  only 
con t ro l  measure. 

been found f o r  t h i s  type of 

The survey of p a r a s i t e s  of  adu l t  chum 
salmon, a p a r t  of t he  I n t e r n a t i o n a l  North 
P a c i f i c  F i she r i e s  Commission research  pro- 
gram, shows promise t h a t  p a r a s i t e s  may 
i n d i c a t e  the  geographical  o r i g i n  o f  t he  
hos t  f i s h .  Analysis  of d a t a  from t h e  1955 
and 1956 c o l l e c t i o n s  has been completed. 
The r e s u l t s  s t rongly  i n d i c a t e  the  p rac t i ca -  
b i l i t y  of t he  sepa ra t ion  of t he  con t inen ta l  
races  of chum salmon based on the  d i f f e ren -  
t i a l  d i s t r i b u t i o n  of t h ree  p a r a s i t c  spec ies .  
A survey of t he  1957 c o l l e c t i o n s  i s  i l l  pro- 
g re s s .  
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I V .  MICROBIOLOGICAL LABORATORY 

S t a n i s l a s  P. Snieszko 
Kearneysvi l le ,  West V i rg in i a  

GENERAL. 

P i sh  diseases i n  ha t che r i e s  a re  a 
The federal problem of  long s tanding .  

government has $28 m i l l i o n  inves ted  i n  98 
ha tche r i e s  which cos t  approximately $4 m i l -  
l i o n  annual ly  t o  opera te .  There a r e  495 
s t a t e  h a t c h e r i e s ,  over 100 p r i v a t e  hatch- 
e r i e s ,  numerous minnow farms and a r ap id ly  
expanding farm pond program. F ish  c u l t u r e  
is a major business  i n  the  United S t a t e s .  

A s  a r e s u l t  o f  t he  research  done i n  
the  United S t a t e s  and i n  o t h e r  c o u n t r i e s ,  
c h i e f l y  i n  Germany, Prance,  t h e  Sov ie t  
Union and Poland, much is known about t he  
na tu re  and con t ro l  of some of the d i seases  
caused by protozoan and h igher  animal para- 
s i t e s .  I n  f a c t ,  because of improved con- 
t r o l  measures,  worms and o t h e r  p a r a s i t e s  
a re  causing l i t t l e  t roub le  i n  t r o u t  and 
salmon ha tche r i e s .  I n  the  warm-water f i s h  
ha t che r i e s ,  farm ponds, minnow farms and 
n a t u r a l  waters ,  p a r a s i t i c  d i seases  a re  
s t i l l  of g r e a t  importance. 

The F i sh  and Wi ld l i f e  Se rv ice  has 
s t u d i e d  in t ens ive ly  d i seases  caused by bac- 
t e r i a  and f u n g i  on ly  dur ing  the  p a s t  decade. 
New b a c t e r i a l  and funga l  d i seases  have been 
i d e n t i f i e d  during t h i s  per iod .  S u l f a  drug 
therapy developed by t h i s  research  per- 
mi t ted  t h e  con t ro l  of fu runcu los i s ,  one of 
t he  b a c t e r i a l  d i seases  which former ly  ki l led 
mi l l i ons  o f  ha tchery  f i s h .  During the  p a s t  
fou r  years  t he  Se rv ice  has learned  t o  t r e a t  
success fu l ly  o t h e r  b a c t e r i a l  d i seases  wi th  
the  newer a n t i b i o t i c s .  Chemicals have been 
d i s c  overed which success fu l ly  t r e a t  fungus 
in fec t ions .  The d i seases  f o r  which the re  
is l i t t l e  con t ro l  s t i l l  exceed i n  number 
those we have learned t o  t r e a t .  These in- 
c lude i n f e c t i o n s  caused by the  pathogenic 
b a c t e r i a ,  many of t he  f u n g i  and most of t he  
v i r u s e s .  They a r e  most l i k e l y  respons ib le  
f o r  sudden and "unexplained" epidemics 
which have f r equen t ly  destroyed g r e a t  num- 
bers of f i s h e s  i n  var ious  ha t che r i e s .  The 
r o l e  of  v i r u s  d i seases  i n  the  propagat ion 
of  salmon became apparent  only r e c e n t l y ,  
Nothing is d e f i n i t e l y  known about t he  in-  
f l uence  of  environmental  f a c t o r s  on the  
inc idence  and t h e  cause of i n f e c t i o u s  and 
p a r a s i t i c  d i seases  of f i s h e s .  S i g n i f i c a n t l y ,  

environmental  f a c t o r s  a r e  considered of 
paramount importance i n  human and animal 
medicine and p l an t  pathology. 

The Microbiological  Laboratory serveS 
t h e  e a s t e r n  United S t a t e s  as a cen te r  f o r  
research  on the  na tu re ,  t reatment  and pfe- 
vent ion  of  i n f e c t i o u s  f i s h  d i seases .  I t  
a l s o  a cen te r  f o r  in format ion  f o r  f e d e r a l ,  
s t a t e  and p r i v a t e  f i s h  ha t che r i e s  on diag- 
nos i s ,  methods of t reatment  and general  Con- 

t r o l  of f i s h  d i seases .  I n  add i t ion ,  courses 
on f i s h  diseases a r e  conducted f o r  f e d e r a l ,  
s t a t e  and p r i v a t e l y  employed f i s h e r y  biolo- 
g i s t s  and f i s h  c u l t u r i s t s .  

RESEARCH 

Kidney d isease .  --Kidney d i sease  is 
s c a t t e r e d  i n  t r o u t  and salmon ha tche r i e s  
over  t he  United S t a t e s  and is still  spread' 
ing.  I t  is a slow progress ing  d i s e a s e ,  but 
t h e  mor t a l i t y  r a t e  of in fec ted  f i s h  is  h igh '  
as f a r  as i t  could be e s t ab l i shed  on exper'' 
mental f i s h  and by l o s s e s  occurr ing  i n  
ha t che r i e s .  
shown t h a t  Mueller Hintcn(MH) medium W i t h  
0 .1  percent  L-cysteine hydrochlor ide is 
s l i g h t l y  b e t t e r  than  Ordal ' s  blood agar for 
rou t ine  c u l t i v a t i o n  and i s o l a t i o n  of t he  
kidney d i sease  organism. 
i s  used f o r  s tock  c u l t u r e  and s e n s i t i v i t y  
t e s t i n g  purposes.  
ney d i sease  organism, t h e  drug s e n s i t i v i t y  
of which had been determined on blood agar' 
have been s i m i l a r l y  t e s t e d  on MH medium. 
There were no gross  d i f f e rences  between the 
r e s u l t s  obtained on t h e  two media; t he  
resul ts ,  however, were more e a s i l y  deter '  
mined on J4H medium. 
sought from d i f f e r e n t  p a r t s  of t he  coUntrY* 

Research on kidney d i sease  has 

Modified MH mediU* 

Three s t r a i n s  of t he  kid- 

New s t r a i n s  a r e  being 

Kidney d i sease  t ransmiss ion  t r i a l s  
were terminated 101 days a f t e r  i n i t i a t i o n '  
The results ind ica t ed  t h a t  under the  condic 
t i o n s  of t h e  experiment t he  e a s t e r n  s t ra id  
was v i r u l e n t  and t h e  western s t r a i n m n -  
v i r u l e n t  f o r  t he  e a s t e r n  brook t r o u t  used* 

Resul ts  of attempted d i s e a s e  transmiss ion w i t h  2 
eastern s t r a i n  of kidney d i s e a s e  b a c t e r i a  

Treatment 
First pcrcentsBC 

mortal i ty  4 
Bacter ia  i n  d i e t  - 
Bacter ia  + b i l e  s a l t s  i n  d i e t  
Bacter ia  + g l a s s  s p l i n t e r s  i n  

d i e t  
Se l f -abras ion in brick-s tudded 

troughs 96 days 
P e r i o d i c  manual abrasion 48 days 
Control 

4% 
65% 
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P i s h  which survived e i t h e r  method of 
abras ion  were held f o r  observa t ion .  A t  t he  
end of s i x  months the  res idue  of these  l o t s  
Was k i l l e d  and examined. 

Treat me n t  

Self -abrasion 
Hand abrasion 

The r e s u l t s  

Total mortality due to  kidney 
disease bacter ia  

Western s t r a in  Eastern s t r a i n  
4 % 3 2% - 68% 

of t h i s  experiment show t h a t  
kidney d i sease  was not  t ransmi t ted  t o  f i n -  
ge r l ing  brook t r o u t  by feeding .  
d i f f e rence  was observed i n  the  r e l a t i v e  
v i ru lence  of t he  b a c t e r i a l  s t r a i n s .  The 
eas t e rn  s t r a i n  w a s  t he  more v i r u l e n t  t o  the  
experimental  f i s h ;  t h i s  s t r a i n  caused the  
f i r s t  mor t a l i t y  a t  48 days and continued t o  
do s o  u n t i l  288 days a f t e r  the  t r i a l s  were 
s t a r t e d ,  Of t he  t r o u t  used i n  t h i s  experi-  
merit 13  which had been challenged wi th  east- 
e rn  s t r a i n  b a c t e r i a  survived and were k i l l e d  
296 d a y s  after the  t r i a l s  were begun; kidney 
d isease  b a c t e r i a  were not  found i n  the  kid- 
neys of t hese  f i s h .  M o r t a l i t i e s  among the  
f i s h  challenged w i t h  western s t r a i n  b a c t e r i a  
d i d  not occur u n t i l  109 days a f t e r  t he  trials 
were s t a r t e d  but  continued t o  do SO u n t i l  
the 296th day. 
challenged wi th  t h e  western s t r a i n  b a c t e r i a  
Survived t h e  6-month per iod  of observa t ion ,  
and the  kidney d i sease  organism was presump- 
t i ve ly  i d e n t i f i e d  i n  the  kidneys of about 

A d i s t i n c t  

Nearly h a l f  of t he  f i s h  

Percent of  them. 

The kidney d i sease  was a SloW-to- 
develop in fec t ion ,  I t  ran an extended 

and without  t reatment  continued t o  
mor t a l i t y  f o r  months after the  per iod 

Of d e l i b e r a t e  a t tempts  a t  i n fec t ion .  

There is no assurance t h a t  t he  s t r a i n s  
Of b a c t e r i a  used i n  t h i s  experiment a r e  
‘:Presentative of t he  e t i o l o g i c a l  agents  of 
kidney d i sease  i n  the  West o r  i n  the  Eas t .  
There is good reason t o  be l i eve  t h a t  t he re  

no e s s e n t i a l  differences i n  t h e  condi- 
tlon c a l l e d  kidney d i sease  as i t  occurs i n  
the West and i n  the  East except t h a t  i n  the  
‘est it is predominantly a d i sease  of salmon 
and i n  the  Bast t he  spec ie s  of f i s h  most 
affected s o  f a r  is  the  eas t e rn  brook t r o u t .  

The successfu l  t ransmission of kidney 
disease by methods of abras ion  suggests  t h a t  

a s i m i l a r  p o r t a l  of en t ry  may be involved 
i n  hatchery occurrences.  The d i r e c t  agency, 
however, could be mechanical o r  b i o l o g i c a l  
( p a r a s i t e ) .  

The r e s u l t s  of t he  i n  v i t r o  sensit iv- 
i t y  t e s t i n g  of var ious strains of  kidney 
d i sease  b a c t e r i a  were examined, and t h e  most 
promising agents  s e l e c t e d  for i n  vivo t r i a l s .  
Brook t r o u t  were t e s t e d  f o r  t h e i r  t o l e rance  
of these  agents  a t  dosage l e v e l s  recommended 
f o r  warm-blooded an ima l s .  S imi la r  f i s h  were 
given a .2 C C .  i n t r a p e r i t o n e a l  i nocu la t ion  
of kidney d i sease  b a c t e r i a  i n  a suspension 
s tandard ized  tu rb id ime t r i ca l ly  . Within 48 
hours b a c t e r i a  were found i n  the  kidneys of 
some f i s h  and b y  the  e igh th  day a l l  f i s h  
sampled had b a c t e r i a  i n  t h e i r  kidneys.  

Toward t h e  end of the qua r t e r  de f in i -  
t i v e  kidney d i sease  therapy t r i a l s  were 
i n i t i a t e d .  Suscept ib le  brook t r o u t  were 
hand s o r t e d ,  d i s t r i b u t e d  i n  a l iquo t s  in 
r e p l i c a t e d  randomized l o t s ,  wighed  and ino- 
cu la t ed  w i t h  a .2 cc.  of t u r b i d i m e t r i c a l l y  
s tandard ized  suspension of kidney d i sease  
b a c t e r i a .  Sampling e s t ab l i shed  t h a t  t he  
f i s h  were uniformly a f f ec t ed  w i t h  kidney 
d isease  and t reatment  w a s  s t a r t e d  during 
t h e  l a t t e r  p a r t  o f  June. 

Many a n t i b i o t i c  and chemotherapeutic 
substances have been used i n  the  i n  v i t r o  
s e n s i t i v i t y  t e s t i n g  of t he  kidney d i sease  
b a c t e r i a .  Donors have been given the  appro- 
p r i a t e  r e s u l t s .  Where agents  showed promise 
samples were requested and received.  P r i c e  
quota t ions  were s o l i c i t e d  f o r  those  showing 
most promise i n  the i n  v i t r o  work. 

F i sh  furunculos is  .--Research was car-  
r i e d  out  on two p ro jec t s :  ( a )  a rap id  and 
r e l i a b l e  method of determining t h e  drua - - 
s e n s i t i v i t y  or drug r e s i s t a n c e  of Aeromonas 
salmonicida and (b)  d i f fe rences  i n  patho- 
g e n i c i t y  and i n  o the r  c h a r a c t e r i s t i c s  be- 
tween the  sulfonamide s e n s i t i v e  and r e s i s t a n t  
s t r a i n s  of t h i s  bacterium. The r e s u l t s  of 
t he  f i r s t  p r o j e c t  a r e  i n  p re s s .  As t h e  re- 
s u l t  of t h i s  r e sea rch ,  t he  r e s i s t a n c e  o r  
s e n s i t i v i t y  of 9. salmonicida t o  sulfona-  
mides  and a n t i b i o t i c s  can be determined & 
v i t r o  wi th in  24 t o  48 hours.  During the  
experiments on the  f i r s t  p r o j e c t  Sulfonamide 
r e s i s t a n t  s t r a i n s  of 5. salmonicida were 
l e s s  v i r u l e n t  t o  f i n g e r l i n g  e a s t e r n  brook 
t r o u t  than the  drug s e n s i t i v e  s t r a i n s .  This  
f ind ing  shows t h a t  s u l f a  therapy may reduce 
lo s ses  even when the  disease-causing s t r a i n  
of A.  salmonicida becomes sulfonamide 

- 
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r e s i s t a n t .  
i n  prepara t ion .  

A r epor t  on t h i s  experiment is  

Blue-sac disease.--In a j o i n t  p r o j e c t  
t h e  S t a t e  of Pennsylvania and t h e  Micro- 
b i o l o g i c a l  Laboratory inves t iga t ed  the  
h e r e d i t a r y  a spec t s  of t h e  blue-sac d i sease .  
The fo l lowing  t a b l e  shows t h e  r e s u l t s :  

Minbow Rainbow Baatern brook 

Rainbow Bastern brook BMtern brook 
TYDC O f  incubation x x I 

Percentage - 
hatched 100% 25,5% 9 6% 

Normal 
Percentage 

blue-sac f r y  18% 61% 62.5% 

Percentale 
hatched 66% ?.% 28% 

blue-sac f r y  looL 1o(K 100% 

Cloaed-system 
Percentage 

These r e s u l t s  i n d i c a t e  the  fol lowing:  

1. The closed-system type of incuba- 
t i o n  uniformly r e s u l t e d  i n  blue-sac d i sease  
among a l l  t h r e e  r e p l i c a t e d  l o t s .  

2. Under the  normal type of incuba- 
t i o n  i n  t h e  experimental  t r i a l s  not  a l l  
hybr ids  of e a s t e r n  brook trout and rainbow 
t r o u t  developed t h e  blue-sac d isease .  Chi- 
square (X2> = .064; degrees  of freedom = 
1 P = 8070, t h e r e f o r e ,  t he  percentage of 
hybrid f r y  having t h e  blue-sac d i sease  is 
not  s i g n i f i c a n t l y  g r e a t e r  than t h e  percent-  
age of d i sease  t h a t  occurred i n  the  e a s t e r n  
brook t r o u t  h a l f - s i b 1  i n g s .  

Various f i s h  pathogenic and saprophy- 
t i c  bacteria.--There a r e  a t  t h e  Microbio- 
l o g i c a l  Laboratory more than 100 c u l t u r e s  
of b a c t e r i a  i s o l a t e d  from f i s h  wi th  miscel-  
laneous pa tho log ica l  condi t ions.  Some 
c u l t u r e s  were received from f o r e i g n  coun- 
tr ies.  There a re  a l s o  on hand s e v e r a l  wel l -  
descr ibed  type - s t r a ins  of Aeromonas l ique- 
f ac i ens  (synonyms : Pseudomonas punct a t  a o r  
Pro teus  hydrophi lus) .  
c h a r a c t e r i s t i c s  of  these  s t r a ins  were de t e r -  

I n  p a s t  yea r s  a l l  

mined. This  work was r ecen t ly  completed by 
determining the  s e n s i t i v i t y  of these  cul-  
t u r e s  t o  many a n t i b i o t i c s  and sulfonamides.  
The r e s u l t s  w i l l  be eva lua ted  l a t e r .  They 

may g ive  a t o o l  f o r  rapid typing of b a c t e r i a  
which a re  causing low-grade o r  sometimes 
explos ive  m o r t a l i t i e s  i n  t r o u t  and warm- 
water  f i s h  ha t che r i e s .  

Pancr e at i c  necros is .  --Pr epar  a t  ions  
a r e  i n  progress  f o r  an a l l -ou t  e f f o r t  t o  
determine i h e  na tu re  Q€ t h i s  disease. 
t i s s u e  c u l t u r e  technique w i l l  p lay  a predo’ 
minant r o l e  i n  t h i s  research.  I n  prelimin- 
a ry  work, e a s t e r n  brook t r o u t  f r y  which had 
symptoms of i n f e c t i o u s  panc rea t i c  nec ros i s  
were ground and ex t r ac t ed  wi th  sa l ine .  The 
r e s u l t i n g  f l u i d  was c l a r i f i e d  by centrifUga’ 
t i o n ,  S e i t z - f i l t e r e d  and inoculated i n t o  
growing c u l t u r e s  of  e a s t e r n  brook t r o u t  
s w i m  b ladder  a t  1/40 of the  volume of t he  
f l u i d  phase present  i n  the  c u l t u r e  f l a s k .  
I n  t h r e e  sepa ra t e  t r ia ls  the  r e p l i c a t e d  
inocula ted  c u l t u r e s  displayed degenerat ion 
o f  e p i t h e l i a l - l i k e  c e l l  shee t s .  This  change 
becameevident at about f o u r  days a t  19’ c* 
The uninoculated c o n t r o l s  d id  not  evidence 
th i s  change. A t r a n s f e r  of pooled f l u i d  
from c u l t u r e s  d i sp l ay ing  degenera t ion  i n t o  
new c u l t u r e s  of brook t r o u t  s w i m  bladder 
r e s u l t e d  i n  s i m i l a r  degenerat ion.  This  
inoculum was ca l cu la t ed  t o  con ta in  1/160Oth 
of the  o r i g i n a l  inoculum. These r e s u l t s  
a r e  cau t ious ly  i n t e r p r e t e d  a s  support ing 
t h e  hypothesis  of a v i r u s  e t io logy .  

Diagnost ic  service.--An employee of 
t he  Microbiological  Laboratory v i s i t e d  Per’* 
o d i c a l l y  the  f e d e r a l  h a t c h e r i e s  in Regions 
3, 4 and 5 of t h e  F i sh  and Wi ld l i f e  S e d C e  
t o  rou t ine ly  diagnose d i s e a s e s  and t o  recorn* 
mend rou t ine  t rea tments .  Much of t h e  Worr 
was d i r e c t e d  toward accumulating d a t a  O n  
t he  d i s t r i b u t i o n  of kidney disease. As a 
r e s u l t  of t h i s  information,  experiments wil l  
be performed a t  t h e  Ber l in ,  New Hampshire 
s t a t i o n  and poss ib ly  a t  one of  t h e  t r o u t  
ha t che r i e s  i n  Region 4 t o  determine the  
condi t ions  f avor ing  outbreaks of t h i s  disc 
ease  and t o  t e s t  va r ious  con t ro l  methods. 

The 

V. SAIMON-CULTURAL LABORATORY 
Roger E. Burrows 

E n t i a t ,  Washington 

The ob jec t ive  of  t h i s  l abora to ry  is 
t o  inc rease  the  s u r v i v a l  r a t e  of a r t i f ic ia le  
l y  propagated salmon in t he  ha tchery  and 
after r e l e a s e  i n  t h e  stream. To achieve 
t h i s  o b j e c t i v e ,  t h e  l abora to ry  is  develop’ 
ing  economical, p r a c t i c a l  d i e t s  f o r  Salm*‘  

explor ing  f a c t o r s  inf luencing a r t i f i c i a l  
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Propagation and developing techniques and 
equipment f o r  more e f f i c i e n t  f i s h - c u l t u r a l  
Operations than  the  present  ones.  

Feeding t r ia ls . - -The feeding  t r i a l s  
fo r  1956 were made t o  eva lua te  the  e f f e c t  

var ious  types of binding agents  on d i e t  
u t i l i z a t i o n .  The r e s u l t s  ind ica ted  t h a t  no 
commercial binding agent was supe r io r  t o  
sal t  f o r  i nc reas ing  d i e t  u t i l i z a t i o n  but  
t ha t ,  w i th  one except ion,  a l l  of t he  binding 
agents increased the  food u t i l i z a t i o n  by 
100 percent  when compared t o  f i s h  fed  an 
unbound con t ro l  d i e t .  

has been prepared. 
A r epor t  on t h i s  

The f eed ing  t r i a l s  f o r  1957 a r e  being 
i n  cooperat ion wi th  the  F i sh  and 

‘ i l d l i f e  Serv ice’s  Salmon Nut r i t i on  Labora- 
tory,  Cook, Washington, and a re  designed t o  
determine t h e  optimum pro te in  l e v e l  f o r  

salmon, 

Acce lera t ion  of sexual  maturat ion of 
salmon.--Studies show t h a t  a reduced 

l$ght exposure w i l l  a cce l e ra t e  the  matura- 
tlon of sockeye salmon. Sockeyes subjec ted  
t o  9-1/2 hours of l i g h t ,  normal sun l igh t  
for October 1, spawned 19 days ahead of t h e  
‘Ontrol f i s h  a f t e r  36 days of t he  shortened 
l i g h t  exposure.  

day and the  acce le ra t ion  measured. 

The l i g h t  exposure t h i s  
w i l l  be shortened t o  one hour per  

P i t u i t a r y  glands were co l l ec t ed  from 
Chum salmon, f rozen  and forwarded t o  t h e  
’“lvers i ty  of Ca l i fo rn ia  Medical School f o r  
‘YoPhilization. The lyophi l ized  glands 

then  s e n t  t o  the  Univers i ty  of Buffalo 
‘or f r a c t i o n a t i o n .  m e  attempt t o  i s o l a t e  
4cm-f ree gonadotrophins from a por t  i on  of 
these glands has f a i l e d  as ind ica ted  by the  
lack of gonadotrophic a c t i v i t y  i n  gonadec- 
tomized t r o u t .  

until 1958. 

Other f r a c t i o n s  w i l l  be 
but  f i e l d  t r i a l s  w i l l  be delayed 

, The acce le ra t ion  experiments a re  

‘ O r  reducing the  holding per iod  required 
‘Vr long-run f i s h  t rapped on t h e i r  upstream 
“gration. A reduct ion  i n  the  length  Of 

:he holding per iod should r e s u l t  i n  a reduc- 

conducted t o  f ind  a p r a c t i c a l  method 

lon i n  t h e  adu l t  mor t a l i t y .  

Diversion and r e t e n t i o n  of adu l t  
=.--Testing ‘ ahon  of t h e  e l e c t r i c a l  d ive r s ion  

is complete. Results i n d i c a t e  t h a t  
‘Or e f f i c i e n t  ope ra t ion  t h e  weir  should 

have a b a r r i e r  s t r eng th  of 0 .5  v o l t  per 
inch  wi th  an e f f e c t i v e  f i e l d  length  of 10 
f e e t  i n  which the  vol tage  gradien t  may va ry  
from 0.3 t o  0.7 v o l t  per inch ,  The minimum 
water v e l o c i t y  at  t h e  weir  s i t e  should be 
t h r e e  f e e t  per second. This  type of  weir  
has proved p rac t i cab le  f o r  the  d ive r s ion  of 
adul t  salmon and a r epor t  on i t  has been 
Prepared. 

An experiment t o  determine a more 
e f f i c i e n t  method f o r  t rapping  impounded 
salmon as they approach r ipeness  is i n  pro- 
g re s s .  The l a t e  run adul t  salmon which 
spawn i n  l a t e  October and e a r l y  November do 
not  r e a d i l y  enter an upstream t r a p .  These 
l a r g e  f i s h  have a predominantly downstream 
mvement on t h e i r  spawning migration. 
Downstream adul t  t r a p s  have been constructed 
t o  determine if these  f i s h  may be t rapped 
e f f e c t i v e l y  i n  t h i s  manner. 

Evaluat ion of r ea r ing  pond design.-- 
The rec tangular  r e c i r c u l a t i n g  r ea r ing  pond, 
developed as  a r e s u l t  o f  these  inves t iga-  
t i o n s ,  was t e s t e d  under ac tua l  opera t ing  
condi t ions  during 1956. These prel iminary 
t e s t s  i n d i c a t e  the  s u p e r i o r i t y  of t h i s  pond 
over o the r  pond types .  A more d e t a i l e d  
eva lua t ion  t o  determine the  car ry ing  capa- 
c i t y  of t h e  pond and the  environmental  con- 
d i t i o n s  i n  it is i n  progress .  The f u l l -  
s ca l e  prototype and t h e  8-1/4 s c a l e  rriodels 
w i l l  be evaluated i n  the  second ha l f  of 1957. 

An in t ens ive  inves t iga t ion  of t he  
environmental condi t ions  i n  var ious  pond 
types  and the  response of salmon t o  these 
condi t ions  is being made. S tud ie s  show 
t h a t  extreme d i f f e rences  i n  environmental  
condi t ions  develop i n  a raceway pond stocked 
t o  near  capac i ty  with chinook salmon f i n -  
ge r l ings .  Oxygen, carbon dioxide and ammo- 
n i a  determinat ions were made at  10-foot 
i n t e r v a l s ,  su r f ace  and bottom, i n  a Spring 
Creek S t a t i o n  raceway pond 115 f e e t  long 
by 10 f e e t  wide car ry ing  1.52 pounds of 
f i s h  per cubic  foot  of water  or 14.2 pounds 
per ga l lon  of inf low.  Under these  condi- 
t i o n s  a h ighly  favorable  environment ex i s t ed  
i n  the  f i r s t  25 f e e t  o f  t he  pond, good con- 
d i t i o n s  i n  the  next 50 f e e t ,  and near  l e t h a l  
condi t ions  i n  the  l a s t  40 f e e t .  A t  these  
i n t e r v a l s  abrupt changes i n  environment 
occurred as  ind ica ted  by drops i n  t h e  oxygen 
content  of the  water  from 10.3 p.p.m. a t  
t h e  head of the  pond t o  4.8 p.p.m. at  t h e  
f o o t  and increases  i n  t h e  ammonia up t o  0.57 
p.p.m. 
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I n  a 30-foot c i r c u l a r  pool opera t ing  
under s i m i l a r  condi t ions  ca r ry ing  1 .51  
pounds of  f i s h  per cubic  f o o t  of water  and 
20.2 pounds per g a l l o n  of inf low,  no abrupt 
oxygen g rad ien t  e x i s t e d  but  near  l e t h a l  con- 
d i t i o n s  were evidenced by an oxygen content  
of 5 .1  p.p.m. at  the  per iphery and 3.1 
p.p.m. a t  t he  c e n t e r  o u t l e t .  

Both pond types  were s tocked beyond 
t h e i r  optimum car ry ing  c a p a c i t i e s  as ind i -  
ca ted  by the  f a c t  t h a t  t he  f i s h  were not  
consuming t h e i r  normal amount of feed .  The 
c i r c u l a r  pond was ca r ry ing  42 percent  more 
f i s h  per  ga l lon  o f  water inf low than the  
raceway pond. I n  the  c i r c u l a r  pond, oxygen 
was t he  l i m i t i n g  f a c t o r .  An inc rease  i n  
the  amount o f  water introduced o r  i n  the  
oxygen content  of t he  pond water by o the r  
means could have a l l e v i a t e d  t h i s  condi t ion .  
As t he  water  supply was being f u l l y  u t i l i z e d  
the  only  a l t e r n a t i v e  would be t o  inc rease  
the  oxygen content  by o the r  means. I n  an 
i n c i d e n t a l  experiment t he  oxygen content  was 
increased  13 percent  i n  73 percent  s a t u r a t e d  
water by means of an a s p i r a t o r  i n s t a l l e d  i n  
t h e  inf low p ipe  of a c i r c u l a r  tank.  The 
i n s t a l l a t i o n  of s i m i l a r  a s p i r a t o r s  a t  t h e  
Spr ing  Creek S t a t i o n  would probably increase  
the  oxygen content  of t he  c i r c u l a r  ponds i n  
excess  of  1 3  percent .  

Conditions which l i m i t  t he  capac i ty  
i n  t h e  var ious  pond types w i l l  cont inue t o  
be explored.  

Development of  an e f f e c t i v e  a l g i c i d e .  
--Tests of p o t e n t i a l  a l g i c i d e s  a re  cont inu-  
ing.  Lignasan X ,  a 6.25 percent  concentra- 
t i o n  of  e t h y l  mercury phosphate,  is t h e  
most s a t i s f a c t o r y  a l g i c i d e  t e s t e d  t o  d a t e  
f o r  c o n t r o l l i n g  green algae i n  r e a r i n g  ponds. 
A 1 :1,000,000 concen t r a t ion  f o r  a 1-hour 
exposure a t  weekly i n t e r v a l s  has proved 
e f f e c t i v e  f o r  experimental ly  c o n t r o l l i n g  
algae.  Tes t s  a r e  being conducted on a pro- 
duc t ion  b a s i s .  

Thresholds of normal development of 
salmon eggs.--Previous experiments demon- 
s t r a t e d  t h a t  chinook salmon eggs subjec ted  
t o  cons tan t  water  temperatures  below 42.5O 
F. o r  s u b j e c t  t o  inc reas ing  m o r t a l i t i e s  
un t i l  a t  35' F. experience a l o s s  i n  excess  
of  95 percent .  The experiment t h i s  season 
was designed t o  determine at  what s t a g e  i n  
development chinook eggs could t o l e r a t e  
temperatures  of 35' F .  wi th  impunity. The 
egg m o r t a l i t i e s  i n d i c a t e  t h a t  when develop- 

ment has progressed t o  the  f o r e p a r t  of the  
b l a s t u l a  s t a g e ,  6 days a t  42.5' P . ,  eggs 
can t o l e r a t e  temperatures  of 35' F .  f o r  the 
remainder of t h e  incubat ion  per iod without 
abnormal m o r t a l i t i e s .  The experiment i s  
not  concluded and s i g n i f i c a n t  d i f f e rences  
i n  f r y  m o r t a l i t i e s  may develop i n  t h e  l o t s  
which were subjec ted  t o  35O F .  temperatures 
i n  t h e  b l a s t u l a  s t a g e ,  6 days a t  42.5' F .  
and the  f o r e p a r t  o f  t he  g a s t r u l a  s t a g e ,  9 
days a t  42.5' F.  These l o t s  of f i s h  a r e  
showing evidence of  coagulated yolk and an 
abnormally h igh  mor t a l i t y  is an t i c ipa t ed .  

SPECIAL INVESTIGATIONS 

I .  BIOLOGY OF GREAT LAKES FISHES 

John Van Oosten 
Ann Arbor,  Michigan 

Since  1921 ma te r i a l s  have been col-  
l e c t e d  on the  Great  Lakes f i s h e s  and f i s h -  
e r i e s  bu t  t hese  d a t a  have remained l a rge ly  
unworked. 
ga t ions  have been g r e a t l y  expanded, t h i s  
v a l u a b l e ,  o lde r  m a t e r i a l  is k i n g  analyzed 
so  t h a t  i t  may form a b a s i s  f o r  comparison 
with cu r ren t  da t a .  
t he  f i s h e s  taken i n  experimental  and come" 
c i a 1  g i l l  n e t s  i n  Lake E r i e  i n  1927-1932 
has  been prepared,  and s t u d i e s  were begun 
on t h e  t rap-ne t  experiments on the  same 
per iod .  

Now t h a t  t h e  Great Lakes inveStic 

A prel iminary repor t  0' 

The expanded b i o l o g i c a l  program has 
c rea t ed  a demand f o r  complete r e f e r e n c e s  
on the  b i o l o g i c a l  researches  on the  Great 
Lakes. To meet t h a t  demand a 
of t he  Great Lakes fauna and f l o r a  and the' 
environment, which lists approximately 
3,040 papers ,  has been completed. 

11. EASTERN FEDERAL WATERS 
Robert E.  Lennon 

Kearneysvi l le  (Leetown), 
West V i r g i n i a  

The f e d e r a l  l ands  i n  t h e  southeastero 
United S t a t e s  inc lude  the  Great  Smoky MOLInC 
t a i n s  Nat iona l  Park i n  North Caro l ina  and 
Tennessee and t h e  Shenandoah Nat ional  park 
in Virg in ia .  The numerous streams i n  these 
parks  d r a i n  some of the  h ighes t  and more 
remote s lopes  of t he  southern Appa lach ia  
Mountains. The courses  of  these  s t reams 
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are  gene ra l ly  s h o r t ,  s t e e p  and rough and 
the waters  a re  among the  s o f t e s t  i n  North 
h e r  i c  a. 

The most important f i s h e r y  resources  
of these  a reas  a r e  the  e a s t e r n  brook t r o u t  
and the  rainbow t r o u t .  Many f a c t o r s  have 
contr ibuted t o  t h e i r  deple t ion .  Fishing 
Pressures  became g rea t  and a re  increas ing  
a d  severe droughts  and f loods  have a f f ec t ed  
the product ive c a p a c i t i e s  of t he  waters ,  
L ibera l  f i s h i n g  r egu la t ions  and haphazard 
stocking procedures i n  the  pas t  a l t e r e d  the  
s t a t u s  of the  f i s h e r y  resources  and the  
f i sh ing  pressures .  

To remedy the  depleted f i s h e r y  re- 
sources ,  a program was e s t ab l i shed  i n  1953. 
Its ob jec t ives  a i e  t o  def ine  measures t o  
a r r e s t  t he  dec l ine  of wild t r o u t  pOpUlatiOnS 
in t he  f ace  of increased f i s h i n g  p res su res ,  

brook t r o u t ,  i n  streams where populat ions 
o r  r e e s t a b l i s h  t r o u t ,  e s p e c i a l l y  

been reduced o r  destroyed by severe 
o r  droughts ,  determine factors  govern- 

ing f i s h  product ion,  formulate f i s h i n g  regu- 
l a t i o n s  based on the  p o t e n t i a l i t i e s  of t he  
f i she ry  resources  and develop methods and 
equipment f o r  surveying streams and c o l l e c t -  
'% f i s h  i n  the  mineral-def ic ient  Waters. 

SHENANDOAH NATIONAL PARK 

Prec ip i tous  dec l ines  i n  f i s h  popula- 
tions occurred i n  the  Shenandoah s t reams i n  
l952 and 1953 and the  lowest l e v e l s  of abun- 
dance occurred i n  1954. 
drought many of t he  more important t r o u t  

Year per iod.  Extensive surveys showed t h a t  
Year and I-year age groups were almost 0- 

e n t i r e l y  missing,  t he  2-year and o lder  t r o u t  

the Production of food organisms i n  the  

Park Se rv ice ,  ac t ing  on recommendations of 
the Fish and Wild l i fe  Se rv ice ,  p rohib i ted  

Because of Severe 

were l a rge ly  dry  f o r  most of the  3- 

i n  poor condi t ion  and disappearing and 

had b e e n k d l y  damaged. The Nat ional  

i n  the  Park i n  1954 and 1955. 

Water condi t ions  improved i n  1955 and 
trout populat ions r ap id ly  improved through 

1957. Small numbers of adul t  surv i -  
vors Produced s t rong  year  c l a s s e s  i n  1955 
and 1956. A good d i s t r i b u t i o n  of t r o u t  occurs  
throughout t he  Courses of t he  s t reams,  
a t re tches  of which were previously barren.  

the g rea t  increases  of food organisms. 
Qnual surveys on r ep resen ta t ive  streams 

improved condi t ion  of  t he  t r o u t  r e f l e c t s  
Semi- 

i n d i c a t e ,  however , t h a t  recovery has been 
much more r ap id  i n  some s t reams than  i n  
o t h e r s ,  as shown below: 

Estimated number of 
brook t r o u t  per  acre  

1954 1955 1956 
Big Run 15 529 3 63 

624 1216 Jeremys Run 13 
Moorman River ,  North 

Pork 8 48 76 

Rapidan River 94 292 426 

Stream - - -  

Piney Run 91 245 943 

The National Park Serv ice  opened a l l  
streams of  t he  Park t o  f i sh ing  i n  1956 and 
1957 and extended the  seasons t o  conform 
t o  the  S t a t e  of V i rg in i a ' s  seasons on t r o u t .  
R e s t r i c t i o n s  spec i f i ed  the  use of a r t i f i c i a l  
l u r e s  and a minimum l e g a l  s i z e  of n ine  inches  
t o  permit continued recovery of t he  f i s h e r y .  

The Moorman River i s  important because 

On str veys l a s t  f a l l  
of i t s  proximity t o  C h a r l o t t e s v i l l e  and 
Waynesboro, Vi rg in ia .  
and t h i s  sp r ing  of t he  North Fork of t h i s  
r i v e r  young-of-the-year brook t r o u t  and 
rainbow t r o u t  were co l l ec t ed .  
f i s h  were taken the re  i n  1954 and 1955. 
S ince  t h i s  r i v e r  is more marginal f o r  t r o u t  
than o the r  major waters  of  t he  Park,  t he  
recovery of t he  t r o u t  f i s h e r y  w i l l  probably 
be slow. The c o l l e c t i o n  of  t he  small  ra in-  
bows was the  only ins tance  i n  which exo t i c  
t r o u t  were found i n  the Park.  No doubt 
Virginia-stocked rainbow t r o u t  have become 
es t ab l i shed  i n  C h a r l o t t e s v i l l e  Reservoir  
and w i l l  spawn i n  the  North Pork when water 
condi t ions  permit .  
took adul t  f i s h  up t o  20 i x h e s  long i n  the  
sp r ing  of 1956 and 1957. The overwinter 
s u r v i v a l  of young-of-the-year rainbows was 
good and t h e i r  growth f o r  t he  per iod exceeded 
t h a t  of brook t r o u t  i n  o the r  s t reams;  speci-  
mens average 3.49 inches long on November 29 
and 5.49 inches on Apr i l  12. 

No 0-young 

Anglers on Moorman River 

GREAT SK)KY MOUNTAINS NATIONAL PARK 

Brook ttout.--Marked f i n g e r l i n g  brook 
t r o u t  of na t ive  Appalachian s t r a i n  have been 
stocked i n  seve ra l  ba r r en  o r  near-barren 
streams s ince  1954. Trout stocked a s  3-inch 
f i n g e r l i n g s  i n  A l u m  Cave Prong i n  1954 and 
1955 survived wel l  and now range up t o  10 
inches long while those stocked i n  West Prong 
L i t t l e  Pigeon River i n  the  same years  range 
up t o  10.2 inches long. There a re  some 
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n a t u r a l  reproduct ion by these  f i s h  i n  1956. 
Measures of f i s h i n g  success  f o r  brook t r o u t  
seven inches o r  more i n  length  were made 
i n  June and ca tches  ranged from '2.8 t o  11 .4  
f i s h  per hour of e f f o r t .  Both s t reams,  
however, a re  r e s t roc t ed  t o  s p o r t  f i s h i n g  
on ly  and no possession of f i s h  i s  per- 
mit ted.  

The 3-inch f i n g e r l i n g  brook t r o u t  
s tocked i n  Ramsey Prong i n  Ju ly  1956 made 
exce l l en t  growth. The Greenbrier  c r ee l -  
checking s t a t i o n  found t h a t  specimens seven 
inches o r  longer  a re  en te r ing  t h e l e g a l  
catch.  P o r t e r s  Creek showed s i m i l a r  re- 
s u l t s .  

Rac ia l  s t u d i e s  on na t ive  brook t r o u t  
co l l ec t ed  i n  remote headwaters have been 
continued. Data on m e r i s t i c  cha rac t e r s  
and condi t ion  f a c t o r s  a r e  complete and 
observat ions on egg product ion,  age and 
growth a r e  being continued. The f requent  
occurrence of diseased ova r i e s  i n  adu l t  
females may be r e l a t e d  t o  the  fewness of  
smal l  t r o u t  and t o  a sex  r a t i o n  two t o  one 
i n  favor  of males. 

Hazzard-plan s t reams .--The improved 
populat ions of brook t r o u t  and rainbow 
t r o u t  have r e su l t ed  from p r o t e c t i o n  afforded 
by the  Hazzard plan.  Contacts with anglers  
on West Prong L i t t l e  Pigeon River and Brad- 
l e y  Fork i n d i c a t e  t h a t  use of these s p o r t -  
f i sh ing-only  s t reams has increased i n  1956 
aiid 1957. An est imated 610 anglers  were 
on  the  West Prong and 1,319 on the Bradley 
Fork i n  1956. Surveys on the  West Prong, 
t h e  poorer of the  two s t reams,  showed 8.0 
pounds o f  brook t r o u t  and 10.6 pounds o f  
rainbow t r o u t  per  acre  i n  1955 i n  c o n t r a s t  
t o  12.9 pounds of  brook t r o u t  and 23.6 
pounds of rainbow t r o u t  per  ac re  i n  1956. 

The inc reas ing  numbers of v i s i t o r s  
i n  t h e  sp r ing  and f a l l  seasons w i l l  have 
oppor tun i t i e s  f o r  good s p o r t  f i s h i n g .  
Under the  Hazzard p l an  the  West Prong and 
Bradley Fork, beginning September 1, 1957 
w i l l  be open t o  f i s h i n g  the  year  round. 
Up t o  June 30, 1957 they had been open t o  
f i s h i n g  only  dur ing  the  r egu la r  season.  
In  add i t ion ,  long and e a s i l y  access ib l e  
s e c t i o n s  of L i t t l e  River and Oconaluftee 
River a l s o  w i l l  be open t o  year-round f i s h -  
i ng  beginning i n  t h e  summer of  1957. The 
Hazzard-plan r e s t r i c t i o n s  w i l l  apply from 
September 1 through May 15 ,  bu t  general  
r egu la t ions  which permit possession of f i v e  

f i s h  per day w i l l  apply from May 16 through 
August 31. 

Elec t  rof  i sh ing .  - -Al te rna te-polar i ty  
e l ec t rode  systems b u i l t  of No. 8 welding 
cable  have proven more durable  and l e s s  
sub jec t  t o  breakdowns than  systems b u i l t  
wi th  bra ided  s h i e l d i n g  and w i l l  r ep lace  
them. 

During win ter  r e s i s t i v i t i e s  i n  s t reams 
which ranged from 100,000 t o  more than 
200,000 ohms per  cubic cent imeter  g r e a t l y  
reduced the  e f f i c i ency  of e l e c t r o f i s h i n g .  
Extensive t e s t s  wi th  50-pound blocks of 
c a t t l e  s a l t  showed t h a t  t hese  r e s i s t i v i t i e s  
could be lowered by as much as 82 percent  
i n  the  immediate v i c i n i t y  of survey s i t e s .  
Spr ing  and f a l l  t r i a l s  made t o  t e s t  t he  
value of t he  s a l t  blocks found t h a t  t he  
e f f e c t i v e n e s s  of  t he  shocker is  g rea t e r  in 
s a l t e d  water  than  i n  s a l t - f r e e  water .  I n  
s a l t e d  water t he  shocker s t u n s  the  f i s h  
more completely,  making them e a s i e r  t o  C O l '  
l e c t  than i n  s a l t - f r e e  water .  A g r e a t e r  
propor t ion  of ava i l ab le  f i s h ,  thus ,  can be 
removed on s i n g l e  passes  through tes t  a ref l '  
The ch ief  advantage of the  s a l t ,  however, 
is making e f f i c i e n t  e l ec t ro f  i sh ing  poss ib le  
i n  win ter  when extremely h igh  r e s i s t i v i t i e s  
p r e v a i l .  A b lock l a s t s  about four  hours in 
a s t ream,  making i t s  cos t  about 20 cents  
per hour. 

Cree l  census.--Creel census s t a t i o n s  
were operated on L i t t l e  Pigeon River and 
B i g  Creek i n  1956 and a r e  i n  opera t ion  on 
the  L i t t l e  Pigeon and L i t t l e  Rivers  t h i s  
season.  I n  add i t ion ,  t he  mobile checks 
begun on f o u r  streams l a s t  year  a re  again 
being made. S t a t i o n  records show t h a t  in 
1956 t h e r e  were 11 percent  more fishermen 
on L i t t l e  Pigeon River and 54 percent  more 
on Big Creek than  i n  1955. Increases  in 
fishermen of t he  magnitude recorded on Big 
Creek r e f l e c t  p a r t l y  improvements i n  acCeSS 
t o  s t reams.  Non-residents from 8 s t a t e s  
and Canada were recorded on Big Creek last 
year ,  from 17 s t a t e s  on L i t t l e  Pigeon Rivef 
and from 22 s t a t e s  and the  D i s t r i c t  Of 
Columbia on L i t t l e  River.  

Catchable-s ize  rainbow t r o u t  which 
were stocked i n  c r e e l  census s t r e a m  i n  
May, June and Ju ly  1956 received d i s t inc '  
t i v e  f i n  c l i p s .  
i n  June exceeded those s tocked i n  May and 
Ju ly .  
Oconaluftee River i n  1956, anglers  took 

Returns from f i s h  stocked 

Of 6,000 rainbow t r o u t  stocked 
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est imated 4,010.  Records of the  f i r s t  two 
weeks of t he  1957 season i n d i c a t e  t h a t  a 
s u b s t a n t i a l  number of carry-over f i s h  may 
be taken t h i s  year .  

Reclamation of  streams.--Indian Creek, 
a t r i b u t a r y  of Deep Creek, was s e l e c t e d  f o r  
an experiment i n  reclaiming a mountain 
Stream. Rotenone (PRO-NOXFISH, Formula 56 
fo r  Cold Water) was appl ied a t  s e l ec t ed  
Streamns between Apr i l  22 and May 1 t o  
e r a d i c a t e  rainbow t r o u t  and longnose dace 
from the  lower six and a ha l f  miles  of main 
Stream and one m i l e  of Georges Branch. 
Resul ts  were successfu l  and no escapement 
Was observed. Five hundred and ninety-two 
rainbow t r o u t ,  0.9 t o  13.7 inches long ,  and 
85 longnose dace were co l l ec t ed  f o r  measure- 
ments. A potassium permanganate s o l u t i o n  
Was added t o  Indian Creek F a l l s  near t he  
mouth t o  reduce t h e  t o x i c i t y  of t he  ro te -  
none. 

Methods f o r  determining s t ream velo- 
c i t i e s ,  flow volumes , concent ra t ions  of 
tox icants  needed a t  var ious  flow r a t e s ,  
frequency and concent ra t ions  of s t rengthen-  
ing doses and the  spreadout  and d i l u t i o n  of 
a t ox ican t  moving downstream were developed 
through repeated t r i a l s  wi th  blocks of 
c a t t l e  s a l t  used i n  conjunct ion wi th  an 
e l e c t r i c  conduct iv i ty  meter.  The r e s u l t s  
obtained wi th  s a l t  were confirmed by t e s t s  
With malachi te  green dye and comparator 
tubes .  Tes t s  were a l s o  made with rotenone 
i n  s t reamside troughs on rainbow t r o u t  and 
longnose dace t o  de f ine  minimum t o x i c  con- 
cen t r a t ions  and required dura t ions  of expo- 
Sure t o  k i l l  f i s h .  

Indian Creek -and Georges Branch were 
restocked with 12,000 f i n g e r l i n g  brook 
t r o u t ,  Appalachian s t r a i n ,  i n  l a t e  June. 
Bpth streams appear t o  o f f e r  an exce l l en t  
OPPortunity f o r  r ees t ab l i sh ing  the  na t ive  
Species .  
f i s h  w i l l  be c l o s e l y  observed. 

The growth and s u r v i v a l  of t h e  

The near  completion o f  the  Chilhowee 
Dam a t  Chilhowee, Tennessee, under construc- 
t i o n  by t h e  Aluminum Corporation of America, 
has prompted t h e  l a r g e s t  reclamation j o b  
k t  attempted i n  the  Southeas t .  The new 
171000-acre impoundment on the  L i t t l e  Ten- 
nessee River w i l l  be managed f o r  rainbow 

The l ake  w i l l  inundate the  lowermost 
t o  two and a half  mi les  of  Abrams Creek 

Ul the  park and nine miles  of t he  L i t t l e  
Tennessee upstream t o  Calderwood Dam. Since 

both Abrams Creek and the  r i v e r  contained 
abundant t r a s h  f i s h ,  an agreement was made 
i n  May 1957 among the  Tennessee Game and 
F i sh  Commission, Tennessee Valley Author i ty ,  
Aluminum Corporation of America, Nat ional  
Park Serv ice  and the  Fish and Wi ld l i f e  
Serv ice  t o  reclaim the  waters  before  the  
lake  is  crea ted .  The da te  f o r  t he  wcrk was 
o r i g i n a l l y  s e t  f o r  Ju ly  1957 but  was sud- 
denly advanced t o  e a r l y  June. 

Abrams Creek i s  a l a rge  s t ream wi th  
an average discharge of about 90 c f s .  Sur- 
veys showed t h a t  carp  and o t h e r  t r a s h  f i s h  
occurred throughout t he  e n t i r e  17-mile 
lower s e c t i o n  between Abrams F a l l s  and the  
mouth; s h o r t  cascades and long deep pools 
cha rac t e r i ze  t h i s  s e c t i o n .  The t e r r a i n  is 
so  rough t h a t  t h e  a r e a  is  one of t he  most 
i naccess ib l e  a reas  i n  the  park.  Round-the- 
clock t e s t s  were made with s a l t  blocks and 
a conduct iv i ty  meter t o  determine t h e  
ve loc i ty  of t he  s t ream over long d i s t a n c e s ,  
its d ischarges  a t  var ious l e v e l s  and the  
f a c t o r s  of spreadout and d i l u t i o n .  High 
tu rb id  water  precluded confirmatory t e s t s  
wi th  dye. Tes ts  were made wi th  rotenone i n  
s t reamside  troughs t o  determine t h e i r  tox ic  
concent ra t ions  and e f f e c t i v e  dura t ions  of 
exposure. Some ca rp ,  f o r  example, survived 
a 3-hour exposure t o  rotenone a t  1 p.p.m. 
while o t h e r s  died only a f t e r  exposures up 
t o  s i x  hours a t  0 .1  p.p.m. 

For the  poisoning job  t o  be success-  
f u l  the  F i sh  and Wi ld l i f e  Serv ice ' s  b o l t  of 
rotenone i n  Abrams Creek had t o  meet t he  
S t a t e  of Vi rg in ia ' s  b o l t  i n  t he  L i t t l e  
Tennessee River a t  t he  confluence exac t ly  
a t  noon on June 9.  Therefore ,  rotenone was 
introduced cont inuously from 12:20 t o  6:20 
P.M. on June 8 a t  Abrams F a l l s .  Strengthen-  
ing doses were applied i n  the  main s t ream 
and i n  the  t r i b u t a r i e s  as t h e  b o l t  moved 
downstream. Eight hundred and e ighty-e ight  
pounds of rotenone were used,  and t h e  b o l t  
a r r ived  a t  t he  mouth of Abrams Creek on 
time . 

Counts and measurements were obtained 
on 3,233 f i s h  picked up during t h e t o x i c i t y  
t e s t s  and reclamation opera t ions .  These 
included l a r v a l  and adul t  lampreys, g izzard  
shad, 448 rainbow t r o u t ,  s eve ra l  spec ie s  of 
suckers ,  45 carp,  blue and channel c a t f i s h ,  
sauger , smallmouth bass ,  rock bass ,  b l u e g i l l  
and o the r  sun f i shes  and drum. The non- 
appearance of small  carp i n d i c a t e s  t h a t  ca rp  
cannot spawn successfu l ly  i n  Abrams Creek; 
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Finger l ing  rainbow t r o u t  w i l l  be 
s tocked i n  Abrams Creek. The main stream 
and t r i b u t a r i e s  below t h e  F a l l s  a r e  too  
warm f o r  brook t r o u t .  

Nat ional  Park Serv ice  personnel gave 
exce l l en t  a s s i s t a n c e  dur ing  the  opera t ions  
on Indian  and Abrams Creeks.  They con t r i -  
buted g r e a t l y  t o  the  success fu l  program on 
Abrams Creek by e s t a b l i s h i n g  a work camp, 
c l e a r i n g  t r a i l s ,  packing i n  s u p p l i e s ,  f u r -  
n i sh ing  vehic les  and p a r t i c i p a t i n g  i n  the  
poisoning job .  

Water q u a l i t y  i n  streams.--A program 
w a s  begun i n  December t o  c o l l e c t  a l l - season  
d a t a  on water chemistry,  temperatures ,  
l e v e l s  and d ischarge  r a t e s ,  and e l e c t r i c a l  
r e s i s t i v i t i e s  a t  s e l e c t e d  s i tes  i n  t h r e e  
of t he  major watersheds i n  t h e  park .  

SECTION OF MARINE FISHERIES 
Howard H. Eckles and Harvey L.  Moore 

Washington, D. C.  

The Marine Sec t ion  is s tudying  the  
causes  of t he  g rea t  f l u c t u a t i o n s  i n  abun- 
dance,  both n a t u r a l  and man made, which 
occur i n  t h e  major ocean f i s h e r i e s  i n  order  
t o  recommend such conserva t ion  measures as 
w i l l  e f f e c t i v e l y  maintain cont inuing  produc- 
t i o n  without unduly hampering f i s h i n g  opera- 
t i o n s  and t o  p r e d i c t  changes i n  abundance 
s u f f i c i e n t l y  i n  advance t o  minimize t h e i r  
e f f e c t s  on dependent i n d u s t r i e s .  Increas ing  
y i e l d s  from e x i s t i n g  f i s h e r i e s  a r e  being 
sought by such means, f o r  i n s t ance ,  as 
e s t a b l i s h i n g  the  appropr ia te  age and t h e  
t i m e  of cap tu re .  E f f o r t s  a r e  being made t o  
de f ine  through oceanographic surveys t h e  
a rea  v a r i a t i o n s  i n  f e r t i l i t y  w i th in  the  
oceans f o r  t he  purpose of  making more e f f ec -  
t i v e  the  sea rch  f o r  new f i s h e r y  resources  
and the  s o l u t i o n  t o  such s p e c i f i c  problems 
as t h e  cause of  t he  d e s t r u c t i v e  "red t ides" .  
The a reas  under s tudy  encompass t h e  waters  
of t he  A t l a n t i c  Ocean from the  Grand Banks 
t o  F lo r ida ,  t he  e n t i r e  Gulf o f  Mexico, and 
the  western and c e n t r a l  P a c i f i c .  

NORTH ATLANTIC FISHERY INVESTIGATIONS 

Woods Hole. Massachusetts 
Herbert  W .  Graham 

The New England f i s h e r y  is one of the  
most va luable  i n  the  world and is being 

f i s h e d  wi th  an ever - increas ing  i n t e n s i t y .  
The purpose of t h i s  i n v e s t i g a t i o n  is t o  
o b t a i n  t h e  information necessary f o r  sound 
management of  t h i s  important resource.  

Af te r  a per iod  of years  some of  t he  
important ques t ions  concerning t h e  dynamics 
of t he  haddock popula t ion  a r e  near ing solu- 
t i o n .  Now, the  program must be re-or iented 
t o  s tudy  the  ecology of t he  banks i n  order  
t o  ande r s t and  the  e f f e c t  of t h e  var ious 
spec ie s  on one another  and the  r o l e  of t h e  
phys ica l  f a c t o r s  i n  caus ing  f l u c t u a t i o n s  
i n  abundance. 

The management of t h e  o f f shore  f i s h c  
e r i e s  i n  t h e  North A t l a n t i c  is the  concern 
of t h e  I n t e r n a t i o n a l  Commission f o r  t he  
Northwest A t l a n t i c  F i s h e r i e s ,  Acm rd ingly ,  
t he  research  of t he  North A t l a n t i c  Fishery 
Inves t iga t ions  is d i r e c t e d  i n  l a rge  p a r t  
toward supplying t h e  Commission wi th  infor' 
mation necessary f o r  t he  i n t e r n a t i o n a l  
con t ro l  of f i s h i n g  i n  t h i s  area.  

A s  i n  p a s t  yea r s ,  research  planning 
has been conducted i n  c lose  co l l abora t ion  
wi th  the  At l an t i c  S t a t e s  Marine F i she r i e s  
Commission and the  I n t e r n a t i o n a l  CommisSiOn 
f o r  t he  Northwest A t l an t i c  F i she r i e s .  

INTERNATIONAL COMMISSION FOR THE 
NORTHWEST ATLANTIC FISHERIES 

An a c t i v e  program of research  con- 
t inued  i n  Subarea 5 (Georges Bank and the  
Gulf of Maine), Subarea 4 (Nova Sco t i an  
Banks and the  Gu l f  o f  S t .  Lawrence) and 
Subarea 3 (Grand Banks). These s t u d i e s  
were d i r ec t ed  toward the  cod, haddock, redc 
f i s h  and h a l i b u t .  

The recommendat ions f o r  a long-range 
program t o  be conducted i n  t h e  Convention 
Area, made by t h e  Committee on Research and 
S t a t i s t i c s  a t  B i a r r i t z ,  Prance,  i n  1956 
were reviewed a t  a Jo in t  S c i e n t i f i c  Meeting 
of t h e  Commission, t he  Food and Agriculture 
Organizat ion of t h e  United Nations and the 
I n t e r n a t i o n a l  Council  f o r  t h e  Explorat ion 
of t he  Sea which followed the  1957 annual 
meeting of t he  I n t e r n a t i o n a l  Commission- 
Remarkable progress  i n  f u r t h e r i n g  the  Bias-  
r i t z  recommendations was noted f o r  a l l  
Commission coun t r i e s  . 

Progress  o f  e s p e c i a l  i n t e r e s t  t o  t h e  
United S t a t e s  was the  pub l i ca t ion  by the 
Commission of  t h e  cu r ren t  s t a t i s t i c s  of the 
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t o t a l  ca t ch  by spec ie s  and value of f i s h  
taken from the  Convention Area by the  
European count r ies .  A t  l e a s t  one of t he  
European count r ies  conducting ex tens ive  
f i s h i n g  i n  Nova S c o t i a ,  Newfoundland and 
Greenland waters  is at tempting t o  o b t a i n  
from i ts  f i sh ing  companies t h e  complete 
S t a t i s t i c s  of ca t ch  over t he  pas t  t e n  years .  
This information is va luable  i n  assess ing  
the condi t ion  of t he  f i s h e r y  resources  on 
t h i s  s i d e  of  the  At l an t i c .  

The United S t a t e s  cont r ibu ted  sub- 
S t a n t i a l l y  t o  progress  i n  fu the r ing  the  
recommendat ions made a t  B i a r r i t z ,  France. 
Among these  s t e p s  were s t anda rd iza t ion  of 
methods of measuring f i s h ,  s t u d i e s  of t he  
e f fec t  on f i s h  abundance of  t he  d r i f t  of 
eggs and l a r v a e ,  success fu l  tagging of 
r ed f i sh ,  measuring t h e  n a t u r a l  mor t a l i t y  
ra te  of haddock, s t anda rd iza t ion  of methods 
Of measuring ne t  meshes and the  development 
Of a new mesh gauge. 

INTERNATIONAL PASSAMAQUODDY 
FISHERIES BOARD 

The I n t e r n a t i o n a l  J o i n t  Commiss ion  
the  I n t e r n a t i o n a l  Passamaquoddy 

' l sher ies  Board t o  conduct a 3-year s tudy 
for  determining the  poss ib l e  e f f e c t s  on 
the f i s h e r y  of t he  cons t ruc t ion  of a t i d a l  

p ro j ec t  i n  the  Passamaquoddy a rea  of 
the Bay of Pundy. 
research committee composed of  b i o l o g i s t s  
and Oceanographers from the  Bio logica l  

from the  l a b o r a t o r i e s  a t  Woods Hole, Massa- 
chuse t t s  , and Boothbay Harbor, Maine. 

The Board s e t  up a 

a t  S t .  Andrews, N .  B . ,  Canada, and 

Since  he r r ing  is  the  p r i n c i p a l  COW 
merc i a l  spec ie s  i n  the  a r e a ,  t he  research  
On t h i s  p r o j e c t  is c lose ly  in t eg ra t ed  with 
the At l an t i c  Herr ing Inves t iga t ions  cen- 
tered a t  Boothbay Harbor. 

ATLANTIC STATES MARINE 
PISHERIES COMMISSION 

A t  t h e  f i f t e e n t h  annual meeting of 
A t l a n t i c  S t a t e s  Marine F i she r i e s  Com- 

'is5ion a t  A t l a n t i c  C i t y ,  New Jersey ,  i n  
'eptember 1956 progress  on the  inves t iga-  
tlonS conducted wi th in  the  j u r i s d i c t i o n a l  
area O f  t h e  Commission ( t h e  3-mile L i m i t )  

r e p o r t e d .  The r epor t s  included the  
haddock mesh r egu la t ion ,  r e d f i s h  s t u d i e s  , the Yellowtai l  f lounder  f i s h e r y ,  t he  whit- 
'% O r  s i l v e r  hake f i s h e r y ,  t he  i n d u s t r i a l  

f i s h e r y  and the  Maine he r r ing  f i s h e r y .  
Summaries of t he  a c t i v i t i e s  i n  these  f i e l d s  
w i l l  be found elsewhere i n  t h i s  r epor t .  

VESSEL OPERAT IONS 

Alba t ross  I11 .--The 18 s c i e n t i f i c  
c ru i se s  included s e v e r a l  haddock and cod 
tagging t r i p s ,  measurement of f i s h  escape- 
ment , s t u d i e s  of t he  d i s t r i b u t i o n  of s e v e r a l  
spec ie s ,  bottom sampling, plankton work, 
gear t e s t i n g  and underwater t e l e v i s i o n  
experiments.  

' N o  of the  c ru i se s  were of i n t e rna -  
t i o n a l  i n t e r e s t .  The f i r s t  c r u i s e  was a 
j o i n t  opera t ion  with the  Canadian research  
vesse l  J. J. Cowie. 
purpose of comparing C.P.S. Bmitron and 
Image Orthicon underwater TV equipment. 
Representat ives  of t he  S c o t t i s h  Marine Bio- 
l o g i c a l  Laboratory operated the  B r i t i s h  
equipment, A j o i n t  c r u i s e ,  "Pair  TOWS Two". 

The second w a s  f o r  t he  

involved the  Aibatross  I I I ' a n d  the  Delaware 
t o  determine the  comparative f i s h i n r  Dowers 

Y = ~ - ~ -  
of the  4 1  "Balloon" and the  41 "Standard" 
trawls and t o  make simultaneous tows wi th  
d iff e ren t  mesh s i z e s  . 

The staff members of t he  Woods Hole 
Oceanographic I n s t i t u t i o n  co l labora ted  i n  
seve ra l  c r u i s e s  throughout t h e  year .  

T-79.--The a c t i v i t i e s  of t he  T-79 - 
were l a r g e l y  confined to  inves t iga t ing  the  
f lounder  and the  i n d u s t r i a l  f i s h e r i e s  o f f  
t he  southeas te rn  coas t  o f  New England. 
This i n v e s t i g a t i o n  included hydrographic 
work, t r awl ing ,  underwater photography and 
tagging. 

BOTTOM ECOLOGY 

The s u r v i v a l ,  growth, migrat ions and 
d i s  t r ibu t  ion of t he  commerc i a l l  y import an t  
groundfish depend s u b s t a n t i a l l y  upon t h e  
kinds and the  q u a n t i t i e s  of food ava i l ab le  
t o  them. The food organisms, i n  tu rn ,  f l o u r -  
i s h  or f a i l  according t o  the  s u i t a b i l i t y  
of t h e i r  environment. The groundfish f eed  
predominantly on the  bottom-dwelling organ- 
i s m s .  Many of these  organisms are  i n t i -  
mately assoc ia ted  wi th  the  s e a  bed, and t h e i r  
geographical  d i s t r i b u t i o n  and abundance 
depend t o  a g r e a t e r  o r  l e s s e r  ex ten t  
t he  type of s u b s t r a t e .  Thus, t he  r e l a t i o n -  
s h i p s  of  food organisms t o  the  phys ica l  and 
the  chemical composition of t he  s u b s t r a t e s  
a r e  a s ign i f i can t  phase of t he  groundfish 

upon 
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product ion cyc le .  One aspect  of t h e  bottom 
ecology work i s  being inves t iga t ed  by a 
survey of t he  s u b s t r a t e s  on Georges Bank 
and v ic  ini t y . 

P a r t i c l e  s i z e  compos i t  ion.  - -Pa r t i c l e  
s i z e  analyses  were made from 99 s t a t i o n s  
on Georges Bank and i n  ad jacent  waters .  
The Scoopfish bottom sampler and o the r  
dredging gearwere used t o  o b t a i n  the  sam- 
p l e s .  

The s u b s t r a t e  samples were s i f t e d  
through a graded s e r i e s  of sc reens  and t h e  
quan t i ty  of each s i z e - f r a c t i o n  was measured. 

A l a r g e  po r t ion  of c e n t r a l  Georges Bank is 
composed pr imar i ly  of medium sand ( p a r t i c l e  
diameters  between 0.50 and 0.25 m m . ) .  A 
r a t h e r  wide band along the  southern  edge of 
t he  Bank c o n s i s t s  mainly of f i n e  sands ( 0 3  
t o  0 .62 m m . ) .  Granules ,  pebbles ,  cobbles 
and boulders  wi th  admixtures o f  medium t o  
coarse  sand, cover the  bottom on the  norther” 
edge and p a r t s  of t he  no r theas t  peak of 
Georges Bank. S i l t - c l a y  depos i t s  (0.062 
a r e  loca ted  south  of Nantucket Shoals  and 
i n  the  deep water i n  t h e  nor thern  por t ion  
of Great South Channel. 

Chemical composition. -- Fifteen substraw 

SCOOPF I S H  BOTTOM SAMPLER 
GEOGRAPHICAL DISTRIBUTION OF ORGANIC MATTER 

I N  THE SUBSTRATES ON GEORGES BANK AND V I C I N I T Y ’  

Five s u b s t r a t e  types 

c, 
Organic Ca P NO3 Mg K Mn Fe A 1  Number 

Subs t r a t e  P a r t i c l e  mat te r  N of 

S i l t - c l a y  0.03 3.6 2115 30 6 1225 700 48 3 6 2 

Very f i n e  sand 0.09 2.6 2750 19 6 658 338 16 4 1 3 

Fine sand 0.19 0.8 1000 11 2 303 92 11 2 1 3 

Medium sand 0.38 0.2 1662 4 2 179 170 18 1 1 4 

Coarse sand 0.75 0.3 337 5 2 187 70 16 3 1 3 

type s izd’  (percent )  (Ext rac tab le  quant i ty  i n  p a r t s  per  mi l l ion)  s a m p l z  

- 1/ Mid-point of the  predominant s i z e  category.  
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samples from the  Georges Bank a rea  were 
analyzed f o r  organic  mat ter  and e x t r a c t a b l e  
calcium, phosphorus, n i t r a t e  n i t rogen ,  
magnesium, potassium, manganese, i r o n  and 
aluminum. I n  gene ra l ,  these  elements and 
the organic  mat ter  a r e  inverse ly  r e l a t e d  
t o  the  p a r t i c l e  s i z e  composition Of t he  
s u b s t r a t e s .  

The geographical  d i s t r i b u t i o n  of t he  
Organic mat ter  i n  the  s u b s t r a t e s  expressed 

percent  weight on and adjacent  t o  Georges 
Bank is i l l u s t r a t e d  below. The chemical 
cons t i t uen t s  t e s t e d  had d i s t r i b u t i o n a l  pat-  
t e rns  s i m i l a r  t o  t hose f o r  organic mat te r .  

O f f  t he  northwest s i d e  of Georges 
where the  s u b s t r a t e  is a s i l t  c l ay ,  

the organic  mat ter  and the  elements t e s t e d  
f o r  were abundant. 
Periphery of Georges Bank, where the  sub- 
s t r a t e  is pr imar i ly  a f i n e  sand,  t he  organic  
m a t t e r  and the  elements were present  i n  
moderate q u a n t i t i e s .  
the nor theas t  por t ions  of Georges Bank, 
where the  predominant s u b s t r a t e  is a medium 

Were present  i n  small q d a n t i t i e s .  

Along the  southern  

On the  c e n t r a l  and 

the  organic  mat ter  and t h e  elements 

Tagging was used because,of its s i m p l i c i t y  
and the  " f r inge  bene f i t s "  t h a t  ,may be 
obta ined ,  such as information about popula- 
t i o n  s i z e ,  mor t a l i t y  and growth r a t e s .  
The f i g u r e  below shows the  numbers of f i s h  
and the  loca t ions  of a l l  tagging t o  June 30, 
with approximate percentages of r e tu rns  
from each opera t ion .  

Observations on the  incidence of 
Lernaeocera,  a copepod p a r a s i t e ,  were 
s t a r t e d  and w i l l  cont inue through the  Sum- 
mer. I n  o the r  a reas  t h i s  p a r a s i t e  has 
proved usefu l  as  a b i o l o g i c a l  t ag  i n  iden- 
t i f y i n g  races  of cod. 

A t  t h i s  time t ag  r e tu rns  combined 
wi th  the  r e s u l t s  of t he  United S t a t e s  
Bureau of F i she r i e s '  marking experiments 
from 1890 t o  1930 al low the  formation of 
t he  working idea t h a t  t he re  a re  f o u r  major 
s tocks  i n  t h e  New England region.  There 
a re  two r e l a t i v e l y  s t a t i o n a r y  groups,  one 
group on the  offshore p a r t  of Georges Bank 
and the  o the r  i n  the  Gulf of Maine. A 
t h i r d  group, f i s h  which winter  i n  inshore 
Cape Cod waters,  apparent ly  moves t o  the  
Great South Channel i n  the  summer, where 
they a re  joined by a migratory s tock  t h a t  

La D 

The major e f f o r t  during the  
Past year was devoted t o  ident i fy-  
'% s tocks  i n  t h e  New-England a rea .  

IFC 
AREAS, DATES AND NUMBERS OF COD TAGGED, W I T H  

APPROXIMATE RETURN PERCENTAGES T O  JUNE 3 0 ,  1937 
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spawns and spends most of t he  year  i n  Long 
I s l and  and New Jersey  c o a s t a l  waters .  

A p re l iminary  ana lys i s  of records  of 
l a r g e  o t t e r  trawlers f i s h i n g  p r imar i ly  f o r  
haddock on Georges Bank i n d i c a t e s  t h a t  t h e  
l o c a l  changes i n  abundance of cod may be 
r e l a t e d  t o  t h e  long-term hydrographic con- 
d i t i o n s .  I n  recent  years  t he re  has  been a 
change i n  t h e  r e l a t i v e  abundance on Cen t ra l  
and Western Georges Bank and a similar 
change may be demonstrated f o r  t he  shal low 
and the  deep zone of t h e  Eas te rn  a r e a  f o r  
the  same period.  This  has been a per iod i n  
which the  win ters  were considerably milder 
than they usua l ly  a re .  

.1 
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ANNUAL MEAN WATER TEMPERATURE AT EASTPORT, 
AND INDEX OF ABUNDANCE FOR LARGE COD I N  DEPTHS 
OF 0-30 FATHOMS ON EASTERN QEORGES BANK, 1932- 

MAINE 

19% ( A L L  DATA WERE SMOOTHED BY M O V I N G  AVERAGE 
O F  THREE) 

A f u r t h e r  examination of t hese  d a t a  
shows t h a t  t he  d i f f e rences  i n  the abundance 
are r e l a t e d  t o  the  s i z e  of  t he  f i s h ,  as 
evidenced by the  market ca t egor i e s  caught.  
Large cod seem more a f f ec t ed  than small cod; 
t h i s  f i n d i n g  suppor ts  t he  concept t h a t  t h i s  
i s  a temperature-associated phenomenon. 
The s i m i l a r  abundance and the  temperature 
curves ,  p a r t i c u l a r l y  s i n c e  1946, sugges t  
more than a casua l  r e l a t i o n s h i p .  

An a t tempt ,  made i n  conjunct ion wi th  
t h e  Woods Hole Oceanographic I n s t i t u t i o n  
s c i e n t i s t s ,  t o  f ind  a r e l a t i o n  between the  
abundance of  inshore  cod and the  amount of  
f resh-water  runoff w a s  unsuccessful .  

Work continued on a b ib l iography of 

A 
1955 

cod biology wi th  emphasis on the  Northwest 
A t l an t i c .  Over 500 papers  have been ab- 
s t r a c t e d  t o  punch cards  which may be so r t ed  
mechanically f o r  au thors ,  s u b j e c t s ,  da t e s  
and geographical  areas .  

A synopt ic  c o l l e c t i o n  of  a l l  pub- 
l i s h e d  cod growth r a t e s ,  p l o t t e d  on trans’ 
parent  paper a t  a uniform s c a l e ,  is b e h g  
made from b ib l iog raph ic  sources .  

E f f o r t s  are being made t o  improve the 
c o l l e c t i o n  of landing s t a t i s t i c s  on cod. 
The c o l l e c t i o n  of  length-frequency samples 
w a s  adequate t h i s  year  f o r  t he  f i r s t  time 
t o  r epor t  t o  t he  I n t e r n a t i o n a l  Commission 
on the  s i z e  d i s t r i b u t i o n  of  cod i n  t h e  
United S t a t e s  o t t e r  trawl landings.  

PLOLJNDERS 

S t a t e  of  t he  f i s h e r i e s .  --The landings 
of t he  p r i n c i p a l  f lounder  spec ie s ,  yellow* 
t a i l ,  blackback and f l u k e ,  a t  southern New 
England p o r t s  i n  1956 d i d  not  d i f f e r  sign’’ 
f i c a n t l y  from t h e  1955 f i g u r e s .  The s l i g h t  
i nc reases  i n  the  Mode Is land  ye l lowta i l  
and blackback landings  appear t o  have been 
caused by the  h igh  abundance of small  flsb 

in t he  ca tches  from the  Mode Is land  Waters’ 
There is  evidence t h a t  s t rong  year c lasses  
of bo th  spec ie s  a r e  moving i n t o  the  f i shery  
which may inc rease  the  1957 ca tch .  

Research.--The growth s t u d i e s  have 
been concentrated on the  y e l l o w t a i l  during 
the  p a s t  year ,  bu t  some f luke  and blackback 
d a t a  have been co l l ec t ed  a l s o  f o r  fu tu re  
work. When p o s s i b l e ,  ye l lowta i l  o t o l i t h s  
were obtained a t  monthly i n t e r v a l s  doring 
1956 t o  provide evidence of t he  v a l i d i t y  Of 

t h e i r  use f o r  age de te rmina t ion  and t o  show 
t he  seasonal  sequence i n  annual r i n g  formac 
t i o n  i n  o t o l i t h s .  Only one complete r ing,  
Cons is t ing  of an opaque band and a hyaline 
band, is l a i d  down each yea r ,  a l though the 
beginning of t he  second annulus is  found 
before  the  f i s h  have reached the  end of 
t h e i r  f i r s t  f u l l  year  of l i f e .  

t he  s i z e  of t h e  f i s h  and the  age determineds 
from o t o l i t h s ,  i nd ica t ing  t h a t  o t o l i t h  
a r e  l a i d  down i n  a r egu la r  manner. Modes 
i n  the  length-frequency d i s t r i b u t i o n s  Of 
1- and 2-year o l d  f i s h  co inc ides  wi th  the 
model lengths  of age groups based on 

l o s e l Y  
readings.  These modes corresponded C age dur ing  t h e  course  of a year  and t h e  aver 

There is good correspondence between 

r iM 

0 t o  1 ith 
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Sizes  wi th in  the  young age groups increased 
regular ly  through the  growing season. This 
‘WOmation furn ishes  evidence t h a t  Only 
One annulus is l a i d  down each year .  .- 

441 I 1 I I I 

“RowTH CURVE FOR Y E L L O W T ~ , I L  FLOUNDER, BASED ON 
OT0L 1 TH  AGE DETERM I NAT I ONS FROM THE FOURTH 
“ARTER OF 1956 CATCHES FROM SOUTHERN NEW 

ENGLAND GROUNDS 

nuurn 1.C OCT I - C  NOV. I - C  DEC. I - C  

FEE I l - A  APRIL fl-8 JUNE II.6 

A growth curve f o r  male and female 
ye l lowta i l s  from the  fou r th  qua r t e r  of  t he  
1956 catches is  shown. The growth i n  length  
is rap id  dur ing  the  f i r s t  two years  of l i f e  
and the  weight increases  a t  a rap id  r a t e  
f o r  another year.  Following the  second 
year t he  females grow a t  a s i g n i f i c a n t l y  
g r e a t e r  r a t e  than the  males. 
work ind ica t e s  t h a t  growth is  f a s t e r  a t  
p resent  than i t  w a s  dur ing the  1940s. The 
length-f requency samples of t he  commercial 
catches show a smal le r  propor t ion  of  o ld  
f i s h  i n  the  present  catches than i n  t h e  
former catches.  The work is planned t o  
determine whether a r e a l  change i n  the  
growth r a t e  and the  age s t r u c t u r e  of t he  
southern  New England s tocks  has taken p lace .  

The cu r ren t  

I n  add i t ion  t o  counting the  number of 
complete annual r i ngs  i n  the  o t o l i t h s  exam- 
ined,  t he  ex ten t  of t he  development of t he  
r i n g  being l a i d  down on the  o t o l i t h  edge a t  
t he  time of  the  c o l l e c t i o n  was recorded f o r  
t he  purpose of t r ac ing  the  r i n g  development. 
The amount of edge growth was designated by 
l e t t e r s :  A ,  where the  beginnings of a new 
opaque band could be d i s t ingu i shed ;  B, where 
an opaque band of considerable  width was 
present ;  and C, where the  per iphera l  opaque 
band was complete and the  development of 

OTOLITHS FROM 3 -  AND 4-YEAR-OLD YELLOWTAIL 
FLOUNDER, CAPTURED AT D IFFERENT T I M E S  OF THE 

Y E A R ,  SHOWING D I F F E R E N T I A L  GROWTH ON THE EDGES 
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they hyal ine band of t he  annual r i ng  w a s  
i n  evidence. The annulus formation w a s  con- 
s ide red  complete a f t e r  January 1 and no 
l e t t e r  des igna t ion  was assigned t o  o t o l i t h s  
between January 1 and the  time of t he  begin- 
ning of  a new band. 

The photographs of t he  o t o l i t h s  from 
1- ,  2-, 3- and 4-year-old f i s h ,  showing the  
var ious  s t a g e s  of band development (no edge 
growth, A ,  B or C condi t ion)  a re  shown. 
The o t o l i t h s  f o r  t he  photographs were chosen 
t o  represent  the  s t a g e  of t he  development 
shown by the  g r e a t e s t  p ropor t ion  of o t o l i t h s  
examined from a given age group i n  a p a r t i -  
cu l a r  month. January 1 was taken as the  
b i r thday  here  i n  o rde r  t o  keep the  age and 
the  number of annul i  the  same. 

The band ].aid down d ur ing  the  second 
year  is the  broadest  i n  a l l  of t he  o t o l i t h s .  
This corresponds with the  per iod of most 
rap id  growth i n  the  f i s h  length .  

The f i r s t  o t o l i t h  of age group I ,  
co l l ec t ed  i n  March, has one complete annulus 
(center  white  opaque kerne l  p lus  t h e  sur- 
rounding hya l ine  band) ,  and i n  add i t ion  i t  
shows development of a s u b s t a n t i a l  p a r t  of 
t he  second opaque zone. I t  was, t h e r e f o r e ,  
c lassed  as age group I -B .  The f o u r t h  oto- 
l i t h  of age group I shows a completed second 
opaque band and t h e  beginning of the  second 
hyal ine  band. I t  w a s  assigned t o  age group 
I-C.  The f i r s t  o t o l i t h  of age group I1 
shows no evidence of the  beginning o f  t he  
t h i r d  opaque zone and i t  was c l a s sed  as age 
I1 with no l e t t e r  des igna t ion .  The s t age  
of the  edge development was determined for 
the  o t h e r  o t o l i t h s  i n  the  same manner. 
Since the  s t a g e s  used t o  c l a s s i f y  t h e  edge 
growth a r e  somewhat s u b j e c t i v e ,  they al low 
no i ronc lad  c l a s s i f i c a t i o n  of the  r i n g  
growth. They do se rve  t o  desc r ibe  what is 
reasonably apparent when the  o t o l i t h s  a r e  
examined. 

The young f i s h  ev iden t ly  begin t o  l a y  
down the  bands f o r  t he  succeeding annual 
r i n g  e a r l i e r  i n  the  season than do the  o lde r  
f i s h .  The o t o l i t h s  from the  f i s h  of age 
group I show s t a g e  B i n  l a t e  win ter .  I n  
age group I1 s t a g e  B appears i n  mid-spring 
and i n  age groups I11 and I V  i t  does not 
appear u n t i l  August and September, respec- 
t i v e l y .  Stage C a l s o  makes i t s  appearance 
e a r l i e r  i n  the  o t o l i t h s  of t he  young f i s h  
than i n  the  o lde r  f i s h .  I t  was evident  i n  
age group I f i s h  i n  l a t e  summer but  was not 

apparent i n  the  o t o l i t h s  from age group Iv 
u n t i l  t he  f a l l  and the  e a r l y  win ter .  

S ince  the  annual bands on the  o t o l i t h s  
i n  l a t e r  years  a r e  narrow compared wi th  
those of t he  f i r s t  two yea r s ,  de t ec t ing  the  
beginning of a new band on the  o t o l i t h s  
from the  o lde r  f i s h  is more d i f f i c u l t  than 
from t h e  young f i s h .  This o f f e r s  a p a r t i a l  
explanat ion f o r  t he  apparent time difference 
i n  the  beginning of t he  o t o l i t h  growth be- 
tween the  young and t h e  o ld  f i s h .  I t  does 
n o t ,  however, seem s u f f i c i e n t  t o  account 
completely f o r  i t .  The p o s s i b i l i t y  t h a t  
young f i s h  resume f a s t  growth e a r l i e r  i n  
the  season than o ld  f i s h  appears reasonable.  
If t h i s  is the  c a s e ,  i t  could account fo r  
p a r t  of t he  more rap id  growth during the  
e a r l y  years  of l i f e .  

The opaque and hya l ine  zones of t he  
annual r i n g  of o t o l i t h s  have sometimes been 
r e fe r r ed  t o  as t h e  summer and the  winter  
bands,  r e spec t ive ly .  The foregoing informa‘ 
t i o n  suggests  t h a t  f o r  t he  y e l l o w t a i l s  they 
might be more accura te ly  termed the  spr ing  
and the  summer band and the  f a l l  band. 

As a p a r t  of t he  ye l lowta i l  s tudy ,  
over 1 ,000  f i s h  were tagged from commercial 
draggers  on southern  New England grounds 
i n  e a r l y  1957. These tagging experiments 
were designed t o  he lp  d e l i m i t  t h e  separa te  
ye l lowta i l  s tocks ,  if such e x i s t ,  f o r  i d c  
vidual  cons idera t ion  i n  f u t u r e  s tudy .  
add i t ion ,  t he  growth of recaptured f i s h  
should con t r ibu te  s u b s t a n t i a l l y  t o  the  
v a l i d a t i o n  of t he  o t o l i t h  age and the  growth 
s t u d i e s  . 

In  

HADDOCK 

The haddock landings from Georges 
Bank i n  1956 were the  l a r g e s t  s i n c e  1948. 
They r e su l t ed  from an increase  i n  the  amoun 
of f i s h i n g  and a considerable  inc rease  i n  
the  ca tch  of l a r g e  haddock. 

The l a rge  haddock landings ,  higher  
than i n  any year  s i n c e  1950, f a i l e d  t o  Sur’ 
pass  t h e  scrod  haddock landings.  The l a t e  
a r r i v a l  of  t he  scrod on Georges Bank pre- 
sented increases  i n  t h e i r  landings cornpar’ 
ab le  t o  those f o r  t he  l a r g e  haddock. POf 

t he  pas t  nine years  sc rod  dominated the  
landings  from May t o  November. 
t he  scrod were dominant from July t o  Novent’ 
ber  . 

I n  1956, 
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LANDINGS OF HADDOCK FROM GEORGES BANK The r egu la t ion  4-1/2" mesh has 
J a conservat ion value.  I t  re leases  

most of t he  unmarketable haddock 
which weigh l e s s  than a pound, re- 
t a i n s  the  most marketable f i s h  weigh- 
ing  over 1-1/2 pounds and catches 
s l i g h t l y  more f i s h  weighing over 

t i o n  2-7/8" mesh. These f ind ings  
rc-., t h r e e  pounds than does the  preregula-  LAROE - 

[ I , , I , I I l I I I I I I I I I I I I I r e su l t ed  from a comparison between 
lgL15 f o u r  t o  e igh t  l a rge  Boston t rawlers  1931 1935 1940 1945 I910 

which used-the 2-7/8" mesh and o the r  
l a rge  Boston t rawlers  which used the  
4-1/2" mesh. 

Underwater t e l e v i s i o n  increased 
our  knowledge of the  capture ,  t he  
behavior and, t he  escapement of f i s h  
through the  t rawl  meshes. 
u n i t  housed i n  a waterproof case ,  

s tandard  o t t e r  t rawl .  Shock-aborbing 
sp r ings  p ro tec t  the  camera from 
j a r r i n g  when i t  is  towed over uneven 

I I I I I I I I I I  - 80 - 
The camera 

70 - is rigged in s ide  the  cod end of a 

60 - 
/' bot  tom. 

/ 

/ The n e t ,  wi th  the  camera i n  
t h e  cod end,  was s e t  out and towed 
on the f i s h i n g  grounds. 

The TV camera, mounted v e r t i -  
306 h h A A 0 a D c a l l y  i n  a mesh-covered cage, gave 

M O N T H  a c l e a r  p i c tu re  of the  behavior of - trawl-caught haddock. Lowered t o  I 
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W E I G H T  O F  F I S H  I N  POUNDS 

O t t e r  t rawl  
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v a r i o u s  d e p t h s ,  i n c l u d i n g  t h e  bot tom a t  4 0  
fa thoms,  t h e  Tv camera recorded  t h e  a c t i v i -  
t i e s  of t h e  tagged f i s h  i n  t h e  cage .  

Through use  of t h e  camera i n  t h e  cod- 
end, the f i s h  c a n  be i d e n t i f i e d  and counted 
as t h e y  e n t c r  t h e  n e t .  I n  a d d i t i o n ,  many 
sma l l  f i s h ,  i n c l u d i n g  s c r o d  haddock, arc 
Seen e s c a p i n g  th rough  t h e  meshes of t h e  
t r awl .  Movies and s t i l l  photographs  of t h e  

image arc t a k e n  f o r  pcriiigiwnt rc rords .  

55  
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Of t h e  e f f e c t s  of t r a w l i n g  and t agg ing  of  
haddock h a s  been p o s s i b l e ,  

m. --Count i n g  t h e  eggs  i l l  t h e  ov ' i r ies  

For example: 
Of t h e  haddock g i v e s  an index  t o  t h e  number 

A 2-1/2 pound fish c o n t a i n s  'Lbout 170,000 
%gs; a 5 pound f i s h  con ta i l l s  about  6.35,OOO 

a 0-1/2 pound Iiaddoc k n e a r l y  2 million 
eggs.  T h i s  in fonn ' i t ion  is used  w i t h  o ther  
d a t a  t o  h r l p  p r e d i c t  thc f u t u r r  ,ibtlntl,iIlrr of 
haddock on  t h e  banks .  
a d  counted arc removed from the  o v x i c x s .  A 

eggs  spawned by each  femalc .  

The e g g s  t o  bc stuclicd 

hand c o u n t e r  i s  used t o  t a l l y  t h e  number 
of eggs  w h i l e  t hey  are examined under  a 
microscope ( s e e  o p p o s i t e  page ) .  

When g r e a t l y  magnified ( above ) ,  t h e  
mass of  t i n y  eggs  may be s e e n  t o  c o n t a i n  
t h r e e  d i f f e r e n t  k i n d s .  Each k i n d  is a dif- 
f e r e n t  s i z e .  The l a r g e  w h i t i s h  eggs  ( A ) ,  
t o  be sp,rwried f i r s t ,  'ire about  1/16 inch  
i n  d i a m e t e r .  The eggs  ( B ) ,  t o  b e  spawned 
1 , i t e r  i n  t h e  sctison, drc ye l low and about 
5/04 i n c h  i n  d i m e t e r .  Eggs ( C ) ,  l e s s  
t h a n  1/04 i n c h  i n  d i m e t c r ,  Are c l e a r  A I I ~  



,ifit 
co lo r l e s s .  They w i l l  probably be spawned a f t e r  t he  f i s h  have been gut ted.  SePasa 
the  next  year.  t h e  sexes  of gu t ted  haddock had been 

s i b l e  i n  the  pas t  because the  sex  orgaasdjf 
were removed with the  o the r  v i s c e r a  ad Sex determination.--The s w i m  bladder  

muscle, loca ted  i n  t h e  body c a v i t y  of mature carded a t  sea .  
haddock, i s  examined as  a means of  separa t -  
ing  t h e  male haddock from the  female haddock The co lo r  and the  s i z e  of the  4” 
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b l a d d e r  muscle a r e  d i f f e r e n t  f o r  t h e  two 
s e x e s ,  I n  t h e  males i t  is d a r k ,  a lmost  
b l a c k ,  and l a r g e r  t h a n  t h a t  of  t h e  females  
Which is  l i g h t  t o  da rk  g ray .  

t o  t h e  spawning a c t i v i t i e s .  I t s  f u n c t i o n  
i s  no t  comple t e ly  unde r s tood .  

Tagging.--Three new t a g  t y p e s  were 
t e s t e d  on haddock i n  1957 aboard  t h e  - Alba- 
t r o s s  111 t o  see which t a g  would g i v e  t h e  
most r e t u r n s .  Tag A ( see  n e x t  p a g e ) ,  made 

S i n c e  t h i s  o r g a n  is e a s i l y  Seen dur -  
i n g  t h e  spawning season ,  i t  may be r e l a t e d  
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of p l a s t i c  tub ing ,  is inse r t ed  through the  
f i s h ' s  back wi th  a needle and t i e d .  Tag B 
is a g i l l  cover t ag  t o  which has been added 
a loop of p l a s t i c  t o  provide increased 
v i s i b i l i t y .  Tag C c o n s i s t s  of  two p l a s t i c  
d i sc s  held on each s i d e  of t he  f i s h  wi th  a 
s t a i n l e s s  s tee l  wire  in se r t ed  through the  
back muscles. Types A and B gave promising 
i n i t i a l  r e tu rns .  These r e s u l t s  a r e  encour- 
aging because o t  ter- t rawl-c  aught haddock 
have not been tagged success fu l ly  previous 
t o  these  experiments.  

Improved tagging methods have con t r i -  
buted t o  the  increased r e tu rns  from O t t e r -  
trawl-caught f i s h .  
shor t  hauls  from t h e  shoa le s t  water ,  placed 
i n  a l a r g e  tub of s e a  water and speedi ly  
tagged. 
the win ter  and the  sp r ing  when the  ocean 
water is cold ;  i t  has not  been successfu1 
i n  the  summer. The s t u d i e s  of t he  var ious 
SPects of t he  behavior of the  haddock with 
underwater t e l e v i s i o n  w i l l  make f u r t h e r  

The f i s h  a re  taken i n  

Tagging has been ca r r i ed  out  during 

poss ib le .  

INDUSTRIAL FISHERY 

Po in t  Jud i th  is t he  only New England 
Port  geared t o  the  i n d u s t r i a l  f i s h e r y .  Its 
f l e e t  of about 60 s h i p s  va r i e s  from vesse l s  
of l e s s  than  5 net  tons  t o  those of 50 gross  
tons.  Most of these  ves se l s  ca t ch  f i s h  f o r  
both human consumption and reduct ion.  How- 
ever ,  on a few t r i p s  catches of market o r  
i n d u s t r i a l  f i s h  only  a r e  made; d i f f e r e n t  
"essels  make these  t r i p s .  

-i 
MILES TO F I S H I N G  GROUND 

R E L A T I O N S H I P  BETWEEN THE DISTANCE TO 
THE F I S H I N G  GROUND AND THE AVERAGE 

CATCH PCR T R I P  

The present  s tudy of the  f i s h  commu- 
n i t i e s  of southern New England waters is  
l a r g e l y  based  on the  catches of  t he  Poin t  
Judi th  f l e e t .  This r epor t  is concerned 
wi th  some of t he  c h a r a c t e r i s t i c s  of t h i s  
f l e e t ,  economic and o therwise ,  t h a t  w i l l  
a id  i n  i n t e r p r e t i n g  the  landing da ta  col-  
l e c t e d .  

The f a r t h e r  away from por t  the  f i s h -  
ing  ground, t he  higher  expenses a r e  l i k e l y  
t o  be and the  l a r g e r  a ves se l  must be. 
This w i l l  be r e f l e c t e d  i n  the  s i z e  of  t he  
catch.  Even wi th in  the  range of ves se l  
s i z e s  a t  Po in t  Jud i th ,  t h i s  shows up c l e a r l y  
when the  ca t ch  per t r i p  is compared with 
the  d i s t ance  from por t  t o  t he  var ious f i s h -  
ing  grounds. The r e l a t i o n s h i p  found is 
shown i n  the  f i g u r e  below. Roughly speak- 
i n g ,  t h i s  is  1,000 Pounds of f i s h  f o r  each 
mile  away from por t .  This r e f l e c t s  abun- 
dance, it may be s a i d ,  i n  t h a t  many more 
smal le r  ves se l s  c o n s i s t e n t l y  f i s h  on the  
nearer  grounds and reduce the  populat ion 
accordingly while l a r g e r  and more seaworthy 
vesse l s  venture  f a r t h e r  of fshore  where t h e  
f i s h i n g  i s  b e t t e r .  This seems t o  be a p a r t  
of the  answer, but  involved a l s o  is  the  
weather and the  f a c t  t h a t  t he  crew, when a 
g r e a t e r  d i s t ance  from home, a r e  less tempted 

I 1 I I I 1 1 

J F W A W J J I S O N D  
MONTH 

NUMBER OF T R I P S  FOR EACH MONTH OF 19bb ( A B O V E ) .  
TOTAL POUNDS LANDED OF MARKET AND INDUSTRIAL 

F I S H  FOR E A C H  MONTH OF ~ C J S ~  ( R E L O W )  
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t o  r e t u r n  before  t h e  ves se l  has been f i l l e d  
t o  capac i ty .  

The number of t r i p s  made depends i n  
p a r t  on t h e  weather but  mostly on t h e  ava i l -  
a b i l i t y  of t he  i n d u s t r i a l  f i s h .  The number 
of monthly t r i p s  is graphed above. The two 
peaks represent  those per iods  when indus- 
t r i a l  f i s h ,  p a r t i c u l a r l y  t h e  red hake, are 
most ava i l ab le .  The c l o s e ,  although inve r se ,  
r e l a t i o n s h i p  of  t h e  ca tch  of market f i s h  t o  
the  ca tch  of t he  i n d u s t r i a l  spec ie s  is in-  
t e r e s  t ing  . 

5 

:: 
f 18 

S 
10 

00 I ; ; A ; ;  
POUNDS OF MARKET SPECIES I lNlWO'S) 

RELAT IONSHI P BETWEEN THE POUNDS LANDED 
OF MARKET AND INDUSTRIAL FISHES 

The d a t a  were r e p l o t t e d  t o  show 
b e t t e r  t he  r e l a t i o n s h i p  between t h e  indus- 
t r i a l  and the  market propor t ions  of  t he  
ca t ch  f i g u r e .  Despite t h e  f a c t  t h a t  t he  
ca tches  a r e  usua l ly  not  pure t r i p s ,  i . e .  
f i s h  f o r  human consumption o r  reduct ion  but  
no t  f o r  both uses ,  t h e  v o l i t i o n  of the  skip-  
per  shows c l e a r l y .  A t  t hose  times of t h e  
year  when the  i n d u s t r i a l  spec ie s  a re  most 
a v a i l a b l e ,  A p r i l  through June, and September 
through November, they  are the  prime i n t e r -  
e s t  of the  indus t ry .  Below a c e r t a i n  l e v e l  
of abundance, i n d u s t r i a l  f i s h  a re  s t i l l  
captured,  bu t  the t r i p s  are o r i en ted  more 
toward market spec ies .  The s i t u a t i o n  is 
not  e i t h e r  t h i s  o r  t h a t  however, a l though . 
t he  graph suggests  t h a t  where t h e  i n d u s t r i a l  
catches average l e s s  than  20,000 pounds, t h e  
i n t e r e s t  i n  market spec ie s  is predominant. 
I n  Ju ly  and August t he  ves se l s  a r e  r igged 
wi th  ne ts  made e s p e c i a l l y  f o r  ca tch ing  
i n d u s t r i a l  f i s h  but  they a re  more i n t e r e s t e d  

i n  i n c r e a s h g  the  l e v e l  of market spec ies  
i n  t h e  ca tch .  December and March are  montrru 
of t r a n s i t i o n  and ne t  changing. 
and February,  many of t h e  ves se l s  are rigged 
with n e t s  designed t o  ca tch  market spec ies  
which these  ves se l s  pursue t o  the  inner  
edge of t h e  con t inen ta l  s h e l f .  This is a 
r e l a t i v e l y  long t r i p  and many of t h e  vessel' 
do not  save what i n d u s t r i a l  f i s h  they  do 
ca tch .  
i n d u s t r i a l  ca tch  i s  reduced. There a r e  
o the r  in f luences  and no one simple explana' 
t i o n  w i l l  adequately exp la in  a l l  t h a t  is 
going on. 

I n  January 

With the  l a r g e  cod end mesh, t h e i r  

The r e l a t i v e  monthly value of t h e  
ca t ch  per  t r i p  is shown f o r  t he  market and 
the  i n d u s t r i a l  por t ions  of  t he  ca tch ,  as 
we l l  as the  r e l a t i v e  t o t a l  value of t he  
t r i p .  Although t h e  absolu te  q u a n t i t i e s  of 
t he  market spec ie s  a re  o f t e n  only  a small 
percentage of  t h e  t o t a l  ca tch ,  i t  is obvious 
t h a t  t h e i r  va lue  l a r g e l y  determines the  
o v e r a l l  va lue  of t he  c a t c h  per  t r i p .  
e v e r ,  t he  t o t a l  ca t ch  per  t r i p  va lue  is 
s u r p r i s i n g l y  cons tan t  when the  marked Variac 
t i o n s  i n  the  changing propor t ions  of  the  
ca t ch  are considered.  

How- 

During those  periods 

1.51 I& 2b0 ' do 460  560 660 - 
NUMRER OF T R I P S  I 

J F M A M J J A S O N D  

M O N T H  

10 CHANGES I N  THE VALUE PER T R I P  AS I T  I S  RELATED 

W I N T  JUDITH FOR EACH MONTH OF 1956 (EELOM) 

THE TOTAL NUMBER OF T R I P S  AND THE MONTH OF THE 
YEAR (ABOVE). RELATIVE VALUES OF F I S H  LANDED 
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when the  va lue  of the  c a t c h  per  t r i p  is 
r e l a t i v e l y  low, the  ac tua l  number of  t r i p s  
is high and the  f l e e t  is r e a l l y  making much 
more money. I t  is not s u r p r i s i n g  t h a t  t he  
t o t a l  ca tch  per  t r i p  value changes a l s o  i n  
Proport ion t o  the  number of t r i p s  made at 
my one time. 

PLANKTON ECOLOGY 

The area  of t he  maximum haddock 
spawning on Georges Bank during 1953, 1955 
and 1956 coincided w i t h  the  a rea  of minimum 
d r i f t  b o t t l e  r e tu rns .  A few of t he  b o t t l e s  
re leased  i n  t h i s  a r ea  were recovered i n  
Europe and the  ind ica t ions  a r e  t h a t  t he  eggs 
and the  l a rvae  were ca r r i ed  o f f  t he  southern  
edge of t he  bank and l o s t  t o  t he  f i s h e r y .  
TO s tudy  t h i s  sur face  d r i f t  p a t t e r n  i n  more 
d e t a i l ,  t he  work i n  1957 was confined t o  a 
l imi ted  a rea  of Georges Bank and attempted 
t o  maintain contac t  wi th  a p a r t i c u l a r  body 
of eggs and l a rvae .  Transponding d r i f t  
buoys, developed by the  Woods Hole Oceano- 
graphic I n s t i t u t i o n ,  were re leased  i n  a 
concent ra t ion  of haddock eggs and t h e i r  
d r i f t  and t he  d r i f t  of the  eggs and l a rvae  
hatched from these  eggs were followed f o r  
two months. 
the  previous conclusions regarding the  gen- 
e r a l  non- t ida l  d r i f t  p a t t e r n  i n  t h e  a rea ,  
but revealed h i t h e r t o  unsuspec teddeta i l s .  

' I  

The d a t a  obtained confirmed 

Tes t s  were made wi th  new type high- 
speed, s e l f - c los ing  plankton samples designed 
t o  o b t a i n  d e t a i l e d  information about t he  
depth d i s t r i b u t i o n  of l a r v a l  and j uven i l e  
f i s h  and its d i u r n a l  v a r i a t i o n s .  Through 
use of a 60-pound mult iplane k i t e  o t t e r  as 
a depressor  and a l /2-inch towing cab le ,  
s'dJnPling a t  60 meters wi th  but  93 meters of 
wire out  at a towihg speed of seven knots 

poss ib le .  Fur ther  modif icat ions Of t h i s  
and the  towing methods a re  necessary:  
t h e  gear appears i d e a l l y  s u i t e d  f o r  

Analyzing the  Hardy Plankton Recorder 
m a t e r i a l  and r ea r ing  and iden t i fy ing  larval  
f i s h  cont inue.  
Obtained i n  r ea r ing  haddock beyond the  yolk- 
sac  s t a g e .  

sampling f a s t  moving organisms. 

No f u r t h e r  success  was 

POPULATION DYNAMICS 

An e a r l y  assessment of t h e  e f f e c t  of 
the mesh r egu la t ion  on the  y i e ld  of Georges 
Bank haddock shows t h a t  t he  observed results 
are Close t o  those  pred ic ted  p r i o r  t o  enact-  

ment of ,.the regula t ion .  

A comparison of t h e  haddock cabch by 
small  mesh study vesse l s  t o  the  ca t ch  by 
vesse l s  using the  r egu la t ion  mesh ,shows t h a t  
the  e f f e c t i v e  s e l e c t i o n  of the l a r g e  mesh 
n e t  is i d e n t i c a l  t o  t h a t  p red ic ted  on the  
b a s i s  of  mesh experiments. On the  bas i s  of 
t h i s  r e s u l t ,  t he  s tudy  vesse l  program is  
being suspended f o r  one year .  

The' d i sca rd  of sma l l ,  unmarketable 
s i z e s  of haddock by vesse l s  using the  l a r g e  
mesh is  n e g l i g i b l e ,  as w a s  a l s o  pred ic ted  
on the  b a s i s  of mesh experiments.  

The s e l e c t i v e  ac t ion  of t he  l a r g e  
mesh has r e su l t ed  i n  an average inc rease  of 
about 15 percent  i n  weight of t he  f i s h  
landed a t  each age. The d a t a  on growth 
e l imina te  the  p o s s i b i l i t y  t h a t  t h i s  could 
r e s u l t  from a change i n  the  growth r a t e ,  

The ca tch  and the  e f f o r t  d a t a  f o r  
both the  l icensed  small  mesh vesse l s  and 
the  l a r g e  mesh vesse l s  show t h a t  t he  1952 
year  c l a s s  equaled i n  magnitude the  1950 
year c l a s s  and about 90 percent  of t he  1948 
year c l a s s .  The 1952 year c l a s s  was the  , 

f i r s t  c l a s s  t o  come completely under regu- 
l a t i o n .  During its f i r s t  t h r e e  years  in 
t he  f i s h e r y  i t s  y ie ld  was 86.8 m i l l i o n  
pounds while t h a t  f o r  the 1950 year  c l a s s  
was 65.8 m i l l i o n  pounds, This  i n d i c a t e s  a 
b e n e f i t  of 32 percent .  The amount of f i s h -  
ing  expended on the  1952 year c l a s s  was 
l e s s  than  t h a t  expended on t h e  1950 year 
c l a s s .  When co r rec t ions  a re  made f o r  s i m i -  
l a r  amounts of f i s h i n g ,  t he  ac tua l  benef i t  
r e s u l t i n g  from the  use of  t he  l a rge  mesh 
is 42 percent .  

A prel iminary s tudy  of t h e  dynamics 
of t he  southern  Gulf of Maine r e d f i s h  s tock  
was completed t o  determine whether t he  pre- 
s e n t  d a t a  a r e  adequate t o  i n d i c a t e  the  
condi t ions  f o r  optimum exp lo i t a t ion .  S ince  
information on the  r a t e  of n a t u r a l  mor t a l i t y  
was lacking ,  assessments of d a t a  were made 
fo r  va lues  of M ranging from 0.0 t o  0.20. 
While increases  i n  y i e ld  were ind ica ted  by 
increas ing  the  age of capture ,  t hese  in-  
c reases  were sma l l ,  amounting t o  a maximum 
of about 9 percent .  The s tudy  showed, how- 
e v e r ,  t h a t  a t  h igher  ages of capture  the  
s tocks  would be more r e s i s t a n t  t o  increases  
i n  f i s h i n g  pressure  and t h a t  s u b s t a n t i a l  
increases  i n  the  amount of f i s h i n g  Would 
not s u b s t a n t i a l l y  reduce abundance. A t  t h e  
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REDFISH age of capture  e f f ec t ed  by the.mesh s i z e  in 
use the  l e v e l  of abundance responds quick ly  
t o  t h e  amount of f i s h i n g .  d Abundance studies. --Redf i s h  a re  Iande 

a t  Glouces te r ,  Massachuset ts ,  and Port land 
Since  t h e r e  is little 

interchange of v e s s e l s  between the  po r t s  
and s ince  the  v e s s e l s  f i s h  the  Same genera1 
grounds at  the  same seasons of the  year '  

ca tch  and e f f o r t  co l lec ted  at 
ide  independent es t imates  Of 

a and Rockland, Maine. 

the 

t he  abundancs of r e d f i s h  on t h e  var ious 
f i s h i n g  grounds, ______-  ------- 

Abundance e s t ima tes  by f i s h i n g  area'  
based o n L d a t a  colLected at  the  t h r e e  P O f t S '  

a re  compared i n  the  f i g u r e  below. The 
s i m i l a r i t y  of the  ind iv idua l  po r t  abunda': 
e s t ima tes  ind ica t e s '  t h a t  a r e l i a b l e  measu* 
of abundance is being obtained and t h a t  

0 2 4 6 8 lo IZ 1 4  es t ima tes  based on t h e  combined po r t  S o p  
a r e  a good meassire of t r e n d s  i n  abundance 
of r e d f i s h  on the  f i s h i n g  grounds. 

s t ima tes  of abundance vary with 
t he  season and a re  a f f ec t ed  6y Vessel size' 

4 2 0 P '  

F 

Y I E L D  ISOPLETH DIAGRAM FOR GULF OF MAINE REDFISH.  
THE NATURAL MORTALITY COEFFICIENT IS 0.19. 1 THE 

* ,  PRESENT A G E  OF CAFTURE IS 8 Y E A R S  AND AT A NATURAL 
MORTALITY OF 0.10 THE PRESENT F I S H I N G  MORTALITY 

COEFFICIENT I S  0.29 

PORT SAMPLING 
During t h e  p a s t  year  a n e w  approach 

t o  t h e  problem o f  c o l l e c t i n g  s t a t i s t i c a l  
and b i o l o g i c a l  d a t a  a t  the  f i s h i n g  p o r t s  
w a s  taken. I n  t h e  p a s t  t h e  ind iv idua l  pro- 
j e c t s  supported t h e i r  own c o l l e c t o r s  at  t h e  
p o r t s .  Fishery a i d s  a r e  s t a t i o n e d  a t  Poin t  
Jud i th ,  Rhode I s l a n d ;  flew Bedford, Boston 
and Glouces te r ,  Massachusetts;  and Por t land  
and Rockland, Maine. These persons are 
under the  d i r e c t i o n  of a po r t  pool supervi-  
s o r  who d i r e c t s  t h e  c o l l e c t i o n s  of rou t ine  
information on f i s h i n g  a c t i v i t i e s  and 
a s s igns  a d d i t i o q a l  du t i e s  according t o  t h e  
need o f  the p r o j e c t  l eade r s .  

During t h e  p a s t  twelve months members 

, 5 eo 

of t h e  p o r t  pool c o l l e c t e d  the  fo l lowing  
b i o l o g i c a l  da t a :  

Length - Fish frequencies Sca le s  Oto l i ths  

Haddock 43,300 6 ,450  760 
Redfish 26 ,530  7 , 2 0 0  
Whiting 52,900 8 ,920  

Industr ia l  fish 19,100 COMPARISON OF REDFISH CATCH PFR DAY ESTIMATES 
Cod 6,437 

A R E A  
Scallops (She l l s )  24,784 

FROM THREE MAJOR REDFISH PORTS DURINQ 1 9 5 ~  
(THOUSANDS OF POUNDS) 

- -  
TOTAL 173,051 6 ,450  16 ,880  
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m e r e  is a considerable  range i n  the  S ize  
of ves se l s  f i s h i n g  f o r  r ed f i sh .  
t rawlers  f i s h  the  more d i s t a n t  grounds while 
the medium and the  small t rawlers  f i s h  as 
f a r  from home as  t h e i r  conditionsallow. The 
h ighes t  ca t ch  per day is  made by the  l a rge r  
ves se l s  f i s h i n g  the  more d i s t a n t  grounds. 

The l a rge  

.I 

-1 30 "O' 

SEASONAL V A R I A T I O N S  I N  CATCH PER DAY OF REDFISH 
FOR FOUR AREAS DURING 1956 

The h a b i t s  of the  fisherman 
F d  the  e f f e c t  of t he  weather 
' w h e n c e  the  seasonal  changes i n  
the ca t ch  per day. 
'awrence f i s h e r y  is l imi ted  t o  the  
Period when i c e  is not  present  i n  
the Gu l f .  
and June usua l ly  r e s u l t s  i n  a high 
Catch per  day which diminishes as 

of f i s h  a r e  thinned 
unt i l  cold weather again c loses  the  
area t o  f i s h i n g .  

The Gulf of S t .  

The f i r s t  f i s h i n g  i n  May 

While the  Grand Banks a r e  
fished throughout t he  year ,  a s lack-  
ening of e f f o r t  occurs  during the  
Peak season i n  the  Gulf of St. Law- 
rence. The h ighes t  ca tch  Per  day 

is  l i k e l y  t o  occur a t  t he  resumption of 
f i sh ing  a f t e r  the summer l ayof f .  

The seasonal  changes i n  the  ca tch  per 
day i n  the  Gulf of Maine a re  caused by the  
changes i n  the  e f f i c i e n c y  of t he  f i s h i n g  
f l e e t .  The l a r g e r  and more e f f i c i e n t  ves- 
sels f i s h  outs ide  the  Gulf of Maine during 
the  b e t t e r  weather and r e tu rn  t o  the  Cent ra l  
Gulf during the  win ter .  The d a t a  a r e  l e s s  
c l e a r  than f o r  the more d i s t a n t  grounds, 
a l though the  t rend of  lower mid-summer va lue  
i n  the  Cent ra l  Gulf is  evident .  The f l e e t  
f i sh ing  the  northern Gulf of Maine is more 
s t a b l e  and shows comparatively l i t t l e  sea- 
sonal  change. 

The ca tch  per day f o r  t he  Gulf of S t .  
Lawrence has remained f a i r l y  constant  as 
t he  Grand Banks value has dropped and the  
Nova Sco t i a  Banks values  have increased.  
The Gulf of Maine has shown a s l i g h t  annual 
increase  t o  a po in t  above 10,000 pounds per 
day's f i sh ing .  The f i s h e r y  i n  t h i s  a r ea  
has been s t a b i l i z e d  a t  between 7,000 and 
9,000 pounds per day s ince  1949. Under the  
present  f i s h i n g  condi t ions the  f i s h e r y  w i l l  
probably be maintained wi th in  the  l i m i t s  
which have prevai led s i n c e  1949. 

Tagging.--Redf i s h  were success fu l ly  
tagged f o r  the  f i r s t  time a t  Eas tpo r t ,  
Maine, during 1956. Prom the  end of July 
u n t i l  mid-November 3,385 r e d f i s h  were tagged . 
B e  continued s tudy of t h i s  group of red- 
f i s h  w i l l  produce valuable  d a t a  on age and 
growth, migration and na tu ra l  mor t a l i t y  ra te .  

RELATION OF AVERAGE VESSEL S I Z E  TO AVERAGE CATCH 
PER DAY FOR THE MAJOR F I S H 1  NG AREAS, 1954 TO 1956 
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Age and growth.--The success fu l  
tagging of  r ed f i sh  a t  Eas tpo r t ,  Maine, has  
provided the  f i r s t  d i r e c t  evidence on the  
growth r a t e  of r ed f i sh .  Almost 200 tagged 
f i s h  were recaptured dur ing  n ine  months. 
The bulk of t he  recaptures  was made during 
the  f i r s t  t h r e e  months of the  experiment.  
The growth of t he  recaptured f i s h  w a s  ex- 
tremely slow. The average growth recorded 
a t  the  end of n ine  months was l e s s  than 
4 mm. The g r e a t e s t  growth recorded f o r  a 
s i n g l e  f i s h  was 10  mm. 
i n  accord wi th  the  e a r l i e r  es t imates  of 
growth from o t o l i t h s .  

These f i n d i n g s  a r e  

Tagged f i s h  reappeared a t  t he  tagging 
s i t e  i n  May 1957. 
w i l l  probably be recaptured dur ing  the  sum- 
mer t o  f u r t h e r  s u b s t a n t i a t e  t he  present  age 
and growth f ind ings .  

A s u f f i c i e n t  quan t i ty  

Racia l  s t u d i e s  .--A l a r g e  number of 
r ed f i sh  specimens from a l l  a reas  wi th in  t h e  
New Engl and-Newfoundland region were exam- 
ined f o r  r a c i a l  comparisons. 
i nc ludes  enumerating the  mer i s t i c  charac- 
t e r i s t i c s  and measuring a s e r i e s  of var ious  
body propor t ions .  I n  some ins t ances  the  
mer i s t i c  c h a r a c t e r i s t i c s  a re  compared t o  
s i m i l a r  d a t a  from small  samples of  t he  
e a s t e r n  A t l a n t i c  r e d f i s h .  

This s tudy  

The fol lowing s ta tements  s u m a r i z e  
our  present  knowledge of  t he  North A t l a n t i c  
r e d f i s h  s tocks  and i n d i c a t e  the  d i r e c t i o n  
of  f u t u r e  work: 

1. The o r i g i n a l  d e s c r i p t i o n  of  
Sebas tes  marinus is too general  and encom- 
passes  a l l  of t he  r e d f i s h  of t he  North 
A t l a n t i c .  

2. Sebas tes  v iv iparus  and Sebas tes  
mente l la  a re  not descr ibed  p rec i se ly  enough 
t o  permit t h e i r  p o s i t i v e  sepa ra t ion  from 
the  main Sebas tes  group. 

3. Two genera l  body 
recognized as  extremes wi th  
of in te rmedia te  v a r i a t i o n s .  
workers roughly group these  
mente l la  types.  The limits 
ences a re  not  e s t ab l i shed .  

shapes a r e  
a g rea t  range 
European 

as marinus and 
of these  d i f fe r -  

4.  I n  recent  taxonomic work, d i f f e r -  
ences introduced as s p e c i f i c  c h a r a c t e r i s t i c s  
(eye s i z e ,  l ength  of jaw appendage, body 
shape) may be inf luenced by environmental  
f a c t o r s ,  such as water  depth o r  temperature.  

5 .  Some of t he  g r e a t e s t  d i f fe rences  
observed a r e  i n  c h a r a c t e r i s t i c s  such as 
growth r a t e ,  body co lo r  and s i z e  a t  maturity‘ 
These tenuous cha rac t e r s  a re  s u i t a b l e  f o r  
i d e n t i f y i n g  s tocks  of  f i s h  but  a re  not exact 
enough f o r  taxonomic c l a s s i f i c a t i o n  and mal‘ 
be inf luenced by environment. 

Because of the  inexac t  na ture  of the 
present  taxonomy of t he  At l an t i c  r ed f i sh ,  
eva lua t ing  the  observed v a r i a t i o n s  i n  the  
known r e d f i s h  s tocks  is d i f f i c u l t  o r  imPOsc  
s i b l e .  
def ined before  a mente l la  group can be 
descr ibed.  

The Sebas tes  marinus group must be 

The body propor t ion  s t u d i e s  i n  the  
western A t l a n t i c  i n d i c a t e  t h a t  t he  majority 
of t he  f i s h  a re  of  the  same type.  
t h i s  type is  c lose r  t o  t h e  marinus o r  the 
mentel la  group is not  c l e a r .  Most of the 
body propor t ion  r e l a t i o n s  a re  s i m i l a r  t o  
those of the  s tandard length-body depth.  
There a re  s l i g h t  d i f f e rences  i n  the  s lope  
o f  t he  r eg res s ion  l i n e s  f o r  d i f f e r e n t  areae’ 
bu t  t he  dev ia t ions  around the  l i n e s  a re  
almost i d e n t i c a l .  Rela t ionships  involving 
the  eye s i z e  a r e  s i m i l a r  f o r  a l l  a reas  i n  
t he  western At l an t i c  except t he  Gulf of St’  
Lawrence. Abouttwo t h i r d s  of t he  specimens 
the re  d i sp l ay  eye s i z e  r e l a t i o n s h i p s  simi- 
l a r  t o  those  of t he  specimens of t he  Gulf 
of Maine and ad jacent  a r eas .  The o the r  
t h i r d  of t he  popula t ion  c o n s i s t s  of large’ 
eyed f i s h  t h a t  a r e  genera l ly  l a r g e r  than 
the  average f o r  t h e  f i s h  from t h a t  area.  

Whethe‘ 

Migration.--The f i s h  tagged a t  East’ 
p o r t ,  Maine, during the  p a s t  year showed 
evidence of migra t ion ;  a l l  r e tu rns  were 
from the  o r i g i n a l  tagging s i t e .  E a r l i e r  
s t u d i e s  ind ica ted  no organized migrations 
of r e d f i s h ,  such as  a r e  observed among cod’ 
f i s h ,  f o r  example. I n  the  Gulf of Maine! 
t he  s i z e  composition of  t he  r e d f i s h  
s t a b l e  from year  t o  year  w i th in  t h e  limsts 
of what appear t o  be sepa ra t e  popula t iof l ‘  

A study of t h e  incidence of the  copec 
pod e c t o p a r a s i t e ,  Sphyrion lumpi (Kroyer)’ 
shows t h a t  t he  d i s t r i b u t i o n  o f  t he  para’ 
s i t i z e d  f i s h  is not  homogeneous throughout 
t he  Gulf .  
year t o  year .  
a r e  i n  the  western p a r t  of t he  Gulf1 the 
count decreases  toward the  e a s t  u n t i l  it 
becomes zero  around the  Cape Sable  regiog 
of  Nova S c o t i a .  
of t he  e c t o p a r a s i t e  suggests  t h a t  t he  red’ 
f i s h  do not  wve  much i n  the  Gulf.  

The p a t t e r n  is c o n s i s t e n t  fro”’ 
Most of t h e  p a r a s i t i z e d  fi5J’ 

The l o c a l i z e d  dis t r ibut ion 
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PERCENTAGE INCIDENCE OF SPHYRION &&?.! 
I N  THE GULF OF MAINE 

SEA SCALLOP 

The fishery.--During 1956, 19 mi l l ion  
Pounds of the  s e a  s c a l l o p ,  PlacOpeCten 
zage l lan icus , ,  were landed i n  the United 
S t a t e s  and were worth about 10.5 mi l l i on  
d o l l a r s  as landed. About 50 percent ,  9 .6  
mi'ilion pounds, of t he  t o t a l  ca tch  came from 

Georges Bank .  The average Catch 
Per boat per day fo r  Georges Bank decl ined 
to 1 ,440  pounds, 9 percent  below t h a t  f o r  
1955 and 1 4  percent  below tha t  f o r  1954. 

New Bedford, Massachusetts,  the  main 

Catches 
Port f o r  the Georges Bank f l e e t ,  received 
landings of 14.0 mi l l i on  pounds. 
made on t r i p s  from Georges Bank were a l s o  
landed a t  Glouces te r ,  Massachusetts (1.0 
m i l l i o n  pounds), Rockland, Maine ( 0 . 5  

e o 5  eo l o o  116 120 
MILLIMETERS 

L E N G ~ ~  FREQUENCY OF GEORGES BANK SEA SCALLOP 
CATCH dULY 195b J U h E  1957 

mil l ion  pounds) and Nova Scot ian  p o r t s  (0.7 
mi l l i on  pounds). 

The e x p l o i t a t i o n  of t he  Georges Bank 
s tocks  by t h e  Canadian vesse l s  is increas-  
ing. Since 1951 the  Canadian of fshore  s e a  
sca l lop ing  f l e e t  has  expanded from two t o  
Yen boats  which f i s h  more or l e s s  r egu la r ly  
on Georges Bank. Three new vesse l s  a re  
reported t o  be under cons t ruc t ion  f o r  t h i s  
f i s h e r y .  

S i zes  i n  the  commercial ca t ch . - -h r -  
ing the  year  some 46,000 measurements of 
s e a  sca l lops  were made from 93 commercial 
t r i p s .  Six of these were sampled a t  s e a .  
There has been a general  decrease i n  s i z e  
s i n c e  the  previous year ;  fewer l a rge  sca l -  
lops and more small ones were landed i n  
1956. 

Dynamics of the  s c a l l o p  populations.--  
The concern of the indus t ry  over t he  dec l ine  
i n  the  ca tch  per un i t  of e f f o r t  and i n  the  
average s i z e  of the  sca l lops  being caught 
has led  t o  a cons idera t ion  of the ava i l ab le  
d a t a  on the Georges Bank f i s h e r y  i n  the  
l i g h t  of possible management procedures.  On 
the  b a s i s  of these d a t a  the  fo l lowing  r e l a -  
t i onsh ips  and parameters have been der ived:  

Growth i n  

Length-weight 

I n s t a n t  aneous 

length  Ln + 1 = 38.5 + 0.780 Ln 

conversion 

t o t a l  mor t a l i t y  
r a t e  0.67 

Log W = 2.72  LO^ L - 4.379 

To compute y i e ld  curves ,  a r a t e  of  
n a t u r a l  mor t a l i t y  had t o  be assumed. The 

W 
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)! INSTANTANEOUS RATE O F  FISHING MORTALITY 

Y I E L O  ISOPLETH I N  POUNDS PER 10,000 RECRUITS 
FOR GEOHGES BANK SEA SCALLOPS. THE NATURAL 

MORTALITY C O E F F I C I E N T  I S  0.15 
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y i e l d  i s o p l e t h s  were ca l cu la t ed  through t h e  
use of a n a t u r a l  mor t a l i t y  r a t e  of  0.15. 
The a s t e r i s k  is  a t  t he  po in t  which was 
thought t o  most c lose ly  approximate the  
present  condi t ion  of t h e  f i s h e r y .  

Considerable  increases  o r  decreases  
i n  the  f i s h i n g  e f f o r t  apparent ly  would not  
have a g r e a t  e f f e c t  on the  y i e ld .  On the  
o t h e r  hand, a 30 percent  increase  i n  the  
y i e ld  is indica ted  if the  age a t  f i r s t  cap- 
t u r e  is increased t h r e e  years beyond i t s  
present  value.  

These d a t a  and conclusions were pre- 
sented t o  the  s c i e n t i f i c  advisors  t o  Panel 
5 of  t he  I n t e r n a t i o n a l  Commission f o r  t he  
Northwest A t l a n t i c  F i s h e r i e s  f o r  t h e i r  con- 
s i d e r a t i o n .  They decided t h a t  while t he  
d a t a  i n d i c a t e  the  d i r e c t i o n  which management 
measures a re  l i k e l y  t o  take they represent  
too s h o r t  a t ime per iod t o  be a sound b a s i s  
f o r  management recommendations and t h a t  f u r -  
t h e r  information is needed. 

Savings gear.  --The Canadian inves t iga-  
t i o n s  have shown t h a t  c o n t r o l l i n g  the  s i z e  
of the  r i n g s  and the  l i n k s  i n  the  bag of 
the  s c a l l o p  dredge w i l l  con t ro l  t he  minimum 
s i z e  of the  s c a l l o p s  caught .  Their  resul ts ,  
however, do not  s t r i c t l y  apply t o  our prob- 
lem because the  t e s t s  were conducted with a 
type of dredge d i f f e r e n t  from t h a t  used by 
our fishermen. 

To determine the  s e l e c t i v i t y  of  
dredges wi th  var ious  s i z e s  of r ings  i n  the  - 
bag, t he  s c a l l o p e r  Whaling C i t y  was char- 
tered i n  June 1957. The present  s tandard  
r i n g  used by the  New Bedford f l e e t ,  
inches wi th  a 1 1/8-inch l i n k ,  was compared 
wi th  2-, 3 1/2- and 4-inch r ings .  Each of 
t he  experimental  bags had a n e t t i n g  s e c t i o n  
of t h e  same s i z e  square mesh as  the  inne r  
diameter of the  r ings .  The r e s u l t s  of the 
c r u i s e  have not  been f u l l y  analyzed. An- 
o t h e r  c r u i s e  is  planned f o r  July.  

3 

Growth rate.--The growth r a t e  used i n  
the  popula t ion  dynamics c a l c u l a t i o n s  was 
e s t ab l i shed  from an ana lys i s  of  t he  modes 
of l eng th  frequency d i s t r i b u t i o n s .  Two 
o the r  methods of e s t ima t ing  the  growth r a t e ,  
tagging and s h e l l  read ing ,  a r e  under inves- 
t i g a t i o n .  Some 3,000 s c a l l o p s  were tagged 
anci re leased  on Georges Bank last year .  
Enough recaptaures  have not  been made t o  
warrant any conclusions on the  r a t e  of 
growth. The Canadian i n v e s t i g a t o r s  have 

S C A L L O P  DREDGE 

been able  t o  determine the  age and the  
growth of  s e a  s c a l l o p s  from t h e i r  s tocks  by 
count ing and measuring the annual r i n g s  On 

the  s h e l l s .  
Bank s c a l l o p s  are  much l e s s  d i s t i n c t  than 
those on the  Canadian sca l lops  and a r e  
usua l ly  masked by many extraneous shock. 
r i ngs .  These condi t ions  make them d i f f1  
t o  read.  E f f o r t s  w i l l  be continued t o  
da t e  t h e  s h e l l  read ing  method of estimating 
the  growth r a t e .  

The annual r ings  on the  George’ 

c u l t  
v&‘ 

Mort a1 i t y  r a t e .  --The t o t a l  mort al i tY 
r a t e  was est imated by sepa ra t ing  the  len!- tb 

frequency d i s t r i b u t i o n  of the  ca t ch  SamP’.‘ 
i n t o  year c l a s s e s  on the  b a s i s  of t he  esti’ 
mated growth r a t e .  
es t imate  depends upon the  accuracy of the 
growth r a t e .  
t e s t e d  dur ing  the  coming year by a large* 
s c a l e  tagging experiment. Several  thousaad 
s c a l l o p s  w i l l  be tagged and re leased  in 

The accuracy of t h i s  

The m o r t a l i t y  r a t e  w i l l  be 

an 
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area  t h a t  is  being a c t i v e l y  f i shed .  The 
r a t e  of r e t u r n  of  the  tagged s h e l l s  w i l l  
Provide an es t imate  of the  f i s h i n g  mor t a l i t y  
r a t e  and may fu rn i sh  d a t a  on the  magnitude 
of the  n a t u r a l  mor t a l i t y .  

Life  h i s t o r y  and ecology.--Last year 
t he  da t e  and the  dura t ion  of t he  svawninn of - 
the  Georges Bank s e a  s c a l l o p  populat ion was 
observed f o r  t h e  f i r s t  time. The spawning 
began on September 21 and 95 percent  of i t  
Was completed by September 24. 
attempt w i l l  be made t o  fo l low the  newly 
f e r t i l i z e d  eggs through a t  l e a s t  a p a r t  of 
t h e i r  l i f e  i n  the  plankton. 

This year an 

This phase of t he  sca l lop ' s  l i f e  his-  
t o r y  is  a l s o  being inves t iga t ed .  An a r t i f i -  
c i a l  spawning i n  the  labora tory  was success-  
f u l l y  f e r t i l i z e d  and w a s  under c u l t u r e  fo r  
th ree  weeks. This  is  seventeen days longer  
than any previous at tempt .  Compared t o  the  
Shallow water b iva lves ,  t he  development has 
been slow. 
s t i l l  i n  the  s t r a igh t -h inge  s t age .  

A s  of June 30, the  l a rvae  were 

WHITING 

The fishery.--The t o t a l  annual ca tch  
the  s i l v e r  hake o r  whi t ing ,  Merluccius 

s l i n e a r i s ,  from the  product ive inshore New 
England f i s h i n g  grounds has decl ined from 
Its a l l - t ime high i n  1951 and 1952. I n  1956, 
a f i s h i n g  ground on the  nor thern  s lope  Of 

Georges Bznk was heavi ly  exp lo i t ed ,  as i t  
had been i n  the  previous year ,  t o  cont r ibu te  
Over 30 percent  of the  t o t a l  New England 
landings.  These offshore landings combined 
w i t h  the  inshore  landings r a i sed  the  t o t a l  
near ly  t o  the  l e v e l  of t he  1951-1952 peak. 

NEW ENGLAND LANDINGS OF SILVER HAKE 
1946-1956 

Thousands of pounds 

& 
1946 
1947 
1948 
1949 
1950 
195 1 
1952 
1953 
1954 
1955 
1956 

Inshore Offshore 
51,080 
61 , 982 
80,468 
90,036 
65,464 

118,467 
105 , 955 

90,550 
90,118 
88,745 24,255 
63,118 26,633 

An ana lys i s  of t he  catch-per-hour f o r  
t he  inshore and offshore waters  show t h a t  
t he  l a t t e r  are more product ive than the  for- 

~ _ _  
mer. Sampling by the  Albatross  I11 s i n c e  
1948 has shown t h a t  the  s i l v e r  hake is one - 
of the  most abundant spec ie s  i n  the  Gulf of 
Maine and on Georges Bank. 
offshore a reas ,  o ther  than the  a rea  being 
exp lo i t ed ,  where commercial q u a n t i t i e s  of 
s i l v e r  hake a r e  ava i l ab le .  

There may be 

While the  number of medium o t t e r  
t rawlers  i n  the  s i l v e r  hake f i s h e r y  is  in- 
c reas ing ,  the  number of small  t rawlers  is 
decreasing.  This t rend r e f l e c t s  t he  s h i f t  
t o  exp lo i t a t ion  of t he  of fshore  grounds and 
the  small  o t t e r  t rawler  is  not s u i t a b l e  f o r  
them. 

Growth.--The growth s tud ie s  i n d i c a t e  
t h a t  t he  s i l v e r  hake i n  the  Gulf of  Maine 
grows rap id ly .  The growth r a t e  f o r  t he  
males and the  females is  s i m i l a r  through 
age I V ;  a f t e r  t h a t  the females grow l a r g e r  
and l i v e  longer  than the  males. Maturi ty  
occurs f o r  both males and females a t  about 
age I V .  The maximum length  of the females 
i n  the commercial samples is  genera l ly  52 
cm. while t h a t  of the males usua l ly  does 
not exceed 36 cm. 

I I I I I I 

TENTAT I VE GROWTH RATE FOR GULF OF MA INE 
SILVER HAKE 

Racial  studies.--At the  present  time 
the  r a c i a l  s t u d i e s  of the  s i l v e r  hake, based 
on the  measurements of the body proport  ions ,  
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suggest  t h a t  t h e r e  a r e  nor thern  and southern  
s tocks  i n  the  New England waters .  A l i n e  
extending southeas t  from Cape Cod roughly 
sepa ra t e s  them. 

ATLANTIC HERRING INVESTIGATIONS 

The A t l a n t i c  Herring Inves t iga t ions  
is f inanced by funds provided by the  Sa l -  
tonstall-Kennedy Act and the  United S t a t e s  
Department of S t a t e .  The Department of 
S t a t e  is  i n t e r e s t e d  i n  t h e  poss ib l e  e f f e c t s  
t h a t  a proposed t i d a l  dam would have on the  
f i s h e r i e s  of Passamaquoddy Bay and Cobscook 

Bay. 
p a r t i c u l a r l y  f o r  her r ing .  The invest iga-  
t i o n s  a re  c lose ly  coordinated wi th  the  
he r r ing  research  of the  F i s h e r i e s  Research 
Board of  Canada s i n c e  the  he r r ing  occur in 
t h e  ocean a rea  t h a t  bounds both the  north’ 
e a s t e r n  coas t  of t he  United S t a t e s  and t h e  
maritime provinces  o f  Canada. 

These a re  important f i s h i n g  a r e a s ,  

Populat ion s t u d i e s .  --Vertebral  Counts 
of t he  f i s h  of t he  same year c l a s s  have bee’’ 
attempted t o  determine if t h e r e  a re  differ-  
e n t  races  of her r ing .  D i f f i c u l t i e s  i n  age 
de te rmina t ion  have hampered e f f o r t s  t o  

C O L L E C T I N G  BLOOD F R O M  HERRING A N A L Y S I S  
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separa te  the  l a r g e  f i s h  i n t o  var ious  year 
c l a s ses ;  t h i s  problem must be solved before 
the v e r t e b r a l  count d a t a  can be analyzed. 

Se ro log ica l  s t u d i e s  o f f e r  promise of 
Providing i d e n t i f i c a t i o n  of t he  populat ions.  
These a r e  being approached through the  use 
of e ry throcyte  an t igens ,  serum p ro te ins  and 
egg p ro te ins  of her r ing .  The work t o  da t e  
has concentrated on the  e ry throcyte  ant igens 
Of spawning f i s h .  Def in i te  ind iv idua l  var i -  
a t ions  i n  e ry throcyte  ant igens of he r r ing  
have been found. 
Work is t o  determine whether q u a n t i t a t i v e  
Or poss ib ly  q u a l i t a t i v e  d i f f e rences  i n  
Occurrence of these  v a r i a t i o n s  e x i s t  i n  t he  
her r ing  from d i f f e r e n t  geographic a reas .  

The next phase of t h i s  

A survey of t he  d i s t r i b u t i o n  and the  
abundance of p a r a s i t e s  of he r r ing  conducted 
during the  pas t  two and one-half years  indi-  
ca tes  t h a t  c e r t a i n  p a r a s i t e s  may be Useful 
as “na tu ra l  t ags” .  The remarkable lack  of 
homogeneity i n  the  occurrence of the  f u g u s  

Ichthyosporidium h o f e r i ,  and 
the l a r v a l  ces todes ,  Trypanorhyncha, i n  the  
“ature  he r r ing  sampled from Newfoundland t o  
New Jersey  during t h e  pas t  t h ree  years  indi-  
ca tes  l i t t l e ,  if any, interchange of the  
a d u l t  f i s h  between the  Gulf of S t .  Lawrence 
and the  Gulf of Maine and a poss ib le  d i s -  
Con t inu i ty  of exchange between the  Gulf of 

a d u l t s  and those from south of Cape 
An incidence of myxosporidian, Kudoa 

c u m ,  and the  l a r v a l  nematode, Anisakis 
‘p:, i n  t he  Gulf d Maine immature her r ing  
“‘hlch were sampled f o r  two and one-half 
Years sugges ts  t he  ex is tence  of at  l e a s t  
two subpopulations of such immature f i s h ,  
kith a t r a n s i t i o n  a rea  a t  Penobscot Bay, 
and with only  minor s t r a y i n g  of f i s h  during 
the second year of ‘ l i f e  from the  Western t o  
the eas t e rn  Maine coas t .  

Holding cxperiments have been ca r r i ed  
On a t  Boothbay Harbor, Maine, t o  determine the f e a s i b i l i t y  of the var ious  types of 
lntcrna1 and ex te rna l  marks. P l a s t i c  Oper- 
:le tags  and t a t t o o i n g  appear t o  be promis- 
‘ng, P a r t i c u l a r l y  f o r  t he  small  f i s h  t h a t  
“11 be handled ind iv idua l ly  by the  sa rd ine  
Packers .  
used success fu l ly  elsewhere on la rge  f i s h  
that a r e  handled i n  bulk f o r  f i s h  meal, have 
a limited va lue  fo r  smal l  f i s h  f o r  t h e  
Chances of recovering such tags  a t  a s a rd ine  
Cannery a re  s l i g h t .  

I n t e r n a l  metal t a g s ,  which a r e  

Disease s tudies . - -Since 1947 a con- 

t i nu ing  examination has been made of a 
systemic fungus d i sease  of the  he r r ing  of 
t h e  Gulf of Maine where a t  the  present  time 
the  d i sease  is a t  a low endemic l e v e l ,  with 
the  incidences w e l l  under 1 percent .  The 
oppos i te  s i t u a t i o n  has preva i led  i n  the  
Gulf of S t .  Lawrence however, where an epi-  
demic peak of t h i s  d i sease  occurred i n  1954- 
1956. With the  cooperat ion of t h e  F i she r i e s  
Research Board of Canada and the  Department 
of F i she r i e s  of the  Province of Quebec, 
b i o l o g i s t s  of the  At l an t i c  Herr ing Inves t i -  
ga t ions  have followed t h i s  epidemic c l o s e l y  
s i n c e  information gained during t h i s  per iod 
may apply i n  the  Gulf of Maine. 
break has s e r i o u s l y  reduced the  he r r ing  
populat ion of t he  Gulf of S t .  Lawrence. 
Sampling d isc losed  t h a t  one f o u r t h  of the  
he r r ing  of t h a t  a r ea  was a f f ec t ed  i n  1955 
and a smal le r  percent  i n  1956. The landings 
of he r r ing  decl ined sharp ly  during t h i s  
per iod ,  probably because of t he  e f f e c t s  of 
the  d i sease .  

The out- 

The experimental  work conducted during 
t h i s  period a t  Boothbay Harbor ind ica ted  
t h a t  t he  incubat ion per iod of the  d i sease  
i s  from 15 - 30 days,  the  s e v e r i t y  of t he  
in fec t ion  i s  d i r e c t l y  r e l a t e d  t o  the  infec-  
t i v e  dose,  t he  v i ru lence  of the  d i sease  
organism does not d i f f e r  a t  t he  epidemic 
peak from t h a t  i n  the  trough of t he  epidemic 
wave, and the  d i sease  may occur i n  e i t h e r  
acute  or  chronic  phase,  t he  acute phase 
being terminal  before 30 days,  and the  chro- 
n i c  being progressive and sometimes f a t a l  
a f t e r  longer  per iods.  

Year c l a s s  f l u c t u a t i o n s .  --The s t rengths  
of the  year  c l a s ses  d i r e c t l y  a f f e c t  the  sar- 
dine  indus t ry  which depends on the  supply 
of t he  small  he r r ing  t h a t  a re  ava i l ab le  
between the  ages of about 10 and 22 months. 
Thus, t he  poor s u r v i v a l  of a year c l a s s  
before i t  reaches the  canning s i z e  at  an 
age of about 10 months r e s u l t s  i n  a mediocre 
pack and a r e s u l t a n t  economic d is turbance  
throughout the  indus t ry .  

In  September 1956 the  F i she r i e s  Re- 
search  Board of Canada and the  Fish and 
Wild l i fe  Serv ice  began an in t ens ive  l a r v a l  
h e r r i n g  s tudy.  The plankton c o l l e c t i o n s  
of c ru i se s  from September 1956 t o  February 
1957 yielded considerable  informat ion  about 
t he  d i s t r i b u t i o n  of he r r ing  la rvae .  The 
r e s u l t s  of t he  l a r v a l  c r u i s e s  show t h a t  t he  
Georges Bank area  W a s  a most important spawn- 
ing  ground and t h a t  t he  movement of h e r r i n g  
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during the  l a r v a l  per iod can be 
t r e a t e d .  

I n  conjunct ion with the  
plankton work and wi th  t h e  coop- 
e r a t i o n  of t he  Woods Hole Oceano- 
graphic  I n s t i t u t i o n ,  over 4,700 
d r i f t  b o t t l e s  were re leased  by 
the  research  vesse l s .  The r e t u r n s  
from these  b o t t l e s  have confirmed 
the  general  theory of c i r c u l a t i o n  
i n  t h e  Gulf of Maine. There a re  
d e f i n i t e  l i m i t a t i o n s  i n  the  use 
of d r i f t  b o t t l e s ,  and t h e  use of 
transponding d r i f t  buoys is 
d e s i r a b l e  f o r  a c l e a r e r  under- 
s tanding  of t h e  su r face  cu r ren t  
p a t  t e rns .  

PASSAMAQUODDY INVESTIGATIONS 

The I n t e r n a t i o n a l  Passama- 
quoddy F i s h e r i e s  Board was estab-  
l i shed  by the  I n t e r n a t i o n a l  Jo in t  
Commission i n  October 1956 t o  
r epor t  t o  t h e  Commission on the  
poss ib l e  e f f e c t s  upon t h e  f i s h e r -  
i e s  i n  the  a rea  of t he  construc-  
t i o n  of dams across  t h e  o u t l e t s  
of  Passamaquoddy Bay t o  develop 
t i d a l  power. The r e s p o n s i b i l i t y  
f o r  determinining these  e f f e c t s  
has  been de lega ted  t o  the  h e r r i n g  

DISTRIBUTION OF H E R R I N G  
- LARVAE IN NOM- 1956 

H E A V Y  CONC 15011 
MEDIUMCOHC ( 1 - 2 5 )  
L i w T  CONC 1 2 5 - 8 0 1  

i nves t iga t ions  t h a t  a r e  being c a i r i e d  on by 
the  F i s h e r i e s  Research Board of Canada and 
the  United S t a t e s  F ish  and W i l d l i f e  Serv ice .  

S t  a t  ist i c s  .--Detailed c a t  ch-and- 
f i s h i n g - e f f o r t  s t a t i s t i c s  are being co l l ec -  
t ed  f o r  t h e  Passamaquoddy a rea  so t h a t  t he  
p a s t  and the  present  status of t h e  f i s h e r -  
i e s  may be determined. 

Behavior s tudies . - -Plans have been 
made f o r  s tudying the  r eac t ions  of t he  
he r r ing  t o  the var ious  environmental  changes. 

been made s i n c e  1930 a re  being examined. 
Rela t ing  the  f l u c t u a t i o n s  i n  plankton With 
t h e  he r r ing  ca tches ,  c l ima t i c  f a c t o r s  and 
t h e  r i v e r  d i scharges  may be poss ib le .  

Populat ions.  --An extens ive  f i s h -  
sampling system has been e s t ab l i shed  ad 
from these  c o l l e c t i o n s  observa t ions  of 
P a r a s i t e  inc idences ,  mer i s t i c  characters  
and growth a r e  being made. 
vide c lues  as t o  the  popula t ion  i d e n t i t i e  
of t he  he r r ing  that v i s i t  t he  region. 

These may pro; 

1 .  

such as  l i g h t ,  temperature ,  s a l i n i t y  and 
water  cu r ren t s .  How t he  f i s h  r e a c t  t o  these  

Explorat ions.  --A s e r i e s  of cruises 
throughout the  axea a t  two-week interval!  

f a c t o r s  may inf luence  the  e f f e c t  of t he  pro- 
posed dams on the  he r r ing  movements and, 
consequent ly ,  bo th  labora tory  and f i e l d  
experiments are be ing  designed t o  measure 
the  e f f e c t  of t hese  f a c t o r s .  

Ecological  data.--The records  of a i r  
temperature ,  p r e c i p i t a t i o n ,  wind v e l o c i t y  
and r iver  d ischarge  a r e  being s tud ied .  
monthly plankton c o l l e c t i o n s  which have 

The 

_ _  
provide d a t a  on t h e  plankton,  hydrographyoD 
and d i s t r i b u t i o n  of the  f i s h .  

food. The hydrographic observat ions in* 
clude temperature ,  s a l i n i t y  and current 
measurements a t  var ious dep ths ,  d r i f t  
b o t t l e  and d r i f t  buoy experiments.  

a r e a ,  s e v e r a l  thousand herr ingshave been 

The plankt 
is  examined f o r  he r r ing  l a rvae  and her  ring 

Migrat ions .--In the  PassamaquoddY 
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I N T E R I O R  OF LABORATORY, SHOWING EXPERIMENTAL TANKS 

marked wi th  p l a s t i c  operc le  t ags .  
Preliminary experiments demonstrated t h a t  
the tagging m o r t a l i t i e s  were low and t h a t  
the t a g s  could be recovered during the  pro- 
cessing of t he  f i s h .  Tagging the  he r r ing  
both in s ide  and ou t s ide  the  Bay t o  de te r -  
‘lne the  ex ten t  of t h e i r  movements has been 

The 

SOUTH ATLANTIC FISHERY INVESTIGATIONS 

W i l l i a m  W. Anderson 
Brunswick, Georgia 

South At l an t i c  coas t  of t he  United S t a t e s  
from Cape Hat te ras  t o  lower F lo r ida ,  with 
respec t  t o  p o t e n t i a l  p roduc t iv i ty ,  t he  
United S t a t e s  F i sh  and Wi ld l i f e  Se rv ice ,  
i n  cooperat ion with the  Navy Hydrographic 
Office,  t h e  Off ice  of Naval Research, t he  
Georgia Game and F i sh  Commission and the  
F lo r ida  S t a t e  Board of Conservation under- 
took a genera l  survey of t he  a rea .  F i e ld  
work was i n i t i a t e d  i n  1953 and continued 
through 1954. Nine c ru i se s  were completed. 
Work has progressed s i n c e  t h a t  t ime on pro- 
cess ing  and s tudying the  d a t a  and ma te r i a l  
co l l ec t ed .  

A s  t he  i n i t i a l  s t e p  toward a b e t t e r  The program has th ree  major p r o j e c t s :  
understanding of t he  waters  adjacent  t o  the  (1) Biochemestry - the  ob jec t ives  a r e  t o  
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e s t a b l i s h  the  d i s t r i b u t i o n s  and concentra- 
t i o n s  of n u t r i e n t s  and the  r e l a t i o n s  between 
these  and the  abundance and d i s t r i b u t i o n  of 
marine forms; (2) b i o l o g i c a l  inventory - t he  
ob jec t ives  a r e  t o  determine the  presence,  
i d e n t i t y ,  d i s t r i b u t i o n  and i n t e r r e l a t i o n -  
sh ips  of  t h e  marine forms ( s p e c i a l  a t t e n t i o n  
being d i r ec t ed  toward i d e n t i t y ,  d i s t r i b u t i o n  
and abundance of f i s h  eggs,  l a rvae  and juve- 
n i l e d  and the  e a r l y  l i f e  h i s t o r i e s  of f i s h e s  
of t he  a rea ;  and ( 3 )  physical  oceanography - 
t he  ob jec t ives  a r e  t o  e s t a b l i s h  the  f low 
p a t t e r n s  of t he  c u r r e n t s  of t he  reg ion  and 
t r ends  i n  temperature and s a l i n i t y .  

The a c t i v e  p a r t i c i p a n t s  i n  the  program 
dur ing  the  year were the  Fish and Wi ld l i f e  

Se rv ice ,  t he  Navy Hydrographic Off i c e  and 
t he  Woods Hole Oceanographic I n s t i t u t i o n .  

BIOCHEMISTRY 

P r o f i l e s  showing t o t a l  phosphorus 
inorganic  phosphate and n i t r a t e - n i t r i t e  
seasons and yea r ly  averages were completed’ 

An ana lys i s  of bottom sediment SamL 
Dles.  obtained dur ing  c ru i se s  of t he  
Theodore N. G i l l ,  by-means of flame photoc 
metry and o the r  methods, w a s  begun. To b4? .A* 

determined a re  percentages of l o s s  on ignh- 
t i o n ,  i n so lub le  r e s idue ,  c h l o r i d e s ,  calciu’ 
ox ide ,  f e r r i c  oxide,  phosphorus pentoxide 
and manganese d ioxide .  A l l  ana lyses  Of 

LABORATORY ANALYSIS  OF BOTTOM SEDIMENTS 
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samples from c ru i se s  1 and 2 and some of 
the analyses  of samples from c r u i s e s  4 and 
5 have been completed. This  work completes 
about two t h i r d s  of t h e  analyses  of t he  
bottom samples. 

Phys ica l  and chemical d a t a  f o r  
Cruises 2 ,  3 ,  4 ,  5 ,  6,  7 ,  8 and 9 were pro- 
cessed f o r  pub l i ca t ion ,  except f o r  a f i n a l  
check on phys ica l  d a t a  from t h r e e  c r u i s e s .  

BIOLOGICAL INVENTORY 

Sor t ing  the  plankton samples from the  
xheodore N .  G i l l  c r u i s e s  f o r  f i s h  eggs and 
la rvae  and determining the  w e t  volume of - 
Plankton were continued. A few samples of 

one c r u i s e  remain t o  be examined. 

Iden t i fy ing  major plankton organisms 
i n  high-speed and half-meter samples f o r  
c r u i s e s  2 ,  3 and 4 and continous plankton 
sampler mater ia l  f o r  c ru i se s  3 and 4 was 
completed and the  d a t a  were processed f o r  
publ ic  a t  ion.  

Iden t i fy ing  and ca ta loging  dip-net 
and stomach contents  specimens of f i s h e s  
from a l l  c ru i se s  were completed and the  
d a t a  processed f o r  publ ica t ion .  

Samples of mollusk s h e l l s  were re- 
moved from bottom sediment samples taken  on 
G i l l  c ru i se s  f o r  i d e n t i f i c a t i o n .  - 

SORl I NG AND I DEN1 I F Y  I NG PLANKTON AND f- I SHES 
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LARVAL AND JUVENILE FISH STUDIES 

Fishery  B u l l e t i n  110 w a s  publ ished on 
the  e a r l y  development of t he  A t l a n t i c  s a i l -  
f i s h ,  I s t iophorus  americanus, and an uniden- 
t i f i e d  i s t i o p h o r i d .  Manuscripts were 
prepared on the s i l v e r  mul l e t ,  Mugil curema, 
fresh-water mul l e t ,  Agonostomus monticola ,  
t he  j ack  c r e v a l l e s  Caranx spp. ,  t he  ten-  
pounder, Elops sau rus ,  t he  s t r i p e d  mul l e t ,  
Mugil cephalus ,  and Dikellorhynchus t r o p i -  
do lep is  (Family Malacanthidae) , a new 
spec ie s  of f i s h .  

PROCESSING DATA FOR THEODORE N. GILL 
CRUISE REPORTS 

E f f o r t s  were d i r e c t e d  toward prepar ing  
phys ica l  oceanographic,  chemical and biolog- 
i c a l  d a t a  f o r  pub l i ca t ion  i n  t h e  Spec ia l  
S c i e n t i f i c  Report--Fisheries s e r i e s .  The 
Woods Hole Oceanographic I n s t i t u t i o n ,  Woods 
Hole,  Massachuset ts ,  prepared the  p r o f i l e s  
of temperature ,  s a l i n i t y  and d e n s i t y  f o r  
a l l  c r u i s e s .  The Navy Hydrographic O f f i c e  
processed t h e  phys ica l  oceanographic d a t a  
f o r  a l l  c r u i s e s  and furn ished  them as IBM 
runoffs  t o  t h e  South A t l a n t i c  F ishery  Inves- 
t i g a t i o n s  which completed the  f i n a l  t abula-  
t i o n  on d a t a  and assembled the  repor t s .  
During the  year  t he  r e p o r t s  f o r  c r u i s e s  2 
and 3 were prepared;  t he  r epor t  f o r  c r u i s e  
4 is i n  prepara t ion .  

COLLECTIONS OF LARVAL AND 
JUVENILE FISH 

The biweekly se in ing  f o r  l a r v a l  and 
j u v e n i l e  f i s h  i n  open ocean, marsh and 
fresh-water  h a b i t a t s  continued f o r  t he  
f o u r t h  year .  The c o l l e c t i o n s  supplement 
ma te r i a l  taken o f f shore  and have provided 
developmental s t a g e s  (not found i n  o f f shore  
waters) of  s e v e r a l  marine f i s h e s  t h a t  have 
been s tud ied  i n  d e t a i l  (Caranx, Mugil and 
Elops 1. 

A pre l iminary  s tudy  of t he  b io lonv  of -, 
t h e  roya i  red  shrimp, Hhenopenaeus robus- 
t u s  is being made o f f  t he  South A t l a n t i c  

-7 ~~ 

coas t .  F i e ld  c o l l e c t i o n s  of specimens and 
d a t a  were begun l a t e  i n  f i s c a l  1957. 

GULF FISHERY INVESTIGATIONS 

Albert W. C o l l i e r ,  Jr. 
(July 1, 1956 - February 25, 1957) 

Thomas J .  Cos te l lo ,  J r .  
(Acting, February 26 - June 15 ,  1957) 

Galveston, Texas 

Except f o r  shrimp, the  Gulf of  Mexico 
is  not  y i e ld ing  the  poundage of f i s h e r y  
products  t o  be expected from such a la rge  
body of water .  Because knowledge of t he  
p o t e n t i a l  p roduc t iv i ty  of t he  reg ion  i s  not 
ex tens ive ,  these  i n v e s t i g a t i o n s  were de- 
s igned t o  determine the  Gulf’s  product ivi ty  
as a guide to  the  p o s s i b i l i t i e s  of extend’ 
ing  the  present  f i s h e r i e s  and of developing 
new ones.  

The Gulf F ishery  Inves t iga t ions  is 
concerned wi th  the  f i s h e r i e s  over  t he  V a t  
a r ea  s t r e t c h i n g  from Key West, P lo r ida ,  to 
Brownsvi l le ,  Texas. The chief  emphasis is 
on the  shrimp f i s h e r y ,  t he  most important 
i n  po in t  of va lue  i n  t h e  United S t a t e s .  
The menhaden f i s h e r y  is expanding and 
r equ i r e s  b io logic  a1  i n v e s t i g a t i o n  t o  deter’ 
mine the  ex ten t  of t he  resource and t o  

to 
discover  the  causes of f l u c t u a t i o n s  i n  
abundance. Another important problem i 5  
f i n d  means of  p red ic t ing  and con t ro l l i ng  
the  abundance of  t he  organism, G p n o d i w  - breve,  t h a t  oc c as i on  a l l  y c a w e s  ex  t ens ive 
f i s h  k i l l s  commonly known as red t i d e s -  

SHRIMP 
f 

of Mexico a r e  of commercial importance. 
These are t h e  white  shrimp, Penaeus &” 
f e r u s ,  t he  brown shrimp, Penaeus aztec%f 
and the  pink shrimp, Penaeus duorarum. 
The seabod, Xiphopeneus k rove r i ,  is seldom 
exp lo i t ed  o u t s i d e  Louis iana waters .  In 
most a reas  of the  G u l f ,  however, t he  catch 
included a t  l e a s t  two of  t he  nernaining 
spec ie s ,  t he  r e l a t i v e  abundance of each 
vary ing  according t o  the  time of year  Gd 
t h e  l o c a l i t y .  

A s  wi th  o t h e r  exp lo i t ed  populations’ 
t he  maximum y i e l d  i n  the  weight of shr imp 
cannot be achieved by r e s t r i c t i n g  f ishing 
unless  dur ing  the  e f f e c t i v e  f i s h i n g  Seaso’ 
t he  t o t a l  weight i nc rease  of t he  populatiod 
r e s u l t i n g  from recrui tment  and growth 
ceeds t h e  decreese  by m o r t a l i t y  and by 
migrat ion beyond the  e f f e c t i v e  range 
f i s h e r y .  

Three spec ie s  of shrimp i n  t h e  Go1 

of the 
I n  t h e  shrimp f i s h e r y ,  where “O 
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or more spec ies  a r e  of ten  caught t oge the r ,  
the de te rmina t ion  of maximum use is complex. 
The d i f f e rences  between spec ie s  i n  spawning 
season,  spawning a reas ,  growth r a t e s ,  d i s -  
t r i b u t i o n ,  movements and behavior must be 
Considered. I n  s h o r t ,  t he  biology of t he  
ind iv idua l  spec ie s  t h a t  comprise the  commer- 
c i a l  ca tch  and t h e i r  i n t e r r e l a t i o n s h i p s  must 
be evaluated before  any v a l i d  conservat ion 
measures can be formulated.  

Shrimp b a i t  f ishery.--A complex f i s h -  
ery of t h i s  type ,  p r imar i ly  on the  white . _  . - 
a d  the  brown shrimp, is b e k g  s tud ied  i n  
the  Galveston a rea .  
shrimp dominate, depending on the  time of 
the year ,  while occas iona l ly  a few pink 
shrimp and seabobs en te r  the  ca tch .  I n  
Cooperation with the  Branch of Commercial 
F i she r i e s  of t he  Fish and Wi ld l i f e  Serv ice ,  
the Gulf Fishery Inves t iga t ions  i s  c o l l e c t -  
ing d e t a i l e d  s t a t i s t i c s  of both commercial 
and b a i t  f i s h e r i e s  i n  t h i s  a rea .  The b a i t  
f i s h e r i e s  have been overlooked i n  former 
s t a t i s t i c s  b u t ,  s i n c e  over 200 b a i t  dea l e r s  
i n  the  Galveston a rea  s e l l  an est imated one 
mi l l ion  pounds of shrimp annually, t he  s t a t u s  
of t he  shrimp b a i t  f i she ry  should be accu- 
r a t e l y  e s t  ab1 ished.  

White shrimp o r  brown 

The Galveston Bay area  has been sub- 

employed by the  Branch of  
divided i n t o  smal le r  s t a t i s t i c a l  a reas  than 
those p re sen t ly  
Commercial P i she r i e s  t o  ob ta in  a more de- 
t a i l e d  survey f o r  t h i s  purpose. 
l i v e  shrimp a re  a l s o  being obtained from 
both the  commercial and b a i t  f i s h e r i e s .  

Samples of 

The s t a t i s t i c s  and samples a re  being 
analyzed t o  determine f o r  t h i s  area the  
r e l a t i v e  abundance of each spec ies  by s i z e  
and spec ie s  composition, t o  l e a r n  more about 
the  movements of each s p e c i e s ,  t o  attempt 
to de f ine  spawning seasons and spawning 
grounds by gonadal examination, t o  develop 
a method of following d i s c r e t e  shrimp popu- 
l a t i o n s  and t o  determine the  growth O f  
shrimp under na tu ra l  condi t ions .  

S u i t a b i l i t y  of shrimp nursery areas.--  
S tud ie s  were i n i t i a t e d  i n  Lufkin Bayou, a 
na tu ra l  i n l e t  on Galveston I s l a n d ,  t o  de t e r -  
mine the  e f f ec t s  of var ious  environmental 
f a c t o r s  on the  growth and abundance of 
Shrimp i n  a nursery a rea  and the  i n t e r r e l a -  
t ionships  between brown and white  shrimp; 
in p a r t i c u l a r ,  t he  s tudy  of comparative 

Of competi t ion between spec ies .  
w i th in  the  es tuary  and the  degree 

Movements of young shrime.--The f i n a l  
repor t  on shrimp marking under the  con t r ac t  
wi th  the  Universi ty  of Texas is i n  press .  
S ince  marking methods developed under t h i s  
con t r ac t  were developed c h i e f l y  on l a rge  
shrimp, work i n  the  Galveston labora tory  
emphasized the  f e a s i b i l i t y  of marking small 
shrimp. 

Seven feedings  of chopped f i s h  s t a ined  
wi th  Trypan Red were required before  a pink 
co lo ra t ion  of t he  g i l l s  was de tec ted  i n  
white shrimp of 30 mm. 
duced a b r igh t  red co lor  i n  the g i l l s .  A l -  
though t h i s  b r igh t  red co lor  was l o s t  a f t e r  
two months, 90 percent  of t he  shrimp showed 
a recognizable  pink co lo r .  

Eleven feedings  pro- 

Two other  dyes,  F .D.C.  Green No. 3 
and F.D.C.  Blue No., 1 were s i m i l a r l y  t e s t e d ,  
and although each s t a i n  caused an abnormal 
co lo r  i n  the  d iges t ive  t r a c t  and h e a r t  of 
t he  shrimp, ne i the r  produced a p e r s i s t e n t  
co lor .  

Shrimp immersed i n  a d i l u t e  s o l u t i o n  
of r i b o f l a v i n  and shrimp f e d  wi th  mullet  
p rev ious ly  soaked i n  r i b o f l a v i n  became 
luminescent f o r  approximately th ree  days.  

The s t a i n i n g  method is  being t e s t e d  
i n  f i e l d  holding tanks before  t r i a l  re leases  
of marked shrimp are  commenced. 

E f fec t  of a e r i a l  spraying of i n s e c t i -  
c ides . - - In  the  f a l l  of 1956 mosquito con t ro l  
workers of Galveston County, Texas,  received 
s e v e r a l  r epor t s  from b a i t  dea l e r s  i n  the  
Galveston Bay a rea  t h a t  s e v e r a l  days a f t e r  
a e r i a l  spraying of the surrounding marshes 
wi th  i n s e c t i c i d e  considerable  mor t a l i t y  of 
l i v e  shrimp occurred i n  t h e i r  b a i t  pens. 
Throughout the  Gulf of Mexico l i v e  shrimp 
so ld  f o r  b a i t  a r e  commonly held i n  wooden 
pens suspended i n  the  water of t he  bays and 
bayous. 

- 

Toxic i ty  of var ious i n s e c t i c i d e s ,  
e s p e c i a l l y  DDT, t o  f i s h  and w i l d l i f e  was 
inves t iga ted  by a l a r g e  number of workers,  
bu t  the  s t u d i e s  were confined l a r g e l y  t o  
fresh-water f i s h  and crustaceans , b i r d s  and 
mammals. L i t t l e  information is ava i l ab le  
concerning the  e f f e c t s  of i n s e c t i c i d e s  on 
the  e s tua r ine  f l o r a  and fauna.  S ince  con- 
s i d e r a b l e  a e r i a l  spray ing  is  done over s a l &  
water marshes, which many f i s h  and aquat ic  
i nve r t eb ra t e s  use as nursery grounds, such 
s t u d i e s  a re  e spec ia l ly  appropr ia te .  
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A s  shrimp spend several months i n  t h e  
bayous and e s t u a r i e s  s h o r t l y  a f t e r  ha tch ing ,  
a l imi t ed  s tudy  w a s  conducted t o  determine 
if the  ma te r i a l  used by the  G u l f  Fishery 
Inves t iga t ions  could be considered tox ic  t o  
shrimp. 

The i n s e c t i c i d e  used i n  t h i s  a rea  is 
Tri-6 Dust No. 30 (Thompson-Hayward Chemical 
Company, Kansas C i t y ,  Missouri) .  It con- 
t a i n s  3 .0  percent  gamma isomer of  benzen 
hexachlor ide,  5 .1  percent  o the r  isomers o f  
benzene hexachlor ide and 91.9 percent  i n e r t  
i ng red ien t s .  Benzene hexachlor ide and BHC 
a r e  common names f o r  1, 2,  3 ,  4 ,  5 ,  6- 
hexachlorocyclohexane, a chemical commonly 
used i n  commercial i n s e c t i c i d e s .  

Le tha l  l e v e l s  were determined i n  the  
labora tory  f o r  two s i z e  groups of shrimp. 
The specimens ranging from 29 t o  50 mm. i n  
length  cons is ted  almost e n t i r e l y  of white  
shrimp, Penaeus s e t i f e r u s ,  and those rang- 
ing  from 11 t o  13 mm. i n  length  cons is ted  
e n t i r e l y  of  brown shrimp, Penaeus aztecus.  
A mor t a l i t y  of 83 percent  of 50 p a r t s  per  
b i l l i o n  w a s  noted f o r  t he  l a r g e r  shrimp 
compared t o  50 percent  a t  75 p a r t s  per  b i l -  
l i o n  f o r  t he  smal le r  shrimp. 
g r e a t e r  s e n s i t i v i t y  of t he  l a r g e r  shrimp 
t o  the  i n s e c t i c i d e  was a l s o  demonstrated by 
est imated 24-hour median to l e rance  l i m i t s  
of  35 p a r t s  per b i l l i o n  compared t o  400 
p a r t s  per b i l l i o n  f o r  t he  smal le r  shrimp. 
Differences i n  s e n s i t i v i t y  were t e n t a t i v e l y  
a t t r i b u t e d  t o  s i z e  r a t h e r  than spec ie s  
d i f f e rences .  

The apparent 

The s t a b i l i t y  of  t he  tox ic  f a c t o r  o r  
f a c t o r s  was a l s o  inves t iga t ed .  Up t o  18 
days of exposure t o  s u n l i g h t  had no e f f e c t  
on the  t o x i c i t y  of t he  i n s e c t i c i d e .  A 
f i e l d  t e s t  was inconclus ive ,  but  t he  r e s u l t s  
of  t he  l abora to ry  experiments show c l e a r l y  
t h a t  t h e  i n s e c t i c i d e  t e s t e d  should be con- 
s ide red  extremely t o x i c  t o  shrimp. 

Anatomy and h i s to logy  of shrimp.--The 
Tulane Univers i ty  con t r ac t  on the  anatomy 
o f  Penaeus s e t i f e r u s  was completed and the  
a t l a s  of i l l u s t r a t i o n s  of t h i s  work w i l l  be 
publ ished i n  t h e  near f u t u r e .  Another con- 
t r a c t  was formulated wi th  Tulane Univers i ty  
t o  descr ibe  the  anatomy of Penaeus duorarum 
and Penaeus az tecus ,  t he  o the r  two commer- 
c i a l l y  important Penaeids of t h e  G u l f .  

The Texas A .  and M. Research Founda- 
t i o n  under i ts  con t r ac t  f o r  his tochemical  

and h i s t o l o g i c a l  s t u d i e s  of  shrimp has 
determined 
g i l l s  of ,shrimp and completed d e t a i l e d  
h i s t o l o g i c a l  s t u d i e s  of t he  g i l l s .  I n  
r e l a t e d  s t u d i e s  i t  e s t ab l i shed  t h a t  volume 
is a more s e n s i t i v e  index of  growth than 
length.  Volume measurement can be more 
e a s i l y  e s t ab l i shed  wi th  l i v e  shrimp and the 
percent  increase  is t h r e e  t imes g rea t e r  
than  the  percent  increase  i n  length.  

t he  f low of blood through the  

MENHADEN 

Ac cord ing  t o  t h e  comme r c i a 1 opera tor4 ' 
t he  1956 menhaden season was exce l l en t  bot 
because of  adverse weather dur ing  the  past 
f e w  months t h e  cur ren t  y i e l d  is below that 
of t he  same per iod i n  1956. 

Emphasis was placed on determining 
whether ages of t he  Gulf menhaden can be 
der ived by s c a l e  ana lys i s  coupled with 
l eng th ,  weight and sex  da ta .  
i nd ica t ed  t h a t  t h i s  c r i t e r i o n  can  be used* 

The r e su l t s  

During the  1956 season (June-Octobe" 
32 samples of menhaden, were obtained frorn 
the  commercial catch a t  Moss Poin t  and 
samples from commercial ves se l s  a t  Sabine 
Pass  from which s c a l e  mounts were prepared 
and read.  Forty-f ive add i t iona l  co l lec-  
t i o n s  were obtained from commercial beach 
s e i n e r s  and through the  se in ing ,  cast-net 
and dip-net  opera t ions  i n  1956 (April-  
October) of t he  Gulf Fishery Investigation'' 
The last-named c o l l e c t i o n s  inc lude  l a r v a l c  
pos t - l a rva l  and j uven i l e  specimens. pre' 
adu l t  forms were taken throughout t he  w*c 
ter  a t  East  Lagoon. Local co l l ec t ions  a*e 
being continued and commercial samples are 
being co l l ec t ed  weekly from Sabine Pass* 

were negot ia ted  wi th  the  Gulf Coast Resefor 
Laboratory,  Ocean Spr ings ,  Miss i ss ipPl i  
r a c i a l  and s tock  s t u d i e s  of Gulf menhaden 
and wi th  the  Department of Zoology, ToLoe l j f e  
Univers i ty ,  New Orleans ,  Louis iana,  for a c t i a  
h i s t o r y  s tud ie s .  Both c o n t r a c t s  were 
vated by l a t e  spr ing .  

18 

tudies 
arGb Contracts  f o r  s p e c i a l  research  s 

ZOOPLANKTON 

Zooplankton forms the  bas i c  food Of 
most f i s h e s .  Being h igher  than algae in 
t he  food cha in ,  i t  is a s t e p  c l o s e r  to 
f i s h e s  and, t h e r e f o r e ,  i ts  abundance 
d i s t r i b u t i o n  a re  much more l i k e l y  than 
algae t o  be r e f l e c t e d  i n  the  abundance, 
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growth and d i s t r i b u t i o n  of f i s h .  This  
appl ies  e spec ia l ly  t o  the  he r r ing - l ike  
f i s h e s  t h a t  depend d i r e c t l y  on c rus taceans  
t o  a marked degree. However, over wide 
a reas ,  t h e i r  d i s t r i b u t i o n  may a l s o  coincide 
With t h a t  of the  l a r g e r  piscivorous f i s h e s ,  
such as tunas ,  which u t i l i z e  the  smaller  
f i shes .  

A prel iminary ana lys i s  of t he  abun- 
dance of t he  calanoid copepods ind ica ted  
both the  geographic and the  inshore-offshore 
ca tegor ies  of spec ie s .  I n  the  deeper waters  
are  found v e r t i c a l  a s soc ia t ions  a€ spec ie s .  
The number of calanoid spec ie s  found i n  the  
Gulf of Mexico has been increased t o  115 
a d  new spec ie s  have been discovered.  

A t  p resent  t he  ch ief  emphasis is  on 
completing the  s tudy of t he  copepod ma te r i a l  
co l lec ted  by the  ves se l  Alaska; t h i s  mate- 
r i a l ,  however, is be ing  supplemented by 
add i t iona l  mater ia l  when ava i lab le .  

RED TIDE 

For the  second consecut ive yea r ,  the  
red t i d e  organism, Gymnodinium breve,  re-  
sponsible f o r  mass f i s h  k i l l s  near  the  
PIOrida Gul f  c o a s t ,  has not  been present  i n  
l e t h a l  concent ra t ion .  A number of red t i d e s  
were reported during the  year ,  bu t  wi th  one 
exception a l l  proved t o  be fa l se  o r  harmless 
Phytoplankton blooms. The except ion occurred 

December 1956 when a small  number of  
dead f i s h  were observed i n  the  v i c i n i t y  o f  
the Ten Thousand I s l ands ,  bu t  t he  f i s h  k i l l  

not  assoc ia ted  wi th  a G. breve bloom. 

The incidence of occurrence of 5. & increased during the  l a t t e r  p a r t  of 
October and e a r l y  Nbvember 1956, bu t  the  
COncentration of organisms remained low. 
h Apr i l  1957 the  incidence of 2. breye 
began t o  inc rease  and t h i s  t rend  continued 
gradual ly  through May 1957. 
‘entrat ions were small  compared t o  those  
Of a f i s h  k i l l i n g  bloom, f i s h  k i l l i n g  con- 
cen t r a t ions  could develop i n  the  next four  
to Six  months if the  t rend  cont inues.  The 
Occurrence of f i s h  k i l l i n g  blooms apparent ly  

f a c t o r s ,  and the  t rends  of increas ing  inti- 
d e n c c ~  and concent ra t ion  of G. breve have 

a t rend  of higher  than normal pre- 
c ip i t a t ion ,  which is considered a primary 

While the  con- 

on a d e l i c a t e  balance of s e v e r a l  

of red t i d e s .  

The f l o a t  type a i r c r a f t  was used t o  

good advantage during the  pas t  year .  
Numerous r epor t s  of f i s h  k i l l s  were inves- 
t i g a t e d  by a e r i a l  reconnaissance and plane 
sampling and the r e s u l t s  a r e  normally 
known i n  th ree  o r  fou r  hours ,  al though the  
r epor t s  may be from any area  of a 250-mile 
sec to r  of t he  southern  F lor ida  coas t .  
Weekly a e r i a l  surveys de tec ted  suspected 
a reas  of t rouble  much f a s t e r  than  would 
otherwise have been poss ib le .  

-. Red t i d e  forecast ing.--Studies  on the  
a s soc ia t ion  of red t i d e s  wi th  c e r t a i n  c l i -  
matic and hydrographic condi t ions were con- 
t inued f o r  t he  purpose of developing a red 
t i d e  fo recas t ing  method. Although a method 
was not developed, the c l ima t i c  and hydro- 
graphic  condi t ions  were followed c lose ly  
during the  pas t  year and some t e n t a t i v e  
conclusions were depicted.  This l i m i t e d  
s tudy  ind ica ted  t h a t  accura te  red t i d e  
f o r e c a s t i n g  may depend t o  a grea t  ex ten t  on 
accura te  long-range weather pred ic t ions .  

The accurate  assessment of t he  e f f e c t  
of each f a c t o r  and the  i n t e r a c t i o n  between 
f a c t o r s  was rendered d i f f i c u l t  by the  in- 
a b i l i t y  t o  determine accura te ly  the  f luc -  
t ua t ions  i n  abundance of 2. breve a t  low 
concent r a t  ions.  
a t tacked  from two d i r e c t i o n s ;  f i r s t ,  from 
the  angle of improvement i n  sampling ‘and 
count ing techniques and, second, by attempt- 
ing t o  discover  a method whereby s. breve 
can be preserved. A t  p resent  these  naked 
d i n o f l a g e l l a t e s  must be counted while they 
a re  a l i v e  s ince  they d i s i n t e g r a t e  almost 
irs t a n t l y  on dying. 

This problem is  being 

Experimental con t ro l  of red t ides . - -  
During the  pas t  year no experiments on con- 
t r o l  were attempted s ince  the  abundance of 
G .  breve was too low f o r  accurate  assess-  
ment of r e s u l t s .  Since concentrat ions have 
increased somewhat i n  recent  months exper i- 
ments a r e  planned t o  measure the  e f f ec t ive -  
ness  of powdered copper s u l f a t e ,  This w i l l  
most probably be spread wi th  crop dus t ing  
a i rp l anes .  Because prel iminary t e s t s  ind i -  
cated t h a t  t he  t o x i c i t y  of copper may vary,  
l abora tory  s t u d i e s  were conducted on the  
f a c t o r s  which may increase  o r  r e t a rd  the  
t o x i c i t y  of copper t o  g. breve. 
s tanding  r e s u l t s  were t h a t  t he  presence of 
c e r t a i n  o the r  metal  i ons ,  e s p e c i a l l y  i r o n ,  
n i cke l ,  s i l v e r ,  mercury and z inc ,  increases  
t h e  t o x i c i t y  of copper,  whereas the  presence 
of suspended mat te r ,  che la t ing  subs tances ,  
s o i l  e x t r a c t  and s u l f i d e  ions ,  decreases  the  

- -  

The out- 
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t o x i c i t y  of copper. 
s e v e r a l  f a c t o r s  could d r a s t i c a l l y  change the  
concent ra t ion  of copper required t o  k i l l  2 .  
breve. The r e s u l t s  show tha t  a pre l iminary  
l abora to ry  t es t  can be conducted i n  less 
than  24 hours whenever 2. breve concentra- 
t i o n s  approach t h e  danger p o i n t ,  and i t  
should g ive  an index of t he  amount of copper 
s u l f a t e  required t o  e f f e c t i v e l y  k i l l  G. 
breve i n  t h a t  p a r t i c u l a r  bloom: 

A combination of 

- 

- 
Work wi th  chemically def ined  media t o  

e s t a b l i s h  the  n u t r i t i o n a l  requirements of 
G. breve continued dur ing  the  p a s t  year ,  
e s p e c i a l l y  on t e s t i n g  f a c t o r s  which cause 
e r r a t i c  growth of r e p l i c a t e  a l iquo t s  of  cul-  
t u r e  media. Although the  r e s u l t s  of these  
t e s t s  a r e  inconclus ive ,  t h e y  show t h a t  con- 
f l i c t i n g  r e s u l t s  between experiments r e s u l t  
p r imar i ly  from d i f f e rences  i n  s e a  water  and 
a l s o  t h a t  extreme ca re  must be used i n  
c leaning  reagent  and c u l t u r e  conta iners .  
Q u a s i - a r t i f i c i a l  media were developed f o r  
t he  growth of b a c t e r i a - f r e e  2 .  breve. 
media, a l l  b a s i c a l l y  the  same, a re  composed 
of  known components except  f o r  oneaddi t ion.  
The add i t ives  t h a t  conta in  the  unknown sub- 
s t a n c e s  a re  peptone, y e a s t  e x t r a c t ,  c a s e i n  
d i g e s t ,  e x t r a c t  of a c u l t u r e  of  the  dominant 
bacter ium of  u n i a l g a l  s. breve c u l t u r e s ,  
aged red t i d e  water ,  e x t r a c t  o f  an u n i a l g a l  
G. breve c u l t u r e ,  Caloosahatchee River water 
and compost e x t r a c t .  The amounts of t hese  
added substances a re  small and r e s u l t s  of 
experiments t e s t i n g  components of  some of  
t he  materials (prepared by e x t r a c t i o n  pro!- 
ce s ses )  i nd ica t ed  t h a t  t he  a c t i v e  components 
are h igh  molecular weight organic  compounds. 

- -  

The 

- -  

Stud ies  on t h e  tox ic  substance o r  sub- 
s t ances  produced by g. breve i n d i c a t e  t h a t  
t he  t o x i c i t y  of a c u l t u r e  inc reases  if the  
c e l l s  cy to lyse .  Pre l iminary  experiments 
i nd ica t ed  t h a t  t h e  t o x i c  components a re  heat- 
l ab i le  organic  compounds. Because the tox- 
i c i t y  of  t he  water  increases  a f t e r  t he  dea th  
of  G. breve organisms k i l l i n g  the  organisms 
before  they reach concent ra t ions  t h a t  k i l l  
f i s h  w h i l e  2 .  breve is  a l i v e  may be impor- 
t a n t  i n  any con t ro l  work. 

A second proposed method f o r  cont ro l -  
l i n g  red t i d e s  would take  advantage of t h e i r  
extreme s u s c e p t i b i l i t y  t o  copper ions .  In- 
stead of t r y i n g  t o  des t roy  heavy concentra- 
t i o n s ,  t h i s  method would attempt t o  prevent  
t h e i r  forming by r a i s i n g  t h e  copper conten t  
of t he  c o a s t a l  s e a  water  by p lac ing  copper 
ore in jetties. There a r e  c e r t a i n  d i f f i c u l t i e s  

i n  a s ses s ing  the  value of t h i s  method s ince  
the  copper content  of t he  s e a  water  may 
o f t e n  be a poor index of t he  quan t i ty  of 
copper ions .  Galveston Lagoon was se lec ted  
for  t e s t i n g  t h i s  method and a phys ica l  and 
p a r t i a l  b i o l o g i c a l  survey of t he  Lagoon was 
made. 

The waters  of Galveston Lagoon differ  
considerably i n  q u a l i t y  from those  along the 
F l o r i d a  coas t .  Prel iminary t e s t s  indicated 
t h a t ,  because of t he  presence of more chelat- 
i ng  substances and organic  mat ter  i n  the  
Galveston water  than i n  the F l o r i d a  Water 
t h e  copper i n  the  Galveston water is not 
t ox ic  as t h a t  i n  t h e  F lo r ida  water.  To 
t he  r e s u l t s  a t t a ined  i n  the  Galveston water 
t o  t he  F lo r ida  water ,  bioassays w i l l  have 
be made a t  d i f f e r e n t  copper concentrat ions 
and water q u a l i t i e s .  Laboratory s t u d i e s  Of 

that t he  t o x i c i t y  of copper t o  t he  o rgan i sm 
occur i n  the  Lagoon ind ica t ed  t h a t  a copPe‘ 
concent ra t ion  of  0.25 p.p.m. reduces t h e  
l i f e  expectancy of young p in f i sh ,  L a g o d s  
rhomboides, by a t  l e a s t  50 percent .  
c roake r s ,  Micropogon undulatus ,  and striped 
mullet  Mugil cephalus were s i m i l a r l y  
a f f ec t ed  by 0.5 p.p.m. of copper. I n  Sibi*  

. l i e d  l a r  l abo ra to ry  s t u d i e s ,  ,G. breve was kl 
i n  24 hours  by 0.02 t o  0.07 p.p.m. 
of s e a  water seems t o  augment the  toxicitY 
of copper. Grass shrimp, Palaemonetes 
were more t o l e r a n t  of copper than the  fish 
tes ted--a  concent ra t ion  of 10 p.p.m. had 
apparent e f f e c t  on the  shrimD a f t e r  ten A 

t o  

YOUng 

D i l u t i o n  

day;’ _ _  
The ova of Palaemonetes s p .  were to le ran t  ”‘ 
copper concent ra t ion  as high as 20 p.P*”’ 

The s tudy of the method w i l l  be coni 
t inued by means of bioassays of  t he  effeC 
of an a r t i f i c i a l  ore-dike as more and more 
o r e  is  added, on the  s u r v i v a l  of typica1 
s p e c i e s ,  on the  s e t t i n g  of l a r v a l  forms O* 

cement board p l a t e s  and on the occurrence 

end@ 
i n  t he  Galveston Lagoon of Gymnodinium 
splendens.  Although non-toxic,  ,G. 
is similar t o  2. breve i n  s e n s i t i v i t y  @:ofid 
w i l l  s e rve  t o  show the  ranges of copper 
c e n t r a t i o n ,  if any, t h a t  a r e  l e t h a l  t o  9; 
nodinium without caus ing  s ign i f i can t  da’i! 
t o  o t h e r  organisms. 
t o t a l  plankton product ion,  an attempt 
be made t o  measure ch lorophyl l  and/or 
plankton volume. 

To ob ta in  an index Will 
total  

SPONGES 
t i’ 

The Plor ida  commercial sponge inVegtbe 
ga t ion  was performed under con t r ac t  with 
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Marine Laboratory of t he  Univers i ty  of 
Miami, Coral Gables ,  F lor ida .  

Sponging up t o  December 1956 was suc- 
c e s s f u l ,  but  poor weather i n  the  Everglades 
a rea  from January through March 1957 pro- 
h ib i t ed  f i s h i n g .  Good sponges i n  quan t i ty  
were a l s o  taken i n  7 t o  9 fathoms of water 
o f f  Anclote Key, but  good sponge producing 
areas  a r e  widely s c a t t e r e d .  

The e f f e c t s  of sponge d i sease  con- 
t inued t o  cause se r ious  deformation of t he  
sponges throughout much of  the  a rea ,  and 
the  p r i ce  of sponges was increased  during 
the  pas t  year.  

Growth curves were made f o r  sponges 
O f  s p e c i f i c  areas .  I t  may be poss ib l e  t o  
Pro jec t  t he  growth d a t a  t o  es t imate  the  
years required t o  o b t a i n  sponges of any 
given diameter ,  t o  examine the  p roduc t iv i ty  
of sponge beds and t o  assess  the  v a l i d i t y  
of conservat ion recommendations. 

Present  d a t a  i n d i c a t e  t h a t  t he  range 
of spawning temperatures is from 73' t o  83' 
p .  A temperature c l i n e  appears t o  be 
assoc ia ted  wi th  minimum reproduct ion s i z e .  
Thus, t he  minimum diameter of reproducing 
sponges is 5-1/2 inches i n  t h e  nor thern  p a r t  
of t h e i r  range and 4 inches i n  the  southern  
a reas .  

Data on environmental  f a c t o r s  which 
a f f ec t  t he  growth, reproduct ion and d i s t r i -  
but ion of sponges have been compiled and 
Prel iminary analyses  completed. 

SOUTH PACIP I C  FISHERY INVESTIGATIONS 

John C.  Marr 
La J o l l a ,  C a l i f o r n i a  

The long record of  ca t ch  s t a t i s t i c s ,  
information on length  and age composition, 
on f i s h i n g  i n t e n s i t y ,  on the  r e l a t i o n  of  
economic condi t ions  t o  y i e l d ,  and t h e  h is -  
to ry  of d i v e r s  
sa rd ine  o r  p i l cha rd ,  Sardinops cae ru lea ,  one 
of t he  best-known economically important 
f i s h e s  i n  the  world. Because of t h i s  infor- 
mation, t he  perplexing problem connected 
with the  populat ion dynamics of pe lag ic  
f i shes  Seem most l i k e l y  t o  be solved through 
continued s t u d i e s  of s a r d i n e  biology.  A 
recent  dec l ine  i n  landings has increased 
Support f o r  such research .  

b io log ica l  s t u d i e s  make the  

The primary ob jec t ive  of t he  South 
P a c i f i c  Fishery Inves t iga t ions  i s  the  
desc r ip t ion  and the  understanding of var ia -  
t i o n s  i n  the  d i s t r i b u t i o n  and abundance of 
t he  populat ion of t he  P a c i f i c  s a rd ine .  A s  
an a id  i n  gaining t h i s  understanding seve ra l  
eco log ica l ly  assoc ia ted  spec ies  a l s o  are  
being inves t iga ted  i n  a l e s s e r  degree.  These 
include the  anchovy, Engraul is  mordax, the  
jack  mackerel, Trachurus symmetricus, and 
the  Pac i f i c  mackerel Pneumatophorus diego. 

The South P a c i f i c  Fishery Inves t iga-  
t i o n s  i s  working cooperat ively wi th  fou r  
o the r  research  groups i n  the  Ca l i fo rn ia  
Cooperative Oceanic F i she r i e s  Inves t iga t ions .  
The Marine Research Committee sponsors the  
research  which is  ca r r i ed  out  by the  SPFI, 
t he  Scr ipps  I n s t i t u t i o n  of Oceanography of 
t he  Univers i ty  of Ca l i fo rn ia ,  t he  C a l i f o r n i a  
Department of F ish  and Game, the  Hopkins 
Marine S t a t i o n  of Stanford Universi ty  and 
the  C a l i f o r n i a  Academy of Sciences.  The 
Scr ipps  I n s t i t u t i o n  of Oceanography and SPFI 
ca r ry  out  ex tens ive  oceanogr aphic-biologic a1 
inves t iga t ions .  

PACIFIC SARDINES 

Subpopulations .--One of t he  r e s u l t s  of 
t he  sa rd ine  spawning surveys has been t o  
show the  ex is tence  of s eve ra l  spawning areas  
which a re  more o r  l e s s  d i s c r e t e  i n  space 
and/or time. These a r e  a sp r ing  spawning 
area  o f f  c e n t r a l  Baja C a l i f o r n i a ,  a sp r ing  
spawning a rea  off southern  C a l i f o r n i a  and 
northern Baja C a l i f o r n i a ,  a warm-water f a l l  
spawning area  off c e n t r a l  Baja C a l i f o r n i a  
( p a r t i c u l a r l y  i n  Sebas t ian  Viscaino Bay), 
and a l a r g e  a rea  i n  the  Gulf of Ca l i fo rn ia .  
The f i r s t  two areas  may not be inhabi ted  by 
sepa ra t e  subpopulations as t he re  appears 
t o  be cons iderable  exchange between the  two 
areas  i n  d i f f e r e n t  seasons;  the  o the r  two 
areas  may be inhabi ted by sepa ra t e  subpopu- 
1 a t  ions .  

Genetic s tud ie s  of  subpopulat ions of 

Research i s  d i r ec t ed  toward de te r -  
s a rd ines  were i n i t i a t e d  during the  pas t  
year. 
mining whether g e n e t i c a l l y  i s o l a t e d  or  par- 
t i a l l y  i s o l a t e d  groups e x i s t  along t h e  
Pac i f ic  coas t .  As pointed out  above, de f i -  
n i t e  d i s c o n t i n u i t i e s  a re  known f o r  spawning 
a reas ,  but  whether t hese  d i s c o n t i n u i t i e s  
are  r e f l e c t e d  i n  measurable gene t ic  d i f f e r -  
ences between the  ind iv idua l s  which occupy 
the  spawning areas  is not known. 
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Two approaches a re  commonly used i n  
s tudying  the  g e n e t i c a l  makeup of b i o l o g i c a l  
popula t ions .  These a re  breeding experiments 
under con t ro l l ed  condi t ions  and the  s tudy  
of d i s c r e t e  i nhe r i t ed  ind iv idua l  d i f f e r e n c g ,  
such as  pelage co lo r ,  e ry throcyte  an t igens ,  
e t c . ,  i n  na tu ra l  populat ions.  O f  necess i ty ,  
t he  SPFI i s  fol lowing the  l a t t e r  approach. 

A s e r o l o g i c a l  s tudy  is being under- 
taken i n  an attempt t o  cha rac t e r i ze  subpopu- 
l a t i o n s  of s a rd ines .  A l a r g e  body of pre- 
ceden t i a l  information is ava i l ab le  i n  t h i s  
f i e l d ,  mostly developed on domestic animals. 
Severa l  spec ie s  of f i s h  have a l s o  been 
inves t iga t ed  and ind iv idua l  d i f f e rences  with 
respec t  t o  e ry throcyte  an t igens  have been 
shown t o  e x i s t  i n  c a t f i s h  (Gushing), gold- 
f i s h  (Hildemann) , salmon and t r o u t  (Ridg- 
way), opal  eye ,  G i r e l l a  migricans,  and ke lp  
bas s ,  Para labrax  c l a t h r e t u s  (Sprague and 
Stormont).  
c r e t e  ind iv idua l  d i f f e rences  with r e spec t  
t o  e ry throcyte  ant igens was demonstrated 
f o r  t he  P a c i f i c  s a rd ine ,  Sardinops cae ru lea ,  
by means of an t ibodies  found i n  the  serum 
of c e r t a i n  wild and domestic animals 
(Sprague).  (The i n v e s t i g a t i o n  has not  pro- 
ceeded f a r  enough t o  determine whether such 
d i f f e rences  can be used t o  cha rac t e r i ze  
subpopulat ions.  ) 

Recently the  ex is tence  of d i s -  

Methods and f a c i l i t i e s  have been 
developed f o r  captur ing  and maintaining 
labora tory  s tocks  of l i v e  pe lag ic  f i s h e s  
f o r  use i n  the  immunological s t u d i e s  as 
wel l  as  i n  o t h e r  p r o j e c t s  of t h i s  i n v e s t i -  
gat ion.  

Co l l ec t ion  of spawning sardine.--The 
August and September 1956 c r u i s e s  of t he  
Black Douglas-wcre devoted i n  p a r t  t o  sam- 
p l ing  adu l t  s a rd ines  f o r  use i n  fecundi ty  
and subpopulat ion s t u d i e s  and i n  p a r t  t o  
egg and l a r v a l  surveys of f a l l  s a rd ine  
spawning. During both months sa rd ines  were 
sampled, mostly by g i l l  n e t s ,  i n  t he  a rea  
between Poin t  San Eugenio and Point  Agreo- 
j o s .  Age determinat ions were made on 89 
sa rd ines  taken i n  August and on 70 taken  i n  
September. The August ma te r i a l  cons is ted  
of f i s h  0 t o  4 years  old and the  September 
samples of  f i s h  0 t o  6 years  o ld .  
about 5 percent  of  the  f i s h  were over two 
years  o l d ,  however. 

A summary of the  age d i s t r i b u t i o n  fol lows:  

- 

Only 

Pish sampled off central  Baja California 
i n  August and September 1956 

N O .  r ings  No. f i s h  S i z e  range 
Year-class (age) sampled (rnm.1 @ 

1956 0 46 86-168 145 
1955 1 60 124-196 lb5 

162-226 182 
178-192 18’ 
196-226 ’09 

170 1951 5 1 170 
1950 7 6 - 2 -  176-182 179 

1954 2 45 
1953 3 2 
1952 4 3 

TOTAL 0-6 159 86-226 

The f i s h  were markedly smal le r  i n  size 

Two-ring f i s h  (1954’ 
than of t he  same age taken i n  the  Califor’ 
n i a  commercial ca tch .  
c l a s s )  i n  the  commercial ca t ch  ranged i n  
s tandard  length  from 208-242 mm., wi th  an 
average l eng th  of 224 mm.; t h i s  is 42 
l a r g e r ,  on the  average,  than the  two-ring 
f i s h  sampled o f f  c e n t r a l  Baja Cal i forn ia .  
The d i f f e rences  a r e  even more marked fo r  
some of t he  o l d e r  f i s h .  

of The ma te r i a l  was examined t o  deter’ 
mine the  s t a t e  of matur i ty  of t he  f i s h .  
the  f i s h  co l l ec t ed  i n  ,August, on ly  a sample 
of 22 f i s h  from Hipo l i to  Bay were maturing‘ 
A l l  females i n  t h i s  c o l l e c t i o n  had yolked 
eggs and s e v e r a l  contained ova i n  f a i r l y  
advanced s t a g e s  of development. 

examined from the  September co l l ec t ions  for 
s t a g e  o f  matur i ty .  
yolked eggs and two contained ova t h a t  
becoming t r ans lucen t .  

Twentyeven males and 23 females 

O f  t he  females ,  17 had 

I n  August, t he  females  containing 
yolked eggs were between 177 and 222 mm* 
i n  s tandard  length ;  i n  September they were 
between 160 and 188 mm. Thus, smaller’ 
s i z e d  f i s h  were maturing i n  t h e  September 
c o l l e c t i o n s ;  these  f i s h  were mostly one 
year and two years  of age. The h igh  Per* 
centage of females t h a t  were maturing f n  
September ind ica ted  t h a t  most of t he  fish 
sampled were d e f i n i t e l y  p a r t  of t he  fa1’ 
spawning populat ion.  The marked differ’  
ence i n  s i z e  between these  sa rd ines  and 
f i s h  of t h e  same age taken off southern 
Ca l i fo rn ia  is evidence t h a t  they  d id  not 
e n t e r  i n t o  the  commercial ca tch  i n  any 
numbers i n  t h e  1956-1957 season. I t  
supports  t he  t h e s i s  t h a t  t he  fall-SPawnl 
sa rd ines  c o n s t i t u t e  a s epa ra t e  subpoPul*- 
t ion. 

’d& 
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Populat ion size.--A prel iminary populat ion.  The upswing i n  1953 and 1954 
est imate  was der ived of t he  amount of s a r -  r e f l e c t s  t he  e f f e c t  of the  somewhat more 
dine spawning during 1956. The number of successfu l  1951- and 1952-classes.  The 
eggs spawned was est imated t o  the  approxi- 
mately 200 x 1012. 
given by area  f o r  the  preceding f i v e  years  
f o r  conipar ison. c l a s s  s t r eng th  (although it is not  pa r t i cu -  

1951- and 1952-classes a re  the  bes t  of t h e  
s e r i e s  s ince  SPFI has been inves t iga t ing  
spawning i n  r e l a t i o n  t o  Subsequent Year- 

S imi la r  es t imates  a r e  

Estimate of number of s a rd ine  eggs spawned (x lo12> 

Cent r a1 Nor t hern Cent ra l  Southern 

l i n e  77 Ca 1 if o r n i  a Ca l i fo rn ia  Ca l i fo rn ia  Ca l i fo rn ia  
Year and above l i n e s  80-93 l i n e s  97-107 l i n e s  110-137 and below Tota l  

1951 0 15.7 18.7 576.4 0.1 610.9 
1952 0 2.7 1 .6  131.7 0.1 136.1 
1953 0 0.7 3.2 436.3 440.2 
1954 0.1 47.2 89.6 202.6 15.9 355.4 
1955 0 18.1 67.7 75.4 1 .5  162.7 
1 0 5 6  0 28.3 61.6 116.7 0.1 206.7 

C a l i f o r n i a  Southern Baja Baj a Baj a 

- 

‘ h e  va lues  given f o r  1956 are  prel iminary 
es t imates  only while those f o r  t he  previous 
Years a rc  f i n a l  es t imates .  

The ups and downs i n  t he  egg e s t i -  
mates  appear f a i r l y  reasonable when con- 
sidered i n  conjunct ion with year-class  
S t rength .  
the poorest  on record.  
between 1951 and 1952 r e f l e c t s  t he  decrease 

spawning s t r eng th  t h a t  occurred when 
tllcse year  c l a s s e s  entered the  spawning 

The 1949- and 1950-classes  were 
The sharp decrease 

34- -.__ 
DllLlON lGGS 

1952 1953 

1.w 
IlLLlON IGGS 

43b.100 
IlLLlON lGGI 

l a r l y  s t rong  when compared t o  good year 
c l a s s e s  such as  those  of 1938, 1939, 1947 
and 1948).  The decrease i n  1955 and 1956 
r e f l e c t s  in t u r n  the  e f f e c t  on the  spawning 
populat ion of the  weak 1953- and 1954- 
c l a s s e s .  

I n  recent  years  t he  SPFI has  become 
in t e re s t ed  i n  the  r e l a t i v e  abundance of 
sard ine  spawning i n  d i f f e r e n t  p a r t s  of the  
spawning range s ince  the re  appears t o  be 
a d i r e c t  r e l a t i o n  between the  d i s t r i b u t i o n  

1954 

a 

1955 1956 

EGGS, 1 050.1 936 
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SARDINE EGG, 1956 

of  the  populat ion a t  t he  time of spawning 
and the  subsequent a v a i l a b i l i t y  of s a rd ines  
20 t he  commercial f i s h e r y .  When t h e r e  i s  
cons iderable  spawning o f f  southern Cal i for -  
n i a  and nor thern  Baja C a l i f o r n i a ,  t h e  ava i l -  
a b i l i t y  is  markedly b e t t e r  than  i n  the  years  
when t h e r e  is l i t t l e  spawning i n  these  areas. 
I n  1956, about 43 percent  of t he  spawning 
occurred i n  the  "northern" c e n t e r  o f f  south- 
e rn  C a l i f o r n i a  and adjacent  Baja C a l i f o r n i a  
( s t a t i o n  l i n e s  80-107) and t h e  remainder i n  
the  "southern" cen te r  o f f  c e n t r a l  Baja 
C a l i f o r n i a  ( s t a t i o n  l i n e s  110-137). The 
1956 d i s t r i b u t i o n  was s i m i l a r  t o  t h a t  i n  
1954 and 1955, except t h a t  a l a r g e r  po r t ion  
of t he  spawning i n  the  "northern" cen te r  i n  
1956 occurred south  of Ensenada (Baja C a l i -  
f o r n i a )  than  i n  1954 and 1955. 

Sardine spawning i n  the  Gulf of C a l i -  
fornia.--Except f o r  a c r u i s e  of t he  Black 
Douglas i n t o  the  southern  p a r t  of t he  Gulf 
- 

O f  C a l i f o r n i a  i n  l a t e  1852, no work 
had been done on sa rd ine  spawning 
i n  the  Gulf p r i o r  t o  February 1956- 
Since then  c r u i s e s  were made i n  
February,  Apr i l  and December 1956 
and i n  February,  Apr i l  and June 1957. 
The s t a t i o n  g r i d  i n  the  Gulf consists 
of 12  l i n e s  on which s t a t i o n s  a re  
spaced 15 miles  a p a r t ,  toge ther  W i t h  
a f a i r l y  l a r g e  number of inshore 
s t a t i o n s  loca ted  between the  s t a t i o n  
l i n e s .  On some c r u i s e s ,  between-line 
s t a t i o n s  a r e  placed i n  the  deeps 
r a t h e r  than inshore.  

Sardine spawning i n  the  Gulf 
i s  heavies t  i n  t he  middle t h i r d ,  
between Carmen and Tiburon Is lands .  
I n  t h i s  a r ea  spawning occurs  com- 
p l e t e l y  across  the  Gulf. 
t r i b u t i o n  of spawning i n  February 
1957 was s t r i k i n g l y  s imi l a r  t o  that 
i n  February 1956, with the  heavy 
spawning occurr ing  on the  two s ta t ioa 
l i n e s  immediately south  of Guaymas* 

The d i sc  

The Gulf c r u i s e s  were spaced 
a t  bimonthly i n t e r v a l s  during the 
cur ren t  spawning season SO t h a t  an 
es t imate  of t he  sa rd ine  spawning 
populat ion i n  the  Gulf could be ob- 
t a ined .  The r e s u l t s  of t he  1956 
surveys show t h a t  t h e  sard ine  Spa*- 
ing popula t ion  i n  the  Gulf must have 
been l a r g e .  

R e l i a b i l i t y  of e s t i m a t e s  
sa rd ine  eggs.--Studies dea l ing  with the  
t r i b u t i o n  of s a rd ine  eggs i n  a 20 x 20 mile  
g r id  have yielded seve ra l  es t imates  of error '  
The g r id  cons is ted  of  25 equal ly  spaced 
s t a t i o n s  which were occupied on f i v e  Succes' 
s i v e  days.  
t h e  sa rd ine  egg counts ind ica ted  t h a t  the 
v a r i a t i o n  between the  s e v e r a l  days' S@P 
was h ighly  s i g n i f i c a n t .  The v a r i a t i o n  
between N-S s e c t i o n s  was a l s o  s ign i f i can t '  
whereas the  v a r i a t i o n  between E-W sect ions 
was not s i g n i f i c a n t .  The c lose  grouping 
S t a t i o n s  (four miles  apar t  i n  each direction) 
permits  a more r e f ined  estimate of e r r o r  
than was poss ib l e  from pas t  da ta .  
pooled r e s idua l  var iance  of t he  logar i thas  
is  0.458, which r ep resen t s  a coef f ic ien t  Of 

v a r i a t i o n  of 321 percent .  This  value is 
less than the  r e s i d u a l  var iance  of 0.bB7 
ca l cu la t ed  by S i l l iman  (1946). 
f e a t u r e  of t he  d a t a  was t h a t  though the 
mean l eve l  of t he  a rea  f l u c t u a t e d  w i d e l y '  
t he  E-W gradien t  d i d  not  change. 

An ana lys i s  of t he  var iance  * 
1 in6  

of 

The 

A s t r i k i n g  
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Rela t ion  between f i s h  condi t ion and 
popula t ion  size.--A r e l a t i o n  o f t e n  inves t i -  
gated by f i s h e r y  b i o l o g i s t s  is t h a t  between 
f i s h  weight and f i s h  length.  This  weight- 
length  r e l a t i o n  is gene ra l ly  expressed by 
the  formula W = CL", i n  which W weight ,  
c = a cons tan t  determined from t h e  d a t a ,  
and Ln = l ength  r a i s e d  t o  an exponent de te r -  
mined from the  da t a .  Clark has d e a l t  wi th  
t h i s  r e l a t i o n  i n  the  sa rd ine  i n  seve ra l  
Papers.  Clark (1928) g ives  a value of 3.15 
for n i n  the  above formula; Clark (1934) 
reduced the  value t o  3.07 by omi t t ing  f i s h  
smaller than  150 nun. from the  determinat ion.  
I t  w i l l  be noted t h a t  n approximates 3. 

Al l ied  t o  t h e  weight-length r e l a t i o n -  
sh ip  is the  concept of "condi t ion  f a c t o r "  
or f a tnes s .  This  i s  der ived from the  f o r -  ' x3107, i n  which K = condi t ion  

f a c t o r ,  W = f i s h  weight ,  L3 = cube of t he  
s tandard length  and l o 7  converts  K from a 
decimal t o  a more e a s i l y  handled th ree -d ig i t  
whole number. Under SPFI sampling proce- 
dures ,  f i s h  weight r ep resen t s  t he  mean weight 
of a 50-f ish sample, f i s h  length  and the  
average l eng th  of t he  f i s h  i n  the  sample. 

= L 

The condi t ion  f a c t o r s  were determined 
from the  d a t a  of 15 f i s h i n g  seasons a t  San 
Pedro, 1941-1942 t o  1956-1957. The p r inc ipa l  
months of each season,  October through Janu- 
a ry ,  were compared. Monthly condi t ion  
f a c t o r s  gene ra l ly  decrease as the  f i s h i n g  
Season advances, I n  each of t he  15 seasons,  
the  h ighes t  monthly condi t ion  f a c t o r  was 
Obtained f o r  October. During the  15 years  
the range i n  condi t ion  f a c t o r s  f o r  October 
was from 126 (1941-1942 and 1942-1943 sea- 
sons)  t o  144 (1953-1954 season) .  The lowest 
monthly condi t ion  f a c t o r s  ranged from 117 
(1941-1942) t o  135 (1952-19531, and occurred 
in e i t h e r  December or January. 
three seasons t h e r e  was an increase  i n  Janu- 
a r y  t o  as high a condi t ion  f a c t o r  value a s  
I n  October. 

During 

There appears t o  be an inverse  corre-  
l a t i o n  between populat ion s i z e  and both f i s h  
length  and condi t ion  f a c t o r  ; 
'ion l e v e l s  ( a s  i nd ica t ed  by the  C a l i f o r n i a  
ca tch)  a re  assoc ia ted  wi th  low condi t ion  
f a c t o r s  and smal l  average length  of f i s h ,  
'Vhile, conversely,  low popu1ation l e v e l s  
ape assoc ia ted  wi th  high condi t ion  f a c t o r s  
and g r e a t e r  average l eng ths  of f i s h .  The 

lowest average condi t ion  f a c t o r s  of 
121 and 122 occurred when the  popula t ion  

h igh  popula- 

was a t  i ts  h ighes t  l e v e l  (1942-1943 and 
1941-1942). The h ighes t  condi t ion  f a c t o r  
of 139 occurred during the  season of poor- 
e s t  catch (1953-1954) and the  next h ighes t  
va lue ,  137,  occurred during the  1952-1953 
and 1956-1957 seasons which rank j u s t  above 
the  1953-1954 season. The high degree of 
inverse  c o r r e l a t i o n  between populat ion s i z e  
and condi t ion  f a c t o r  may represent  a cause 
and e f f ec t  r e l a t i o n s h i p ;  high populat ion 
l e v e l s  r e s u l t  i n  less ava i l ab le  food per 
f i s h  and lower condi t ion  f a c t o r s ,  while low 
populat ion l e v e l s  r e s u l t  i n  more ava i l ab le  
food per  f i s h  and higher  condi t ion  f a c t o r s .  

Age composition of the  commercial 
ca tch  f o r  t he  seasons 1938-1939 through 
1940-1941. --Age d a t a  based on s c a l e  samples 
a r e  ava i l ab le  f o r  San Pedro and Monterey 
from 1941-1942 t o  d a t e ,  and based on oto- 
l i t h  samples a re  ava i l ab le  f o r  t he  per iod 
1932-1933 through 1937-1938. 
i n  the  age d a t a  f o r  these  p o r t s  f o r  1938- 
1939 through 1940-1941. Considerable age 
d a t a  a r e  ava i l ab le  f o r  these  seasons and 
an age composition of t he  ca t ch  was der ived.  
There a re  few s c a l e  samples for t he  1938- 
1939 season; hence, t he  age composition 
der ived f o r  t h i s  season i s  probably less 
r e l i a b l e  than  f o r  t he  o the r  two years. 

A gap remains 

A manuscript conta in ing  a summary of 
a l l  age d a t a  (1932 t o  da t e )  is being pre- 
pared. 

Causes of v a r i a t i o n s  i n  year-class  
strength.--The 1949- and 1950-classes of 
s a rd ines  were the  poorest  on record and 
were apparent ly  of about equal  s t r eng th .  
Each has  furnished l e s s  than 130 mi l l i on  
f i s h  t o  the  commercial f i s h e r y .  The 1951 
c l a s s  has  furnished t o  d a t e  t h r e e  t imes 
t h i s  number of f i s h ,  t h e  1952 c l a s s  fou r  
t imes.  Such is the  r e l a t i v e  s t r e n g t h  of 
four  year c l a s s e s  t h a t  t he  C a l i f o r n i a  coop- 
e r a t  i ve  Oceanic F i s h e r i e s  Inves t iga t ions  
has  s tud ied  in t ens ive ly .  None is a suc- 
cess fu l  year c l a s s  when compared t o  the  
1939 c l a s s  which cont r ibu ted  over 55 times 
as  many f i s h  as e i t h e r  t h e  1949 or 1950 
c l a s s ,  t he  1947 c l a s s  which furn ished  24 
times a s  many or t he  1948 c l a s s  which con- 
t r i b u t e d  16 times as many. 

The 1949 and 1950 c l a s s e s  were not  
poor because the  size of the  spawning 
stock was low. The 1946, 1947 and 1948 
c l a s s e s  were a l l  f a i r l y  successfu l .  As 
resu l t ,  t he  spawning popula t ion  in t h e  

a 
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1949 and 1950 seasons was considerably 
l a r g e r  than in the  t h r e e  preceding seasons 
when success fu l  year  c l a s s e s  were produced 
or i n  any subsequent season. The moderately 
successfu l  1952 c l a s s  was produced with per- 
haps the  smal les t - s ized  spawning s tock  i n  
recent  years .  

"Accumulated age" e s t ima tes  of t h e  
s ize  of t he  spawning popula t ion  s i n c e  1949 
a r e  given below. These va lues  a re  based on 
f i s h  two years  and o lder  t h a t  must have been 
present  on the  spawning grounds during each 
year  l i s t e d  s i n c e  they were subsequently 
caught.  The e s t ima tes  a re  minimal; t he  
a c t u a l  populat ion s i z e  must have been sev- 
e ra l  t imes a s  l a r g e  i n  every season l i s t e d .  

Accumulated age es t imate  of populat ion 
s i z e  ( f i s h  two years  and o lde r )  

Year B i l l i o n  - Year B i l l i o n  

1949 4.5 1953 0.5 
1950 3.7 1954 0.9 
1951 1 . 2  1955 0.7 
1952 0.4 

- 

The 1952 c l a s s  had a higher  s u r v i v a l  
r a t e  as l a rvae  and showed up s t ronger  i n  
the  young f i s h  surveys (conducted by the  
C a l i f o r n i a  Department of F ish  and Game) than 
any recent  year  c l a s s .  It  w a s  known t o  be 
more success fu l  than  ad jacent  year  c l a s s e s  
even before  i t  appeared i n  the  f i s h e r y .  If 
a moderately success fu l  year  c l a s s  can be 
i d e n t i f i e d  a s  such e a r l y  i n  i ts  h i s t o r y ,  
apparent ly  a r e a l l y  success fu l  year c l a s s  
should be obvious,  The SPPI has  had no 
chance t o  t e s t  t h i s  p a r t i c u l a r  p o i n t ,  as it 
has  not  had a success fu l  year c l a s s  s i n c e  
t h e  i n i t i a t i o n  of the  C a l i f o r n i a  Cooperative 
Oceanic F i s h e r i e s  Inves t iga t ions .  

This  lack  of a success fu l  year  c l a s s  
has  made d i f f i c u l t  determining the  causes  
of v a r i a t i o n s  i n  year-class  s t r eng th .  The 
SPPI has  a mass of information from seasons 
when spawning was unsuccessful  bu t  nothing 
from seasons wi th  success fu l  s a rd ine  spawn- 
ing.  

However, t h e r e  have been success fu l  
year  c l a s s e s  of o the r  pe lag ic  spec ie s  during 
t h i s  per iod.  The anchovy populat ion has  
shown a marked increase  i n  s i z e ,  and the  
year  c l a s s e s  between 1952 and 1954 were 
l a r g e .  An outs tandingly  successfu l  year 
c l a s s  of P a c i f i c  mackerel was produced in 

1953. 
f i s h e r y  (ages 0 ,  1 and 2)  i t  cont r ibu ted  
43 times a s  many f i s h  as  t he  1951 c l a s s  con- 
t r i b u t e d  i n  f i v e  seasons and 27 t imes as 
many f i s h  as the  1950 c l a s s  cont r ibu ted  i n  
s i x  seasons.  

During i t s  f i r s t  t h r e e  years  i n  the 

The f a c t  t h a t  pe lag ic  spec ie s  spafling 
i n  the  same general  a r e a  do not necessar i ly  
produce success fu l  year c l a s s e s  i n  the  Same 
years  makes impossible der iv ing  any simple 
c o r r e l a t i o n  between p roduc t iv i ty  ( a s  deter-  
mined from i n t e n s i t y  of upwelling, phyto' 
plankton product ion or zooplankton volumes) 
and the  su rv iva l  of pe lag ic  f i s h  la rvae .  

Determining mor t a l i t y  r a t e s  f r o m s  
ing  and o the r  causes.--Total mor t a l i t y  in a 
f i s h  populat ion c o n s i s t s  of f i s h i n g  mortalitY 
and n a t u r a l  mor ta l i ty .  T o t a l  mor t a l i t y  
can be est imated from year -c lass  ca tch  Cur' 

ves .  Fishing mor t a l i t y  can be derived from 
the  r e l a t i o n  between the  s i z e  of the  
t i o n  (based on egg censuses)  and the  nuder 
of f i s h  taken i n  the  commercial ca t ch ;  
n a t u r a l  m o r t a l i t y  r a t e s  can be est imated 
from the  above e s t ima tes  of t o t a l  and fisbc 
ing  mor t a l i t y .  

The t o t a l  mor t a l i t y  r a t e s  f o r  the  
1955-1956 t o  the  1956-1957 seasons as  etsti' 
mated from the  year -c lass  catch curves 
fol low: 

Year c l a s s  
1954 
1953 
1952 
1951 
1950 
1949 
1948 

To ta l  mortality r a t e  
(pe rcen t )  

- 25 
3 

68 
85 
90 
94 
67 

More ind iv idua l s  of t he  1954 class 
were taken as 2-year-old f i s h  than as 
1-year-olds,  hence, t he  "negative" mortalitY' 
The 3-year-old f i s h  show only a s l i g h t  
t a l i t y ,  probably because t h i s  year class SherY 
was only p a r t i a l l y  ava i l ab le  t o  the  f l  
as  2-year-old f i s h .  A l l  o the r  year C l a S s e 5  ar.t.1Y 
show a high m o r t a l i t y  r a t e .  This  is P 
an a r t i f a c t  r e s u l t i n g  from d i f f e r e n t  pro- 
po r t ions  of t he  t o t a l  populat ion being oa5, 
ava i l ab le  t o  the  f i s h e r y  i n  the  two Seas 
Est imates  of t o t a l  mor t a l i t y  which are 
der ived from t he  year-class  ca t ch  cUfVeS avail* 
a re  much inf luenced by the  f a c t o r  Of 
a b i l i t y  . 

116 



The t o t a l  populat ion of  s a rd ines  i n  
1956 (based on egg censuses)  was about 
4 x lo9 f i s h .  The t o t a l  ca t ch  i n  the  1955- 
1956 season was s l i g h t l y  more than 1 .9  x 
lo8 f i s h .  Fishing mor t a l i t y ,  consequently,  
Was l e s s  than  5 percent .  

Causesof v a r i a t i o n s  i n  a v a i l a b i l i t y .  
--In October,  November and December 1956 
the  Black Douglas made n igh t ly  plankton and 
temperature c o l l e c t i o n s  i n  a reas  scouted 
and f i shed  by the  San Pedro sa rd ine  f l e e t .  
As soon as  the  a rea  of most i n t ense  f i s h i n g  
was ascer ta ined  on any given n i g h t ,  t he  
Black Douglas executed a p a t t e r n  of obser- 
Vations t h a t  included the  f i s h i n g  a rea  as 
we l l  as  some por t ion  a€ t he  surrounding 
a rea  t h a t  had been scouted without success .  
Once s t a r t e d ,  each p a t t e r n  was continued 
Unt i l  a h a l f  hour before  dawn. 

- 

This  survey i s  a f i e l d  approach t o  
the problem of sa rd ine  a v a i l a b i l i t y .  Large 
concent ra t ions  of s a rd ines  do not necessar-  
i l y  appear i n  the  same spot  on successive 
n i g h t s  and do not  necessa r i ly  appear w i th in  
opera t ing  range of the  f l e e t  on successive 
n igh t s .  Hypothesizing t h a t  such f luc tua -  
t i o n s  a re  r e l a t e d  t o  v a r i a t i o n s  i n  one o r  
more f e a t u r e s  of t he  environment is reason- 
ab le .  
environmental f a c t o r s  might be c r i t i c a l ,  
the  f i s h e r y  s c i e n t i s t s  decided t o  measure 
the  plankton and t h e  temperature which have 
been r e l a t e d  t o  f i s h  d i s t r i b u t i o n  i n  a few 
o ther  f i s h e r i e s .  
With a Hardy continuous plankton recorder ,  
approximately 1-1/2 l i n e a r  mi les  being 
sampled per each 2-inch l eng th  of t he  co l -  
l e c t i n g  s i l k .  The sur face  temperature w a s  
recorded cont inuously and bathythermographs 
Were taken a t  f requent  i n t e r v a l s .  

Not knowing at  the  o u t s e t  which 

The plankton was co l l ec t ed  

The plankton c o l l e c t i o n s  and t h e  tem- 

f o r  ana lys i s .  
pera ture  d a t a  are being processed but  t he  
d a t a  a re  not  complete enough 
Six teen  t o  20 ca t egor i e s  of organisms a re  
iden t i f i ed  and counted i n  each c o l l e c t i o n .  
Small copepods l e s s  than 2 mm. i n  l eng th  
a re  by f a r  the  most numerous organisms and 
they f l u c t u a t e  by a f a c t o r  of t h r e e  t o  fou r  
during a n ight .  
h ighes t  d e n s i t y  f o r  the  more abundant ca te -  
go r i e s  appeared t o  be assoc ia ted  with a 
geographical f e a t u r e  of t he  adjacent  coas t -  
l i n e .  The center  of f i s h i n g ,  however, was 
in an a rea  of lower plankton dens i ty  about 
four miles  away. 

I n  one case the  a rea  of 

S ince  t h i s  was a r e l a t i v e l y  poor 
season,  no r e a l l y  l a rge  sa rd ine  catches were 
made while  t he  Black Douglas was operat ing.  
Obviously, t he  s ign i f i cance  of plankton and 
temperature d i s t r i b u t i o n s  as f a c t o r s  i n  
sard ine  a v a i l a b i l i t y  cannot be determined 
unt i l  c o l l e c t i o n s  a re  obtained on some num- 
ber  of good n i g h t s  as  well  as poor n i g h t s  
of f i s h i n g .  

The Scripps I n s t i t u t i o n  of Oceanog- 
raphy's vesse l  Orca covered a r egu la r  g r id  
of hydrographic-biological s t a t i o n s  o f f  
southern Ca l i fo rn ia  each month during the  
per iod t h a t  t he  Black Douglas was working 
wi th  the  commercial f l e e t .  A s t r i k i n g  f a c t  
brought out  by the  c r u i s e s  was the  
marked lowering i n  temperature,  amounting 
t o  about two degrees  over much of the  a rea ,  
t h a t  occurred i n  the  southern C a l i f o r n i a  
a rea  between the  October and November 
c r u i s e s .  This  cool ing was assoc ia ted  in 
t ime wi th  the  southward movement of s a rd ines  
from the  southern C a l i f o r n i a  f i s h i n g  grounds 
t o  a reas  of f  the  coas t  of Baja Ca l i fo rn ia .  

PLANKTON 

The plankton volumes i n  1956 were 
except iona l ly  l a r g e ,  averaging 461 cc.  per 
haul .  The average volume per haul  was over 
twice as l a rge  as  t he  1951-1955 average. 
The l a r g e  volumes were taken throughout t he  
a rea  between Poin t  Conception and San 
Juanico Bay. 

The plankton volumes followed the  
usual pat te rn  of increas ing  from sp r ing  t o  
summer and dropping o f f  i n  the  f a l l .  The 
h ighes t  average volumes per haul  were taken 
i n  May (648 cc .  1, June (655 cc . )  and Ju ly  
(783 c c . )  and the  lowest were taken i n  
March (190 cc . )  and December (160 c c . ) .  

Inshore-offshore distribution of plankton 
(Pebruary - August) in 1956 

Distance from shore 

Inside 100 fm. curve 
40 - 60 miles 
61 - 100 miles 
101 - 140 miles 
141 - 180 miles 
181 - 220 miles 
221 - 260 miles 

Point Conception 
to I'unta Bajn 
(lines 80-107) 

21 4 
21 5 
539 
589 
483 
314 
514 

Punta Baja to 
S a n  Juanico 

(Lines 110-137) 

804 
586 
371 
363 
563 
608 - 
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w v  P I ( P  Because of the unusual oceanographic 

Area Stat ion l inea   umber @ California ,  plankton volumes do not neces- - 
Sout ern Cal i fornia  80-93 30,147 21'51 

In  f a c t ,  the opposite situat3.m prevailed Nort 1: ern Baja Cal i fornia  97-107 30,092 21'47 
off southern Cal i fornia  and northern Baja Cedrhs area (central  

B j a  Cal i fornia)  110- 120 68,568 48'91 
California.  The plankton volumes average Lowel portion (central  
smaller within 60 miles of the coast than B j a  Cal i fornia)  123- 137 11,269 ' *04 

Souteern Baja Cal i fornia  140-157 69 3 
mTAL 140.183 loo*ol 

f ea tu res  off southern Cal i fornia  and Baja 

s a r i l y  decrease as one proceeds seaward. Centtal Cal i fornia  60-77 38 0.03 

f a r t h e r  seaward. 

SPECIES OF FISH ECOlQGICALLY ASSOCIATED 
To THE PACIPIC SARDINE 

Anchovy.--One of SPFI's continuing 
s e r i e s  of reports  deals  with the basic data  
on sardine eggs and larvae and other f i s h  
larvae. I n  t h i s  r epor t ,  larvae of sardine,  
anchovy, jack mackerel and Pacif ic  mackerel 
are reported by s i z e  f o r  each s t a t i o n  
occupied during the year; those of hake 
and rockfish by number only. The report w 

f o r  1955, submitted during the year, was 
expanded t o  include a p a r t i a l  analysis of 
the r e s u l t s .  

The most s t r i k i n g  f ea tu re  of the 1955 
col lect ions i s  the marked predominance of 
anchovy larvae which is over 39 percent of 
a l l  larvae collected.  The. comparative 
abundance of the other larvae is given i n  
the f o l  lowing tabulation: 

Standard haul 
Larvae t o t a l  f o r  year Percent - 

Anchovy 
Sardine 
Jack mackerel 
P a c i f i c  mackerel 
Hake 
Rockfish 
A l l  other f i s h  larvae 

TDTAL 

140,183 
14,121 
13,246 

1,950 
60,090 
29,341 

100,224 

359,155 

39.03 
3 .93  
3.69 
0 . 5 4  

16.73 
8.17 

27.91 

100.00 
- 

The d i s t r ibu t ion  of anchovies i n  the 
survey area is  interest ing.  Few were taken 
north of Point Conception on the four 
cruises  t h a t  extended i n t o  t h i s  area and 
few were taken off southern Baja Cal i fornia  
during four cruises .  The area between 
Point Conception and S a n  Juanico, Baja 
Cal i fornia ,  was covered on nine cruises ,  
excluding NORPAC, and p a r t i a l l y  m two addi- 
t i ona l  cruises.  The r e l a t i v e  abundance 
within the survey areas was as follows: 

The number of anchovy larvae taken 
during the f i r s t  half  o f  1956 was 107,600 
while 129,500 
half  of 1955. 

were taken during the f i rs t  

There w a s  a marked difference i n  d isc  
t r i b u t i o n  between 1955 and 1956. 
of the southern Baja Cal i fornia  area having 
negligible numbers, nearly 24 percent of 
the larvae obtained during the f i r s t  Six 
months of 1956 were from t h i s  area. 
were taken on three cruises  and undoubtedly 
the percentage would have been larger  if 
t h i s  area had been covered on every cruise' 
This was the f i r s t  year t ha t  many larvae 
were taken south of l i n e  137, and they must 
represent a southward s h i f t  of par t  of the 
spawning population. 
were obtained on l i n e s  140 and 143, SO the 
s h i f t  probably represents a distance of 40 
t o  80 miles. 
1 arvae obtained off southern C a l  ifornia @' 
northern Baj a Cal i fornia  ( l i n e s  80-107) 
only a t h i rd  as many as  during the same 
period i n  1955. 

Instead 

These 

Most of the larvae 

I n  con t r a s t ,  the number of 

e1 
Jack mackerel .--Although jack macker 

larvae are  routinely ident i f ied and measc 
ured, jack mackerel eggs are not enumer 
routinely.  
a r e  being rechecked f o r  jack mackerel eggs 
f o r  selected seasons. 
have been iden t i f i ed  and counted f o r  1951c 
1954. The estimated number of jack mack' 
era1 eggs in the survey area ( the complete 
spawning d i s t r ibu t ion  is not covered) for  
these years follows: 

ated 

The col lect ions of f i s h  eggs 

Jack mackerel eggS 

Years - 
1951 850,000 
1952 583,000 
1953 808,000 
1954 439,000 

half The lowest estimate is more t h m  
as large as the highest .  The coverage was 
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l e s s  ex tens ive  i n  some years ,  p a r t i c u l a r l y  
the  l a t t e r  ones above. The e s t ima tes  of 
jack mackerel eggs a r e  approximately double 
those f o r  t he  sard ine .  

The r a t e  of development of  t he  eggs 
i n  r e l a t i o n  t o  temperature was' determined 
from both r e a r i n g  experiments and from a 
Study of t he  rou t ine  c o l l e c t i o n s  through 
use of the  method developed by Ahlstrom 
(1943) f o r  t he  sard ine .  

The growth of t he  l a rvae  dur ing  the  
Yolk sac s t age  was inves t iga t ed ,  along wi th  
t h e  p ro la rva l  growth of f o u r  o the r  spec ies .  
A 2-phase growth curve was obtained f o r  a l l  
Species s tud ied .  The inc rease  i n  length  
Was between f i v e  and t e n  t imes as r ap id  
during the  f i r s t  two o r  t h ree  days of l a r -  
Val l i f e  as during the  succeeding week. 

Pac i f i c  mackerel.--The c r u i s e s  i n  the  
Gulf of C a l i f o r n i a ,  which were s t a r t e d  i n  
1956 (February,  Apr i l  and December) and con- 
t inued a t  bimonthly i n t e r v a l s  i n  1957, show 
the  d i s t r i b u t i o n  and abundance of Pac i f i c  
mackerel eggs and larvae i n  the  Gulf.  I n  
the  c r u i s e s  of February and Apr i l  1956 and - 

February 1957, which have been s o r t e d ,  
P a c i f i c  mackerel eggs were obtained at  the  
major i ty  of s t a t i o n s  occupied. Spawning i n  
February 1957 was most abundant i n  the  a rea  
between Guaymas and La Paz. The average 
number of eggs per haul  i n  t h i s  a r ea  is 842, 
as compared t o  an average of 24 per  haul 
no r th  of Guaymas and of 9 per haul  south  of 
La  Paz. 

Nmber of Number of Average number 
s t a t i o N  of eggs s t e t ions  "0" 

Area with eggs s ta t ions  occupied per haul - 
North of Guaymu 4 9 13 24 

and La Par 28 4 32 842 
6 21 9 15 Southern Gulf - - 

Detween Guaymss 

- 
TDTAL. 38 28 66 

0 1 1 9  

The cen te r  of  abundance of la rvae  was 
below t h a t  of t he  eggs. No l a rvae  were 
taken above Guaymas; the  average number per  
haul  in the  a rea  between Guaymas and La Paz 
was 68 and 31 i n  the  southern end of t h e  
Gulf.  I n  the  l a t t e r  a r ea ,  t he  l a rvae  oc- 
cur red  neax the  mainland s i d e  of  the  Gulf. 

(UPPER) PACI  F I c MACKEREL; (MIDDLE) ANCHOVY; (LOWER)  JACK MACKEREL 
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The d i s t r i b u t i o n  of eggs and l a rvae  i n  
February 1956 d i f f e r e d  l i t t l e  from t h a t  
descr ibed f o r  February 1957, except t h a t  
l a r g e r  concent ra t ions  of eggs and l a rvae  
occurred a t  t he  southern end of t he  Gulf .  
Eggs and l a r v a e  were taken throughout t he  
Gulf i n  Apr i l  1956. 

MARINE MAMMALS 

G r a y  whale census,--The count of gray 
whales made a t  Poin t  Loma dur ing  t h e i r  
annual southward migrat ion w a s  the h ighes t  
s ince  the  census was i n s t i t u t e d .  An ac tua l  
count of 1 ,782 whales was made dur ing  the  
day watches. An unknown number of  whales 
passed by Poin t  Lorna during the  n ight  or  
were beyond the  range of t he  observers  dur- 
ing  the  day. The counts  were too  low 
during overcas t  days or r a iny  weathet A 

conservat ive es t imate  p l aces  the  number Of 
whales t h a t  were not  observed at ha l f  the 
migrat ing popula t ion .  Hence, t he  gray 
whale populat ion before  ca lv ing  would tota1 
about 3,600 indiv idua ls .  

Whaling opera t ions  at  S a n  Francis2 
&.--The t o t a l  ca tch  of t h e  whales off 
Cent ra l  C a l i f o r n i a  i n  1956 was 145,  idudc 
i n g  133 humpbacks, 9 sperm and 3 finbacks.  
During the  season t h r e e  v i s i t s  were made 
the  whaling s t a t i o n  a t  Poin t  San PablO, sari 
Francisco Bay. Twenty-seven whales were 
examined f o r  phys ica l  cha rac t e r s ,  anatomy, 
reproduct ion and age. 

Other marine mammals. --Specimens of 
s e a  l i o n s ,  porpoises  and, occas iona l ly ,  
whales were examined. Anatomical s t u d i e s ?  
s k e l e t a l  p repa ra t ions  and stomach content 
analyses  were made. 
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PACIFIC OCEANIC FISHERY INVESTIGATIONS nor th  of Hawaii. 

Alber t  L. Tes te r  
Honolulu, T.H. 

The P a c i f i c  Oceanic F ishery  Inves t i -  
ga t ions  opera tes  under Publ ic  Law 329 
(80th Congress) which au thor izes  the  United 
S t a t e s  F ish  and Wi ld l i f e  Se rv ice  t o  inves- 
t i g a t e  the  high seas  f i s h e r i e s  resources  of 
the t e r r i t o r i e s  and i s l a n d  possessions of 
the United S t a t e s  i n  the  t r o p i c a l  and sub- 
t r o p i c a l  P a c i f i c  Ocean. 

I n  add i t ion  t o  inves t iga t ing  the  d i s -  
t r i b u t i o n  and abundance of tunas  i n  equa- 
t o r i a l  waters ,  WFI began in 1955, under 
au thor i ty  of Publ ic  Law 466, 83rd Congress 
(Saltonstall-Kennedy Ac t ) ,  t o  s tudy the  
albacore resources  i n  the  waters  t o  the  - 

During f i s c a l  1957 POFI 's  e f f o r t s  
centered around th ree  l a rge  programs. The 
f i r s t  was a desc r ip t ive  survey designed t o  
a sce r t a in  the  tuna  resources ,  e s p e c i a l l y  
t h e  sk ip jack ,  of t he  southeas te rn  P a c i f i c .  
The second major a rea  of opera t ions  cen- 
t e r ed  around the  sk ip jack  populat ion i n  the  
Hawaiian waters .  Here, t he  Hawaiian f i s h e r y  
is  being used as  a labora tory  s i t u a t i o n  f o r  
s tudying oceanic sk ip jack  i n  genera l .  Most 
of t he  e f f o r t  during the  year revolved 
around understanding the  nature  of t he  popu- 
l a t i o n  of t he  skipjack and completing f i e l d  
work designed t o  show whether f l u c t u a t i o n s  
i n  the f i s h e r y  can be r a t iona l i zed  on the  
b a s i s  of changes i n  the  environment. The 
t h i r d  major subdiv is ion ,  albacore r e sea rch ,  
focused on the newly discovered mid-ocean 

POF I OCEANOGRA PH I c (DASHED L I NES 1 AND F I SHERY (SOL I D L I NES 1 RESEARCH CRU I SES MADE DUR I NG 
F I S C A L  1957. THE SHADED AREA I N  THE INSERT INCLUDES BOTH OCEANOGRAPHIC AND F ISHERY SURVEYS 
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resources  ly ing  between Hawaii and Alaska 
and the  development of an e l abora t e  survey 
program o f f  t h e  P a c i f i c  coast  dur ing  the  
summer of  1957. I n  add i t ion ,  a number of 
important s t u d i e s  were conducted independ- 
e n t l y  of the  major programs. These p r o j e c t s ,  
a l igned by d i s c i p l i n e ,  such a s  tuna  l a r v a  
s t u d i e s ,  a r e  designed to produce r e s u l t s  
appl icable  t o  tuna i n  general .  

A s tudy of tuna  behavior was s t a r t e d  
i n  a small  way by devis ing  a system t h a t  
permi ts  d i r e c t  observa t ion  of tuna behavior 
during chumming. 
developing an in t ens ive  research  program i n  
t h i s  f i e l d ,  which holds  g rea t  promise of 
con t r ibu t ing  d i r e c t l y  to r a i s i n g  the  e f f i -  
c i ency  of tuna  f i s h i n g .  

This  opens the  way t o  

EQUATORIAL TUNA PROGRAM 

The e q u a t o r i a l  program in t h e  v i c i n i t y  
of t he  Line I s l ands  was d r a s t i c a l l y  
c u r t a i l e d .  Emphasis w a s  s h i f t e d  t o  
begin eva lua t ing  t h e  tuna  resources  
of no r theas t e rn  French Oceania, wi th  
concurrent  broad-scale oceanographic 
coverage of  t h a t  a rea .  

Mult iple-vessel  surveys were 
conducted during August-September 
1956 and January-March 1957, t he  
southern  hemisphere winter  and sum- 
mer, r e spec t ive ly ,  The t imes of the  
c r u i s e s  were s e l e c t e d  t o  a f fo rd  the  
g r e a t e s t  c o n t r a s t  of environment a1 
condi t ions  and of tuna  a v a i l a b i l i t y .  
The pre l iminary  resul ts  of these  
c r u i s e s  revea l  that :  

1. I n  the  immediate v i c i n i t y  
of t he  Marquesas I s l a n d s ,  sk ip jack  
were abundant during t h e  summer. 
Approximately t h r e e  times more schools 
were seen dur ing  the  s m e r  than 
win ter .  

2. During the  times of the 
surveys s u r f  ace schools  of sk ip jack  
g r e a t l y  outnumbered su r face  schools  
o f  ye l lowf in  i n  t h e  Marquesas area. 

3 .  There are s u p p l i e s  of l i v e  
b a i t  (Marquesan sa rd ines )  i n  the  bays 
of t he  Marquesas adequate f o r  a f i s h -  
e r y  of l imi t ed  s i z e .  

4. Catches of deep-swimming 
tuna  i n  t h e  Marquesas area a l s o  

ind ica t ed  t h a t  t h e i r  a v a i l a b i l i t y  was about 
t h r e e  times g r e a t e r  dur ing  the summer thfl 
i n  winter .  

5. Su rp r i s ing ly ,  one index of the 
p roduc t iv i ty  of t he  a rea ,  t he  volumes of 
zooplankton from the  su r face  t o  200 meters 
i n d i c a t e s  a p i c t u r e  cont ra ry  t o  general  water 
expec ta t ions :  t he  volumes obtained i n  
i n  the  genera l  a r ea  of t he  Marquesas were 
about twice as l a rge  as those  co l l ec t ed  ip 
summer. 

summer were about equal .  
18' S.  appears  t o  be extremely unproductive' 
wi th  volumes from the  0-200 meter tows less 
than 10 cubic  cent imeters  per 1,000 cubic 
meters i n  both summer and winter .  

To t he  east of t he  Marquesas, 'On* 

g i tude  130' W . ,  t h e  volumes i n  winter  and of 
The area South 

6. Another index of product ivi ty9 at 
t h e  concent ra t ion  of inorganic  phosphate 
t h e  su r face ,  confirms the  p i c t u r e  derived 
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from the  s tudy of zooplankton volumes. 
the whole broad a rea  covered these  va lues  
Were appreciably lower i n  the  southern  
hemisphere summer than  i n  win ter .  The 
grea te r  v a r i a b i l i t y  of inorganic  phosphate 
concentrat ion i n  winter , e s p e c i a l l y  around 
the Marquesas-Tuamotus a rea ,  than  i n  summer 
1s Probably s i g n i f i c a n t .  I t  may i n d i c a t e  
the r o l e  t h a t  these  land masses p lay  
bringing enriched water i n t o  the  euphot ic  
zone. 

I n  

7. Water f low a t  t he  sur face  through 
the Marquesas was from the  southeas t  dur ing  
* in te r .  There was a l a r g e  clockwise eddy 
between the  Marquesas and Tuamotus. 
" a r i a b i l i t y  and  s ign i f i cance  of t h i s  f e a t u r e  
ape not  f u l l y  known. 

The 

The August-September c r u i s e s  a l s o  
POFI ' s  p a r t i c i p a t i o n  i n  Opera- 

t lon  EQUAPAC, which was a quasi-synoptic 
Oceanographic survey of the  e n t i r e  cent ra1  

and western equa to r i a l  Pac i f i c .  EQUAPAC 
was conducted by 11 oceanographic v e s s e l s ,  
represent ing  Japan, t he  United S t a t e s  and 
France,  and included two POFI vesse ls .  

A t  a conference i n  Kyoto, Japan, on 
March 5-6, 1957, POFI was designated Edi- 
t o r i a l  Coordinator for preparing an a t l a s  
of d a t a  co l l ec t ed  by the  BQUAPAC c r u i s e s .  
The d a t a  from P O P I ' s  p a r t i c i p a t i o n  were 
publ ished as Spec ia l  S c i e n t i f i c  Report-- 
F i s h e r i e s  217, "Summary, oceanographic and 
f i she ry  d a t a ,  Marquesas I s l ands  a rea ,  
August-September 1956." A r epor t  contain-  
ing the  meteorological ,  oceanographic and 
b i o l o g i c a l  d a t a  from another quasi-synoptic 
survey , Expedi t ion EASTROPIC, was published 
as Spec ia l  S c i e n t i f i c  Report--Fisheries 201, 
"Preliminary repor t  on Expedition EASTROPIC" 

P O F I ' s  con t r ibu t ion  t o  the  Interna-  
t i o n a l  Geophysical Year ( I G Y )  began on 
June 21-23 , 1957 with the  prel iminary 
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occupat ion of  an oceanographic st at  ion  
o f f shore  from Oahu. 
t h i s  s t a t i o n  once each month during t h e  
18-month per iod  o f  t he  IGY. This  s t a t i o n  
involves  determining d e n s i t y  condi t ions  
between the su r face  and 300 meters at t he  
t i m e  of h igh  and low t i d e s  on the  day of  
each s t a t i o n .  Bio logica l  observa t ions  in-  
c lude  the  ra te  of  carbon f i x a t i o n  as de te r -  
mined with the  C14 i so tope ,  and the  standing 
crop of zooplankton. 

The p l an  i s  t o  occupy 

MID-OCEAN SKIP JACK PROGRAM 

The fishery.--The commercial f i s h e r y  
had a s l i g h t l y  b e t t e r  than  average year  i n  
terms of t o t a l  pounds landed. Between 
January 1 and December 31, 1956, 11,132,222 
pounds of sk ip jack  were landed i n  the  Te r r i -  
t o r y  of H a w a i i .  .Since 1948 t h e r e  have been 
only t h r e e  years  (1951, 1953 and 1954) i n  
which more sk ip jack  were caught.  Estimated 
landings f o r  January 1 to June 30, 1957 were 
considerably lower than those  of l as t  year 
or even 1952, t he  poorest  o f  t he  pas t  n ine  
years .  “Season” sk ip jack  (18-22 pounds) did 
not  appear i n  quan t i ty  i n  H a w a i i a n  waters  
up t o  June 30, 1957. 

Ex i s t ing  ca t ch  records  show only the  
weight o f  sk ip jack  landed,  t he  a rea  i n  
which the  ca t ch  w a s  made and t h e  va lue  of 
t he  ca tch .  To o b t a i n  more information con- 
cern ing  the  sk ip jack  f i s h e r y ,  l og  books 
were placed aboard f i v e  sk ip jack  sampans. 
I n  these  books t h e  f ishermen record a l l  
schools  s i g h t e d ,  whether f i shed  or n o t ,  and 
es t imates  of t he  f i s h  and school  s i z e .  Prom 
these  records  information may be gained on 
t h e  propor t ion  of schools  f i s h e d  and an 
e s t ima te  of the  number of schools  of  s m a l l  
sk ip jack .  Obtaining a n  es t imate  of t h e  num- 
ber  of schools  of small sk ip jack  is impor- 
tant because the  f ishermen make cons iderable  
s e l e c t i o n  as t o  t h e  s i z e  of sk ip j ack  caught.  
These books have been on the  sampans s i x  
months and a pre l iminary  examination shows 
t h a t  most of the  d e s i r e d  information is 
being obta ined .  

Environment a1 s t u d i e s .  --The c o l l e c t  ion  
of environmental  d a t a  i n  the  a rea  of t he  
f i s h e r y  adjacent  t o  Oahu continued. 
f i s c a l  1957 two comprehensive surveys and 
a number of  monitoring surveys by POFI and 
the  T e r r i t o r y  of Hawaii Divis ion o f  Pish  
and Game were completed. POP1 has observa- 
t i o n s  covering a 20-month period and can 
d i s c e r n  d i f f e r e n c e s  in  the  environment 

During 

between two sk ip j ack  seasons.  During the 
1956 sk ip jack  season (May-September) mean 
temperatures  o f f  windward Oahu were lo 
F. co lder  than off leeward Oahu. 
were 0.11 O/oo - 0.28 O/OO higher  i n  the  
leeward areas. 
p e r a t u r e  and s a l i n i t y  on the  two s ides  of 
Oahu were , s imi la r .  The time a t  which the 

1956 divergences i n  temperature  and s a l i n i t y  
occurred was a l s o  the  t h e  at which the 
sk ip jack  landings  increased  sharply.  mrioB 
t he  e a r l y  1957 season no such divergences. 

2o 
Salini t ies  

During the  off season tern’ 
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i n  temperature and s a l i n i t y  occurred and 
the  skipjack landings were low, wi th  small 
l a n d i n g s  of "season" sk ip jack  (18 - 22 
Pounds). There was, t hus ,  a s t rong  indica-  
t i o n  t h a t  t he  appearance of "season" skip-  
jack i n  1956 was casua l ly  assoc ia ted  wi th  
a change i n  the  environment. 

Cooper a t  i ve  temper at u re  and s a l i n i t y  
@ l p l i n g  program.--During February and 
March 1957 the  c o l l e c t i o n  of s e a  su r face  
water temperatures  and s a l i n i t y  samples was 
begun at  the  fo l lowing  loca t ions  by the  
agencies ind ica ted :  (1) Ocean Weather 
S t a t i o n  Victor  at 34' N .  l a t i t u d e ,  164' E. 
longi tude (United S t a t e s  Weather Bureau); 
(2) Midway I s l and  (United S t a t e s  Navy); 
(3) French F r i g a t e  Shoals (United S t a t e s  
Coast Guard); ( 4 )  Upolu Po in t ,  Hawaii 
(United S t a t e s  Coast Guard); (5)  Johnston 
Is land (United S t a t e s  A i r  Force) and (6)  

Wake I s l and  (United S t a t e s  Weather Bureau). 
Observations and c o l l e c t i o n s  made a t  these 
po in t s  should enable POFI t o  a n t i c i p a t e  
changes i n  the  general  c i r c u l a t o r y  p a t t e r n  
of t h e  waters  which bathe the  Hawaiian 
I s l ands  , and the  r e s u l t s  should eventua l ly  
permit long-range p red ic t ion  of mid-ocean 
sk ip  j ack . 

I n  add i t ion  t o  the  new sampling s i t e s  
l i s t e d  above, observat ions were continued 
near Koko Head, Oahu. Temperatures a t  t h i s  
s i t e  were 0.5" - 2.0' F. colder  i n  1957 
than  i n  1956 during February t o  June. 
June 1957 water temperatures were higher  
than in June 1956. 
February and June were from 0.0 O/oo - 0.5 
O/oo higher  i n  1957 than i n  1956. 
increase  is a fu r the r  i nd ica t ion ,  i n  addi- 
t i o n  t o  the  d a t a  from the  monitoring sur- 
veys,  t h a t  t h e r e  was a d i s t i n c t  d i f f e rence  

I n  

S a l i n i t i e s  between 

This  

C O ~ ~ ~ ~ ~ ~  OF COOpERATlVE TEMPERATURE AND S A L I N I T Y  SAMPLING S T A T I O N S .  A L S O  SHOWN A R C  THE T R A C K S  DF 
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i n  environmental  condi t ions  between 1956 
and 1957. 

Tagging.--During June 1956 new a l l -  
p l a s t i c  d a r t  t a g s  were placed on a smal l  
number of sk ip jack .  I n  October one of  t hese  
t a g s  wasrecovered. The t a g  was modified 
and i n  Apr i l  and May 1957, 1 ,978  sk ip jack  
were tagged with t h e  0-2 d a r t  tag and re- 
leased  i n  Hawaiian waters .  As of June 30, 
1957, nine of t hese  t a g s  had been recovered. 
This  r a t e  of recovery is s l i g h t l y  b e t t e r  
t han  t h a t  observed i n  previous years  when 
t h e  spaghet t i - type  t a g  was used. 

Previous taggings  d id  not  show the  
movement of  t he  sk ip jack  from one i s l and  t o  
another .  The sk ip j ack  which were tagged 
t h i s  year  moved from Oahu t o  Kauai and from 
Molokai t o  H a w a i i .  Each year of t agging  

has  added t o  POPI's knowledge of t ag  
Construct ion and growth and migrat ions of 
sk ip jack .  

During the  per iod of sk ip jack  tagging' 
t he  stomachs of l a r g e  tuna and marl in  were 
examined at  one Honolulu auc t ion  market to 
f i n d  out  whether t h e r e  w a s  a l o s s  of tagg 
f i s h  because of p reda t ion ,  Seven skipJack 
were found i n  176 stomachs and none Were 
tagge.d f i s h .  
one pound and four were 3-5 pounds i n  
weight. 
of preda t ion  on tagged sk ip jack .  

ed 

Of t he  seven t h r e e  were about 

These r e s u l t s  showed no evidence 

ALBACORE INVESTIGATIONS 

The t h i r d  year of a lbacore investic 
g a t i o n s  i n  the  North Pacif ic  under the  
Saltonstall-Kennedy Act (Publ ic  Law 4 b 6 f  

A L L - P L A S T I C  DART T A G  (LOWER PANEL) USED BY PDFI AND OF THE POSITION OF THE T A Q  

WHEN INSERTED I N  THE TUNA (UPPER PANEL) 
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83rd Congress) was completed. The keynote 
of these  inves t iga t ions  has  been coordinat-  
ing e f f o r t s  wi th  those of o the r  i n t e r e s t e d  
government agencies through the Albacore 
S teer ing  Committee of t he  P a c i f i c  Marine 
P i she r i e s  Commission. This  committee has  
been p a r t i c u l a r l y  e f f ec t ive  i n  f a c i l i t a t i n g  
the i n t e g r a t i o n  of f i e l d  work and i n  making 
e f f i c i e n t  use of ava i l ab le  ves se l s  and 
Personnel.  

Albacore d is t r ibu t ion . - -S tudies  were 
Primari ly  or ien ted  toward (1) mapping the  
e a r l y  summer d i s t r i b u t i o n  of a lbacore;  (2)  
f u r t h e r  def ining the  concent ra t ions  of 
albacore ly ing  i n  a band between Hawaii and 
the Aleut ians  during the  summer and ( 3 )  
Surveying the  f a l l  d i s t r i b u t i o n  of a lbacore 
from approximately 145O W. eastward t o  the  
P a c i f i c  coas t .  Primary emphasis during the  
Year was given t o  g i l l  n e t t i n g  and su r face  
t r o l l i n g ,  both of which have been shown t o  
e f f ec t ive ly  catch albacore.  

During the  summer the  John R. Manninf 
took albacore i n  a narrow zone between 175 
w. and 145' W .  

coas t ,  cap tur ing  widely s c a t t e r e d  albacore 
As is  wel l  known, commercial f ishermen 
following up these  ca t ches  and in p a r t  
guided b y  the  successfu l  f i s h i n g  of t he  
s a m i n g  off t he  coas t  during the  summer of  
l9.55, moved of fshore  and loca ted  albacore 
in commercial q u a n t i t i e s .  Thus, t he  f i r s t  
Sizable  a lbacore landings developed o f f  t h e  
Oregon coas t  in seve ra l  years .  

East  of 145' W .  t he  John N. 
conducted surveys from the re  t o  the  

The r e s u l t s  of t he  survey of t he  
&-Wing between Hawaii and Alaska a re  sum- 
marized i n  the  f i g u r e  below. 
took l a r g e  numbers of a lbacore from the  
most western l e g  of her  survey (175' W.) 
by g i l l  ne t  and t r o l l i n g ;  t he  reg ion  of 
high abundance extended a s  f a r  e a s t  as  160' 

Prom t h i s  po in t  t o  145' W. 
longitude abundance progress ive ly  decreased . 
During the  f i r s t  p a r t  of t he  survey along 

W .  a lbacore were most abundant between 
41* N. and 46' N., w i t h  c e n t e r s  of abundance 

43O N. and 45' N. The second por- 
tion of t h e  survey,  t he  eastward t r o l l i n g  
u d  g i l l  ne t  l e g ,  yielded r e l a t i v e l y  abun- 
dant ca tches  somewhat f a r t h e r  nor th .  

The Manning 

longi tude.  

f i s h  ranged inweight from 7 t o  30 pounds. 
P a r t i c u l a r l y  noteworthy was the  l a r g e  catch 
by g i l l  ne t  desp i t e  t he  f a c t  t h a t  t he  12  
shackles  were not  all of s u i t a b l e  mesh s i z e  
f o r  optimum catch.  High ca tches  such as  
these ,  made on small amounts of gea r ,  sug- 
g e s t  t h a t  t h e r e  a re  commercial p o s s i b i l i t i e s  
in t h i s  a rea .  These p o s s i b i l i t i e s  a re  en- 
hanced by the  proximity of Aleut ian bases  
f o r  l o g i s t i c  support  and the  f a c t  t h a t  t he  
a rea  is r e a d i l y  ava i l ab le  t o  h a l i b u t  f i s h e r -  
men who have experience wi th  f i s h i n g  con- 
d i t i o n s  i n  t h i s  genera l  area.  

T ro l l i ng ,  which was conducted from 
dawn t o  dusk each day, produced fewer alba- 
core  than g i l l  n e t t i n g .  However, the  
ca t ches  i n  genera l  v e r i f i e d  the  cen te r s  of 
abundance as  revealed b y  the  g i l l  n e t s .  

The success  during t h i s  summer c r u i s e  
was be l ieved  t o  have r e su l t ed  a t  l e a s t  i n  
p a r t  from an exceedingly shallow thermo- 
c l i n e  in t h i s  region. 
l aye r  of warm su r face  water i n  which the  
albacore l i v e  was so snal low t h a t  t he  sh ip ' s  
p rope l l e r  brought up the  deeper ,  co lder  
water. Under such environmental  condi t ions  

During some days the  

A M *  

\ GILLNET CATCH 

The Mannin caught 602 a lbacore ,  
a d a t e l y  4-1/2 tons.  Of 

these,  451 were taken  i n  g i l l  n e t s ,  104 on 
t r o l l  l i n e s  and 47 i n  trammel n e t s .  The 
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a lbacore  were thought t o  be r e s t r i c t e d  t o  
a t h i n  su r face  l aye r  of water and were 
p a r t i c u l a r l y  vulnerable  t o  g i l l  n e t s .  Some 
of t he  evidence f o r  t h i s  b e l i e f  l i e s  i n  the  
observa t ion  t h a t  fo l lowing  a storm, which 
deepened the  thermocl ine,  t h e  g i l l  n e t  
ca tches  dropped off. L a t e r ,  during t h e  f a l l  
surveys,  when t h e  thermocline was about 200 
feet  below t h e  su r face ,  t he  gill n e t  d i d  
no t  ca t ch  apprec iab le  numbers of  a lbacore.  

The f a l l  surveys by the  Manning and 
G i l b e r t  were designed t o  descr ibe  the  d i s -  
t r i b u t i o n  of a lbacore  between Hawaii and 
t h e  west coas t  a t  a time when the  coas t a l  
f i s h e r y  was diminishing.  T r o l l i n g  was 
conducted throughout both c r u i s e s .  When 
the  weather permi t ted ,  g i l l  n e t s  were set 
a t  n igh t .  If the  weather were t o o  adverse 
for g i l l  n e t t i n g ,  t he  v e s s e l s  e i t h e r  jogged 
or reduced the  speed a t  n ight  t o  avoid 
l a rge  gaps i n  t h e  t r o l l i n g  coverage. 

Albacore were taken  i n  s i g n i f i c a n t  
numbers over a wide a rea  extending from t h e  
western border  of t he  survey t o  the  c o a s t  
a f e w  miles no r th  of  San Francisco. 
r e s u l t s  a r e  g r a t i f y i n g  because the  d i s t r i -  
b u t i o n  of a lbacore can be r a the r  l o g i c a l l y  
assoc ia ted  wi th  the  d i s t r i b u t i o n  of envi -  
ronmental p rope r t i e s .  A l l  ca tches  were 
made i n  an area with wel l -def ined l i m i t s ,  
To the  no r th  and east ca tches  were confined 
by the  57' su r face  isotherm. The southern  
l i m i t  w a s  t he  nor thern  boundary o f  t h e  bar- 
r en ,  b lue ,  c e n t r a l ,  no r theas t e rn  P a c i f i c  
water as ind ica t ed  on t h e  c h a r t .  This  
boundary 
the  bathythermograph s e c t i o n s  and a l s o  from 
the  c l a r i t y  of the  water. 

The 

could be r e a d i l y  determined from 

I n  the  ba r ren  c e n t r a l  water t he  co lo r  
was an in tense  b lue  and t h e  Secchi  d i s c  
could be seen t o  a depth o f  18 fathoms. 
I n  t h e  more product ive  t r a n s i t i o n  zone where 
a lbacore  were caught t he  t ransparency as 
measured b y  t h e  Secchi  d i s c  was reduced t o  
10 or 12 fathoms and the  co lo r  became blue- 
green.  I n  t h e  c o a s t a l  water, which d i d  no t  
con ta in  a lbacore ,  t he  Secchi  d i s c  could be 
seen  only t o  depths  of 7 t o  9 fathoms and 
the  co lor  was green. 

The f a l l  d i s t r i b u t i o n  of a lbacore  
extending from t h e  coas t  t o  we l l  o f fshore  
i n  a f a i r l y  continuous band sugges ts  t h a t  
a migrat ion away from the  coast  is  t ak ing  
place and t h a t  i t  is a gradual  exodus 
r a t h e r  than  a r ap id  purposeful  migrat ion 

as may have 
approaching 

F A L L  ALBACORE SURVEYS 

e were occurred when the  albacor 
the  coas t  i n  the  spr ing .  

An ana lys i s  of data  c o l l e c t e d  since 
t he  s t a r t  of t he  program i n  1954 enabled 
the  p o s t u l a t i o n  of a general  hypothesis 
concerning the  migra t ion  of a lbacore 
North P a c i f i c .  I n  the  sp r ing  these  fisb 
perform a r ap id  and purposeful migration 
from mid-ocean t o  the  c o a s t  of California' 
During the  summer t he  migrat ion continues 
wi th  the  route  gradual ly  s h i f t i n g  to the 
nor th .  A t  t he  same t i m e  t h e  albacore 
i n  the  c o a s t a l  waters  a l s o  tend t o  move 
northward fol lowing optimum temperature 
condi t ions .  Toward l a t e  summer t h e  migrar is 
t i o n  toward the  coas t  ceases  and there 
a g a p  i n  t h e  oceanic  d i s t r i b u t i o n  fromabo~t 
about 140' W .  t o  160° W .  longi tude at 
45' N. l a t i t u d e .  This  gap co inc ides  in d 
time with the  formation of t h e  we11 
thermocline i n  the  c e n t r a l  North pacific of 
and t he  assoc ia ted  high concentrat ioas  
sur face  albacore.  

in the 

& V ~ O ~  

I n  the  e a s t e r n  North 
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Pac i f i c  t he  albacore a re  s c a t t e r e d  along 
the  e n t i r e  west coas t  of t he  United S t a t e s .  
During the  f a l l  they undertake a gradual  
wes te r ly  movement away from the  coas t  
br idging the  gap and u l t ima te ly  appearing 
i n  t h e  Japanese win ter  f i s h e r y .  
r e s u l t s  p a r t  1 y confirmed t h i s  hypothesis  . The tagging 

The f u t u r e  f i e l d  s t u d i e s  w i l l  be 
l a r g e l y  i n  the  a reas  which have shown com- 
mercial  promise. 
t o  a s c e r t a i n  the  migrat ion rou te s  i n t o  
these a reas  and t h e  oceanographic and bio- 
l o g i c a l  paraineters which govern these  move- 
ments. Within the  a reas  emphasis w i l l  be 
on the  mic rod i s t r ibu t ion  and ecology of the 
albacore.  

Surveys w i l l  be continued 

The Northeastern P a c i f i c  Albacore 
Survey (NEPAS), a concentrated survey of 
the  waters  off nor thern  C a l i f o r n i a ,  Oregon 
and Washington during the  summer of 1957, 
marks the  beginning of such s t u d i e s .  The 
-g has begun a survey of t he  of fshore  
Waters and w i l l  be jo ined  by the  Smith on 
J u l y  1, 1957. 
Vessels  w i l l  be u t i l i z e d  i n  l a t e  July and 
e a r l y  August 1957 t o  make a concentrated 
f i s h i n g  survey of a band approximately 350 
miles  wide off t he  coast  between Point  
A.rguello, Ca l i fo rn ia ,  and Grays Harbor, 
Washington. During t h i s  phase of t he  sur- 
vey the  Smith and the  Manning w i l l  p a t r o l  
the a rea  c o l l e c t i n g  d e t a i l e d  oceanographic 
a d  b io log ica l  d a t a  i n  an attempt t o  de t e r -  
mine t h e  condi t ions  which govern the  occur- 
rence and movement of t he  albacore.  

I n  add i t ion ,  n ine  commercial 

lp 196. yo* I$' 

NEPAS S U R V E Y  

Tagging.--Four albacore t a g  recover- 
i e s  were repor ted ,  t he  per iod of r e l ease  
ranging from 259 t o  471 days.  A$ shown i n  
t h e  f i g u r e  below, a l l  fou r  f i s h  were tagged 
i n  mid-ocean; three were recovered o f f  t he  
coast  of Japan and one w a s  recovered i n  
C a l i f o r n i a  coas t a l  waters.  The recover ies  

ALBACORE TAGGING 
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give  considerable  support  t o  t he  conten t ion  
t h a t  t h e r e  is only one albacore popula t ion  
i n  the  North Pac i f i c .  I n  p a r t i c u l a r ,  t he  
two r ecove r i e s  from f i s h  tagged i n  1955 
should be noted. Although they were re-  
leased  wi th in  a few mi les  of  each o t h e r ,  
one f i s h  w a s j e c a p t u r e d  by a Japanese l i v e -  
b a i t  ves se l  about 1 ,000 mi les  o f f  Japan on 
June 24, 1956 and the  o the r  one was 
recovered o f f  Baja C a l i f o r n i a ,  Mexico, on 
August 1, 1956. The two recove r i e s  were made 
about f i v e  weeks apa r t :  t he  d i s t ance  between 
the  po in t s  o f  recovery is about 4,350 miles. 
These r e t u r n s  may not  seem t o  be s t r i c t l y  
i n  accord wi th  POFI's hypothesis  of migra- 
t i o n  but  t h e i r  i n t e r p r e t a t i o n  depends on an 
unknown fac to r - - the i r  mwements i n  the  
i n t e r v a l  between tagging and recovery.  

I n  l i n e  wi th  the  po l i cy  of  a t tempting 
t o  t a g  albacore over t he  e n t i r e  North 
P a c i f i c ,  POPI s e n t  two b i o l o g i s t s  t o  Japan 
t o  conduct tagging and t o  i n s t r u c t  Japanese 
t echn ic i ans  i n  tagging methods. The Japan- 
ese showed g r e a t  i n t e r e s t  i n  t h i s  work and 
wi th  t h e i r  he lp  POFI tagged 270 albacore i n  
t h e  a r e a  ind ica ted  i n  the  lower f i g u r e  on 
page 129. As a r e s u l t  of t h i s  mot iva t ion ,  
t he  Japanese i n i t i a t e d  a tagging progran i n  
t h e i r  1957 albacore l i v e - b a i t  f i s h e r y  wi th  
a goa l  of  1 ,500  r e l eases .  POFI has no d a t a  
on the  success  of t h i s  program. 

Spawning and maturity.--& examination 
of a l l  ovary samples c o l l e c t e d  i n  the  North 
and Equa to r i a l  P a c i f i c  w a s  completed. There 
was no evidence of a lbacore spawning i n  the  
temperate waters  i n  which the  Japanese 
c o a s t a l  and American c o a s t a l  f i s h e r i e s  are 
conducted or i n  t he  temperate waters  no r th  
of  H a w a i i .  I n  these  t h r e e  a reas  a l l  o f  t he  
f i s h  taken  were e i t h e r  s exua l ly  immature 
o r ,  i n  the  case of  t he  l a r g e r  winter-caught 
f i s h ,  without  evidence of ovary development. 

Good evidence was found of  a lbacore 
spawning i n  t h e  s u b t r o p i c a l  Hawaiian waters  
and those  t o  the  south of  t he  Equator. 
these  a reas  t h e  small, immature a lbacore  so 
t y p i c a l  of t he  temperate waters were not  
found. 

I n  

A hypothes is  w a s  made from the  above 
t h a t  a lbacore spawn i n  s u b t r o p i c a l  or t r o -  
p i c a l  waters. During t h e i r  second year  of 
l i f e  they  migrate  t o  feeding  grounds i n  
temperate waters  where they remain f o r  two 
o r  more years .  Following t h i s  they  r e t u r n  
t o  the  t r o p i c s  t o  spawn. Thus, an adequate 

understanding of t he  albacore f i s h e r i e s  
may involve s t u d i e s  of  t he  a lbacore  popUla" 
t ion  and i ts  environment which encompasses 
t h e  waters  of  t he  Pac i f i c  Ocean extending 
from 50' N .  t o  wel l  south  of t he  Equator. 

An a n a l y s i s  of  t he  landing records 
from the  tuna  cannery i n  h r i c a n  Samoa of 
t h e  V a n  Camp Sea Food Company, Inc.  shows 
t h a t  considerable  a lbacore were landed each 
mont,h from t h e  a r e a ,  ranging from the  EqUac 
t o r  south  t o  28" S .  l a t i t u d e  between longi' 
tude  160' W. and 180'. These landings 
offer  an opportuni ty  t o  determine whether 
and a t  what season  albacore spawn i n  t h i s  
a rea .  Arrangements a re  being made t o  get 
a sampling program under way i n  Samoa. 

Age and growth.--Albacore growth 
s t u d i e s  based on hard p a r t s  forced  POPI to 
conclude t h a t  t he  age of  a lbacore cannot be 
t o l d  from t h e i r  s c a l e s  or bones f o r  the 
fol lowing reasons: (1) The r i n g s  found :n 
t he  s c a l e s  and bones cannot be counted 
reasonable cons is tency;  (2 )  t h e  increments 
t h a t  a r e  noted do not  appear t o  give e i the r  
a reasonable  or a cons i s t en t  p a t t e r n  of 
growth and ( 3 )  the  IE s u l t s  are  m t consist- 
en t  wi th  growth as evidenced by  t a g  returns '  

The b e s t  es t imate  of a lbacore growth 
stems from the  t ag  recover ies .  
evidence is  not  as good as POPI would like 
f o r  t h e r e  have been few recove r i e s  a d  
t h e r e  is a k a y s  the  problem of obta in ing  
r e l i a b l e  measurements a t  t he  time of tag' 
ging and recovery.  The b e s t  r e s t l t s  that 
POFI has (upper figure on page 131) Sugg 
a moderately rap id  growth r a t e .  
r a t e  of  increment f o r  the  s e v e r a l  f i s h  
ranges from 6 t o  27 pounds wi th  the  av 
c l o s e r  t o  the  lower value.  Checking this 
m a t e r i a l  aga ins t  hard p a r t s  shed no l i gh t  
on t h e  i n t e r p r e t a t i o n  of t he  r i n g s  on the 
ve r t eb rae  and s c a l e s .  

Perhaps t e l l i n g  the  age of albacore 
from the hard p a r t  should not be expected' 
They are not  sub jec t  t o  the  Same extremes 
Of summer and win ter  condi t ions  as  are 
f i s h  of t h e  no r th  temperate zone f o r  
migrate  t o  areas where food is ava i lab le  
and water  temperatures  s u i t  able  f o r  grovrth' 
Thus, as they seem t o  spend t h e i r  life 
under f a i r l y  uniform cond i t ions ,  ' 'winter" on theif 
r i n g s  would not  n e c e s s a r i l y  develop 
s c a l e s  and ver tebrae .  

Even this 

es t  
The annuai 

e r age 
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FREQUENCY OF F I S H I N G  WEATHER 

Two s t u d i e s  of North P a c i f i c  weather 
and c l imate  were conducted as a p a r t  
of t he  albacore program. They should 
be of genera l  i n t e r e s t  t o  f ishermen 
and research  workers i n  the North 
P a c i f i c .  The ope ra t iona l  ana lys i s  
of t he  winds w a s  completed and a 
p i l o t  s tudy made t o  determine t h e  
f e a s i b i l i t y  of preparing synopt ic  
c h a r t s  of  t h e  s e a  su r face  temperature 
from the  d a t a  contained i n  the  sh ips '  
weather r epor t s .  

The wind ana lys i s  w a s  prepared,  
wi th  the  ope ra t iona l  requirements of 
a small research  s h i p  or f i s h i n g  ves- 
s e l  i n  mind, from unpublished d a t a  
from the  United S t a t e s  Weather Bureau. 
The a i m  was t o  show the  expec ta t ion  
of s u i t a b l e  f i s h i n g  weather i n  the  
North P a c i f i c  i n  a l l  a r eas  and months 
of t he  year.  Sample contour c h a r t s  
f o r  January and July showing the  per- 
centage of wind observa t ions  of 20 
knots  o r  less are  i l l u s t r a t e d  i n  the  
lower f igu re .  

As an example of  t h e i r  use ,  i t  
may be determined from the  July c h a r t  
t h a t  in t he  a rea  from 145' W. t o  175' 

W .  longi tude between 43' N .  and 49. 
N. l a t i t u d e ,  s u i t  able  f i s h i n g  weather 
is present  during 90 percent  of t he  
month, i . e . ,  nine out  of t e n  days.  
The Manning made exce l l en t  g i l l  ne t  
ca t ches  in t h i s  a r ea  during July and 
August 1956. Her records  showed 
t h a t  109 out of 121 or 90 percent  of 
t h e  6-hourly wind observa t ions  made 
on board were 20 knots  or l e s s  and 
also tha t  23 out  of 26 o r  89 percent  
of t he  n i g h t s  were s u i t a b l e  f o r  g i l l  
n e t t i n g ,  t h u s  i l l u s t r a t i n g  the  r e l i -  
a b i l i t y  of  t he  cha r t s .  

The quasi-synoptic c h a r t s  of 
s e a  sur face  temperature a re  the  
r e s u l t  of an attempt t o  u t i l i z e  synop- 
t i c  weather d a t a  f o r  mapping the  
seasonal  and annual changes i n  oceano- 
graphic condi t ions .  Surf  ace tempera- 
t u r e  was se l ec t ed  r a the r  than  o the r  
parameters ,  such as wind and pressure,  
s ince  it appeared t o  give a more 
d i r e c t  measure of t he  n e t  e f f e c t  of  
c l imate  and weather on the  ocean. 
The i n t e n s i f i e d  program of  the  United 
S t a t e s  Weather Bureau during recent  
years  t o  increase  the  q u a l i t y  and 
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number of ships '  reports  made possible 
preparing accurate and detai led cha r t s ,  such 
as the sample chart  (below) f o r  the North- 
eas t e rn  Pac i f i c  April 11-20, 1957 period. 
T h i s  char t  is based on 1,883 individual 
observations and shows up both ocean-wide 
and l oca l  deviations from normal i n  d e t a i l .  
The chart  is confined t o  the Northeastern 
Pacif ic  s ince the Japanese are  issuing 
similar cha r t s  f o r  the Northwestern Pacif ic .  

QUASI -sworn I c CHART OF NORTHEASTERN P A C  I F I  c 
SURFACE TEMPERATURE I N  F.  AND D E V I A T I O N S  FROM 
NORMAL I N  F.  FOR THE A P R I L  11-20, 1957 PERIOD' 

SPECIAL STUDIES 

Larval tuna.--Drawings of l a rva l  - A u x i s  and Euthynnus and a rough d r a f t  Of 
the species descriptions were completed. 
All  specimens were sorted by area of cap- 
t u r e  and work was s t a r t e d  on a world-wide 
d i s t r ibu t iona l  study. I n  general terms, 
the larvae of Euthynnu_s l i nea tus  are dis- 
t i n c t i v e  from those of E. y a i t o  and 2. 
a l l e t t e r a t u s ,  but the l a s t  named two are 
not ea s i ly  separable from each other. so 
far a s  is known, there  are a t  l e a s t  two 
species  of Auxis, only one of which occurs 
i n  the Atlant ic ,  but both species occur 
together i n  various pa r t s  of the Pacific. 
Two types of A u x i s  larvae were found i n  
oceans but these become indistinguishable 
a t  a ce r t a in  s i z e .  I n  addition, l a rva l  
Scomber j aponicus were ident i f ied , reducing 
the number of unknowns by one. 

- 

An e f f o r t  was made t o  develop more 
eff ic ient  means of sampling larvae i n  the 
f i e l d .  The following special  l a rva l  tuna 
tows were made: 14 surface tows between 
Hawaii and the Aleutians; 71 s ing le ,  double 
and quadruple night surface and 19 day sur" 
face tows i n  the Marquesas; 22 surface tows 
between Hawaii and the West Coast; 88 
paired surface and other tows i n  the South' 
e a s t  Pac i f i c ;  and 1 2  surface tows bracket' 
ing sunset a t  the Hawaiian IGY s t a t ion .  
All of these except the sunset s e r i e s  have 
been sor ted,  along with numerous samples 
from other times and places. 

Tuna forage organisms.--The 53 mid- 
water trawl col lect ions obtained on the 
EASI"I'OPIC expedition and about ha l f  of the 
c o l ~ e c t i o n a  made on EQUAPAC were analyzed 
i n  the laboratory.  An i n i t i a l  examination 
Of the ESTROPIC da ta  showed a peaking in 
Volume of forage %rganisms in the region 
of convergence and the southern boundary 
of the Countercurrent, between 3' N. and 
6' N. l a t i t u d e  and about 300 miles north 

Loa&' of the peak i n  zooplankton abundance. 
tudinal ly  the l a rges t  catches occurred 
the cen t r a l  region between1250 W. and 1450 an* 

of W. These r e s u l t s ,  after fur ther  study 
analysis ,  should increase understanding 
both the time and space aspects of trophic 
succession from basic  productivity t o  the 
tunas. 

Food of skipjack.--A first d r a f t  Of 
a report  on the food of skipjack Was 
pleted.  
i n t e re s t ing  r e su l t  s : 

This study produced the follOwi*' 

132 



I MM. 

1. By volume 703 sk ip jack  a t e  73 yel lowfins  and bigeyes.  In a l l  t h r e e  
Percent f i s h ,  22 percent  mollusks and 4 
Percent crustaceans.  Mollusks, pa r t i cu -  cent  by volume. 
l a r l y  squid ,  were much l e s s  important in 
the  food of sk ip jack  t h a n  i n  the  food of 

spec ie s  of tuna  f i s h  formed 60 t o  75 per- 

2. In respec t  t o  composition of the 
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food, t he  main f i s h  f a m i l i e s  represented  i n  
t h e  food of sk ip jack  were Thunnidae, Caran- 
g idae ,  Molidae and Gempylidae; of yel lowfin:  
Bramidae, Gempylidae, Thunnidae and Sudidae; 
and of bigeye: Gempylidae, Bramidae and 
Sudidae,  i n  order  of importance. Larval  o r  
j uven i l e  sk ip jack  composed 8 percent  of  t he  
food of sk ip jack .  Juveni le  tunas  also were 
prominent i n  the  food of  ye l lowf ins  bu t  
scarce  i n  t h a t  of bigeyes.  

- EASTROPIC NIGHT HAULS 0 -60 M ( CC / 1000 Ma) 

/ I / / / /  

3 .  The average volume per  stomach 
increased  from 15.5 cc.  f o r  sk ip jack  of 
less than  60 cm. t o  27.4 cc.  f o r  sk ip jack  
over  60 cm. With an inc rease  i n  s i z e ,  t he  
f eed ing  s h i f t e d  from crab  l a rvae  t o  the  
more pe l ag ic  amphipods and euphausi ids  and 
from chaetodonts ,  acanthur ids  and synodonts 
t o  Decapterus,  molids and gempylids, t h e  
gempylids being the  most oceanic  i n  d i s t r i -  
bu t ion .  

/--- 

4. There w a s  no d e f i n i t e  t r end  i n  
r e spec t  t o  d i s t ance  from land when captured 
from land and average volume per  stomach, 
b u t  t h e r e  was a s h i f t  i n  composition wi th  
l i t t o r a l  forms be ing  replaced by more 
pe l ag ic  forms i n  an o f f shore  d i r e c t i o n .  

5. Differences  assoc ia ted  with the  
method of f i s h i n g  were apparent ly  most 
c l o s e l y  r e l a t e d  t o  the  d i s t ance  from land 
of t h e  p l ace  of capture  and the  depth of  
f i s h i n g .  For example, t he  frequency of 
occurrence of  f i s h  dropped from 89 percent  
f o r  surface-caught sk ip jack  t o  33 percent  
f o r  subsurface ( long l ine )  caught sk ip jack .  
Mollusks (mostly squid)  increased  from 9 
percent  f o r  t he  su r face  t o  59 percent  f o r  
subsurface-caught f i s h  and Crus tacea  
were less p l e n t i f u l  at t he  subsur- I 

f a c e  l e v e l .  The av i rage  volumes by 
method o f  f i s h i n g  were purse s e i n e  - 
35.2 cc . ,  pole and l i n e  - 23.9 c c . ,  
l ong l ine  - 15.6 cc.  and su r face  
t r o l l i n g  - 9.9 cc.  

6. Judging by t h e  volume of 
food remains,  f i s h e r y  s c i e n t i s t s  
found t h a t  t he  h ighes t  r a t e  of feed-  
ing i n  sk ip jack  took p lace  j u s t  
be fo re  noon and again i n  the  l a t e  
af ternoon.  The lowest r a t e  was 
dur ing  e a r l y  morning and e a r l y  
afternoon. The h ighes t  percentage 
of squid was found i n  t h e  e a r l y  
morning and l a t e  a f te rnoon hours.  
These d a t a  upon f u r t h e r  ana lys i s  
may con t r ibu te  information on feed-  

ing  depth and v e r t i c a l  migrat ion.  

approximately 450 zooplankton samples C O l -  
l e c t ed  on the  EASTROPIC expedi t ion  were 
completed and th d a t a  publ ished.  
t he  r e s u l t s  have not been thoroughly S t d i e d  
t he  fol lowing p o i n t s  were ev ident :  

Although 

1. The day-night v a r i a t i o n  was only 
important i n  hau l s  t h a t  sampled near the 
s u r f a c e ,  and the  g rea t  bulk of t he  plankton 
occurred i n  the  upper 60 meters.  

2. The e f f e c t s  of enrichment from 
such f e a t u r e s  as  the  e q u a t o r i a l  upwelling 
and the  shal low thermocl ine along the  
nor thern  boundary of t he  Countercurrent 
were more pronounced i n  shal low hauls  than 
i n  deep hau l s ,  and i n  n ight  hau l s  than in 
day hauls .  

3 .  Within the  divergent  and conVer' 
gent zones (1-1/2' S. t o  5' N .  l a t i t u d e )  
t h e  abundance of zooplankton decreased fro' 
e a s t  t o  west, varying d i r e c t l y  wi th  the  
drop i n  winds and the  degree of upwelling, 
bu t  i nve r se ly  wi th  thermocline depth (see 
f i g u r e  below). 

4. Within the  South Equator ia l  Cur' 
r en t  between 1-1/2' S.  and 8' S., t he re  was 
an increase  i n  abundance from e a s t  t o  WeSt1 
thus  d iscount ing  the  importance of  the Peru 
Current  as a f a c t o r  con t r ibu t ing  t o  the 
enrichment of these  l a t i t u d e s  i n  the  C m t r  
Pac i f i c .  

a1 

ZOOPLANKTON VOLUMES MEASURED BY THE HUGH M. S M I T H  DURING 
THE EASTROPIC E X P E D I T I O N ,  OCTOBER-DECEMBER 1955 
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T i l a p i a  cu l ture . - - In  the  sp r ing  of 
1956, the  Hawaiian Tuna Packers ,  Ltd. and 
POFI j o i n t l y  seined supp l i e s  of  s m a l l  b a i t -  
s i z e  T i l a p i a  and t e s t e d  them a t  s e a  t o  
determine t h e i r  q u a l i t i e s  as sk ip jack  b a i t .  
Seven f u l l  day and 2 1/2-day se in ing  expe- 
d i t i o n s  yielded 630 pounds of small  T i l a  i a  

Water ponds and, t h e r e f o r e ,  had t o  be 
acclimated t o  s e a  water before  the  s e a  
t e s t s .  

rhese were obtained p r i n c i p a l l y  from -fp- resh- 

The e f f e c t i v e  use of T i l a p i a  as  skip- 
b a i t  was examined on 14-vessel days a t  s e a  
in  waters  off  Oahu. 
of these  t e s t s  was t o  compare t h e  a b i l i t y  
of nehu, t he  s tandard b a i t ,  and T i l a p i a  i n  
a t t r a c t i n g  and holding schools  of sk ip jack  
a t  t he  s t e r n  of t h e  vesse l .  A summary of 
t he  r e s u l t s  shows t h a t  21 (56 percent )  of 
t he  37 schools  f i r s t  chummed wi th  nehu sur -  
faced and responded t o  t h e  b a i t  and t h a t  
10 (56 percent )  of t he  18 schools  f i rs t  

The prime ob jec t ive  

chummed wi th  T i l a p i a  gave a favorable  
response t o  t h e  b a i t .  

'w REARING TANKS LOCATE0 ON THE QROUNDS OF 
OF THE P q F l  LABORATORY I N  HONOLULU 

Skipjack were caught from nine  schools  
a t  the  r a t e  of  3.5 f i s h  per minute and 12.2 
f i s h  per  bucket of T i l a p i a  used. This  is 
not as  good as t h e  ca tch  r a t e  of 4 .8  skip-  
jack per  minute and 15.3 per bucket of b a i t  
obtained with nehu from 23 schools .  There 
is ,  however, reason t o  be l ieve  t h a t  with 
experience chummers w i l l  l e a r n  t o  use 
T i l a p i a  more e f f e c t i v e l y .  

POFI reached the  conclusion t h a t  
T i l a p i a  is  an adequate b a i t  f o r  ca tch ing  
sk ip jack .  I n  some re spec t s  it may be 
s l i g h t l y  i n f e r i o r  t o  nehu, bu t  i t  has  sev- 
e r a l  compensating q u a l i t i e s .  I t  is an 
exceedingly hardy f i s h  and can survive i n  
b a i t  t anks  f o r  much longer per iods  than  
nehu. The l a r g e r  T i l a p i a  tend t o  sound 
when thrown out  as  chum, but  t h i s  t r a i t  
does not  p r e v a i l  i n  f i s h  1-1/2" t o  2" i n  
l eng th .  which is the  oDtimum s i z e  f o r  skip-  

' j ack  b a i t .  POFI 's  s t u d i e s  ind ica t e  
t h a t  if economically f e a s i b l e  r ea r ing  
methods can be developed, T i l a p i a  
can a l l e v i a t e  t he  g r e a t  need i n  the  
Hawaiian sk ip jack  f i s h e r y  f o r  addi- 
t i o n a l  b a i t  suppl ies .  

POFI 's  experiences during the  
p a s t  summer showed t h a t  t h e  c u l t u r e  
of T i l a p i a  i n  "natural"  ponds or 
r e s e r v o i r s  i s  not an e f f i c i e n t  method 
o f  r ea r ing  them, Such ponds do not  
provide enough na tu ra l  food f o r  t he  
f i s h ,  e x t r a  feeding  is necessary ,  
cannibalism is a major problem and 
removing the  f i s h  is  not  easy.  Sort-  
ing  the  b a i t - s i z e  f i s h  from the  l a r g e  
ones is a l s o  a problem. 

I n  October 1956 POP1 cons t ruc ted  
t h r e e  redwood tanks  on the  l abora to ry  
grounds t o  determine if a hatchery- 
type opera t ion  would be b io logic  a l l y  
a d  economically f e a s i b l e  i n  r e a r i n g  
T i l a p i a  a s  b a i t .  From December 20, 
1956, when product ion of t h e  young 
f i s h  s t a r t e d ,  un t i l  June 30, 1957, 
126 adul t  females  produced about 
77,000 f r y .  A f a i r l y  high mor t a l i t y  
among the  young f i s h  r e s u l t e d  because 
of cannibal ism and probably low oxy- 
gen concent ra t ions ;  both of these  
f a c t o r s  w i l l  be reduced in importance 
by the  improved and enlarged f r y  
r e a r i n g  f a c i l i t i e s  which are being 
cons t ruc ted .  
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The p r a c t i c a l i t y  o f  r ea r ing  T i l a p i a  
as b a i t  i n  ava i l ab le  f i s h  ponds and r e se r -  
v o i r s  received f u r t h e r  s tudy .  I n  February 
and March 1957, 8 ,749 adu l t  T i l a p i a  i n  two 
ponds, one a n a t u r a l  brackish-water pond 
and the  o t h e r  an a r t i f i c i a l ,  f resh-water  
r e s e r v o i r ,  were marked by f in -c l ipp ing .  
Se in ing  w i l l  be c a r r i e d  out  at  i n t e r v a l s  
dur ing  the  summer of 1957 t o  determine the  
product ion of  young and t o  o b t a i n  e s t ima tes  
of t he  t o t a l  adul t  popula t ion  i n  each pond. 

I n  December 1956 POP1 i n s t i g a t e d  the  
format ion  of a “Bait F i sh  Research Coordi- 
n a t i n g  Committee”. Membership on the  
Committee inc ludes  r ep resen ta t ives  from 
POFI, t he  f i s h i n g  indus t ry ,  t h e  Univers i ty  
of Hawaii, and the  T e r r i t o r i a l  Div is ion  of 
F ish  and Game. The purpose i s  t o  coord ina te  
t h e  a c t i v i t i e s  of  t he  va r ious  groups i n  the  
T e r r i t o r y  t h a t  are working on d i f f e r e n t  
phases  of t he  genera l  ba i t  f i s h  problem and 
t o  keep members informed on what t he  o t h e r  
agencies  a r e  doing. 

Oceanographic and b io logic  a1 observa- 
tions.--At the  reques t  of t h e  Chief of  
Naval Research, t he  Hugh M. Smith made a 
c r u i s e  t o  the  Eniwetok a rea  between Novem- 
be r  17 and December 23, 1956 and c a r r i e d  
out  oceanographic and b i o l o g i c a l  observa- 
t i o n s .  
raphy, Of f i ce  of  Naval Research and POFI 
co l labora ted  i n  execut ing the  c r u i s e .  The 
major accomplishments inc lude  26 hydro- 
graphic  s t a t i o n s ,  29 bottom co res ,  11 under- 
water camera s t a t i o n s ,  2 cu r ren t  s t a t i o n s ,  
13  zooplankton hau l s ,  38 phytoplankton 
samples,  41  carbon-14 de termina t ions ,  4 
midwater trawl hau l s ,  4 n igh t  l i g h t  co l l ec -  
t i o n s ,  169 BT lowerings,  55 samples (which 
were f r o z e n  f o r  phosphate de te rmina t ions)  
and continuous fathometer  and thermograph 
records .  

The Scr ipps  I n s t i t u t i o n  of Oceanog- 

A l l  b i o l o g i c a l  p r o p e r t i e s  measured 
ind ica t ed  a low l e v e l  of p roduc t iv i ty  f o r  
t h e  reg ion .  A r e p o r t  was prepared on t h e  
b i o l o g i c a l  r e s u l t s  of  t he  Eniwetok c r u i s e  
and submitted t o  the  Of f i ce  of Naval 
Re s e  arch . 

Sea birds.--A c h a r t  showing t h e  d is -  
t r i b u t i o n  of  t h e  sea b i r d s  i n  t h e  North 
P a c i f i c  was prepared f o r  NORPAC records  f o r  
poss ib l e  use i n  t h e  NORPAC At l a s .  

Sea Scanar.--In July-September 1956 
the  Sea Scanar w a s  put  through s e r i e s  of 

experiments and s e a  t r i a l s .  Under idea l  
sea cond i t ions  good r e t u r n s  were received 
from manufactured t r i p l a n e  t a r g e t s  a t  a 
maximum d i s t ance  of 2,180 f t . ,  a dead Skip’ 
j ack  at  1,070 f t .  and a dead he r r ing  at 
470 f t .  Records of  aggregat ions of skip-  
j ack ,  dolphin (Coryphaena) , porpoise  and 
b l ack f i sh  were obtained.  Returns from an 
a lbacore  school  were recorded i n  the  Octobe‘- 
December per iod.  The f a i l u r e  of t he  instrU’ 
ment prevented i t s  f u r t h e r  use.  

Hawaiian long l ine  f i s h e r y .  --Bigeye 
and ye l lowf in  d a t a  from the  Hawaiian long- 
l i n e -  f i s h e r y  f o r  1948-1956 were analyzed 
and a d r a f t  of t h e  manuscript was completed‘ 
The r e s u l t s  show t h a t  t he  inc rease  i n  big- 
eye landings  and t h e  dec l ine  i n  yellowfin 
landings  dur ing  t h i s  per iod were associated 
with the  d i f f e r e n t i a l  a v a i l a b i l i t y  of these 
t w o  s p e c i e s  i n  the  windward and l e e  areas 
and also w i t h  a s h i f t  in t h e  f i s h i n g  area 
by the  l a r g e r  vessels from the  lee  of the 
no r the rn  i s l a n d s  t o  t h e  windward waters Of 
the  southern  i s l ands .  

Bigeyes were more ava i l ab le  i n  the 
windward a reas  than  i n  the  l e e ,  while the 
r eve r se  w a s  t r u e  wi th  the  yel lowfins  which 
were more ava i l ab le  in the  l e e  areas .  

The l a r g e r  v e s s e l s  showed an annual 
increase  of  e f f o r t  expended in the  windward 
a reas  of t he  southern i s l a n d s  from 22 Per* 
cent  of  t he  t o t a l  t r i p s  made dur ing  1W8- 
1949 t o  88 percent  dur ing  1953-1954. 

In t roduct ion  of Marquesan sardine.”  

The first 

Approximately 175 pounds of t he  Marquesan 
sa rd ine ,  Harengula v i t t a t a ,  were released 
i n  two l o t s  near  shore on O&U. 
l o t  conta in ing  2,500 ind iv idua l s  was re- 
l eased  i n  Hanauma Bay, Oahu,  on Septem’ 12 ,OO0 
ber  26, 1956, and the  second of about 
i nd iv idua l s  i n  Pokai Bay, Oahu, on March 22’ 
1957. 
tuna-bai t  f ishermen;  t he  l a s t  sa rd ine  was 
recaptured on June 4 ,  1957. m e r e  is no 
evidence t h a t  t h e  spec ie s  has  been estab* 
l i s h e d  i n  Hawaiian waters .  

E i g h t  s a r d i n e s  were recovered by 

CONTRACT RESEARCH 
(Univers i ty  of Hawaii) 

Tuna v i s ion .  --A r epor t  on the  histoLc 

The r e t i n a  in both 
ogy of t h e  r e t i n a  of small and l a rge  
j ack  has  been received.  
i n s t ances  appears  t o  d i f f e r  l i t t l e  from a 
genera l  v e r t e b r a t e  eye.  
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Green tuna.--This work is i n  i ts  
c los ing  phases,  and a f i n a l  r epor t  f o r  pub- 
l i c a t i o n  has  been d r a f t e d .  There appears 
t o  be a wel l -es tab l i shed  r e l a t i o n  between 
"greening" and the  presence of f a t  peroxide.  
There i s  some evidence t h a t  a green pigment 
may a c t u a l l y  e x i s t  i n  "green" tuna.  

E1ectrofishin-i.--Some experiments 
looking toward c o n t r o l l i n g  the  f i e l d  and 
Puls ing wi th  an amplidyne were completed. 

MENHADEN INVESTIGATIONS 

Fred C. June 
Beaufort ,  North Caro l ina  

The menhaden f i s h e r y  of t he  A t l a n t i c  
a d  t he  Gulf c o a s t s  is the  l a r g e s t  i n  t he  
Western hemisphere i n  terms of  tonnages 
landed. The seasonal  and the  annual f l u c -  
h a t i o n s  i n  i t s  y i e l d  considerably a f f e c t  
the economy of t he  At l an t i c  and the  Gulf 

' s t a t e s .  Knowledge of t he  causes  and the  
magnitude of such f l u c t u a t i o n s  w i l l  g r e a t l y  
a s s i s t  t he  menhaden indus t ry  i n  developing 
and planning i t s  f i s h i n g  opera t ions .  
Accordingly, 
search  of the  At l an t i c  menhaden resource 
Was undertaken i n  1955 t o  determine the  
causes of f l u c t u a t i o n s  i n  the c a t c h  and the  
ex ten t  t o  which these  may be p red ic t ed .  

a program of  b i o l o g i c a l  re- 

Populat  ions.--Detailed examination of 
many thousands of  j u v e n i l e s  and adu l t s ,  
co l lec ted  over t he  p re sen t ly  known range of 
the  f i s h ,  ind ica ted  t h a t  two spec ie s  of men- 
haden occur along the  At l an t i c  coas t  of 
North America, t he  At l an t i c  menhaden, Bre- 
Z o r t i a  ty rannus ,  and the  yel lowfin mexaden,  
s e v o o r t i a  smi th i .  The At l an t i c  menhaden 
comprises the  vas t  bulk of t he  landings  of 
the commercial purse se ine  f i s h e r y  and only 
i so l a t ed  ind iv idua l s  of  yel lowfin menhaden 
Occur i n  t he  ca tches  south of Cape Ha t t e ra s .  
The ye l lowf in  menhaden r a r e l y ,  if e v e r ,  
occurs  in the  middle At l an t i c  s t a t e s  and 
northward. 
ca tches  around Beaufort ,  North Caro l ina ,  
t h r e e  or four  decades ago, but has not  
Occurred i n  the  landings in t h i s  a r ea  i n  
'ecent years .  

- 

I t  repor ted ly  was common i n  the  

At l an t i c  menhaden p resen t ly  a re  known 
t o  occur from Casco Bay, Maine, t o  Indian 
River,  F lor ida .  Yellowfin menhaden now 
'ange from Sapelo Marsh, Georgia ,  t o  Indian  

River ,  F lo r ida .  I n  t h e  l a t t e r  a r ea  yellow- 
f i n  menhaden support  a commercial b a i t  
f i s h e r y  which ope ra t e s  throughout t he  year .  

A s  both spec ie s  occur toge ther  i n  
F lo r ida  waters  during the  spawning season ,  
t he  p o s s i b i l i t y  o f  hybr id i za t ion  cannot be 
overlooked; i n  f a c t ,  a number of  j u n e n i l e s  
resembling both forms were taken from sev- 
e r a l  l oca t ions .  Because of its r e s t r i c t e d  
range and inf requent  occurrence i n  the  
purse se ine  f i s h e r y  the  yel lowfin menhaden 
is  now of minor importance t o  t h e  Menhaden 
Inves t iga t ions .  

Knowing whether each spec ie s  is f u r -  
t he r  subdivided i n t o  independent o r  semi- 
independent populat ions i s  necessary.  A 
s i n g l e  populat ion of menhaden f r e e l y  i n t e r -  
mingl ing,  spawning and migrat ing along the 
coas t  would mean t h a t  f l u c t u a t i o n s  would be 
widespread. If t h e r e  is a number of semi- 
independent popula t ions ,  f l u c t u a t i o n s  would 
tend t o  be loca l i zed ,  and d i f f e rences  i n  
spawning t i m e ,  f eed ing  grounds and nursery 
a reas  would l i k e l y  r e s u l t  i n  d i f f e rences  i n  
r a t e s  of growth, recrui tment  and mor ta l i ty .  
A g r e a t  d e a l ,  t hus ,  depends on the  ex is tence  
o r  t he  non-existence of d i s t i n c t  or semi- 
d i s t i n c t  populat ions.  

There a r e  two l i n e s  of approach t o  the  
s o l u t i o n  of t h i s  problem: the  i n d i r e c t  
method of counts of var ious body p a r t s  o r  
mer i s t i c  cha rac t e r s  and the  d i r e c t  approach 
by means of tagging.  
been a t tacked  from the  poin t  of mer i s t i c s .  

The problem so f a r  has  

During the  pas t  two years  samples of 
j uven i l e  f i s h  have been rou t ine ly  co l l ec t ed  
from 36 e s t u a r i n e  nursery a reas  along the  
At l an t i c  coas t  from Gloucester  Harbor,  
Massachusetts,  t o  Indian River ,  F lor ida .  
Mer is t ic  d a t a  on 1-year o ld  f i s h  a l s o  have 
been co l l ec t ed .  

Comparisons of t he  average numbers of 
ve r t eb rae ,  fin rays  and v e n t r a l  s cu te s  of 
j uven i l e s  revealed r a t h e r  l a r g e  d i f f e r e n c e s  
between t h e  juven i l e s  i n  the e s tua r ine  nur- 
s e r y  grounds nor th  of Long I s l and  and those 
i n  t h e  nursery grounds south of Long I s l and .  
S ince  the  j u v e n i l e s  from the nor thern  nur- 
sery a reas  a re  considerably smal le r  than  
those from the  nursery a reas  south of Long 
I s l and ,  they could not  have o r ig ina t ed  from 
the  same spawning. 

These f i n d i n g s  i n d i c a t e  t h a t  t he  adul t  
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f i s h  segrega te  i n t o  at  l e a s t  two major 
groups f o r  spawning, and the  d i f f e r e n c e s  
exhib i ted  i n  the  body s t r u c t u r e  of j u v e n i l e s  
a re  induced e i t h e r  by i n h e r i t e d  tendencies  
which a r e  preserved o r  d i f f e r e n c e s  i n  envi- 
ronmental condi t ions  a t  t he  time of spawning 
or by both.  

S tud ie s  of  t he  d i s t r i b u t i o n  of spawn- 
ing i n  space and t ime,  based on the  degree 
of sexual  matur i ty  of t he  gonads of t h e  
f i s h ,  i nc rease  the  knowledge bear ing  on the  
i d e n t i f i c a t i o n  of  populat ion s t r u c t u r e .  
Di f fe rences  i n  temperature and o the r  f a c t o r s  
dur ing  spawning may give r i s e  t o  i d e n t i f i -  
a b l e  d i f f e rences  i n  morphological and 
phys io logica l  cha rac t e r s .  Hence, knowledge 
o f  t h e  time and t h e  p lace  of spawning and 
the  na tu re  of related environmental  f a c t o r s  
w i l l  a id  i n  i n t e r p r e t i n g  the  r e s u l t s  ob- 
t a ined  from t h e s e  m e r i s t i c  s t u d i e s .  The 
r e s u l t s  of spawning s t u d i e s  are discussed 
i n  a l a t e r  s e c t i o n  of t h i s  r epor t .  

P e r s i s t e n t  d i f f e r e n c e s  i n  t h e  s i z e  
of menhaden of t he  same age a l s o  a r e  ev i -  
dent .  One, 2- and 3-year-old f i s h  a re  
considerably l a r g q  on the  average,  i n  the  
northern l i m i t  of  t h e  range of a year  c l a s s ,  
in te rmedia te  i n  s i z e  i n  the  c e n t r a l  p a r t  of 
t he  range and smallest f a r t h e r  tcward the  
south .  S t u d i e s  of t he  growth p a t t e r n  i n  
s c a l e s  a lso  show d i f f e r e n c e s  among f i s h  of 
t he  same age inhab i t ing  d i f f e r e n t  l o c a l i -  
t i es .  Thus, t h e r e  is evidence t h a t  t he  
f i s h  a r e  no t  randomly mixed throughout t h e i r  
l i f e  span. 

Counts of m e r i s t i c  cha rac t e r s  of 
spawning a d u l t s  a l s o  a r e  be ing  made t o  
determine the  ex ten t  t o  which they resemble 
j u v e n i l e s  from adjacent  nursery  areas. 
This  work cont inues  and wi th in  t h e  next  
year  or two r e l i a b l e  e s t ima tes  may be made 
of t he  degree t o  which f i s h d i n  var ious  
p l aces  along t h e  coas t  intermingle .  

Age and s i z e  composition.--Knowledge 
of t he  age of menhaden i s  e s s e n t i a l  f o r  
determining growth, recrui tment  and mor- 
t a l i t y  r a t e s ,  which a re  r e q u i s i t e  i n  solv-  
i n g  the  problem of f l u c t u a t i o n s .  
p a r t  of t h e  e f f o r t s  of  t he  Menhaden Inves- 
t i g a t i o n s  during the  pas t  two years  was 
devoted t o  e s t a b l i s h i n g  t h e  v a l i d i t y  of t he  
marks on the  s c a l e s  as age ind ica to r s .  

A l a r g e  

The examination of  t h e  s c a l e s  of many 
thousands of f i s h  of va r ious  sizes showed 

t h a t  c l e a r l y  def ined marks or  “ r ings”  
occurred on these  s t r u c t u r e s  with c e r t a i n  
r e g u l a r i t y .  By fo l lowing  the  p a t t e r n  Of 
s c a l e  growth each month t h a t  f i s h  of the  
1951 year c l a s s  were ava i l ab le  over t he  
paSt f i v e  years  r e sea rche r s  e s t ab l i shed  
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t h a t  one "ring",  o r  annulus,  is  l a i d  down 
on the  s c a l e  f o r  each year of l i f e .  S imi la r  
f i nd ings  f o r  subsequent year c l a s s e s  f u r t h e r  
Confirmed the  i n t e r p r e t a t i o n  of s c a l e  "rings" 
as  being r e l i a b l e  annular marks. The new 
annulus appears on the  s c a l e s  i n  the  spr ing .  

To discover  whether f l u c t u a t i o n s  i n  
the  f i s h e r y  r e s u l t  from v a r i a t i o n s  i n  the  
Year c l a s s  s t r e n g t h ,  t he  age o r  s i z e  compo- 
s i t i o n  of t he  menhaden populat ion from year 
t o  year must be known i n  order  t o  connect 
f l u c t u a t i o n s  i n  t h e  ca tch  wi th  changes i n  
the  s t r u c t u r e  of t he  populat ion.  Age compo- 
s i t i o n  is being determined rou t ine ly  from 
rep resen ta t ive  samples of the  commercial 
catch.  Samples a re  taken d a i l y  throughout 
the  season t h a t  v e s s e l s  a r e  f i s h i n g  a t  10  
loca t  ions between Por t l and ,  Maine, and 
Pernandina,  F lor ida .  The number of d a i l y  
Samples is  roughly propor t iona l  t o  the  
ca t ch  i n  each l o c a l i t y .  

R e s u l t s  of t h i s  rork show conclus ive ly  
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t h a t  an unusual ly  abundant or "dominant" 
year c l a s s  hashad a t e r r i f i c  impact on the  
f i s h e r y  i n  recent  years .  The f i g u r e  on 
page 138 shows the  age composition of the  
c a t c h  i n  the  middle  A t l an t i c  a rea  from 1952 
through 1955, t he  only a rea  where ages a re  
ava i l ab le  f o r  s e v e r a l  years ,  The progres- 
s i o n  through the  f i s h e r y  of t he  dominant 
1951 year c l a s s  is  obvious. Its contr ibu-  
t i o n  was c l e a r l y  r e f l e c t e d  i n  the  commercial 
ca tch  i n  1953 when production i n  t h i s  area 
reached an a l l - t ime high of over 378,000 
tons.  The continued e f f e c t  of t h i s  year 
c l a s s  on the f i s h e r y  i n  1956 i s  shown i n  
t h e  f i g u r e  below where the  age composition 
of t he  summer f i s h e r y  nor th  of  Long I s land  
and the  l a t e  f a l l  and winter  f i s h e r y  o f f  
t he  North Carol ina coas t  ( t he  two areas 
where the  1951 f i s h  were present  i n  the  f i s h -  
e r y )  a r e  presented.  Record ca tches  were 
made i n  both a reas  in t h a t  year .  The con- 
t r i b u t i o n  of t h i s  year c l a s s  t o  the  1956 
ca tches  can be f u l l y  appreciated when i t  is 
r e a l i z e d  t h a t  i nd iv idua l  f i s h  in t h i s  age 
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group averaged about 1-1/3 pounds. I n  
o the r  words, t he  con t r ibu t ion  of  t h i s  year 
c l a s s  t o  the  nor thern  f i s h e r y  comprised 
over 50 percent  of t he  t o t a l  ca t ch  by weight 
while  i n  the  North Caro l ina  f i s h e r y  it com- 
p r i s e d  nea r ly  40 percent .  

The continued s tudy  of  t he  annual 
v a r i a t i o n s  i n  abundance of  age groups f o r  
s e v e r a l  years niay make poss ib l e  f o r e c a s t i n g  
a year ahead t h e  s c a r c i t y  o r  t he  abundance 
o f  t he  f i s h e r y .  Such information would be 
of g rea t  value t o  the  indus t ry  i n  i n d i c a t i n g  
the  ex ten t  of  p repa ra t ion  needed f o r  t he  
forthcoming s e  ason. 

Movements and migrat ions.  --One of  t he  
most ou ts tanding  c h a r a c t e r i s t i c s  of menhaden 
is t h e i r  tendency t o  congregate i n  dense 
schools  a t  t he  su r face  a t  c e r t a i n  t imes.  A 
second c h a r a c t e r i s t i c  is  the  tendency of f i sh  

60 
4 

26 

0 

6 0  

26  

0 

Y I U D L E  
A T L A N T I C  

z 2 5  
W 

0 0  

Of S imi la r  s i z e  t o  school  toge ther .  P ina l ly ,  
SO fa r  as i s  known, menhaden a re  genera l ly  
r e s t r i c t e d  t o  t h e  l i t t o r a l ,  o r  c o a s t a l ,  
waters  i n s ide  the  20-fathom contour during 
the  warmer months of t he  year .  
knowledge of t hese  bas i c  f e a t u r e s  is essen’ 
t i a l  f o r  understanding the  seasonal  and the 
annual changes wi th in  the  popula t ions  and 
t h e i r  e f f e c t  on t h e  f i s h e r y .  Data f o r  fo l -  
lowing such changes a re  being obtained YOu- 
t i n e l y  from rep resen ta t ive  sampling of the 
ca t ch  i n  each l o c a l i t y  where the  purse seine 
and pound ne t  f i s h e r i e s  a re  being pursued- 

Detai led 

Resu l t s  of t h i s  work showed a ra ther  
cons i s t en t  p a t t e r n  i n  the  d i s t r i b u t i o n  of 
t h e  f i s h .  
i n  1955 f o r  each l o c a l i t y  along the  coast 
is given i n  t h e  f i g u r e  below. The slimmer 
f i s h e r y  in  the  Gulf of Maine was supported 
exc lus ive ly  by f i s h  fou r  years  o f  age and 

The age composition of t he  ca tch  

o lde r  while  t h e  south At l an t i c  fish- 
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AGE COMPOSIT ION OF T H E  A T L A N T I C  MENHADEN PURSE S E I N E  
F ISHERY,  BY LOCALITY,  1955 

ery  was based on f i s h  i n  the  f i r s t  
four  age groups,  wi th  the  l-year-olds 
predominating. Proceeding northWard 
from Cape Ha t t e ra s ,  the  researchers  
found t h a t  progress ive ly  o lde r  age 
groups were represented  i n  the  Various 
l o c a l i t i e s .  Sampling d a t a  f u r t h e r  
i nd ica t ed  tha t  1-year-old f i s h  
school s epa ra t e ly  and t h a t  the  large 
ind iv idua l s  may j o i n  schools  of 2- 
year-olds and smal le r  3-yea.r-olds. 
The s i z e  and the  age d i s t r i b u t i o n s  
of f i s h  i n  a given l o c a l i t y  a l so  in- 
d i c a t e  a tendency fo r  s i m i l a r  s ize  
and age groups t o  occur toge ther ,  
which are d i s t i n c t  from those  of a 
ad j acent bu t  over 1 apping loc  al i t Y  * 

Data ava i l ab le  over t he  past  

s t  

f i v e  years  ind ica ted  t h a t  i n  the  
sp r ing  the  f i s h  usua l ly  first aPPe”I 
i n  the  pound ne t  f i s h e r i e s  i n  Chesac 

i n  
March or Apri l .  
become ava i l ab le  t o  the  purse Seine 
f i s h e r y  south of  Cape Hatteras ad to 
t h e  purse se ine  f i s h e r y  no r th  of Cape 
Hatteras i n  l a t e  May or e a r l y  June* 
Deta i led  d a t a  f u r t h e r  showed tha t  dually 
v a r i o u s  s i z e  and age groups g r a  
moved northward during the summerf 
and t h e  f i s h  which cont r ibu ted  to  
l a t e  Summer f i s h e r y  i n  a given localc 
i t y  were gene ra l ly  smaller  and YoflBes 
than  those which supported the  earlY 
summer ca tches .  This  is c l e a r l y  
den t  i n  the Summer f i s h e r y  a t  Beaufort’ 

peake Bay and nor.thern New Jersey they I n  Apr i l  or May 
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North Carol ina.  The 2-, 3- and 4-year-old 
f i s h  con t r ibu te  s u b s t a n t i a l l y  t o  the  ca tches  
i n  May; however, by the  end of  t he  summer 
the smal le r  1-year-old predominate. 

A southward migrat ion of spawning 
f i s h  from nor thern  waters  and sexual ly  
immature f i s h  from Chesapeake Bay and the  
middle At l an t i c  a reas  t akes  p lace  i n  e a r l y  
autumn when they disappear  from the  f i s h -  
e r i e s  nor th  of Cape Ha t t e ra s .  They l a t e r  
reappear off t he  North Caro l ina  coas t  where 
they support  a s i z a b l e  f i s h e r y  i n  l a t e  f a l l  
and e a r l y  winter .  
emigrate from the  e s tua r ine  nursery a r e a  a t  
t h a t  time a l s o  migrate southward f o r  they 
appear fo r  t he  f i r s t  t h e  i n  l a rge  numbers. 
i n  t he  North Caro l ina  win ter  f i s h e r y .  

The juven i l e s  which 

S l i g h t  v a r i a t i o n s  i n  t h i s  genera l ized  
Pa t t e rn  of d i s t r i b u t i o n  and movements occur 
from year t o  year.  During the  win ters  of 
1952-1953 and 1953-1954, f o r  example, I-, 
2- and 3-year-old sexual ly  immature f i s h  
>d o lde r  sexual ly  mature f i s h  i n  non-spawn- 
lng condi t ion  apparent ly  d id  not a l l  move 
southward f o r  g rea t  numbers were taken i n  
the  pound ne t  and the  g i l l  ne t  f i s h e r i e s  
off t he  Maryland and New Jersey coas t s .  The 
range of  d i s t r i b u t i o n  of 1-year-old f i s h  i n  
the f i s h e r y  a l s o  v a r i e s  s l i g h t l y  from one 
Year t o  the  nex t ,  This  age group may occur 
i n  t h e  nor thern  New Jersey f i s h e r y  i n  some 
Years while  i n  o t h e r s  i t  appears no f a r t h e r  
northward than Virg in ia .  

The foregoing f i n d i n g s  show t h a t  
adequate knowledge of t he  i n t r a -  and i n t e r -  
Seasonal movements of t he  f i s h  i s  one of 
the more important aspec ts  of t he  problem 
Of f l u c t u a t i o n s .  Information bear ing  on 
t h i s  problem i s  being gathered rou t ine ly  
from many sources ,  inc luding  logbook records  
kept aboard menhaden purse se ine  VeSSelS, 
records of a i rp l ane  s p o t t i n g  p i l o t s ,  i n t e r -  
views wi th  fishermen and samples of ca t ches  
of var ious  types  of f i s h i n g  gear ,  such a s  
fYke, pound and g i l l  n e t s .  A g r e a t  dea l  
remains t o  be learned and s u f f i c i e n t  d a t a  
are  being gathered t o  provide r a t h e r  de- 
t a i l e d  knowledge of these  f e a t u r e s  of t he  
f i s h e r y  . 

Spawning and e a r l y  l i f e  history.--An 
of t he  nonads of f i s h  sampled 

from the purse s e i &  and pound-net f i s h e r -  
!es throughout most of the  year furn ished  
l u o r m a t i o n  on sex  r a t i o n ,  age and s i z e  a t  

matur i ty ,  time and p lace  of occur- 

rence of spawning and reproduct ive capac i ty  
of d i f f e r e n t  age groups. A method, based 
on measurements of  ova diameters  and ovary 
weight ,  was devised f o r  o b j e c t i v e l y  de te r -  
mining the  s t ages  of ovarian development. 

The r e s u l t s  of these  s t u d i e s  ind i -  
ca t ed  t h a t .  t he  sexes are  about equa l ly  
d i s t r i b u t e d  i n  a l l  age groups throughout 
t he  range of t he  f i s h e r y .  Some ind iv idua l s  
a r e  capable of spawning a t  two years  of  age; 
however, t he  bulk of t he  populat ion reaches 
sexual  matur i ty  i n  the  t h i r d  year of l i f e .  
The number of eggs extruded by ind iv idua l  
f i s h  vary from, roughly,  40,000 t o  about 
700,000, t he  number depending on the  s i z e  
of the  f i s h .  

The d a t a  co l l ec t ed  over t he  pas t  two 
years  i n d i c a t e  t h a t  spawning t akes  p lace  
over a wide range throughout most of t he  
year .  I n  the  nor thern  a rea  some spawning 
apparently occurs over t he  e n t i r e  per iod 
during which f i s h  are present  i n  the  f i s h -  
e ry ;  however, i t  appears heavies t  i n  sp r ing  
and again i n  e a r l y  f a l l .  
a r e a  spawning is apparent only i n  the  l a t e  
f a l l  and e a r l y  win ter  when spawning f i s h  
from f a r t h e r  northward have moved i n t o  the  
a rea .  These f i n d i n g s  ind ica t e  t h a t  spawn- 
ing l a r g e l y  occurs  from September through 
May. Commencing i n  nor thern  waters  at t he  
time t h a t  a southward movement of the  f i s h  
t akes  p l ace  i n  the  f a l l ,  spawning reaches 
a peak i n  southern waters i n  winter  and 
cont inues  through l a t e  sp r ing  when the  f i s h  
reappear i n  nor thern  waters .  

I n  the  sou the rn  

Plankton sampling conducted over t he  
p a s t  four yea r s  i n d i c a t e s  t h a t  t he  hatching 
of eggs and the  e a r l y  l a r v a l  development 
t ake  place e n t i r e l y  i n  the  ocean. Follow- 
ing absorp t ion  of  t h e  yolk s a c ,  t h e  l a rvae  
e n t e r  e s t u a r i e s  and bays and spend t h e  
fo l lowing  seve ra l  months i n  these  nursery 
a reas .  Routine c o l l e c t i o n s  a re  being made 
a t  s eve ra l  l o c a l i t i e s  along the  coas t  t o  
ob ta in  e s t ima tes  of r e l a t i v e  numbers of  
l a rvae  en te r ing  the  nursery a reas  and the  
per iod of en t ry .  S i ze  d i s t r i b u t i o n s  of 
l a rvae  en te r ing  the  nursery grounds during 
the  per iod January t o  Apr i l  1956 a t  Beau- 
f o r t ,  North Caro l ina ,  show cons iderable  
v a r i a t i o n ,  p a r t i c u l a r l y  those en te r ing  i n  
January and February. This may result from 
d i f f e r e n t i a l  spawning i n  the  a rea .  However, 
dur ing  the  peak of l a r v a l  recrui tment  i n  
March and Apr i l  a much more uniform s i z e  
group i s  ev iden t ,  
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Stud ies  o f  t he  e a r l y  l i f e  of t he  
f i s h ,  fo l lowing  t h e i r  e n t r y  i n t o  the  es tu-  
a r i n e  nursery  a reas ,  a r e  being c a r r i e d  out  
at  t h e  f i e l d  l abora to ry  on the  Indian  River ,  
Delaware. 
mine t h e  growth r a t e  of  j u v e n i l e s  w i t h i n  
and between the  e s t u a r i e s ,  t he  amount of 
mixing of j u v e n i l e s  w i th in  an e s t u a r y ,  t he  
feeding h a b i t s  and food preferences ,  t he  
responses of  e s t u a r i n e  popula t ions  t o  
changes i n  phys ica l  and b i o l o g i c a l  f a c t o r s  
i n  the  environment and t h e  n a t u r a l  mor t a l i t y  
r a t e .  

The work is designed t o  de t e r -  

Resu l t s  show t h a t ,  fo l lowing  t h e i r  
e n t r y  i n t o  the  e s t u a r y ,  t he  l a rvae  f i r s t  
appear i n  the  upper l i m i t s  of the  i n t e r -  
t i d a l  zone where they  congregate i n  groups 
o f  many thousands of i nd iv idua l s .  
they  soon undergo metamorphosis i n t o  juve- 
n i l e s .  
deepens,  s c a l e s  are l a i d  down, a l l  of the  
f i n s  become developed and t h e  f i s h  assumes 
the  co lo r  of t he  adu l t s .  This  transforma- 
t i o n  commences a t  a body length  of about 
3 3  nun. (1-1/4 i n . )  and is  completed a t  
about 43 mm. (1-3/4 i n . ) .  As t h e  f i s h  
inc rease  i n  s i z e ,  t he  schools  gradual ly  
spread out  from the  i n i t i a l  i n t e r t i d a l  
a r eas  and move downstream. Menhaden have 
been observed school ing  a t  the  sma l l e s t  
s i z e s  encountered i n  t h e  i n t e r t i d a l  a reas .  

Here 

During t h i s  t ransformat ion  the  body 

Af ter  spending the  summer i n  the  
e s t u a r i e s ,  t h e  schools  congregate  in l a r g e r  
bodies  i n  t h e  f a l l  and move out  i n t o  t h e  
ocean. The t ime of t h e i r  depar ture  fo l lows  
roughly t h e  p a t t e r n  of disappearance of t he  
a d u l t s  from t h e  f i s h i n g  grounds i n  the  
ocean. This emigrat ion g e n a  a l l y  commences 
i n  e a r l y  September .in t he  no r the rn  e s t u a r i e s  
and i n  l a t e  September and October i n  t h e  
middle A t l a n t i c  reg ion  while  i n  the  south- 
e r n  e s t u a r i e s  they may remain throughout 
t he  win ter  and spr ing .  A t  t h e  t ime of t h e i r  
depar ture  from the e s t u a r i e s  t he  j u v e n i l e s  
may range i n  s i z e  from about 50 t o  160 nun. 
(2 t o  6-1/2 i n . )  i n  l e n g t h ,  depending on 
t he  l o c a l i t y .  

TWO important  problems concerned 
wi th  the  e s t u a r i n e  work d e a l  with the  e s t i -  
mates of t h e  r e l a t i v e  s i z e  of a year c l a s s  
whi le  i t  is  i n  the  e s t u a r y  and the  mortal-  
i t y  sus ta ined  dur ing  i t s  s t a y  the re .  I n  
a t t ack ing  these  problems techniques have 
been developed a t  t he  Indian  River  s t a t i o n  
which w i l l  be extended t o  o the r  a reas  
along the  coas t .  

A method which gave i n i t i a l  success  
Cons is t s  e s s e n t i a l l y  of marking l a rge  num- 
b e r s  of j u v e n i l e s  and es t imat ing  the  s i z e  
of the  nursery  populat ion from the  propor’ 
t i o n  t h a t  is recaptured .  
index may be e s t ab l i shed  eventua l ly  f o r  
e s t ima t ing  the  i n i t i a l  success  of a year 
c l a s s .  
being t e s t e d  by comparing t h i s  der ived estic 
mate wi th  measures of  abundance of the  Year 
c l a s s  i n  the  fo l lowing  summer when i t  enters 
t he  commercial f i s h e r y  as 1-year-olds.  The 
Value of  t he  f i r s t  es t imate  i s  t h a t  i t  w i l l  
provide a measure of t he  r e l a t i v e  s i z e  of a 
year c l a s s  before  t h e  c l a s s  e n t e r s  t he  Purse 
s e ine  f i s h e r y .  

Marking ind iv idua l s  a l s o  has  furnished 

It does n o t ,  however’ 

By t h i s  method an 

The r e l i a b i l i t y  of t h i s  method i s  

an es t imate  of t he  mor t a l i t y  r a t e  of juvec 
n i l e S  i n  the  e s tua ry .  
cover mor t a l i t y  sus ta ined  dur ing  t h e i r  
e n t i r e  e s t u a r i n e  l i f e  bu t  only t h a t  over 
t he  l a s t  t h r e e  or fou r  months of t h e i r  stay’ 
Resu l t s  of t he  f i r s t  year ’s  work suggest 
t h a t  mor t a l i t y  during t h i s  per iod i s  l o w *  
A technique o f  e s t ima t ing  the  t o t a l  estu’ 
a r i n e  m o r t a l i t y  is being worked out .  The 
method demands a tremendous amount of effort’ 
is  subjec t  t o  a number of sources  of error’ 
and can  be appl ied only i n  smal le r  es tu-  
a r i e s .  
t i o n  necessary f o r  determining whether the 
condi t ions  i n  t h e  e s tua ry  a re  responsible  
f o r  t he  s i z e  of a year  c l a s s .  
s t a g e s  i n  the  l i f e  h i s t o r y  where the  great* 
e s t  mor t a l i t y  occurs  a re  known, a t t e n t i o n  
can  be d i r e c t e d  t o  those f a c t o r s  which may 
be respons ib le .  

However, it can provide the  informa- 

O n c e  the  

is i m p o r t k t  because of its many applica- d in& 
tiOnS. I t  is e s s e n t i a l  t o  an understan 
of t he  genera l  biology of the  f i s h  and the 
f l u c t u a t i o n s  i n  t h e  f i s h e r y .  
one of t h e  bas i c  v a r i a b l e s  which determine 
the  t o t a l  weight of t he  menhaden p ~ p U l ~ ~ ~ ~ ~  
and the  y i e l d  from t h e  f i s h e r y ,  The growth 

sexes ,  l o c a l i t i e s ,  seasons and years .  
bimodal na tu re  of  t he  length-frequency 
d i s t r i b u t i o n s  of  f i s h  of  t he  same age evic 
dences t h a t  more than  one popula t ion  of 
f i s h  may be represented .  

I t  is a lso  

of menhaden v a r i e s  a g rea t  dea l  between me 

For es t imat ing  the  s i z e  of the  me*a* 
den  popula t ion ,  t he  amount of increase  
r e s u l t i n g  from the  en t r ance  of young fish 
i n  the  f i s h e r y  ( recui tment )  and losses  to 
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t he  f i s h e r y  caused by f i s h i n g  and n a t u r a l  
causes ( f i s h i n g  and n a t u r a l  m o r t a l i t i e s )  
need t o  be known. S ince  knowing the  r e l a -  
t i v e  abundance of the  popula t ion  a t  t h e  
beginning of t he  purse s e i n e  f i s h i n g  season 
is d e s i r a b l e ,  knowing the  r e l a t i v e  con t r i -  
bu t ion  of t h e  1-year-old f i s h  t o  the  f i s h e r y  
and t h e i r  f l u c t u a t i o n s  from year t o  year  is 
important.  Mention w a s  made i n  the  previous 
sec t ions  of  t h i s  r epor t  of an es t imate  of 
Probable recrui tment  of a year  c l a s s  i n t o  
t h e  f i s h e r y ,  based on estimates of t he  s i z e  
of t h e  populat ion i n  the  nursery a reas .  
Fur ther  e s t ima tes  of t h e  r e l a t i v e  s i z e  of 
an incoming year c l a s s  are being obtained 
from measurements of  i t s  r e l a t i v e  abundance 
i n  the  win ter  f i s h e r y  a t  Beaufort ,  North 
Caro l ina ,  and the  sp r ing  pound n e t  f i s h e r y  
i n  Chesapeake Bay. The r e l i a b i l i t y  of these  
estimates i s  not  known w e l l  enough t o  per-  
m i t  drawing any conclusions a t  t h i s  t ime. 

A prel iminary es t imate  of t he  t o t a l  
mor t a l i t y  ra te  was computed from ava i l ab le  
age da t a ;  however, accumulating d a t a  f o r  a 
number of  years  be fo re  any r e l i a b i l i t y  can 
be placed i n  such e s t ima tes  w i l l  be neces- 
s ary . 

Measurements of c a tch.  - -Fluctuat ions 
i n  t he  ca t ch  cannot be measured and i n t e r -  
p re ted  without adequate records  of  t he  
ca t ch  from year  t o  year .  The menhaden 
indus t ry  has  w i l l i n g l y  fu rn i shed  such 
records .  

The pre l iminary  look at  the  cu r ren t  
Condition of the  f i s h e r y  i s  based on empir- 
i c a l  methods, i . e . ,  measurements of  t o t a l  
ca t ch ,  apparent abundance, a s  determined 
by ca tch  per u n i t  of e f f o r t  and t o t a l  f i s h -  
ing e f f o r t ,  Such measurements have been 
Completed f o r  t h e  middle At l an t i c  f i s h e r y  
from 1939 through 1954. The ca l cu la t ed  
ca tch  per unit e f f o r t  (measure of apparent 
abundance) showed a genera l  upward t rend  
Unt i l  1947, when it was followed by a 
dec l ine  which l a s t e d  u n t i l  1951. A marked 
increase  occurred i n  1952 and 1953, doubt- 
l e s s  r e s u l t i n g  from the  impact of t h e  
Superabundant 1951 year c l a s s .  
e f f o r t  increased  over t he  per iod ,  reaching 
a peak i n  1954.; S imi la r  measurements, to- 
gether  with t h e  t o t a l  c a t c h ,  a r e  being 
completed f o r  o the r  areas by means of auto- 
matic computing machine methods. A second 
measurement of  apparent abundance is being 
ca l cu la t ed  based on logbook d a t a  fu rn i shed  
by t h e  ves se l  c a p t a i n s  and p i l o t s .  

The f i s h i n g  

The 

two s e r i e s  of  measurements w i l l  be compared 
t o  determine whether t h e y  l ead  t o  the  same 
conc l u s  ions.  

O C M  RJ3SEARCH 

0. E.  S e t t e  
S tan fo rd ,  Ca l i fo rn ia  

Many important ocean f i s h e s  f l u c t u a t e s  
widely i n  abundance o r  i n  a v a i l a b i l i t y  t o  
fishermen. Albacore tuna ,  f o r  i n s t ance ,  
disappeared from the  west coas t  of North 
America i n  1928 and reappeared i n  1938. 
Other important f i s h e r i e s ,  such as those  
f o r  A t l an t i c  mackerel and the  Pac i f i c  sar- 
d i n e s ,  have suffered l e s s  extreme but  s t i l l  
se r ious  f a i l u r e s  due t o  f l u c t u a t i o n s .  D i s -  
t inguish ing  between f a i l u r e s  r e s u l t i n g  from 
ove r f i sh ing  and those from n a t u r a l  causes 
is d i f f i c u l t .  Through research  on broad- 
s c a l e  changes i n  ocean condi t ions  and t h e i r  
meteorological  causes ,  t h i s  p ro jec t  a t tempts  
t o  recognize the  n a t u r a l l y  caused f luc tua -  
t i o n s  i n  abundance and d i s t r i b u t i o n  of t he  
important s tocks  of ocean f i s h  and even- 
t u a l l y  t o  p r e d i c t  them. Defining man-made 
and n a t u r a l  causes  of f i s h e r y  f l u c t u a t i o n s  
would ma te r i a l ly  a id  conservat ion programs 
and p r e d i c t i o n  of them would reduce the  
e f f e c t  of such f l u c t u a t i o n s  on the  indus t ry .  

A new a t t ack  on the  problem of natu- 
r a l  f l u c t u a t i o n s  i n  the  abundance of the  
important food f i s h e s  of t he  P a c i f i c  Ocean 
was s t a r t e d  i n  1955. A major d i f f i c u l t y  
i n  d iscover ing  the  causes of these  f luc tua -  
t i o n s  has  been the  fragmentary na ture  of 
oceanographic observa t ions .  Those having 
con t inu i ty  over  considerable  sea a reas  
p e r t a i n  only  t o  cond i t ions  during a b r i e f  
v i s i t  or seve ra l  br ief  v i s i t s  by research  
vessels t o  a given area .  Those having con- 
t i n u i t y  i n  time a r e  from i s o l a t e d  c o a s t a l  
or is land s t a t i o n s  and p e r t a i n  only t o  
l o c a l  shoa l  water condi t ions.  

The new a t t ack  proposes t o  overcome 
t h i s  d i f f i c u l t y  by using the  great volume 
of weather d a t a  repor ted  d a i l y  over many 
years  by the world-wide network of weather 
s t a t i o n s .  The ocean is heated by r a d i a t i o n  
rece ived  through t h e  atmosphere and cooled 
by g iv ing  o f f  heat  t o  the  atmosphere. The 
winds, d i r e c t l y  or i n d i r e c t l y ,  d r ive  the  
major ocean c u r r e n t s .  
d a t a  on an ocean-wide s c a l e ,  t he  Ocean 

By us ing  the  weather 
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Research staff expects  to i n f e r  t h e  changes 
i n  amount of ocean hea t ing ,  cool ing and 
c i r c u l a t i o n  which may be expected t o  a f f e c t  
the l i v i n g  condi t ions  f o r  s e a  f i s h e s  and, 
therefore ,  cause t h e i r  abundance t o  f luc tu -  
ate.  

To t h i s  end, during f i s c a l  1957, s e t s  
Of unpublished d a t a  f o r  these s t u d i e s  were 

These inc lude  monthly-mean Sea- 
leve l  atmospheric-pressure c h a r t s  f o r  t he  
“Orthein hemisphere f o r  t he  per iod 1898 t o  
l957 from the  United S t a t e s  Weather Bureau 
and a s e t  of nea r ly  two mi l l i on  observa t ions  
Of s e a  surface temperatures  of  t he  P a c i f i c  
Ocean f o r  t he  10-year per iod 1936 t o  1945 
from the  United S t a t e s  Hydrographic Of f i ce .  
Data  on f l u c t u a t i o n s  i n  a number of P a c i f i c  
f i s h e r i e s  were secured from published and 

sources .  

A plan  was developed f o r  de r iv ing  
monthly-mean atmospher ic -pressure  

cha r t s  a s e t  of i nd ices  t o  descr ibe  f luc tu -  
a t ions i n  the  i n t e n s i t y  of atmospheric 
Cl rCula t ion  Over the  P a c i f i c  Ocean. These 

l a t i o n f i r  t he  North P a c i f i c  Ocean as a whole 
and also,  as may be des i r ed ,  over its sev- 
e r a l  components, namely, t he  Ca l i fo rn ia  
‘urrent, t he  North Equator ia l  Curren t ,  t h e  
“Jroshio and t h e  North P a c i f i c  Drift. Acces- 
sory elements of t he  p lan  provide similar 
‘Overage f o r  t he  pe r iphe ra l  system, such as 
the Gulf of Alaska Gyre and the  Oyashio. 

designed t o  r e f l e c t  t he  v igor  of c i rcu-  

P i l o t  t e s t s  employing small segments 
Of t he  pressure  d a t a  were made by comparing 
indices wi th  s e a  sur face  temperature s e r i e s .  
The resul ts  reinforce t h e  hopes of t h e  
O c e a n  Research Unit t h a t  i ts p lan ,  when 
Carr ied  out  f u l l y ,  w i l l  g ive  a q u a n t i t a t i v e  
desc r ip t ion  of atmospheric f l u c t u a t i o n s  
‘hich inf luence the  ocean c i r c u l a t i o n  and 
the phys ica l  c h a r a c t e r i s t i c s  of t he  ocean 
‘atel masses over l a r g e  areas of s i g n i f i -  
cance t o  the  food f i s h  populat ions.  

The upper cha r t  (on page 144) shows 
the average July a i r  pressures  over t he  
North P a c i f i c  Ocean ( a f t e r  U .  S. Weather 
Bureau “Normal Weather Charts  f o r  t he  North- 
e r n  Hemisphere” 1952). The wind blows 
approximately along t h e  i sobars  i n  the 
direction ind ica ted  by arrowheads ( a c t u a l l y  
‘Ornewhat t o  the  l e f t ) ,  The lower c h a r t  

t he  main ocean cu r ren t s  (adapted from 
G* Schot t ,  Geographic des  indischen und 
St i l len Ozeans, Hamburg, 1935 and U .  S. 

Hydrographic O f f i c e ,  Stream Drift Chart of 
the  World, Ju ly ) .  S h i f t s  from month t o  
month and year t o  year i n  the  weather pat-  
t e r n  produce changes i n  the  ocean c u r r e n t s ,  
s e a  temperatures  and .  o ther  q u a l i t i e s  of t he  
water which may s t rong ly  inf luence  the d i s -  
t r i b u t i o n  and abundance of our  important 
commercial f i s h e r i e s  along our P a c i f i c  coas t  
from Alaska t o  the  t r o p i c s .  Be t t e r  under- 
s t and ing  of  how t h e  weather-sea-fishery 
system opera tes  could lead  t o  successfu l  
p red ic t ions  of f i s h  abundance. 

ICHTHYOLOGICAL LABORATORY 

G i l e s  W. Mead 
United S t a t e s  Nat ional  Museum 

Washington, D. C. 

This labora tory  conducts research  on 
the  c l a s s i f i c a t i o n ,  d i s t r i b u t i o n  and l i f e  
h i s t o r i e s  of  American f i s h e s  and performs 
se rv ice  func t ions  r e l a t e d  t o  such s tud ie s .  

While no research  papers  r e s u l t i n g  
d i r e c t l y  from the  work of t h i s  labora tory  
were publ ished dur ing  f i s c a l  1957, s eve ra l  
research  p r o j e c t s  a r e  i n  progress  and manu- 
s c r i p t s  a r e  being prepared on them. These 
p r o j e c t s  concern: 

1. The morphology, homologies and 
evo lu t ion  of the  a n t e r i o r  sensory l a t e r a l -  
l i n e  system i n  the  American gobies.  

2. The taxonomic s t a t u s  of  s eve ra l  
nominal spec ie s  of American A t l a n t i c  t r i g -  
l i d  f i s h e s  of t he  genus Prionotus .  

3. The Tarac tes  asper and t h e  system 
a t i c  p o s i t i o n  of t he  S te inege r i idae  and 
Trachyberycidae. The Curator of t he  Museum 
Municipal do Funchal, Madeira, is  col labo-  
r a t i n g  i n  t h i s  work, which is a r e v i s i o n  
of a subfamily of pe lag ic  f i s h e s .  

4 .  The f i s h e s  of t he  Western North 
Atlant ic--f  ami l ies  Chlorophthalmidae , 
Aulopidae, Ipnopidae,  Harpodontidae and 
Bathypteroidae.  

A s e r i e s  e f f o r t  is being made t o  
i d e n t i f y ,  r e l a b e l  and ca t a log  i n t o  the  col-  
l e c t i o n s  of t he  United‘States  Nat ional  
Museum a l a rge  c o l l e c t i o n  of animals assem- 
b led  by the  Fish and Wi ld l i f e  Serv ice  dur- 
ing  the  l as t  20 years .  
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Col l ec t ions  of c e r t a i n  groups of  f i s h e s  
were loaned t o  independent f i s h e r y  workers. 

The labora tory  cooperated with the  
F i sh  and Wi ld l i f e  Serv ice ' s  Exploratory 
F ish ing  and Research programs, e s p e c i a l l y  
i n  a reas  i n  which the  f i s h  fauna  is poorly 
known or i n  s i t u a t i o n s  i n  which the  f a c i l i -  
t i e s  of t he  l i b r a r y  and re ference  co l lec-  
t i o n s  of t he  Smithsonian I n s t i t u t i o n  and 
the  Nat ional  Museum were needed. 

Much e f f o r t  w a s  devoted t o  i d e n t i f y i n g  
ma te r i a l  sen t  i n  by ind iv idua l s  and commer- 
c i a l  and government a1 o rgan iza t ions ,  check- 
ing research  l i t e r a t u r e  f o r  ind iv idua l s  who 
a r e  without access  t o  adequate l i b r a r i e s ,  
reviewing manuscripts ,  preparing unpublished 
research  work, e t c .  
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By Clyde C. Taylor ,  Henry 8. Bigelow 
and Herbert  W. Graham. (Only Mr. 
Taylor and Dr. Graham a r e  employeeS 
Of the  Branch of Fishery Biology.) 
I ssued  1957. 

112. 

113. 

114. 

BY Harlan S.  Spear and 

115. 

116. New genus and two new spec ie s  of 
Tharybidae (Copepoda ca lanoida)  from 
t h e  Gulf of Mexico wi th  remarks On 
t he  s t a t u s  of the  f a m i l y .  By Abraham 
Fleminger. Issued 1957. 

New calanoid copepods of t he  foili 
Aetideidae,  Euchaet idae,  and Stephidae 
from the  Gulf of Mexico. By Abraham 
Fleminger. Issued 1957. 

Zooplankton abundance i n  the  Centra' 
P a c i f i c ,  P a r t  11. 
and Thomas S .  Hida. Issued 1957. 

e 5  117. 

118. 
By Joseph E. King 

Spec ia l  S c i e n t i f i c  Report: F i s h e r i e s  

183. Observat ions on serology of tuna: 
BY J O ~  E. Cusing, J r .  
Of C a l i f o r n i a  Santa  Barbara College)' 
Issued October 1956. 

(univers l t "  

184. Longline f i s h i n g  f o r  tuna i n  the BY 
c e n t r a l  equa to r i a l  P a c i f i c ,  1954. 
Edwin S. Ive r sen  and Howard 0 .  
da. I ssued  August 1956. 

185. Blueback salmon, Oncorhynchus n f l  
age and length  a t  seaward migration 
p a s t  Bonneville Dam. By Raymond 
Anas and Joseph R. Gauley. Issued 
October 1956. 

Sardine eggs and l a rvae  and Other 
f i s h  l a r v a e ,  P a c i f i c  c o a s t ,  1954' 
By E lbe r t  H. Ahlstrom and David 
Kramer. I ssued  November 1956- 

186. 
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187 - Commercial and s p o r t  shad f i s h e r i e s  
of t he  Ed i s to  River ,  South Caro l ina ,  
1955. By Charles  H.  Walburg. Issued 
October 1956. 

207. Toxic i ty  of 4,346 chemicals t o  l a r v a l  
lampreys and f i s h e s .  By Vernon C. 
Applegate, John H. Howell, A. l3. Hal l ,  
J r  . and Manning A.  Smith. (Mr. Smith 
i s  a Professor  of Chemistry a t  Buck- 
ne11 Univers i ty . )  Issued March 1957. 188. 

190. 

Rela t ive  a r e a l  zooplankton abundance 
o f f  t he  P a c i f i c  coas t .  By James R .  
T h r a i l k i l l .  Issued November 1956. 208. 

209. 

Contr ibut ions t o  the  s tudy of subpopu- 
l a t i o n s  o f  f i s h e s .  Coordinated by 
John C.  Marr. Issued Apri l  1957. Saury d i s t r i b u t i o n  and abundance, 

P a c i f i c  coas t ,  1950-55. By E l b e r t  H. 
Ahlstrom and Harold D. Casey. Issued 
November 1956. 

Guide t o  l i t e r a t u r e  on systematic  
biology of P a c i f i c  salmon. By Norman 
J. Wilimovsky and Warren 0. F re iho fe r  
(Natural  History Museum, S tanford  
Univers i ty) .  Issued Apr i l  1957. 

191. 

192. 

195. 

197, 

Shad f i s h e r y  of t he  Ogeechee River ,  
Georgia,  i n  1954. By James E. Sykes. 
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Physical  oceanographic,  b i o l o g i c a l ,  
and chemical data--South At l an t i c  
coas t  of t he  United S t a t e s ,  
c r u i s e  3. By W i l l i a m  W .  Anderson and 
Jack W .  Gehringer.  Issued June 1957. 

E f f e c t s  of un ia lga l  and bac te r i a - f r ee  
c u l t u r e s  of  Gymnodinium b rev i s  on 
f i s h .  By S. M. Ray and W i l l i a m  B. 
Wilson. Issued Apr i l  1957. 

210. 
Three Russian papers  on northwestern 
P a c i f i c  plankton.  Trans la ted  by W .  G. 
Van Campen. Issued October 1956. 

Stream surveys of t he  Sheepscot and 
Ducktrap River systems i n  Maine. By 
Floyd G. Bryant. Issued December 1956. 

211. 

Nature of green or of fco lo r  condi t ion  
i n  precooked yel lowfin tuna.  By John 
J. Naughton, Michael M. Frodyma and 
Harry Z e i t l i n  (Univers i ty  of Hawaii). 
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Cent ra l  North Pac i f i c  a lbacore surveys 
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By Joseph J .  
212. 

213. 198. Phys ica l  oceanographic,  b i o l o g i c a l  , 
and chemical data--South At l an t i c  
coast  of t h e  United S t a t e s ,  
c r u i s e  2. By W i l l i a m  W .  Anderson, 
Jack W .  Gehringer and Edward Cohen. 
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His tory  of g rea t  f i s h e r y  of Newfound- 
land.  By Robert de Loture,  Trans- 
l a t e d  from the  French Language by 
Clyde C.  Taylor.  Issued Apr i l  1957. 

214. Surface water temperatures along 
At l an t i c  and Gulf coas t s  of the United 
S t a t e s .  By Dean F.  Bumpus (Woods Hole 
Oceanographic I n s t i t u t i o n ) .  Issued 
Apr i l  1957. 

Chaetognaths and Pteropods a s  b io logi -  
c a l  i nd ica to r s  i n  the  North P a c i f i c .  
By Thomas S. Hida. 

Summary, oceanographic and f i s h e r y  
d a t a ,  Marquesas I s l ands  a rea ,  August- 
September 1956 (EQUAPAC). By Thomas 
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Issued June 1957. 

199. 

201. 

Gulf-I1 semiautomatic plankton sampler 
f o r  inboard use. By Albert  C o l l i e r .  
Issued Februaky 1957. 

Prel iminary r epor t  on expedi t ion  
EASTROPlC. By Joseph E. King ,  Thomas 
S. Austin and M a x w e l l  S. Doty. (Only 
Messrs. King and Aus t in  a re  employees 
of t he  Branch of Fishery Biology.)  
I ssued  March 1957. 

215. 

217. 

203. Longline and t r o l l  f i s h i n g  f o r  tuna 
i n  the  c e n t r a l  e q u a t o r i a l  P a c i f i c ,  
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Edwin S .  Iversen  and Howard 0. Yoshi- 
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219. Spawning behavior of t he  channel cat-  
f i s h ,  I c t a l u r u s  punctatus .  By Howard 
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and Kermit E.  Sneed (Univers i ty  of 
Oklahoma Research I n s t i t u t e ) .  Issued 
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204. Comparative s tudy of populat ions of 
t he  s t r i p e d  bass .  By Robert Minturn 
Lewis. Issued June 195'1. 

147 



211. Zooplankton abundance i n  Hawaiian 
waters ,  1953-54. By Joseph E. King 
and Thomas S. Hida. I ssued  June 1957. 

223. The response of tuna  and o the r  f i s h  
t o  e l e c t r i c a l  s t i m u l i .  By Iwao Miyake 
and Walter R. S t e i g e r  (Univers i ty  of 
H a w a i i ) .  I ssued June 1957. 

A r t i c l e  publ ished i n  o u t l e t s  o ther  t han  
Admini st r at ive  Lea f l e t s  , Fishery Bu l l e t  i n s  
and Spec ia l  S c i e n t i f i c  Report: F i s h e r i e s  
s e r i e s  - 

Note: Where more than  one author  i s  
shown i n  a l i s t i n g ,  not  a l l  of whom 
a r e  Serv ice  b i o l o g i s t s ,  those whose 
names a re  underscored a r e  personnel  
of  t he  Branch of Fishery  Biology. 

Ahlstrom, E lbe r t  H.  
1956. Eggs and l a r v a e  of  anchovy, jack  

mackerel ,  and P a c i f i c  mackerels.  
Progress  Report 1 Apr i l  1955 - 30 
June 1956 of t h e  C a l i f o r n i a  Coopera- 
t ive  Oceanic F i s h e r i e s  I n v e s t i g a t i o n s ,  
pp. 33-42. 

Aust in ,  T. S . ,  E. D. Stroup,and M. 0. Rinkel 

countercur ren t  i n  the  c e n t r a l  P a c i f i c .  
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phys ica l  Union, 37(5) :558-564. 

1956. Var i a t ions  i n  t h e  e q u a t o r i a l  

Broad, Robert D . ,  and Harold A. Gangmark 
1956. Establishment of  a cont ro l led-  

f low a r e a  and cons t ruc t ion  of king 
salmon spawning pens a t  M i l l  Creek, 
Ca l i fo rn ia .  U. S. Fish  and W i l d l i f e  
Serv ice  The Progress ive  Fish-Cultur is t ,  
18(3) :131-134. 

B u l l i s ,  Harvey R . ,  J r .  and Edgar L. Arnold, 
Jr . 
Regalecus F le sne ,  i n  the  Gulf o f  
Mexico. Copeia, (3):191. 

1956. Capture of an immature o a r - f i s h ,  

Bu t l e r ,  P h i l i p  A. 
1956. Product ion and u t i l i z a t i o n  of  

seed o y s t e r s  i n  the  Gulf a rea .  
Proceedings of t he  Nat ional  S h e l l f i s h -  
e r i e s  Assoc ia t ion ,  47:19-22. 

1956 

B u t l e r ,  P h i l i p  A . ,  and Alfred J. Wilson, J r .  
1956. A continuous water sampler f o r  

e s t ima t ion  of d a i l y  changes i n  plank- 
ton.  =., pp. 109-113. 

Clark ,  John R. 
1956. Georges Bank haddock fishery-’ 
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years .  U.  S. F i sh  and Wi ld l i f e  
Serv ice  Commercial F i s h e r i e s  ReVi5f  
18(10):1-3. 

C o l l i e r ,  Alber t ,  Sammy Ray and W .  B. W i l s o n  

compounds on marine organisms. 
Science,  124(3214) :220. 

1956. Some e f f e c t s  of s p e c i f i c  o r B a i C  

Combs, Bobby D . ,  and Roger E.  Burrows 
1957. Threshold temperatures  f o r  the 

normal development of chinook Salmon 
eggs.  
v i ce  The Progress ive  F i s h - C u l t u r s r  

U. S .  Fish and Wild l i fe  Ser- 

19(1 :3-6. 

Cope, Ol iver  B. 
1956. Some migrat ion p a t t e r s h  i n  Cut*  

t h r o a t  t r o u t .  U t a h  Academy Proceed- 
ings, 33:113-118. 

1957. DDT and f i s h .  Proceedings of the 
n i n t h  annual meeting of t he  Utah 
Mosquito Abatement Assoc ia t ion ,  19569 
pp. 4-5. 

1957. S ix  years  of  ca t ch  s t a t i s t i c s _ ”  
Yellowstone Lake. Transac t ions  Of 
t he  American F i s h e r i e s  Socie ty ,  a5 
(1955) : 160-179. 

f Y  
I nyes t i g  a t  i ons  ’ shrimp research.  
ProceedinqS of t he  Gulf and Caribbe@ 
F i s h e r i e s  I n s t i t u t e  n i n t h  annual 
ses s ion ,  November, pp. 5-6. 

Cos te l lo ,  Thomas J. 
1956. A i m s  and progress  i n  Gulf Pishe 

T. Merte DeLong, D. C . ,  J. E. Halver ,  and E. 
1957. P r o t e i n  requirements of chinook 

salmon a t  two water  temperatures .  
Federat ion Proceedings,  16:1644. 

Eicher ,  George J . ,  Jr. and George A. 
Rounsef e l l  

1957. E f f e c t s  of lake  f e r t i l i z a t i o n  
volcanic  a c t i v i t y  on abundance of 
salmon. Limnology and Oceano&’ 
2(2)  :70-76. 

Eschmeyer, Paul H. 
1956. The e a r l y  l i f e  h i s t o r y  of the  

lake  t r o u t  in  Lake Super ior .  
laneous Pub l i ca t ion  No. 10 of the 
Michigan Department of Conservation’ 
I n s t i t u t e  f o r  F i s h e r i e s  Research. 

Misce1* 
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Bschmeyer, Paul  H. 
1957. The near e x t i n c t i o n  of  lake  t r o u t  

i n  Lake Michigan. Transac t ions  of  
t he  American F i s h e r i e s  Socie ty ,  85 
(1955):102-119. 

Evans, John E. 
1956. Red t i d e :  A r epor t  t o  t he  P lo r i -  

d i ans .  
-' z ine  Pensacola  News-Journal Magazine 
Sec t ion ,  October 7 ,  pp. 8-9, 14;  

The A l l  F lo r ida  Weekly Maga- 

October 14 ,  pp. 6-7, 1 3 ,  15.  

Pleminger , Abraham 
1957. New calanoid copepod8 of P o n t e l l a  

Dana and Labidocera Lubbock wi th  notes  
on the  d i s t r i b u t i o n  of  t he  genera i n  
the  Gulf of Mexico. Tulane S tudies  i n  
Zoology, 5(2)  :19-34. 

G a l t s o f f ,  Paul S. 
1956. Simple method of making f rozen  

sec t ions .  S t a i n  Technology, 31(5):  
231-233. 

Ganaros, A. E. 
1957. Marine fungus i n f e c t i n g  eggs and 

embryos of Urosalpinx c ine rea l  
Science,  125(3259) :1194. 

Gangmark, Harold A . ,  and Robert D. Broad 
1956. An experiment wi th  Vibert  boxes. 

U.S. F i sh  and Wi ld l i f e  Serv ice  The 
Progress ive  F ish-Cul tur i s t ,  18(3) :  
143-144. 

Gilmore, Raymond M. 
1956. Rare r i g h t  whale v i s i t s  Ca l i fo rn ia .  

Pac i f i c  Discovery, 9 (4 )  : 20-25. 

1957. Whales aground i n  Cortes '  Sea. 
Ib id  10(1):22-27. -* ' 

1957. The s e a  o t t e r .  Pan American 
Fisherman, l l ( 1 0 )  :8. 

Glude, John B. 
1956. Copper, a poss ib l e  b a r r i e r  t o  

oyster '  d r i l l s . .  1956 Proceedings of 
t he  Nat h n a l  S h e l l f i s h e r i e s  Associa- 
t i o n ,  47:73-82. - 

Oraham, Joseph J. 
1956. A mor t a l i t y  of  t he  sand launce,  

Ammodytes americanus. Copeia, ( 3 ) :  
192-194. 

Balver ,  John E. 
1957. Nu t r i t i on  of salmonoid f i s h e s .  

111. Water-soluble vi tamin requi re -  
ments of chinook salmon. Journal of 
Nu t r i t i on ,  62(2):225-243. 

1957. N u t r i t i o n  of salmonoid f i s h e s .  
I V .  An amino acid t e s t  d i e t  for 
chinook salmon. I=., 245-254. 

Halver,  J. E . ,  D .  C. DeLong and E. T. Mertz 
1957. Nu t r i t i on  of salmonoid f i s h e s .  

V. C l a s s i f i c a t i o n  of e s s e n t i a l  amino 
ac ids  f o r  chinook salmon. g., 63: 
95-105. 

Hanks, James E. 
1957. The r a t e  of feeding of t he  common 

d r i l l ,  Urosalpinx c i n e r e a  (Say),  a t  
cont ro l led  water temperatures.  Biolo- 
g i c a l  B u l l e t i n ,  112(3):330-335. 

Holmes, Robert W . ,  and Theodore M. Widrig 
1956. The enumeration and c o l l e c t i o n  of 

marine phytoplankton. Journal du Con- 
s e i 1  Permanent I n t e r n a t i o n a l  pour 
1 - 3 2 .  

Jensen, Paul T. 
1957. An extens ion  of  t he  range of t he  

long-finned smelt. Ca l i fo rn ia  Fish 
and Game, 43(1):99. 

J o e r i s ,  Leonard S. 
1957. S t ruc tu re  and growth of s c a l e s  of 

yellow perch of Green Bay. 
ac t ions  of t he  American F i she r i e s  

Trans- 

Soc ie ty ,  86(1956):169-194. 

June, Fred C. 
1956. Bio logica l  i nves t iga t ion  of  

A t l a n t i c  coas t  menhaden. Proceedings 
of t he  Gulf and Caribbean F i s h e r i e s  
I n s t i t u t e ,  n in th  annual se s s ion ,  
November, pp. 99-106. 

Kel ly ,  George F. 
1957. Maine r e d f i s h  discovery l ed  t o  

f i rs t  successfu l  tagging. Maine 
Coast Fisherman, 11(9):12. 

King, Joseph E. - .  ~ 
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17(1):3-4. 
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South P a c i f i c  . 
A t l .  Herring 
South P a c i f i c  
South P a c i f i c  
South P a c i f i c  
South At l an t i c  
Gu l f  
Middle At l an t i c  
P a c i f i c  Salmon 
South P a c i f i c  
Gu If 
North At l an t i c  
Pac i f i c  Salmon 
P a c i f i c  Salmon 
North At l an t i c  
P a c i f i c  Salmon 

North At l an t i c  
Woods Hole Lab. 
Milford Lab. 
P a c i f i c  Salmon 
P a c i f i c  Salmon 
Gulf 
P a c i f i c  Salmon 
Great Lakes 
W .  Fish. Diseases 
South At l an t i c  
South P a c i f i c  
P a c i f i c  Salmon 
Whales 
Ich thy .  Lab. 
c1 ams 
POF I 
South At l an t i c  
Great Lakes 
South A t  1 an t i c  
POP I 
North At l an t i c  
POP I 
Menhaden 
Ches ape ake 
Pac i f i c  Salmon 

P a c i f i c  Salmon 
S a l .  N u t r .  Lab. 
Sa l .  Nutr. Lab. 
Great Lakes 
S a l .  Nutr.  Lab. 
P a c i f i c  Salmon 
P a c i f i c  Salmon 
Milford Lab. 
C 1  anis 
P a c i f i c  Salmon 

Location 

qnnapolis,  Md. 
Yarquet te ,  Mich. 
S e a t t l e ,  Wash. 

La J o l l a ,  C a l i f .  
Boothbay Harbor, Me. 
La J o l l a ,  C a l i f .  
La J o l l a ,  C a l i f .  
La J o l l a ,  C a l i f .  
Brunswick, Ga. 
Naples,  Fla .  
Beaufort ,  N. c. 
S e a t t l e ,  Wash. 
La J o l l a ,  C a l i f .  
Galveston, Texas 
Woods Hole, Mass. 
S e a t t l e ,  Wash. 
S e a t t l e  , Wash. 
Woods Hole, Mass. 
S e a t t l e  , Wash. 

Port  Jud i th ,  R. I .  
Woods Hole, Mass. 
Milford,  Conn. 
S e a t  t l e  , Wash . 
S e a t t l e ,  Wash. 
Galveston, Texas 
No. Bonnevi l le ,  Wash. 
Ludington, Mich. 
S e a t t l e ,  Wash. 
Brunswic k , Ga. 
La J o l l a ,  C a l i f .  
S e a t t l e ,  Wash. 
La J o l l a ,  C a l i f .  
Washington, D.  C. 
Boothbay Harbor, Me. 
Ilonolulu, T. H .  
Brunswick, G a .  
Sandusky , Ohio 
Brunswick, Ga. 
Honolulu, T. H. 
Woods Hole, Mass. 
Honolulu, T. H.  
M i l l v i l l e ,  Del. 
Frankl in  C i t y ,  Va. 
S e a t t l e ,  dash. 

S e a t t l e ,  Wash. 
Wi l la rd ,  Wash. 
Wi l la rd ,  Wash. 
Rogers C i t y ,  Mich. 
Wi l la rd ,  Wash, 
S e a t t l e ,  Wash. 
S e a t t l e ,  Wash. 
Mi l ford ,  Conn. 
Boothbay Harbor, Me. 
S e a t t l e ,  Wash. 
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Name - 
Hebard, J. Frank 
H i a t t ,  Robert S. 
Hida,  Thomas S .  
Higham, Joseph R . ,  J r .  
H i l e ,  Ralph 0. 
Hodge, Melvin H. 
Holmes, L e s l i e  H. 
Honey, Kenneth A. 
H o r r e l l ,  Harry C. 
Howell, John J. 
Hunter,  Charles  J. 
Hunter,  Lois  E. 
Huntley,  Ju l i an  L. 

Ikehara ,  I saac  I .  
I n g l i s ,  Anthony 
Iverson .  Robert T. B. 

Jambor, McKinley W .  
Jensen, Albert  C. 
J o e r i s ,  Leonard S. 
Johnson, James H. 
Johnson, James H. 
Johnson, James S. 
Johnson, Lucius,  J r .  
Jones,  Everet  C. 

K a l l i o ,  John R. 
Karlos ,  Les te r  S. 
Kel ly ,  George F. 
Kennedy, Harry D. 
Keyser,  Joseph E. 
King, Evere t t  L . ,  J r .  
King, Joseph E. 
Kirkland,  Leon F. 
K i t che l ,  Maude Al ice  
Klontz ,  George W .  
Kodama, Robert M. 
Kramer, David 
Krcma, Richard P. 

LaLanne, John J. 
Lander, Robert H.  
Landers,  Warren S. 
Lansford,  Larence M. 
Larson, Robert M .  
Lemon, Robert E. 
Lewis, Robert D. 
L e w i s ,  Robert M. 
Liscom, Kenneth L. 
Livingstone,  Robert ,  J r .  
Long, C l i f f o r d  W .  
Loosanoff, Victor  L. 
Lowe, Jack I .  
Lozier ,  Lewis J. 
Lucash, Joseph F ,  
Lucich, George M. 

T i t l e  - 
Fish .  Biol .  
F ish .  Bio l .  
Fish.  Aid 
Fish.  Bio l .  
Fish.  Bio l .  
Psy. S c i .  Aid 
Research Tech. 
Fish.  Biol .  
Fish.  Aid 
Fish.  Bio l .  
F ish .  Bio l .  
Fish.  Aid 
Fish.  Aid 

Fish.  Biol .  
F ish .  Bio l .  
Psy. S c i .  Aid 

Bio l .  Aid 
Fish.  Biol .  
Fish.  Bio l .  
F i sh .  Biol .  
Fish.  Biol .  
Fish.  Aid 
Phy. S c i .  Aid 
Fish.  B io l .  

Fish.  Aid 
Fish.  Aid 
F ish .  Bio l .  
Fish.  Biol .  
Lab. Elec.  
Fish.  Biol .  
Fish.  Biol .  
Fish.  Biol .  
Bio l .  Aid 
Research Tech. 
Phy. Sc i .  Aid 
Fish.  B io l .  
Fish.  Aid 

Fish.  Bio l .  
Fish.  Biol .  
F ish .  Bio l .  
Phy. Sc i .  Aid 
F ish .  Biol .  
F ish .  Biol .  
Fish.  Bio l .  
Fish.  Biol .  
Fish.  Bio l .  
Fish.  Bio l .  
Fish.  Aid 
Fish.  B io l .  
Fish.  Bio l .  
S t a t .  C l k .  
Lab. Mechanic 
Phys ic i s t  

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

P a c i f i c  Salmon 
Marine Sec t ion  
POF I 
Menhaden 
Great Lakes 
Gulf 
S a l .  Nutr.  Lab. 
South A t l a n t i c  
North At l an t i c  
Great Lakes 
P a c i f i c  Salmon 
South P a c i f i c  
Menhad en 

POF I 
Gulf 
POF 1 

Gulf 
North A t l a n t i c  
Great Lakes 
P a c i f i c  Salmon 
Great Lakes 
P a c i f i c  Salmon 
Gulf 
POFI 

North At l an t i c  
Great Lakes 
North A t l a n t i c  
C a l i f .  -Nev. 
P a c i f i c  Salmon 
Great Lakes 
POF I 
Menhaden 
Gulf 
P a c i f i c  Salmon 
POF I 
South P a c i f i c  
Great  Lakes 

P a c i f i c  Salmon 
P a c i f i c  Salmon 
Clams 
Gulf 
A t l .  Herr ing 
E a s t .  Fed. Waters 
Middle A t l a n t i c  
Middle A t l a n t i c  
P a c i f i c  Salmon 
North A t l a n t i c  
P a c i f i c  Salmon 
Milford Lab. 
Gulf Oys ters  
A t l .  Herr ing 
Milford Lab. 
P a c i f i c  Salmon 

Loc a t  ion_ 

S e a t t l e ,  Wash. 
Honolulu, T. H. 
Honolulu, T. H. 
Beaufort ,  N .  c. 
Ann Arbor, Mich. 
Galveston,  Texas 
Anacortes,  wash. 
Brunswick, Ga. 
Boston, Mass. 
Ann Arbor, Mich. 
S e a t t l e ,  Wash. 
La J o l l a ,  Calif .  
Beaufort ,  N.  c. 

Honolulu , T.  H. 
Galveston,  Texas 
Honolulu, T. H. 

Naples,  Fla .  
Woods Hole, Mass. 
Ann Arbor, Mich- 
S e a t t l e ,  Wash. 
Ann Arbor, Mich. 
No. Bonnevi l le ,  
Naples,  Fla .  
Honolulu, T. 

Glouces te r ,  Mass* 
Marquette,  Mich. 
Woods Hole, Mass* 
Convict Creek, C a l i f *  
S e a t t l e ,  Wash. 
Ludington , Mich- 
Honolulu, T. H. 
Beaufort ,  N .  c. 
Galveston,  Texas 
S e a t t l e ,  Wash- 
Honolulu, T. H e  

La J o l l a ,  C a l i f *  
Oconto, W i s .  

S e a t t l e ,  Wash 
S e a t t l e ,  Wash. 
Kingston, R .  1 .  

Boothbay Harbor, 
Lee t own , W .  Vas 
Beaufort ,  N. c *  
Beaufor t ,  N. c. 
S e a t t l e ,  Wash- 
Woods Hole, Masso 
S e a t t l e ,  Wash- 
Milford,  Corn. 

Boothbay Harbor, 
Milford,  Cofl. 
S e a t t l e ,  Wash. 

Wash. 

Galveston,  Texas Me. 

Pensacola,  FLa* Me, 
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Name - 
Lux, Fred E. 
Lynn, Albert  C. 

McGary, James W. 
McLain, Alberton L. 
McLaughlin, Pa tsy  Ann 

MacGregor , John S. 
MacGregor, W i l l i a m  A. 
Macy, Paul T. 
Major, Richard L. 
Malone, John C. 
Manion, Pa t r i ck  J .  
Mann, Herbert  J .  
Marak, Robert R. 
Marquette,  Willman M. 
Marr, John C. 
Martin,  Thomas W. 
Marvin, Kennth T. 
Mason, James E. 
Matsumoto, Walter M. 
Mattson, George M. 
M a f i e l d ,  Galen H. 
May, B i l l i e  Z.  
Mead, Giles W . ,  J r .  
Medford, Royston Z. 
Mendiola, E l l a  W. 
Meyer, W i l l i a m  A. 
Mi l l e r ,  David 
Mi l l e r ,  Richard G. 
Miy ahar a ,  Tak ash i  
h f f e t t ,  James W .  
Moore, Donald 
Moore, Harvey L. 
Moore, Harry H. 
Moore, Joseph E. 
h r e a u ,  G i lbe r t  W .  
Morgan, Reginald E. 
Mosher, Kenneth H. 
Murai, Sueto 
Murphy, Garth I .  
Murray, H a r r i e t t  E. 

Nakamura, Eugene L. 
Nakata, Tomatsu 
Nakatsu, Lorry M. 
Nelsen, W i l l i a m  V.  
Nelson, P h i l i p  R.  
Newman, H. W i l l i a m  
Nichols,  Paul  R. 
Nicholson, W i l l i a m  R. 
Nichyparowich, Fred W. 
Nickerson, Samuel R .  
Nielson,  Reed S. 
NOmejko, Charles  A. 

O'(:onnell, Charles  P .  

T i t l e  - 
Fish. Bio l .  
Fish.  Aid 

Oce anog r apher 
Fish.  Biol .  
Fish.  Aid 

Pish.  B io l .  
Fish.  Biol .  
Fish.  Biol .  
Pish.  B i o l .  
Pish.  Aid 
Fish.  Aid 
Fish M .  & E. Sp. 
Fish.  Biol .  
Fish.  Biol .  
Fish.  Biol .  
Pish.  Biol .  
Chemist 
Fish.  Biol .  
Fish.  Biol .  
I11 us t r a t  or 
Fish.  Biol .  
Chemist 

F ish .  Biol .  
S t a t .  Clk. 
F ish .  Biol.  
Fish.  B io l .  
Fish.  Bio l .  
F ish .  Biol .  
Pish.  Biol .  
F ish ,  Biol .  
Fish.  Biol .  
Fish.  Bio l .  
Chemist 
Phy. Sc i .  Aid 
Fish.  Aid 
Pish.  B i o l .  
F ish ,  Bio l .  
Fish.  Biol .  
S t a t .  Clk. 

Zoologist  

Fish.  Biol .  
I1 l u s t  r at  o r  
P ish .  Biol .  
Fish.  Equip. Sp. 
Fish.  Biol.  
Fish.  B i o l .  
Fish.  Biol .  
Fish.  Biol .  
Fish.  Bio l .  
Fish.  Bio l .  
Fish.  Riol .  
Bio l .  Aid 

Pish .  Biol .  

Inves t iga t ion  

North At l an t i c  
Middle At l an t i c  

POF I 
Great Lakes 
P a c i f i c  Salmon 

South P a c i f i c  
Great Lakes 
P a c i f i c  Salmon 
Pac if i c  Salmon 
North A t l a n t i c  
Great Lakes 
POF I 
North At l an t i c  
Great Lakes 
South P a c i f i c  
North At l an t i c  
Gu l f  
P a c i f i c  Salmon 
POP I 
South P a c i f  i c  
P a c i f i c  Salmon 
Gulf 
Ichthy.  Lab. 
Chesapeake 
POP1 
P a c i f i c  Salmon 
North A t  la n t  i c  
Great Lakes 
P a c i f i c  Salmon 
G r  e at Lakes 
South A t l a n t i c  
Marine Sec t ion  
Great Lakes 
South A t l a n t i c  
Gulf 
P a c i f i c  Salmon 
P a c i f i c  Salmon 
P a c i f i c  Salmon 
POP I 
North At l an t i c  

POP1 
POP I 
P a c i f i c  Salmon 
POF I 
Chesapeake 
P a c i f i c  Salmon 
Middle At l an t i c  
Middle A t l a n t i c  
North A t l a n t i c  
North At l an t i c  
C a t  i f .  -Nev. 
Milford Lab. 

South P a c i f i c  

LOC a t  ion 

Woods Hole, Mass. 
Beaufort ,  N .  C. 

Honolulu, T.  H. 
Marquette,  Mich. 
S e a t t l e ,  Wash. 

La J o l l a ,  C a l i f .  
Oconto, W i s .  
S e a t t l e ,  Wash. 
S e a t t l e ,  Wash. 
Boston, Mass. 
Marquette,  Mich. 
Honolulu, T. H. 
Woods Hole, Mass. 
Marquette,  Mich. 
La J o l l a ,  C a l i f .  
Woods Hole, Mass. 
Galveston, Texas 
S e a t t l e ,  Wash. 
Honolulu, T. H. 
L a  J o l l a ,  C a l i f .  
S e a t t l e ,  Washington 
Galveston,  Texas 
Washington, D. C. 
Annapolis,  Md. 
Honolulu, T. H. 
S e a t t l e ,  Wash. 
Woods Hole,  Mass. 
Marquette, Mich. 
S e a t t l e ,  Wash. 
Ann Arbor, Mich. 
Brunswick, Ga. 
Washington, D. C. 
Marquette,  Mich. 
Brunswick, Ga. 
Naples,  Pla .  
S e a t t l e ,  Wash. 
S e a t t l e ,  Wash. 
S e a t t l e ,  Wash. 
Honolulu, T. H.  
Woods Hole, Mass. 

Honolulu, T. H.  
Honolulu,  T. H. 
S e a t t l e ,  Wash. 
Honolulu, T. H. 
Annapolis,  Md. 
S e a t t l e ,  Wash. 
Beaufort ,  N .  C. 
Beaufort ,  N .  C .  
Woods Hole, Mass. 
Woods Hole, hlass, 
Reno, Nevada 
Milford,  Conn. 

La J o l l a ,  C a l i f .  
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Name - 
Ordal ,  E r l i n g  J. 
O t s u ,  Tamio 
Parker ,  P h i l i p  S.  
Parsons,  John W. 
P a t t e n ,  Benjamin G.. 
Paulus ,  Jo Ann 
Pearson, Roger E .  
Perkins ,  Frank E. 
Pe te rson ,  Alvin E. 
Phi lbrook,  Charles  L. 
P h i l l i p s ,  Arthur M . ,  J r .  
Podol iak,  Henry A. 
Posgay, J u l i u s  A. 
Prafke ,  Verlon E. 
P r i c e ,  Thomas, J r .  
Pugh, John R. 
Pu rv i s ,  Harold A. 
Pycha, Richard L . ,  J r .  

Raney, Edward C. 
Ray, Sammy M. 
Raymond, Howard L. 
Reid,  Charles  F. 
Reimers, Norman 
Re in t j e s ,  John W .  
Rice,  Theodore R. 
Rick, Alan J. 
Ridgway, George L. 
Rinkel ,  Maurice 0. 
Robertson, Oswald H. 
Rockwell, J u l i u s  J. 
Roithmayr, Charles  
Ropes, John W .  
Ross, Avron J .  
Rounsefe l l ,  George A. 
Royce, Rodney D. 
Rucker. Robert R.  

Sakuda, Henry M. 
Sanderson, Imogene A. 
Scat tergood,  L e s l i e  W .  
Secke l ,  Gunter R .  
S e i d l ,  A James 
S e t t e ,  Oscar E. 
Shanks, Warren E. 
Shaw, W i l l i a m  N .  
Shea,  John F. 
Shearer ,  Lloyd W .  
Sherman, Kenneth 
Shippen, Herbert  H. 
Shomura, Richard S .  
S i l l iman ,  Ralph P.  
Sindermann, Car l  J. 
Skud, Bernard E. 
S l u s s e r ,  George F .  
Smith,  Bernard R. 
Smith,  Manning A .  

T i t l e  - 
Col labora tor  
Fish.  Bio l .  
Fish.  Biol .  
F ish .  Biol .  
Fish.  Bio l .  
Biol .  Aid 
Fish.  Bio l .  
Fish.  Aid 
Fish.  Biol .  
Fish.  Aid 
F ish .  Biol .  
Chemist 
F ish .  Biol .  
Fish.  Bio l .  
Fish.  Biol .  
Fish.  Bio l .  
Fish.  Biol .  
Fish.  B io l .  

F ish .  Biol .  
Fish.  B io l .  
Fish.  Bio l .  
F i s h .  A i d  
Fish.  Bio l .  
Fish.  B i o l .  
Fish.  Bio l ,  
Fish.  Biol .  
Chemist 
Oceanography 
Co 1 1 abor at o r  
F i sh ,  Biol .  
F ish .  Bio l .  
Fish.  Biol .  
Bac te r io log i s t  
Fish.  Bio l .  
Fish.  Bio l .  
Fish.  Biol .  

Fish.  Bio l .  
Phy. S c i .  Aid 
Fish.  Bio l .  
Oceanographer 
Fish.  Bio l .  
F i sh .  Bio l .  
Med. Bio l .  Tech. 
Fish.  Bio l .  
Fish.  Bio l .  
Fish.  Bio l .  
Fish.  Aid 
Fish.  Bio l .  
Fish.  Bio l .  
Fish.  B io l .  
Fish.  Bio l .  
Fish.  Biol .  
F ish .  Bio l .  
Fish.  Biol .  
Chemist 

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

W. F i sh .  Diseases 
POF I 
Eas t .  Fed. Waters 
G r  e a t  Lake s 
P a c i f i c  Salmon 
Great Lakes 
P a c i f i c  Salmon 
A t l .  Herr ing 
P a c i f i c  Salmon 
North A t l a n t i c  
Trout Nut r . 
Trout Nu t r .  
North At l an t i c  
Great Lakes 
Beaufort  Lab. 
P a c i f i c  Salmon 
Great Lakes 
Great Lakes 

Middle At l an t i c  
Gul f  
Pac i f i c  Salmon 
South P ac if i c  
Cal i f .  -Nev . 
Menhaden 
Beaufort  Lab. 
Great Lakes 
P a c i f i c  Salmon 
WF I 
S a l .  C u l t .  Lab. 
P a c i f i c  Salmon 
Menhaden 
C l a m s  
W. F i sh ,  Diseases 
Marine Sec t ion  
W .  Fish.  Diseases 
W .  Fish.  Diseases 

P a c i f i c  Salmon 
Gulf 
A t l .  Herr ing 
POP I 
Great  Lakes 
Ocean Research 
S a l .  Nutr .  Lab. 
Woods Hole Lab. 
North At l an t i c  
Milford Lab. 
North A t l a n t i c  
POF I 
POF I 
h a d .  & S h e l l .  
A t l .  Herr ing 
P a c i f i c  Salmon 
P a c i f i c  Salmon 
Great  Lakes 
Great  Lakes 

Loc a t  ion 

S e a t t l e ,  Wash. 
Honolulu, T. H. 
Gat l inburg ,  Tern. 
Ann Arbor, Mich. 
S e a t t l e ,  Wash. 
Rogers C i t y ,  Mich- 
S e a t t l e ,  Wash. 
Boothbay Harbor, Me' 
S e a t t l e ,  Wash. 
Rockland, Me. 
Cort land,  N .  Y. 
Cort land,  N .  Ye 
Woods Hole, Mass. 
Marquette,  M i & .  
Beaufort ,  N. C. 
S e a t t l e ,  Wash. 
Marquette,  Mich. 
Ann Arbor, Mich. 

I t h a c a ,  N .  Y .  
Galveston,  Texas 
S e a t t l e ,  Wash. 
La J o l l a ,  Cal i f .  
Reno, Nevada 
Beaufort ,  N. C. 
Beaufor t ,  N .  c. 
Rogers C i ty ,  Mich' 
S e a t t l e ,  Wash. 
Honolulu, T. H.  
S tanford ,  Cal i f .  
S e a t t l e ,  Wash. 
Beaufort ,  N .  C. 
Kingston, R.  1. 
S e a t t l e ,  Wash. 
Woods Hole, Mass- 
S e a t t l e ,  Wash. 
S e a t t l e ,  Wash. 

S e a t t l e ,  Wash. 
Galveston,  Texas 
Boothbay Harbor t "* 

S e a t t l e ,  Wash. 
Marquette,  Mich. 
Stanford,  Cal i f .  
Wi l l a rd ,  Wash. 
Woods Hole, Mass. 
Woods Hole, Mass. 
Milford,  Corn. 
Boston, Mass. 
Honolulu, T. 
Honolulu, T. H. 
Washington, D. c. 
Boothbay Harbor t Me 
S e a t t l e ,  wash. 
S e a t t l e ,  Wash. 
Marquette,  Mich. 
Lewisburg, Pa. 
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- Name - T i t l e  Inves t  i g  a t  ion Locat i o n  

Smith, Rebecca J. 
Smith Robert R .  
Smith, Stanford H. 
Snieszko, S t a n i s l a s  F. 
Sprague, Lucian M. 
S t a r r ,  Theodore J. 
Stewart ,  Dorothy D. 
St ickney,  Alden P. 
Stoddard,  Ruth R. 
S t rasburg ,  Donald W. 
S t r i n g e r ,  Louis D. 
Stroud,  Charles  W. 
Stunkard,  Horace W. 
Su l l i van ,  Leo J .  
Suther land,  Doyle F. 
Sykes, James E. 

T a t ,  Bruce A. 
Tagatz,  Marlin B. 
Talbot ,  Gerald B. 
Tanonaka, George K .  
Taylor,  Bonnie Jean M .  
Taylor,  Clyde C. 
Temple, Robert P. 
Tes te r ,  Albert  L. 
Te tz lo f f ,  C l i f f o r d  L. 
Thibodeau, Alber t  F. 
Thompson, C l a r k  S.  
Thompson, Paul  E. 
Thompson, Richard B. 
Thorne, D onald L. 
T h r a i l k i l l ,  James R .  
b r b l a a ,  Richard L. 
Trefethen,  Parker  S. 

Uchida, Richard N .  
UZmann, Joseph R. 

van Campen, Wilvan G. 
van Landingham, John W .  
van Meter, Harry D. 
van Oosten, John 
VanHaagen, Richard H. 
v ickery,  Roy N .  
VOlz , Charles  D. 
von Ark, Ruth L. 
Vorobiov, Alexander V. 
Vrooman, Andrew M .  

hahl ,  Roy J. 
ha lburg ,  Charles  H.  
ka l fo rd ,  Li.one1 A. 
ka ldron ,  Kenneth D. 
hard,  George E., J r .  
hatson,  Cl in ton  E. 
&atson,  Frank H. 
heaver ,  Charles  R.  

Fish.  Bio l .  
Fish.  Aid 
Fish.  Biol .  
Bac te r io log i s t  
Gene t i c i s t  
Fish.  Biol .  
F ish .  Aid 
Fish.  Biol .  
S t a t .  Clk. 
Fish.  Biol .  
Fish.  Biol .  
Phy. Sc i .  Aid 
Fish.  Bio l .  
F ish .  Biol .  
Fish.  Biol .  
Fish.  Biol .  

S t a t .  
F ish .  Bio l .  
Fish.  Biol .  
Pish.  Biol .  
Fish.  Aid 
Fish.  Bio l .  
Fish.  Biol .  
Fish.  Biol .  
Fish.  Biol .  
Fish.  Aid 
Fish.  Biol .  
Fish.  Biol .  
Fish.  Bio l .  
Lab. Elec.  
Fish.  Biol .  
F i sh .  Biol .  
Fish.  Biol .  

Fish.  Bio l .  
P a r a s i t o l o g i s t  

T rans l a to r  
Phy. S c i .  Aid 
Fish.  Biol .  
Fish.  Bio l .  
Blec.  Sc i .  
Fish.  Aid 
Fish.  Biol .  
I l l u s t r a t o r  
F ish .  Aid 
Fish.  Biol. 

Fish.  Biol .  
Fish.  Biol .  
Fish.  Bio l .  
Fish.  Bio l .  
Fish.  Aid 
Fish.  Aid 
Fish.  Aid 
F ish .  Biol.  

Beaufort  Lab. 
S a l .  Nutr. Lab. 
G r  e a t  Lakes 
Micro. Lab. 
South P a c i f i c  
Gulf 
POP I 
At l an t i c  Salmon 
North At l an t i c  
POF I 
C 1 ams 
Gu If 
clams 
Great Lakes 
Menhaden 
Middle At l an t i c  

South P a c i f i c  
Middle At l an t i c  
Middle At l an t i c  
P a c i f i c  Salmon 
South P a c i f i c  
North At l an t i c  
A t l .  Herring 
POP I 
Great  Lakes 
North At l an t i c  
P a c i f i c  Salmon 

P a c i f i c  Salmon 
P a c i f i c  Salmon 
South Pac f l i c  
Great  Lakes 
P a c i f i c  Salmon 

POF I 
W. Pish.  Diseases 

POF I 
POF I 
Great  Lakes 
Great  Lakes 
P a c i f i c  Salmon 
Menhaden 
Pac i f ic  Salmon 
Woods Hole Lab. 
South Pac i f i c  
South P a c i f i c  

P a c i f i c  Salmon 
Middle At l an t i c  

POF I 
Chesapeake 
North At l an t i c  
South P a c i f i c  
P a c i f i c  Salmon 

Beaufort ,  N .  C .  
Hagerm'an, Idaho  
Ann Arbor, Mich. 
Lee t own, W. Va . 
La. J o l l a ,  C a l i f .  
Galveston,  Texas 
Honolulu, T. H. 
Boothbay Harbor, Me. 
Woods Holc, Mass. 
Honolulu, 'r. H. 
Kingston, K. I .  
Galvest  on,  Texas 
New York, N .  Y .  
Ludington, Mich. 
Reaufoct, N .  C. 
Beaufort ,  N .  C.  

La J o l l a ,  C a l i f .  
Beaufort ,  N.  C. 
Beaufort ,  N .  C. 
S e a t t l e ,  Wash. 
La J o l l a ,  C a l i f .  
Woods Hole, Mass. 
Boothbay Harbor, Me. 
Honolulu, T, H.  
Marquette,  Mich. 
Po r t l and ,  Me. 
No. Bonnevifle,  Wash. 
Washington, D. C. 
S e a t t l e ,  Wash. 
S e a t t l e ,  Wash. 
La J o l l a ,  C a l i f .  
Ludington, Mich. 
S e a t t l e  , Wash. 

Honolulu, T. H. 
S e a t t l e ,  Wash. 

Honolulu, T. H .  
Honolulu, 'r. H.  
Sandusky , Ohio 
Ann Arbor, Mich. 
S e a t t l e ,  Wash. 
Cape May, N .  J. 
S e a t t l e ,  Wash. 
Woods Hole, Mass. 
La J o l l a ,  Cal i f .  
La J o l l a ,  C a l i f .  

S e a t t l e ,  Wash. 
Beaufort ,  N .  C. 
Washington, D. C. 
Honolulu, T. H.  
F rankl in  C i ty ,  Va. 
Boston, Mass. 
La J o l l a ,  C a l i f ,  
S e a t t l e ,  Wash. 
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Name - 
Weber, Douglas D. 
Weber, Kingsley G. 
Webster, John J. 
Welch, Walter R. 
Wells ,  LaRue 
Wentworth, John P h i l i p  
Wheeler, Ray S. 
White, E f f i e  L. 
Wieberg, Nels R. 
Wigley, Roland L. 
Williams, Ray G. 
Wilson, Alfred J. 
Wilson, Melba C. 
Wilson, Robert C. 
Wilson, W i l l i a m  B. 
Wise, John P. 
Wolf , Kenneth E. 
Wolf , Robert S. 
Wong, S tan ley  H. S. 
Woodall , Arthur N. 
Worlund, Donald D. 

Yamashita, Daniel T. 
Yasutake, W i l l i a m  T. 
Yoshida, Howard 0. 
Yuen, Heeny S. H. 

Zein-Eldon, Zoula P. 

T i t l e  - 
Fish Bio l .  
F ish .  Bio l .  
Fish.  Biol .  
Fish.  Bio l .  
F ish .  Bio l .  
Fish.  Bio l .  
Fish.  Bio l .  
Fish.  Aid 
Fish.  Aid 
Fish.  Bio l .  
F ish .  Biol .  
Phy. S c i .  Aid 
Fish.  Aid 
Fish.  Bio l .  
Fish.  Biol .  
Fish.  Biol. 
Bac te r io log i s t  
F i sh .  Biol .  
Mech. Engr. 
Chemist 
S t a t i s t i c i a n  

F ish .  Biol .  
H i s t o l o g i s t  
F ish .  Biol .  
Fish.  Biol .  

Chemist 

Inve s t i g  at ion  

P a c i f i c  Salmon 
P a c i f i c  Salmon 
Chesapeake 
c1 ams 
Gre at  Lakes 
A t l .  Herr ing 
G u l f  
S a l .  Nutr.  Lab. 
Great  Lakes 
North A t l a n t i c  
Grea t  Lakes 
Gulf Oysters  
South A t l a n t i c  
POFI 
Gulf 
North A t l a n t i c  
Micro. Lab. 
South P a c i f i c  
POP I 
S a l .  Nutr.  Lab. 
P a c i f i c  Salmon 

WF I 
S a l .  Nutr. Lab. 
POP I 
POP1 

Gulf 

FISKERY RESEARCH VESSELS 

Locat ion 

S e a t t l e ,  Wash. 
S e a t t l e ,  Wash. 
Annapolis,  Md. 
Boothbay Harbor 9 Me' 
Ann Arbor, Mich. 
Eas tpor t  , Me. 
Galveston,  Texas 
Wil la rd ,  Wash. 
Marquette,  Mich. 
Woods Hole, Mass. 
Marquette , Mich. 
Pensacola ,  Fla .  
Brunswick, Ga. 
Honolulu, T. H. 
Galveston,  Texas 
Woods Hole,  Mass. 
Leetown, W. Va .  
La J o l l a ,  Calif .  
Honolulu, T. H.  
Wi l la rd ,  Wash. 
S e a t t l e ,  Wash.. 

Honolulu, T. H. 
Wil lard , Wash. 
Honolulu, T. H. 
Honolulu, T. H. 

Galveston,  Texas 

SECTION OF INLAND FISHERIES 

- Cisco: Great Lakes Fishery I n v e s t i g a t i o n s  
B u i l t  i n  1950 a t  Kewaunee, Wisconsin. 
S t e e l  cons t ruc t ion ;  60' long;  74 gross t ons ;  175 HP; diesel-powered. 
Home por t :  Grand Haven, Michigan. 

Musky: Great  Lakes. Fishery I n v e s t i a t i o n s  
Purchased used (1951). 
Wood cons t ruc t ion ;  55 '  long; twin-screw, gasoline-powered; t rap-ne t  type .  
Home por t :  Cheboygan, Michigan. 

Purchased used (1952) 
S t e e l  cons t ruc t ion ;  50' long; diesel-powered; g i l l - n e t  t ug  model. 
Home por t :  Marquet te ,  Michigan. 

Siscowet:  Great Lakes Fishery Inves t iga t ions  

SECTION OF MARINE FISHERIES 

Alba t ross  111: North At l an t i c  Fishery I n v e s t i g a t i o n s  
B u i l t  i n  1926 a t  Boothbay Harbor,  Maine. 
Purchased used (1939);  r e b u i l t  by Navy 1942; converted by FWS 1946; 

S t e e l  cons t ruc t ion ;  179' long;  400 gross t ons ;  800 W. converted t r awle r .  
Home p o r t :  Woods Hole,  Massachusetts.  

commissioned 1948. 
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Black Douglas: South Pac i f i c  Fishery I n v e s t i g a t i o n s  
B u i l t  i n  1930 a t  Bath,  Maine. 
Purchased by FWS i n  1941 f o r  f u r  s e a l  research;  t r ans fe r r ed  t o  Fishery Biology 

S t e e l  cons t ruc t ion ;  teak  decks; 118' long;  371 gross  tons ;  three-masted schooner. 
Home p o r t :  San Francisco,  Ca l i fo rn ia .  

B u i l t  i n  1941 a t  Antioch, Ca l i fo rn ia ;  t r ans fe r r ed  from Off ice  of Foreign 

Wood cons t ruc t ion ;  97.08' long; 186.85 gross  tons ;  800 HP. 
Home por t :  Brunswick, Georgia. 

Kingfish: Gulf Fishery I n v e s t i g a t i o n s  
B u i l t  i n  1954 a t  Algonac, Michigan. 
Wood cons t ruc t ion ;  43' long. 
Home por t :  F t .  Myers; F lo r ida .  

B u i l t  i n  1952 at Tacoma, Washington, 
S t e e l  cons t ruc t ion ;  84.16' long;  640 HP. 
Home p o r t :  Honolulu, T. H. 

B u i l t  i n  1950 a t  S e a t t l e ,  Washington. 
Wood cons t ruc t ion ;  86.6' long;  231 grogs tons ;  320 HP. 
Home por t :  Honolulu, T. H. 

B u i l t  i n  1945 a t  S e a t t l e ,  Washington. Transferred from Navy (1948). 
S t e e l  cons t ruc t ion ;  128' long;  700 gross  tons ;  560 HP. 
Home por t :  Honolulu, T. H'. 

1949. 

Theodore N. G i l l :  North At l an t i c  Fishery Inves t iga t ions  (he r r ing )  

A c t i v i t i e s  . 

Charles  H. G i lbe r t :  P a c i f i c  Oceanic Fishery Inves t iga t ions  

John R. Manning: P a c i f i c  Oceanic Fishery Inves t iga t ions  

Hugh M. Smith: P a c i f i c  Oceanic Fishery Inves t iga t ions  

~ C T I O N  OF ANADROMOUS AND SHELLFISHERIES 

FWS 1227: Middle A t l a n t i c  Fishery Inves t iga t ions .  
Transferred from Branch of  Game-fish and Hatcheries .  
Wood cons t ruc t ion ;  35.4' long; 30 HP; gasoline-powered. 
Home por t :  Beaufort ,  North Carol ina.  

B u i l t  i n  1941 a t  College Park ,  Md. Transfer red  from Navy. 
Wood cons t ruc t ion ;  48' long; 25 gross  tons ;  77 HP; diesel-powered. 
Home por t :  Annapolis,  Maryland. 

B u i l t  i n  1932 a t  Newport, R. I. Transfer red  from Milford S h e l l f i s h  Laboratory. 
Wood cons t ruc t ion ;  40.5' long; 12.5' beam; 225 HP; diesel-powered. 
Home por t :  East Greenwich, Rhode I s l and .  

Shang Wheeler: Milford S h e l l f i s h  Laboratory. 
B u i l t  i n  1950 a t  West Haven, Connect icut ,  
Wood cons t ruc t ion ;  50' long;  140 HP; diesel-powered. 
Home p o r t :  Milford,  Connecticut.  

Alos a: Chesapeake She1 If i s h  Inves t iga t ions .  - 

Phalarope 11: Clam Inves t iga t ions  
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