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SECTION OF INLAND FISHERIES Wo F o  CARBINE, C H I E F  

GREAT LAKES F I S m Y  INVESTIGATIONS 
James W, Moffett, Ann Arbor, Michigan 

SEA LAMPREYS 

Control ef t h e  sea  lamprey again received major a t tent ion.  
Operation of experimental con t ro l  s t ruc tu res  i n  1953 was terminated 
before t h e  lamprey spawning run ended because threatened curtaflment 
Of funds necessi ta ted removal and s torage of equipment before f i s c a l  
Year 1953 clesed, 
bar r fe re  demonstrated a g rea t e r  abundance @f lampreys i n  eas te rn  Lake 
Superior than had been anticipated.  I n  t h e  expanded program of 1954, 
44 e l e c t r i c a l  b a r r i e r s  were placed i n  operation on known and po ten t i a l  
spawning streams along t h e  e n t i r e  S t a t e  rf Michigan shore of  Lake 
Superior. 
eas te rn  Lake Superior i n  19% than in 195390 however, results from 
operation of newly i n s t a l l e d  devices i n  oen t r a l  Lake Superior a r e  
more encouraging, Fa i lure  of 22 of  28 bar r ie rg  west of Marquette, 
Michigan, t o  t ake  any lampreys suggests they m a y  nat  be f i rmly  
establ ished i n  t h e  c e n t r a l  and western areas. 

The capture of 1,600 lampreys a t  10 e l e e t r i c a l  

Recerds ind ica t e  an even grea te r  abundance of lampreys i n  

Included i n  t h e  Lake Superior cont ro l  system is a mechanical 
weir on the  Chocoley River which i s  being used t o  determine whether 
t h e  l i f e  h is tory  of t h e  lamprey i n  Lake Superior d i f f e r s  t o  an 
important extent from t h a t  worked out f o r  t he  species  i n  Lake Huron. 
Seven e l e c t r i c a l  b a r r i e r s  a r e  being; operated on streams t r i b u t a r y  
t o  northern Lake Michigan, 
i nd ica t e  a l a rge  lamprey catch a t  these  s t ruc tures .  

Records from t h e  early p a r t  of t he  season 

The Wisconsin conservation Department and t h e  F i sh  and WlPdlife 
' Service are operating s t ruc tu res  on 3 index streams on Lake Michigan. 

A weir is being operated again i n  t h e  Oequeolc: River, an index stream 
t r i b u t a r y  t o  northern Lake Huron, 
abundance of lampreys i n  both lakes. 
a re  being operated i n  cooperation with t h e  Michigan Department of 
Conservation. The inc l ined  screen and t r a p  ( fo r  capture of t rans-  
forming m o c e t e s  on t h e i r  PakewaPd migration) on the  C a r p  Lake Rives 
( S t r a i t s  of Mackinae) i s  enter ing i t s  s i x t h  year  of operation, If 
this stream, which has been blocked t o  spawning-run lampreys s ince  
t h e  first i n s t a l l a t i o n  of t h e  dam, ceases t o  y i e ld  lakeward migrants, 
Use ef t h e  s t ruc tu re  a s  o ther  than a b a r r i e r  t o  upstream movement can 
be abandoned, Experiments a t  t h e  bar r ie r  dam on Black Fdver, Mackinac 
County (Lake Michigan), are intended t o  develap t h e  most e f fec t ive  
arrangement of curved l i p  and la teral  guards i n  stopping lampreys from 
upstream migration wlzfle allowing t r o u t  t o  proceed, 

Catches ind ica t e  continued high 
Barr ie rs  of 2 d i f f e ren t  types 



The screening of near ly  49000 chemical compounds has not yielded 
a proved spec i f i c  l a rv i c ide  but  has  uncovered severa l  substances of 
s u f f i c i e n t  promise t o  warrant more de t a i l ed  inves t iga t ion  and possible  
f i e l d  t e s t i n g .  

LIMNOLOGICAL SURVEYS 

The f i rs t  large-scale  f i s h e r y  and l imnological survey of Lake 
Superfor was completed i n  October 195j0 Nine crufses  were made from 
May t o  October, 3 each i n  t h e  eastern,  cen t ra l ,  and western areas of 
t h e  lake. 
t r i b u t i o n  and abundance of f i shes ,  p a r t i c u l a r l y  on t h e  little-known 
smaller species  and on the  ea r ly  s tages  of commercial v a r i e t i e s .  
Large amounts of l imnological data and rnater%aPs were eslllected a l s o  
on currents ,  temperatures, water chemistry, plankton, bottom types 
and fauna. 

Experimental f i sh ing  yielded extensive information on dis- 

Goad progress has been made i n  analyzing these materials.  

I n  May 1954 t h e  vessel Cisco s t a r t e d  a f i s h e r y  and Xfmnol.agfcal - 
survey 0f c e n t r a l  and southern Lake Michigan, 
of this year 's  work are appra isa l  of s t a t u s  of t h e  chub (ePseo) popula- 
t i on ;  development of e f f i c i en t ,  economical methods ~ Q P  Parge-scale 
production of chubs; and co l l ec t ion  of da t a  on Pfmnological, conditions 
affecting product ivi ty ,  

l3-incipa.l object ives  

GREEN BAY FISHES 

A manuscript ha3 been completed on the  l i f e  Ms to ry  of" the  Green 
Bay lake herring, and analysis  of mater ia ls  on t h e  yellow peseh 
brought up t o ,  date ,  On t h e  basis of information supplied by staff 
b io log i s t s  t h a t  Powering of t he  s ize  limit f o r  yellow perch i n  southern 
Green Bay from 8 t o  'j'-l/;! inches has had no adverse e f f e c t s  on t h e  
stock, t h e  Wisconsin Conservation Commission has continued t h e  7 4 2  
inch  limit. I n  o ther  shallow-water f i s h e r i e s  i n  Lake Er i e  and Saginaw 
Bay, a c t i v i t i e s  have been l a rge ly  r e s t r i c t e d  t o  rout ine catch sampling, 
Progress has bean made i n  studying recent  f luc tua t ions  in t h e  walleye 
stock @f Saginaw Bay and i n  analyzing t h e  year-class ~ o ~ ~ p o ~ d t i o n  ePf 
commerchl stocks i n  Lake Erie.  

LAKE TROUT 

First d r a f t s  of  manuscripts were prepared on the  folllowing s tudies  
of Lake Michigan lake  t routa  
dicated by scale structure of recaptured marked fish d' known ageg d is -  
t r i bu t ion ,  abundance, e a r l y  growth, , sf Lake t r o u t  as datsrmfned 
frsm t h e  1930-32 collections 0f t h e  research vessel Fuhw.  

Vahidity of age determinations a8 in -  

In Lake 
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Superior, an inves t iga t ion  Qf lake t r o u t  fecundity has been completed 
and considerable progress made on study of dis t r ibu t ion ,  abundance, 
food, and growth through t h e  f i r s t  5-6 years of l i f e .  As par t  of a 
continuing study of movements of l a rge r  lake t r o u t ,  500 addi t iona l  
specimens were tagged i n  June l9.!&, from commercial pound ne ts  near 
Cornucopia , Wisconsin. 

STATISTICS 

Tabulation and analysis  of commercial f i she ry  s t a t i s t i c s  have 
been maintained on schedule, 
cooperation of t he  severa l  Great Lakes s t a t e s .  

Original da ta  are avai lab le  through 

WESTERN INLAND FISHERY INVESTIGATIONS 

Reed S. Nlelscpn, Reno, Nevada 
I* CALIFORNIA-NEVADA INLAND FISHERY INVESTIGATIONS 

TROUT SURVIVAL 

To explain overwinter t r o u t  losses  i n  most streams i n  the  
United S ta tes ,  nat ive and hatchery t r o u t  have been stocked i n  h 
experimental stream sect ions a t  Convict Creek Experimentd S t  a t ion  
i n  Cal i f s rn ia .  
which t o t a l  a mile in length, can be control led.  
over severa l  years propose complete draining of t h e  sect ions and re- 
moving of  t h e  f i s h  f e r  F a l l  and spring counting, recording of stream 
flew, air and water temperatures, veloci ty ,  snowfall ,  and i c e  formation, 
and observtng of  t h e  extent  of winter a c t i v l t y  of f i sh .  

Water flow and f i s h  movements i n  these sect ions,  
Experiments planned 

The fou r th  year of  study began May 7, 195.3 and concluded May 3, 
1954 with a mid-year check en grewth and surv iva l  Octebes 27-30, 1953- 
I n  t h e  first period (May-Octaber) surv iva l  O f  hatchery rainbow trout 
was i d e n t i c a l  between 2 s i z e  eraups stocked alone a t  75’ pounds per  acre ,  
Rainbow t r o u t  superimpescd on brawn t r o u t  (150 pounds per  acre) showed 
a surv iva l  r a t e  s l i g h t l y  over half  t h a t  shown f e r  rainbow t r o u t  stocked 
alone; brawn t r o u t  i n  t h i s  mixture were recovered a t  the  same r a t e  as 
rainbow t r o u t  stecked alone3 low rainbow t r o u t  recoveries from t he  mixed 
group are, therefore ,  due ts compctitien with brown t r o u t  r a t h e r  than t o  
stocking in t ens i ty .  
i s  i n  accerd with r e s u l t s  of mest previeus t r i a l s .  
rainbaw t r o u t  held beyond t h e i r  first year i n  the  stream (group 
i n i t i a l l y  stacked August 1, 1952) shewed a surv iva l  of 39e8 percent, i n  
t h e  May-October period, with d r a s t i c  decl ine i n  condition. 
t h e  seccnd period (November 195’3-May 1954) was l imi ted  ta 2 stream 
sec t ions  because ef i n a b i l i t y  of 1 man t o  care  f o r  all 4 sect ions i n  

Super ior i ty  of brown t r o u t  surv iva l  i n  ccbmpetition 
Hatchery-reared 

Stocking i n  
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winter condition. 
I n i t i a t e d  i n  May 1953 was followed through t h e  d n t e r  with a surv iva l  
of kO0O percent and a decl ine t o  a low average condition, Only 3 ~ 6  
percent of second year  rainbow t r o u t  (restocked i n  October 1953) was 
recovered i n  May 1954, with a reduction of average length and weight 
and a s l i g h t  increase i n  condition, r e f l e c t i n g  large losses among 
smaller and more emaciated t r o u t .  Although handling mor t a l i t i e s  limit 
surv iva l  values t o  6-month periods, surv iva l  ef the  above group of  
rainbow t r o u t  through 2 years  i n  Convict Creek may be estimated a t  
between 5 and 8 percent.  

A group of l a r g e r  rainbow t r o u t  i n  experiments 

NINTER STRElAM STUDIES 

Weather conditions were normal and oimilar t o  those of t h e  
previous yearo Snow and ice bridged stream sect ions during the  
period January t o  April ,  
stream bottom areas  were inaccess ib le  t o  f i s h  because Q €  snow and i c e ,  
CcPntralled f ceding experiments a t  low water temperatures (32-33" P.) , 
i n  which na tu ra l  stream food organisms were used, were continued when 
conditions permitted,  
t u r e s  when undisturbed. Digestion was slow and var ied i n  sneed w1t.h 
siae of meal and type of food but prcagressed e t ead i ly  a t  32* F, 
hours, small meals (1/2 gram) of soft-bodied aquat ic  i n s e c t s  were 79-90 
percent digested, and hard-bodied forme 20-30 percent digested. A t  
32' F. roughly 30 to 72 hours were required f a r  complete digest ion.  

Anchor and surface i c e  occurred and many 

Small brown t r o u t  f ed  r ead i ly  a t  these tempera- 

I n  24 

Two groups of brown t r o u t  were held 120 days without food to 
dis t inguish  malnutr i t ion mor ta l i ty  from winter mortality becautle of 
o the r  agents. The 2 groups were exposed t o  t he  8 m e  low water tan- 
peratures  (da i ly  averages 32-35* F,)  with 3. group held indoors i n  a 
hatchery trough and t h e  o ther  exposed t o  normal winter stream condi- 
t i o n s ,  A t  t he  conclusion of t h e  t e s t  period, mor ta l i ty  i n  the  stream 
grcup was 17.7 percent and mor ta l i ty  i n  t h e  she l te red  group 903 percent,  
Actual s t a rva t ion  appegrs a minor f a c t o r  i n  averwinter llesses as many 
of t h e  120-day survivors were ac t ive  and in f a i r  condition, 
differences i n  mor ta l i ty  between exposed and she l te red  t m u t  groups were 
not s t r ik ing ,  they ind ica t e  i c i n g  and cbthcr physical  f a c t o r s  may be more 
c r i t i c a l  than food lack. 

While 

PRODUCTIVITY OF HIOH SIERFU LAKES 

Convict hke-brown trout,--Trap on Convict Lake i n l e t  Q orated 
through brown t r o u t  epawning season (September 2S-December 28ye Tota l  
catch ef 1,434 comprised 4/44 males and 990 femaleag t h e  aex r a t i o  was 
182.23. As with previous 2 yearrt, i n l e t  epawning run consis ted mostly 
of age groups I11 and I V  with few l a r g e r  trmt enter ing the  stream. 
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New f i s h  made up 80,3 percent of t o t a l  catch, 1952 maPks 16,O per- 
cent, 1951 marks 2.2 percent, and double marks (trapped 3.951, returned 
1952 and 1953) 1,s percent. Cal i forn ia  Department of Fish and Game 
obtained l90,OOO eggs spawned from 239 females. Poten t ia l  egg pro- 
duction of i n l e t  epaming estimated a t  8000000 annually i s  based on 
sample ovarian egg counts ef green females from a l l  par t ic ipa t ing  age 
grcbups, Cal i forn ia  Department of Fish and Game, basing i t s  act ion on 
r e s u l t s  of Fish  and Wildl i fe  Service s tud ies  and observations on this 
brawn t r o u t  population, attempted g i l l  net  cont ro l  of large predatory 
t r o u t  during November 195'30 
t r a u t  ranging from 9 0 2 .  t o  20 l b ,  3 02. and 10 rainbow t rou t .  
t he  brawn t rou t ,  24 exceeded 5 lbs. and lb exceeded 9 lbs. 
of la rge  brown t r o u t  f rom the  lake  i s  t a  be continued at t h e  c l r s e  ef 
the  1954 angling season, and e f f ec t s  of  these removals on the  more 
des i rab le  rainbow t rou t  f i s h e r y  will be studied, 

Te ta l  catch not re leased was 114 brown 

Removal 
Of 

Periphyton sampling StUdicS,--M.iaJor e f f o r t  i n  t h e  1953 swnmer 
f i e l d  season on t h e  Convict Creek Basin high Aces  was d i rec ted  toward 
a systematic evaluation of comparative periphyton product ivi ty  by means 
of sampling techniques developed during the  preceding year,  
of t h i s  sampling have been analyzed. 
with tho r e su l t an t  of severa l  physical  and chemical values f o r  each 
lake required t h a t  the  lakes  be ra ted  on a common scale f o r  each measure- 
ment involved and a grand mean of a l l  physical  and chemical ra t ing8 
be derived f o r  each lake.  Per iphytm production was heaviest  i n  the  
photosynthetic zones of lakes, mere espec ia l ly  i n  shallow water, and 
un i t  productisn values f o r  lakes have, therefore, been derived from 
periphyton and water mass d i s t r ibu t ions  of various strata,  
abundance i n  these  lakes  was f n  close agreement with t h e  sum of physical  
and chemical inf luences which a re  t h e  bas i s  of aquatic productivity.  O€ 
t he  major ions present i n  the waters, bicarbonate and s u l f a t e  appear t h e  
most i n f luen t i a l ,  and periphyton growth seems advanced according t o  
bicarbonate concentration and increasingly inh ib i t ed  by grea te r  s u l f a t e  
concentrations,  
r e l a t i o n  t o  bicarbonate concentration of any i n  t he  group; this lake is 
t h e  only one whose per lphytm praduction departs  r ad ica l ly  from the 
t rend  mf physiaal-chemical influenees,  

Results 
Comparison of periphyton values 

Periphyton 

Lake Bighorn has t h e  highest  s u l f a t e  eancantrat ian i n  

Twenty-five day exposures af glass  periphyton subskrates were made 
at a l l  l eve l s  i n  ConvicYt Lake through 1 year  ending J ~ l y  8, 3.954 t o  
determine Inercmental changes with water temperateuse anti season, 
f o r  nfid-winter d i f f i c u l t i e s  and loss of 1 s e t  i n  t h e  i c e  breakup, Convict 
Lake sampling was  successful;  analysis  will be made on compXctian of" 
f a c i l i t i e s .  

Except 



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

Yellowstone Lake s tudies  .--The Yellowstone Lake f i she ry  i n  t h e  
1953 season was regulated with a reduced limit and a shortened season. 
Tota l  e f f o r t  and catch were reduced below 1952 l eve l s  and t h e  catch 
success was sustained a t  t h e  same l eve l .  The 1954 season began slowly 
with r e l a t i v e l y  poor f i sh ing  success; however, f i s h i n g  was rap id ly  
improving a t  t h e  end of t he  year. 

Yellowstone spawning runs were improved i n  1953 ch ie f ly  because 
of t h e  shortened angling season. 
allowed t o  ascend streams t o  spawn na tu ra l ly  as p a r t  of an agreement 
t o  cur ta i l  shipment of eggs outs ide Yellowstone Park. 
was t h e  beginning of an experiment t o  compare na tura l  reproduction 
with hatchery production a t  Yellowstone. 
pa t t e rn  s imi l a r  t o  t h a t  of 1953. Spawning runs of 1954 were below 
those of 1953 at  the  end o f  t he  year  but improved i n  t h e  l a t e r  s tages ,  

Most of t h e  counted spawners were 

The 1.953 e f f o r t  

The 1954 program followed a 

Average s i z e s  of f i s h  i n  the  19% runs and t h e  f i she ry  were 
grea te r  than those o f  1953, probably because of a weakness i n  t h e  
1950 year  c lass .  

Extensive s tudies  on tagging re turns  and sca l e  reading were 
conducted during t h e  winter. 

Grebe Lake studies,--Studies of  Grebe Lake grayling and t r o u t  
populations a re  being continued, 
grayling were l a rge  while t r o u t  runs were r e l a t i v e l y  small. 
t i o n  s tud ie s  i n  Grebe Lake showed a grea t  preponderance of grayling over 
t r o u t  i n  1953. 
present populations. 

The 1953 and 1954 spawning runs of 
Fopula- 

Present regulat ions on Grebe Lake seem su i t ab le  f o r  

Madison River studies,--Creel s tud ie s  on the  Madison, Firehole, 
and Gibbon Rivers were begun i n  1953 and continued on a l a r g e r  sca le  
i n  195b0 
for 1953 and da ta  on catch cha rac t e r i s t i c s  co l lec ted .  
and brown t r o u t  were planted i n  the Madison and Firehole  Rivers i n  t he  
spr ing of 1954. 
rainbow a r t  being caught rap id ly  i n  the  Madison River. 

, 

Estimates of catch and e f f o r t  were made f o r  these streams 
Marked rainbow 

Creel checks s t rongly  ind ica t e  planted half-pound 
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FRESH WATER BIOLOGICAL LABORATORIES 

I. TROUT NUTRITION LABORATORY 
Arthur M, Phi l l ips ,  Jr., Cortland, New York 

Trout vitamin requirement.--Vitamin omission s tudies  showed 
choline, niacin,  f o l i c  acid, pyridoxine, r ibof lav in  and i n o s i t o l  
are  necessary growth f ac to r s  f o r  brook t rout .  
t i ons ,  including anemia appcitrance, could be found, with exception 
Qf l o s s  of caudal f i n  among i n o s i t o l  def ic ien t  t r o u t ,  Fxperiments 
are under w a y  t o  determine i f  brown t r o u t  have a similar need f o r  
t he  vitamins. 

No abnormal condi- 

Dietary supplements,--Attempts t o  produce a synthe t ic  cod l i v e r  
o i l  indicated phospholipids may be: t h e  growth f ac to r  i n  ced l i v e r  
O i l ,  Experiments a re  i n  progress t o  confirm 8r r e j e c t  this poss ib i l i t y .  

Aureomycin and p e n i c i l l i n  added t o  rainbow t rou t  d i e t  produced 
no bene f i c i a l  e f fec ts .  

Metabolic studies.--Both cold water and s t a rva t ion  e f f ec t ive ly  
Sodium arrrytal, when cor re la ted  reduced brook t r o u t  metabolic r a t e .  

with s ta rva t ion ,  was e f fec t ive  i n  prolonging carrying capaci ty  a f t e r  
a period of between 4 and 6 hours had elapsed. 

A n  attempt is being made t o  co r re l a t e  e f f e c t s  of s tarvat ion,  
water temperature, chemicals and f i s h  s i z e .  

P rac t i ca l  diets.--Experiments with a pe l l e t ed  f i s h  food showed 
a l e v e l  of  60 percent of  t he  usual  amount fed, coupled with meat fed 
twice a week, produced r e s u l t s  equal o r  superior  t o  the  usual hatchery 

b e s e n t  s tud ies  include use of a heavily f o r t i f i e d  p e l l e t  t o  e fYdnate  
meat feedings , 

' d ie t s .  S igni f icant  savings i n  labor  and food preparat ion resul ted.  

A foreign brand o f  cottonseed meal, which equals domestic types 
Of t h e  meal, produced no adverse e f f ec t s  when added t o  the  rainbow 
t r o u t  diet, 

more rapid rate t h e  f irst  lr8 hours of a 144-haur period, 
Was absorbed a t  a h igher  l e v e l  of radioact ive phmsphorus than a t  a 
lower oneD 
rad ioac t iv i ty  leve l .  I n  a l l  cases the  amoBt of P3* absorbed was less 
than values found i n  previous work with Ca 

Radioactive isotopes --Small nsn-f eedfng t r o u t  absorbed $2 a t  a 
More a c t i v i t y  

Gills and the  gas t ro - in t e s t ina l  t r a c t  contained t h e  highest  

60 All mater ia l  has been gathered f o r  determining absorption of Co 
from water by brook t r o u t  and ana ly t i ca l  work i s  under way ,  
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The experimental design has been completed and work i n i t i a t e d  
on a complex study upon t r o u t  u t i l i z a t i o n  of calcium from water. 

Natural food analyses,--Seven na tura l  food species  were analyzed 
f o r  protein,  f a t  , water, magnesium, phosphorus and calcium cont ent  , 
Other forms of na tu ra l  food were analyzed f o r  b io t in ,  r i b s f l a v i n  and 
pantothenic acid content,  
ind ica ted  tha t ,  according t o  pressn t  standards, hatchery food i s  
superior  t o  t h e  na tu ra l  product, However, a co r re l a t ion  of analyses 
with conversion f a c t o r s  of t he  2 food  types shows t h e  na tu ra l  product, 
with i t s  apparent i n f e r i o r  chemical content of s tudied factors, i s  
equal or superior  t o  hatchery d i e t s .  

Comparison with a common hatchery d i e t  

S ta rva t ion  e f f e c t  on trout,--Weight l o s s  of s ta rved  brook and 
rainbow t rou t  could be cor re la ted  wPth water temperature. 
analyses showed law l e v e l s  of pantothenic acid, b io t in ,  r ibs f lavfn ,  
and fat ,  and a high n iac in  l e v e l .  

Mver  

11. SALMON NUTRITION LABORATORY 
John E. Halver, Cook, Washington 

GENERAL 

Major emphasis has been placed on t e s t i n g  f a c i l i t i e s  i n  t h e  new 
labora tory  and or ien t ing  staff members with problems i n  using f i s h  
as experimental animals. A ful l - t ime hatchery feeding program was 
i n i t i a t e d ;  t h e  r i v e r  water system and a constant temperature water 
system were used t o  t e s t  growth responses and p o s s i b i l i t i e s  of ex i s t -  
ing  and a l t e r e d  water suppl ies .  D i f f i c u l t i e s  encountered i n  using a 
galvanized water l i n e  were overcome and a new a l l - s t e e l  line has been 
i n a t a l l e d  from t h e  Spring t o  t h e  experimental hatchery. Major emphasis 
i n  biachemical inves t iga t ions  ha8 been t o  obtain background information 
f o r  developing an e f f i c i e n t  n u t r i t i o n  feeding program i n  the  coming year, 

RESEARCH 

Chinook salmon vitamin requirements.--Util lzin~ t h e  r i v e r  water 
por t ion  of t he  experimental hatchery, the  laboratory staff repeated 
q u a l i t a t i v e  water-soluble vitamin requirement s tud ie s  previously con- 
ducted and published t o  measure effect iveness  of this low temperature 
water supply i n  developing s p e c i f i c  vitamin deficiency syndromes i n  
chinook salmon. 
suf f ic ien t  growth f e r  development of vitamin dcf ic lency syndromes 
within a 20 week feeding period, 
deweloprnent of deficiency syndrsmes may be a t t r i b u t e d  t o  the Octomitus 

Unfortunately, 38-42. F, temperatures prevented 

Some growth i n h i b i t i o n  and lack of 
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in fec t ion  prevalent i n  most groups of the water-soluble vitamin 
def ic ien t  l o t s  of f i s h ,  

Qual i ta t ive  fat-soluble  vitamfn requirement stud2es were re- 
peated through use of t he  constant temperature water system adjusted 
t o  50°F. with the  r i v e r  water supply. Low pressure of the water 
system in t e r f e red  with ac t ion  of  the constant temperature valves 
and this, coupled with t h e  contaminated r i v e r  water system, l ed  t o  
inconclusive r e s u l t s  on spec i f i c  fa t -soluble  vitamins required.  
i s  an t ic ipa ted  t h a t  repeating these s tud ies  with the spring water 
Wpply, which should be f r e t  from f i s h  pathogens, would confirm pre- 
vious work on requirements for  vitamins A and K u  

It 

Salmon amino-acid requirements.--Introductory work has been 
completed on developing a sa t i s f ac to ry  vitamin t e s t  d i e t  and a co- 
operative research p ro jec t  has been i n i t i a t e d  with members of the  
Pro te in  sec t ion  of Purdue University f o r  chinook salmon quaUtat8ve 
*no acid requirements. D r .  Edwin T, Mertz v i s i t e d  the  laboratory 
i n  June and a long-term research program, which would u t i l i z e  f a c i l -  
i t i e s  and experience of Purdue University and f a c i l i t i e s  of the Salmon 
Nutr i t ion Laboratory, was out l ined,  Purdue University has t e n t a t i v t l y  
agreed t o  fu rn i sh  D r .  Mertz and one graduate student f o r  determining 
salmon qua l i t a t ive  and quant i ta t ive  amino acid requirements Purdue Is 
P a r t i a l l y  supplemented d i e t  will be used for quan t i t a t ive  requfrements 
and the laboratory 's  t es t  d i e t  f o r  qua l i t a t ive  requirements. 

Chinook salmon fatty acid requirements.--An attempt t o  determine 
qua l i t a t ive  f a t t y  acid requirements of chinook fry has been made. 
Sole source of f a t  i n  the d i e t  contained a mixture of s t e a r i c ,  palmitic 
and o l e i c  acids a t  a l e v e l  of 9 percent with l i n o l e i c  and l i no len ic  
acids a t  a l e v e l  of 0,2 percent. A t  t h i s  leve l ,  and under experimcnt,al 
conditions used, f i s h  developed a severe edema i n  ci large number of 
Cases. Fish receiving ne f a t  i n  t he  d i e t  in many cases survived bc t t e r  
and l i v e r  necrosis was not seen i n  these lots u n t f l  after an addi t ional  
th ree  weeks' feeding. 
a t h  acute ycllow atrophy of mammals was observed i n  moribund f i s h ,  

The 

Massive l i v e r  necrosis h i s to log ica l ly  i d e n t i c a l  

Establishment of i n o r g a d c  Lest conditions f o r  chinook salmon.-- 
Through use of t he  deionized water :;yL3tem, additions of knawii anmurats of 
Pure inorganic s a l t s  resu l ted  in a t  l e a s t  2 s a t i s f ac to ry  incrrganfc t e s t  
conditions f o r  chinook salmon fry. 
chinook salmon inorganic requirements, the  g rea t e s t  emphasis was placed 
on developing a system of known ion ic  s t rength  a d  irxor.ganY,r: %an GOC- 

cent ra t ion  which would allow f i s h  t o  survive and grow with pos i t i ve  
experimental. control  of inorganic ions present.  
son buf fer  were sa t i s f ac to ry  and some concentrations cf chlor ides  and 
Phosphates indicated they could be used f o r  some s t idies .  
leakage f rom the  deionfzer cont ro l  valve proved lctkrrl t o  f ish I n  such 
a pure water supply. 

As a prerequisite fer studying 

Low l eve l s  of a Saren- 

A ~ o p p c r  
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Chinook salmon inorganic requirements . --Use of the r i v e r  water 
supply with i t s  load of f i s h  pathogens prevented development of 
spec i f i c  inorganic deficiency syndromes, 
ing these s tud ies  f o r  macro in0rgani.c elements absent i n  the  spring 
water, which should be f r e e  of f i s h  pathogens 
inorganic deficiency syndromes without using the  deionizing equipment, 
A study of z inc and calcium as enzyme ac t iva to r s  was begun. 

It i s  probable t h & t  repeat- 

would develop spec i f i c  

Chinook salmon carbohydrate requirements.--Feeding salmon l o t s  
with increased increments of carbohydrates f a i l e d  t o  ind ica t e  m a x i m u m  
to le rance  l eve l s  because of t h e  l a rge  load of f i s h  pathogens i n  the  
r i v e r  water supply. 
disease,  and t h e  extremely Pow temperature of  t ha  water system pre- 
vented adequate growth and development and masked any r e s u l t s  which 
might have been obtained, 

The epizoot ic  of  sctomitus and b a c t e r i a l  g i l l  

Normal his tology @f salmor&ds,--An extensive co l l ec t ion  program 
of w i l d  and hatchery f i s h  was completed on June 7, l95b. A11 species  
of salmonids on the- Pac i f ic  Coast; except the  C a P i f o r ~ a  Golden Trout, 
were included from both hatchery and stream environments. 
mately 100 hatchery and 50 stream col lec t ions  yielded 3,000 f i sh0  The 
Oregon Game Commission, t he  Washington Department of f i she r i e s ,  the  
F ish  and Wildl i fe  Service 's  Regional Off ice  a t  Portland, t h e  Washingtan 
Department of Game, and the  Oregon Fish  Commission cooperated wi th  the  
laboratory i n  this undertaking. 

The approxi- 

Histology of salmon5.ds under defined n u t r i t i o n a l  con&tions.-- 
Specimens were preserved from n u t r i t i o n a l  experfrnents with wat e r  and 
fa t - so luble  vitamin def ic iencies ,  f a t t y  acid def ic ienc ies ,  carbohydrate 
def ic iencies ,  and mineral def ic ienc ies  t o  i n su re  adequate preservat ion 
of c e l l u l a r  d e t a i l  essent ia l .  t o  such experimentation. 

Material  was sectioned from t h e  Servfcefs  Cortland, New York, 
I n  this mater ia l  laboratory t e  describe Mstolargy ef choline deficfeney. 

no les ion8 were ebserved t h a t  could be cor re la ted  with a vitamin defioien- 
BY e 

Histological  comparison of wild and hatchery-reared salmonids,-- 
Three thousand wild and hatohery-reared salmonids were c s l l ee t ed  and 
preserved. They cons is t  of  f a l l  chfnooks, spr ing Chinooks, s i l v e r s ,  
uhums, pinks, bluebacks, steelhaade, rainbow, brook, brawn and cu t throa t  
t r o u t ,  This mater ia l  i s  being sectioned. 

Idbrary of h i s to log ica l  mater ia l  of saSrnordds.--Several thousand 
t i s s u e  sec t ions  were prepared and f i l e d ,  The itemized l ist  of disease 
conditions, n u t r i t i o n a l l y  de f i c i en t  mater ia l  and normal tissues i s  ex- 
tens ive  and w i l l  be re leased pe r iod ica l ly  t o  i n t e r e s t e d  and qIuaUPied 
inves t iga t s r s .  
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Neoplasms of salmonids,-=Three neoplasms have been rece ived  and 
dhgnosed .  
t r o u t  i n  woming, a hemangioma from a hatchery brown t r o u t  i n  Wyoming, 
and 3 hemangioma Prom a ha tchery  rainbow t r o u t  a t  Manchester, Iowa. 

These a r e  a l a r g e  fibroma from a wild b lack  spo t t ed  

Histopathology of salmonids.--The fo l lowing  p a t h o l o g i c a l  condi- 
t i o n s  were s t u d i e d  and the  h is topa thology was desuribedn 
of blueback salmon, granuloma of eastern brook t r o u t ,  massive ceroid de- 
P o s i t i o n  i n  l ivers  of Leetown rainbow t r o u t ,  aoute  panc rea t i e  nea ros i s  
of Leetown t r o u t ,  and e f f e c t  a f  p rophy lac t i c  feeding OS s u l f o n d d e s  
and a n t i b i o t i c s .  

v i rus  disease 

Hematolagy of  salmonids.--Blood smears were taken from each f i s h  
collected f o r  studfing normal hematology. 
Smcars are aval . lable  f o r  s tudy ,  Each smear can be i d e n t i f i e d  with 
t h e  f i s h  from which it was obtained;  this permi ts  a s a r r e l a t i a n  of 
hematology wi th  h i s t e logy .  

Approximatdy 2,500 such 

Intermediary metabolism and oellular physiology of  ffsh.--  
Methods developed by S c h n c i d e r a n d  Hogeboom f 61" f r a c t i o n a t i o n  of 
mammalian l i v e r  i n t o  s u b c e l l u l a r  oomponents by d i f f e r e n t i a l  cuentri- 
fuga t i en  have be rn  adapted t o  salmonid l i ve r .  
f rae tSons  and e f f e c t s  of va r ious  types of homogenization and suspend- 
%lag media on this c y t o l o g y  have been s tud ied  with t h e  phase m2~1~0scope.. 
Like mftochondrja from mammaljan l i v e r ,  t h a s r  f r o m  e;->lnion5d live? AP'C 

rad-shaped and this shape is pscscrvcd when they  arc pm*eptrtd and main- 
tninrrl i n  ice cvold 0.88 Molar suc rose ,  
f o r  a few minutes os exposure t o  more d i l h t e  med.fa causes the rnitro- 
Chondrla t o  swcP1. C y t d o g i c a l  altcsatA.oris which Harmon noted tr. 
mammalian mftochandria on exposure t o  hypotonia media occur mth f i s h  
mftochandria when they  are exposed t o  a s u c r m e  s o l u t i o n  which I s  
isatomic f e r  mammalian ~ i s s u e s ,  

C y t ~ l ~ g y  of ~arissls 

Warming Le room temperature  

An abnormal p a r t i o u l a t e  material with a sedfmcntat ion v e l o c i t y  
c l o s e  t o  t h a t  of' mitochondria was found i n  l i v e r s  of y e a r l i n g  chinoolte 
f5.d on t h e  s tandard  product ion d i e t ,  
Scvernl days of f a s t i n g .  
cero id  will be i n v e s t i g a t e d .  

T t e s e  granules  w r r ?  p r t s m t  a f t m  
The i r  na tu rc  and passibly i d e n t i t y  with 

Lfvers of .!I a d u l t  spring chinook salmon and 3 blueback salmon 
have been homogenized and s r p a r a t e d  i n t o  nuc lear ,  mftochondrial ,  
mfcromal, superna tan t  and It cream" f r a c t i o n s  
i n g  t h e s e  f r a c t i o n s  has been i n i t i a t e d .  

Thr w o c e s s  ef a n a l p -  

Metabolism ef f a t t y  acfds by salmonids.--A - s tudy  of t h e  e f f e c t  
of b i l e  on f a t  absorp t ion  a n z T a t  t ransformation i n  t h e  i n t e s t i n e  
has been s t a r t e d  through use of b i l e  cannulated f i s h .  T h h  operatien, 
f n  which t h e  bile duct  i s  cannulated with a polyethylene tube and b i l e  
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col lcc ted  outs ide the body, was developed a f t e r  consul ta t ion  id t h  D r ,  
0. H. Robertson of Stanford University,  Fish were kept  a l i v e  and the 
b i l e  co l lec ted  f o r  severa l  hours a f t e r  t h e  operation. 

An analyzis  of l i p i d  components present  i n  various subce l lu la r  
components of  f i s h  l i v e r s  has been i n i t i a t e d .  
back salmon were used; t h e i r  l i v e r s  homogenized t o  b r 4 c  c e l l  walls 
and r e s u l t i n g  nuclei ,  mitochondria, and microsome f r a c t i o n s  analyzed 
f o r  phosphorus, nitrogen, choline, glycerophosphate, f a t t y  acids  and 
s te rofds  

Both chinook and blue- 

I n  v i t r o  oxidation of acc4ate has been accomplished through use 
of blueback salmon l i v e r  s l i c e s .  A s a t i s f a c t o r y  pH and temperature 
have been determined f o r  oxidation. Endogenous oxfdntion was found 
t o  s t a y  a t  a p la teau  over a &de pH range. Reactlions occurring a r e  
being compared i n  chinook salmon and rainbow t r o u t ,  

I11 WESTERN FISHERY DISEASE LABORATORY 
Robert R. Rucker, S e a t t l e ,  Washington 

Virus dfsease,--Information has been accumulated wnich i n d i c a t e s  
virus may be present  i n  f i s h  products used f o r  feeding f inger l ings .  
Experimantel Groups of  sockeye salmon were r a i s e d  Pas t  season at 
Leavenworth, Winthrop, and L i t t l e  m i t e  Sal.mon Sta t ions ,  all i n  the  
S t a t e  of Washington, on 2 separa,te water supp2ies and on 2 d i e t s  -- 
1. d i e t  cons is t ing  of a l l  meat and the other  f i s h  products,  
disease developed among production f i s h  a t  the 3 s t a t40n~ .  
experimental groups, v i r u s  d isease developed only a t  Leavenworth; i t  
deweloped i n  only 1 trough of the  3 troughs of f i s h  being f e d  the 
v i s c e r a  d i e t  and i n  none being f e d  the  meat d i e t .  

Virus 
I n  the 

Last scuson a t  the  Entiat ,  Washfngeon Sta t ion ,  T,rhere tho vi rus  
disease had not  been recognized previously, on ly  f i s h  reccfving salmon 
viscera contracted the disease;  of these  only  t t o a s  receiving a s p e c i f i c  
l o t  of the  v i s c e r a  became diseased, 

This season an extensive experlmrnt i s  under way a t  the Leaven- 
worth S t a t i o n  t o  determine the virus source. 
was s t a r t e d ,  groups of eggs were divided i n  ha l f .  
from half of the eggs a r e  being f e d  e s t r a i g h t  meat d i e t  wMPe those 
developing from the o ther  half of t h e  eggs are befnt; Ped various v i s c e r a  
diets. Two troughs of sockeye salmor, f inger l ings ,  being fed B r i t i s h  
Columbia sockeye salmon viscera ,  ha-Je develop& the v i r u s ,  

When t h e  experiment 
Fish developing 

A similar experiment 1s being conducted at t h e  tiinthrop S ta t ion  
where the same viscera d i e t  used P a s t  year I s  being f e d  t o  half of thr 
f i s h  and a s t r a i g h t  meat d i e t  to t h e  c t h e r  half ,  
on the v i s c e r a  d i e t  has  developed the disease.  

One cf 7 pciids of f i s h  



bocessed  viscera.--The feasibi l i ty  of using heat-treated v iscera  
i n  place of f 6 z e n  viscera  as a d i e t a r y  supplement f o r  sockeye salmon 
f ingerl ings i s  being considered. A t h i r d  of a l o t  of f rozen s & h o n  
v iscera  was heated s u f f i c i e n t l y  t o  k i l l  the  v i rus  (pasteurized) and 
another t h i r d  processed i n  t he  regular  eanning method by the Service's 
Branch of Commercial Fisher ies  1 Technology staff 
Products and t h e  frozen v i sce ra  a re  being f n d  t o  sockeye salmon finger- 
Ungs t o  determine n u t r i t i o n a l  adequacy. The e f f e c t  a t  thls writ ing Of 
canned v i sce ra  on f i s h  i s  comparable t o  t h e  frozen product. 

These heat-treated 

New dis infectant  .--Lignasan, bas ica l ly  e thy l  mercuric phosphate, 
i s  being considered t o  replace the  expensive pyridylmercuric ace ta te  
commonly used f o r  t reehing b a c t e r i a l  g i l l  d isease i n  salmon. The 
Washington S t a t e  Department of Fisher ies  i s  t e s t i n g  this cornpound 
under f i e l d  conditions. 

N. IJIICROBIOLOGICAL LABORATORY 
S t m i s l a s  F. Snieszko, Leetown, West Virginia  

Physiology of Aerornonas salmonicida.--Andno acid requirements 
of A ,  salmonicida have been completed. 
€Yo%h requiremmt f o r  arginine and methionine. 
methods have demonstrated i t s  a b i l i t y  t o  convert phenylalanine t o  
tyrosine 

It possesses an absolute 
Chroniateernphic 

A medium has been developed which m a y  help t o  i s o l a t e  this bac- 
terium from contaminated mater ia l .  

Brook t r o u t  kidne disease.  --Berlin, New Hampshire, hatohsry and 
Leetown experiments -*sulfonamides e f f ec t ive  and an t ib io t i c s  
i ne f f ec t ive  i n  t r e a t i n g  this disease.  
(gantriffin) a re  the  most promising of t he  sulfonamides. 

Sulf amcraeine and sulfisoxazole 

Sulfonamide e f f ec t  on trout.--Feeding t e s t s  were corlipletod on 
ef fec t  of s eve ra l  sulfonamides on growth r a t e  and h is to logica l  changes 
of brown, brook and rainbow t rout .  
t r o u t  growth while a l l  sulfoncunides t e s t ed  r e t a rd  brook t rou t  growth 
except sulf isoxazole  which apparently s t imulates  them. 
a f fec t  rainbow t r o u t  

Several  sulfonamides a r r e s t  brown 

They l e a s t  

Rainbow t r o u t  l i v e r  disease --For 2 years f inge r l ing  rainbow t r o u t  

a severe anemia and yellow discolorat ion of 
a t  Leetown and o ther  West Virginia hatcheries  have displayed a. d isease 
which has 2 main symptoms8 
the l i v e r .  It i s  not a " l i p i d  degeneration" of l i v e r  but apparently a 
Qi r rhos i s .  Inoculat ion t e s t s  made with f . i l tered and unf i l te red  ex t r ac t s  
indicated i t  i s  not in fec t ious ,  



Acute ca t a r rha l  e n t e r i t i s  i n  brook t r o u t  fry.--Indications 
suggest a virus caused an outbreak of this disease a t  Leetovm. 
pathological  examination revealed the  condition i s  not  an !!enterit is" 
bu t  a d i s r a se  of t he  pancreas, 

Histo-  

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

FEEDING TRIALS 

The 1953 feeding t r i a l s  t d t h  blueback salmon were host because 
of a virus outbreak i n  t h e  experimental f i s h ,  
used i n  experiments t o  determine methods of v i rus  transmission. 

Resul t s  of t h e  1953 t r i a l s  with chinook salmon follow8 
1. 

2, 

3. A Combination d i e t  ef hog l i v e r ,  arrow-toothed hal ibut ,  

However, the  f i s h  were 

Arraw-toothed ha l ibu t  made a s ign i f i can t  contr ibut ion t o  

Growth p s t e n t i a l  of hake appears i n f e r i o r  t o  t h a t  of arrow- 
growth r a t e  i n  every d i e t  combination i n  which i t  was tea ted ,  

toothed ha l ibu t  * 

e a h m  viscera ,  seal meal, and d i s t i l l e r s '  eolubles produced growth 
comparable t a  t h e  standard meat-viscera-meal cont ro l  d l e t  a t  about 
half the  c ~ 6 t .  

adequate s u b s t i t u t e  f e r  salmon v i sce ra  meal when f e d  a t  the  10 perocnt 
l e v e l  in combination d i e t s .  These r e s u l t s  i nd ica t e  siiperior growth 
and a s i g n i f i c a n t  reduction i n  coat  may be a t t d n a d  by subs t i t u t ing  
this meal combination f o r  t h e  salmon o f f a l  meal used i n  hatchery d i e t s .  

4. Equal p a r t s  of Yea1 meal and d$stillorsl solubles  p r w e d  an 

The 19% feeding t r ia ls  are i n  progress. I n  general, the  ob3ective 
of  t r i a l s  with blueback salmon is t o  develop diets which W i l l  produce 
growth r a t e  oomparable t o  t h e  standard meat-visoera-meal diet  and y e t  
e l iminate  salmon v iecera  from it. 
with meats, and moats i n  combination with meals a re  being tes ted .  

Therefore, sorap f i s h  i n  combination 

The 19% ohlnocsk feeding experiments a re  direotad toward using 8. 
50 percent l e v e l  of dry feedfl i n  combination with various meats and 
f i s h  products. The object iva i e  t o  reduce diet cos t  through use of 
oheaper p ra t e in  Rtnrcese After 6 weeks of feeding 50 percent meal, 
d i e t e  ore  not  oomparabl2 t o  tho atslnciard meat-visoera=meal somblnetlan 
I n  growth preduot im,  



To improve feeding consis tencies  of d ie t s ,  2 chemical binders, 
hydroxyethyl c e l l u l o s e  and oarboxymethyloelhl.ose, were oom- 

Pared with t h e  binding e.otion of S d t  and meats i n  various produution 
d i e t s .  
i n f e r i o r  t e  salt-meat oombinations when t u r b i d i t y  as measured by a 
photoaolarimeter was used as t h e  s a l u b i l i t y  measureo 
Planned i n  this f i c l d .  

Preliminary t e s t s  indicated synthetic3 binders were, i f  any-bthing, 

Further  work i s  

E F F E C T  OF GONADOTROPINS ON SALMON MATURATION 

For t h e  first time i n  these  inves t ipa t ions  it ha6 been possible  
demonstrate a marked and s igni f ioant  aooeleration i n  sexual 

maturation of female bluebaok salmon in jeo tad  with salmon pituXtary 
glands N0 respsnse was indica ted  from comparable experiments using 
Oarp p i t u i t a r y  in jca t ions .  
Pi tui tary in jeo t ions ,  spawning occurred 1 month ahead of  the  cont ro l  
groups and 2 weekn a f t e r  in jea t ion .  I n  a11 salmon p i t u i t a r y  groups, 
r i p e  males were produoed within 3 days a f t e r  in jec t ion .  
aocolerntad f i s h  i t  TWS possible  t o  demonstrate m e t i l i t y  i n  the sperm 
b u t  thc  eggs were not viable .  

I n  ocr ta in  t3f t h e  groups reaeiving salmen 

I n  t h e  

I n  preparat ion f o r  t h e  19511 experiments more than 3,000 o h m  
p l t u i t a r l e s  have b2cn col lected.  Of thcse, 1,600 hsvc been 

t o  D r .  A,  P. Mnfret, endocrine biochemist at the Unfverr-ft,y 
Of C a l i f a m i n  Medical Center, San Franciscs, f o r  f raotfonizatfon,  
whole p i t u i t a r i e s  and f r a c t i e n  will be i n j e c t e d  t h i s  seasme  

Both 

HOLDING POND EXPkRIMENTS 

The electrical weir effectively diverted salmw from t h e  Ent ra t  
Survival of itdult f i s h  t c  spawn- Rive? i n t o  adjacent holding ponds, 

fng was normal. 
Prf!.Vfous year::. 
was app1.icabl.e t o  production operations o 

Egg production and survival did not d i f f e r  from 
The conclusion wached w n s  t h a t  e l e c t r i c a l  divers ion 

V E R T I C A L  INCUBATOR 

A v e r t i c a l  incubator with a capacity of 1,000,00~ chinook eRRs 
O r  3,0000000 blucback eggs w a s  constructed and operated, 
sa t i s fac tory .  
S c P v i C e ~ u  Branch of Game-fish and Hatcheries were riot 8s  cncourngfrig 
as those conducted a t  Ent ia t .  
the pans whereby t h e  wa t . r r  l e v e l  was held higher and the  outflow was 
not d i rec ted  p l -ope rv  appeared t o  have caused t h e  difl”Scul%Ses en- 
countered ~ 

Resul ts  were 
Tests conducted a t  the  Spring Creek S t a t i o n  by the  

A s l i g h t  a l t e r a t i o n  i n  COnStrUCtiOn Of 



THRESHOLDS OF NORMAL T)?3Vl3u3pMENT FOR SALMON WGS 

One phase of  this inves t iga t ion  i s  i n  progress. Chinook salmon 
eggs from t h e  Skagit, En t i a t  and Sacramento Rivers a r e  being sub- 
jec ted  t o  5; constant temperatures ranging fmxn 35" t o  45" F, a t  2,s. 
i n t e r v a l s ,  
following 2uI.y i n  t he  35' water, 
t o  determine r a c i a l  differences,  but results from a l l  groups ind ica t e  
t h a t  constant temperatures of 40n or  lower a re  not conducive t o  norma.1 
development, 
t h e  Sc rv ice f s  Pac i f i c  Salmon Inves t iga t iens ,  

Eggs taken i n  September were still i n  t he  f r y  s tage  t h e  
No analysis  of  data has been made 

This expcrfment i s  being conducted i n  cooperatian with 

REARING POXD DESIGN 

Hydraulic candi t ians  which develatp i n  3 atandwd types of rear- 
i n g  ponds have been determined, Cbrrelatfgn ef these CondftiQnS with 
t h e i r  bicblsgical and physical  cha rac t e r i s t i c s  permit establishment ef 
c r i t e r i a  whereby effect iveness  ef' a pond type m a y  be determined. Pand 
design imprevement i s  being explored by means ef hydraulic evaluateens 
i n  medels, 

HATCHERY FISH IDENTIFICATIOIB 

One phase ef this  invest igat ion,  a l t e r a t i o n  of Bcale  pat te rns  
by feeding, wao explored by this laboratory an a p a r t  of the  In- 
vee t iga t i en  which t h e  Servicels Paci f ic  Salmm Inves t lga t i am is can- 
ducting. 
actual s t a rva t ion  f o r  a 4-weak perled preduces recognlaabPe a l t e r a -  
t i ons  i n  sca l e  pa t te rns  of hatchery-reared ~ h i n ~ o k  aalmcan. 

Resul ts  i nd ica t e  neither a reduction i n  growth r a t e  ner 

/ 

SPECIAL IIWESTIGATIOYS 

I, BIOLOGY OF GREAT UKES FISHES 
John Van Oasten, Ann Arbar, Michigan 

The repor t  covering the f i e l d  invas t iga t i en  ef young lake t r e u t  
conducted en Lake Nchigan  In 1930-32 has been cempleted f o r  pubUca- 
t i en ,  It gives  i n  d e t a i l  r eeu l t e  on t h e  r e l a t i o n  between t h e  t r a u t  
catch and varieus a l a e 8  of mesh used In gill nets  oonetruoted for 
taking chube. A l l  important unpubilished d a t a  on t r o u t  bialogy 
ce l l ec t ed  i n  experimental ne ts  a r e  presented. The e c d e  method of 
determining t r a u t  age and grewth is discussed, Fin-clipped t r o u t  
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of knmwn age were used t e  check age determinatien accuracy, 
abundance was s tudled i n  r e l a t i o n  t o  mesh s i ze ,  f i sh ing  time, 
co l lec t ion  year, season, l oca l i t y ,  water depth and age compositiono 

Trout 

11. EASTERN FEDERAL WATERS 
Robert E. Lennon, Leetown, West Virginia 

F ish  t o x i c i t y  investigations.--Toxicity s tud ies  of organic 
compounds t o  se lec ted  species of  f i shes  were continued. 
screened to t a l ed  1,085. 
toxic  t o  warrant de t a i l ed  t e s t ing ;  149 of them k i l l e d  t r o u t ,  b luegi l l ,  
and goldf ish wi th in  24 hours., 

Chemicals 
Approximately 200 compounds proved su f f i c i en t ly  

Shenandoah River.--Pollution checks on f i s h  and bottom fauna a t  
e s t abbshed  s t a t ions  along 150 miles of t h e  r i v e r  found game f i s h  
recovery progressing sa t i s f ac to r i ly .  
s ion permits year-round bass f i sh ing  i n  a port ion of the stream, 

West Virginia Conservation Commis- 

Shenandoah National Park.--Preliminary inves t iga t ions  were extended 
to include major Park waters;of these, Piney Run, Big Run and Rapidan 
River were se lec ted  f o r  s tud ies  of t h e i r  f i s h  populations and po ten t i a l  
Productivity.  

Severe drought conditions from August through February necessi- 

s t r e t ches  of streams were dry i n  October and November. 
t a t ed  postponement of population s tud ie s  with c re so l  u n t i l  March 19Sh0 

Populations were reduced and nat ive brook t r o u t  spawning was sharply 
cur ta i led .  
stream beds were scoured and access roads made impassable. Advanced 
sac-fry t r o u t  and immature dace were col lected from i so la t ed  f lood pools  
a f e w  days a f t e r  t he  flood. Population checks made with c reso l  i n  6 
streams showed f i s h  and bottom fauna were g rea t ly  reduced i n  numbers; 
i n  more than 1,500 yards of t e s t  waters only 11 legal-s ize  brook t rou t  
were col lected,  

Fish 

A severe f l a s h  flood on March 1 a l t e red  low-water conditions; 

On the  bas i s  of these observations the  National Park Service closed 
t h e  streams t o  f i s h i n g  i n  1954 t o  permit nat ive f i s h  stock recovery, 
Restoration by stocking was not warranted because of lack of natura l  
foods. 

Great Smoky Mountains National Park,--Stream surveys and population 
studies made las t  summer and f a l l  resu l ted  i n  National Park S e r v i c e  
adoption of severa l  new f i shery  regulat ions,  
195.4 w a s  reduced and use of na tura l  b a i t  abolished. 
reserved f o r  t e s t i n g  t h e  Hazzard plan of recrea t iona l  f i sh ing  (f ishing 
wfth a r t i f i c i a l  lures  only and returning a l l  f i s h  a l i v e  t o  the  water),  

The da i ly  c r e e l  1Smi.t for 
Two streams were 
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Population s tud ie s  were resumed and extended i n  May 1954. Use 
of c re so l  as  a f i s h  census technique was improved t o  y i e ld  increas- 
i ng ly  accurate data.  

Through cooperation of the  Branch of Game-fish and Hatcheries 
F i sh  and Wildl i fe  Service and t h e  National Park Service, of t h e  

500 legal-s ize  and 9,800 f inge r l ing  Appalachian brook t r o u t  and 
1,000 legal-s ize  and 2,000 f inge r l ing  rainbow t r o u t  were fin-clipped 
and planted i n  experimental waters. 
covery are being checked i n  population surveys and by c r e e l  census. 

Marked t r o u t  surv iva l  and re- 

Results of t he  1953 c r e e l  checking pro jec t  on L i t t l e  Pigeon 
River showed l o c a l  anglers  caught 98.75 percent of the t rou t .  
res ident  fishermen comprised 2 1  percent of t h e  f i sh ing  pressure 
but accounted f o r  but 1.25 percent of t o t a l  catch,  

Non- 

The second season of c r e e l  checking was begun on t h e  same r i v e r  
on May 16, 1954. 
recovery of 1,000 marked rainbow t r o u t  was made and a s l i g h t l y  g rea t e r  
number of wild t r o u t  were caught. 

I n  t h e  first 2 weeks of the  season a 50 percent 
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SECTION OF MARINE FISHERIES HOWARD H, ECKLES, ACTING CHIEF. 

NORTH ATLANTIC FISHERY INVESTIGATIONS 
Herbert W. Graham, Woods Hole, Massachusetts 

In t e rna t iona l  aspect of research.=-Research a t  this laboratory 
was c lose ly  in tegra ted  with the  program of the  In te rna t iona l  Commis- 
s ion f o r  t h e  Northwest Atlant ic  Fisher ies .  
i n  i t s  four th  year, i s  concerned with management of the groundfish 
f i she r i e s  of t h e  Northwest Atlant ic .  
research, i t  receives reports  of and assesses plans f o r  research 
conducted by member nations. 

This Commission, which i s  

While it does not car ry  out  

Qeorges Bank haddock fishery.--As a r e s u l t  of many years of 
United S ta t e s  research on Georges Bank haddock stocks, an i n t e r -  
na t iona l  mesh regulat ion became e f f ec t ive  l as t  year  which makes it 
i l l e g a l  t o  f i s h  f o r  haddock on Oeorges Bank o r  i n  the  Gulf of Maine 
(Subarea 5 of the In t e rna t iona l  Commission) with a ne t  having meshes 
bss  than 4 4 / 2  inches i n s i d e  dimension. Study of bio logica l  e f f e c t s  
of t h i s  regulation, which has been i n  operation a year, w i l l  con- 
s t i t u t e  one of the  most important aspects of research a t  the Woods 
Hole Laboratory during the next few years,  as the  Commission approved 
the regulat ion on an experimental bas i s  and requires  a ca re fu l  assess- 
ment of i t s  e f f ec t .  

The l a r g e r  mesh has proven so successful t h a t  fishermen from 

There i s  g r e a t  i n t e r e s t  i n  
o ther  countr ies  f i sh ing  i n  o ther  Subareas of t he  Commission a re  volun- 
tarily adopting l a r g e r  mesh nets.  
immediately extending t h e  regulat ion t o  Nova Scotian Banks (Subarea 4) 
and i n  considering appl icat ion of a similar regula t ion  t o  the e n t i r e  
Convention Area which extends t o  t h e  west coast  of Greenland. 

Effectiveness of t h e  l a rge  mesh i s  twofold. It permits small 
m a r k e t a b l e  f i s h  t o  escape but  holds the  l a r g e r  ones, As a result, 
more pounds of f i s h  a r e  caught and landed while baby haddock escape, 
These e f f e c t s  were immediate and did not r e s u l t  from increased f i s h  
abundance on t h e  banks, 
se rva t ion  w i l l  not be rea l ized  u n t i l  next year  and may not be math- 
ematically demonstrable u n t i l  sometime a f t e r  t h a t ,  

Benefits  r e su l t i ng  from baby haddock eon- 

Since haddock abundance on t h e  Bank va r i e s  considerably from 
Year t o  year, a d i r e c t  comparison of catches after regulat ion with 
catches i n  pre-regulation years  would have no s igni f icance , ,  Use 
of severa l  commercial vesse ls  l icensed t o  use the  old, small mesh 
&?ear has made possible  assessment of e f f ec t s  of the l a r g e r  mesh. 
A measure of t he  benef i t  of t he  l a rge  mesh i s  obtained by comparing 
the catch of these vessels  a f t e r  regulat ion r e l a t i v e  t o  t h e i r  previous 



catches, with r e l a t i v e  catches of vesse ls  using l a rge  mesh gear. 
Catches of small mesh vessels  have been down about 10 percent which 
ind ica t e s  a decreased f i s h  abundance t h i s  year,  However, catches of 
t he  l a rge  mesh vesse ls  have remained steady, 

Continued saving of small f i s h  through use of the larger mesh 
should r e s u l t  i n  an increased y i e l d  from each year  c l a s s  t h a t  en ters  
t h e  f i shery .  
s t rength,  
broods year  by year and commercial landings f l u c t u a t e  accordingly. 
The problem of t h e  Woods Hole Laboratory i s  t o  demonstrate e f f e c t  of 
regula t ion  on t h e  y fe ld  from each year  c l a s s  whether i t  be i n i t i a l ly  
a s t rong o r  a weak brood. 

The l a r g e  mesh i s  not expected t o  affect incoming brood 
Natural f a c t o r s  cause wide f luc tua t ions  i n  successive 

T h i s  program requires  an accurate measure of t he  s t rength  of 
each incoming year c l a s s  (2-year-old fPsh) and a measure of t h e  pounds 
landed from this age group throughout i t s  l i f e  i n  t h e  f i s h e r y  (about 5 
years). Data and specimens co l lec ted  a t  p r inc ipa l  po r t s  and a t  sea on 
commercial trawlers a r e  being examined and analyzed, 

Dynamfcs of t h e  Georges Bank haddock population a re  s u f f i c i e n t l y  
wel l  known t h a t  catch predict ions can be made a t  t h e  beginning of each 
year ,  Annual predict ions have been made f o r  s eve ra l  years with a high 
degree of accuracy, 
1953 was within 4 percent  of landings; pred ic t ion  for 1954 is 7h04 
mil l ion  pounds. 
centage of t h e  t o t a l  ca tch  so t h a t  catch predict ions from a study of 
commercial catches alone cannot be made more than a year  i n  advance, 

The predicted catch of ? j e6  m f P U ~ n  Dounds fnr 

The incoming year  c l a s s  o f t en  contr tbutes  a high per- 

A s e r i e s  of vessel surveys was i n i t i a t e d  i n  1953 t o  determine the 
f a t e  of haddock eggs spawned on Georges Bank, 

Three plankton surveys of the  G u l f  of Maine and Georges Bank were 
conducted i n  the spr ing of 1953 by the vesse l  Albatross 111. 
b o t t l e s  were released throughout the  areas  studied. Results of these 

D r i f t  

surveys ind ica t e  a poor egg and la rvae  surv iva l  i n  1953, 
re turns  corroborate r e s u l t s  of plankton da ta  and ind ica t e  a high per- 
centage of eggs and l a rvae  was swept out  t o  sea and l o s t  during t h a t  
year.  
f i rmat ion of t he  ind ica ted  weakness of this year c l a s s  must w a i t  u n t i l  
next year when t h a t  age group i s  due t o  en te r  t h e  f i shery .  
market sampling w i l l  then determine i t s  r e l a t i v e  s t rength.  

D r i f t  b o t t l e  

A September search found few young bottom f i s h ,  A def in i te  con- 

Routine 

Study of haddock food hab i t s  has been i n  progress for a year. 
Contents of 2,000 stomachs from f i s h  caught a t  41 loca t ions  have been 
analyzed and a r e p o r t  on these f ind ings  is i n  preparation. 
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Georges Bank seems t o  have 3 food-type areas:  (1) Northern Edge - 
characterized by amphipod crustaceans; (2) Northeast Peak - character-  
ized by b r i t t l e  stars, toad crabs, and annelid worms; and (3) Southeast 
Part - characterized by sand dol la rs ,  amphipod and cumacean crustaceans. 

Qeorges Bank haddock include s m a l l  amounts of f i s h  i n  t h e i r  d i e t  
i n  cont ras t  t o  Nova Scotian western banks haddock which subs i s t  as  much 
on small f i s h  as  on inver tebra tes .  This study must extend over severa l  
Years before it can be known whether a v a i l a b i l i t y  of food organisms on 
the bottom inf luences haddock abundance and d is t r ibu t ion .  

Nova Scotian haddock.--A l a r g e  percentage of United S t a t e s  haddock 
catch i s  taken from Nova Scotian Banks. Although market samples have 
been co l lec ted  f o r  many years, i t  was not  possible  t o  start analyzing 
the accumulated da ta  u n t i l  t h i s  year.  

Certain areas on the Nova Scatian Banks (Subarea 4 of the  Commis- 
sion) have been se lec ted  f o r  in tens ive  study. 
t i ons  w i l l  be worked out  and r e s u l t s  submitted t o  the  Commission i n  
conjunction with recommendations f o r  regulat ing the  f i she ry  i n  this 
Subarea. Canadian b io log i s t s  a r e  pursuing s imi l a r  s tud ies  on o ther  
Populations i n  the  Subarea. 
from an In t e rna t iona l  group of bio logis t s .  

Dynamics of these popula- 

Recommendations f o r  regulat ion w i l l  come 

Haddock tagging.--Fish tagging is e s s e n t i a l  f o r  defining stocks 
and m a y  be used t o  e s t ab l i sh  mortal i ty  r a t e s .  
Year with various t ag  types have shown supe r io r i ty  0f a new i n t e r n a l  
anchor tag. 
tests, Tagged haddock have been successful ly  held i n  aquaria. From 
observations on these f i s h  and r e s u l t s  obtained i n  tagging f i s h  a t  sea 
a l a rge  tagging program was out l ined f o r  t h e  coming year.  

Experiments during the  

About 1,500 f i s h  have been tagged i n  these  preliminary 

Mesh seleetivicy,--ln conjunction with t h e  in t e rna t iona l  mesh 
regulat ion f o r  t h e  New England area  and i n  an t ic ipa t ion  of an exten- 
s ion  of t h e  regulat ion t o  other  areas, experiments on s e l e c t i v i t y  of" 
various mesh s i z e s  were conducted on t h e  ves se l  Albatross 111. Experf- 
ments were designed t o  provide percent escapement of each size of f i sh ,  
Percent escapement through b e l l y  of net, percent escapement through 
each p a r t  of t h e  cod end, and e f f e c t  of f i n e  mesh covers, vessel speed, 
and catch size on s e l e c t i v i t y ,  

Cl imat ic  change.--Evidence of a climate amelioration i n  New 
England continues t o  accmulate .  
a r e  taking place i n  response to warming af the waters. 
this problem a r e  continuing bu t  a r e  hampered by lack of long-term 
records of subsurface water temperatures. However, important changes 
f n  range of c e r t a i n  marine creatures,  such as t h e  green crab which has 
extended northward, a r e  occurring a t  a rapid ra te .  Possible e f f e c t  of 
clfmatfc change on the  important commercial f i s h  species is demanding 
ca re fu l  a t t en t ion ,  

Important changes i n  marine fauna 
StudAes of 
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Redfish.--Work concentrated on determining growth rate .  Since 
a European worker challenged the  Woods Hole Laboratory's o r i g i n a l  
estimate of a slow growth ra te ,  p rec ise  da t a  were co l lec ted  and analyzed 
t o  determine growth r a t e  of redf i sh  on t h e  American s ide  of t he  Atlantfc.  

Specimens were co l lec ted  from the same stock every 3 o r  4 months. 
From these co l lec t ions  an increasing width of a zone of material, de- 
posi ted on the  o t o l i t h s  was observed. The establishment t h a t  only l 
o t o l i t h  r i n g  i s  laid down each year  confirmed t h e  Woods Hole LaboratoryDs 
o r fg ina l  estimate of growth. 
year. 
age a t  f i rs t  maturity i s  about 11 years  f o r  males and 9 f o r  females. 

Older f i s h  grow only about 1 centimeter a 
Age of fish in t he  commercial catch va r i e s  from 6 t o  20 years  and 

With r ed f i sh  age and growth no longer a mystery, mortal i ty  r a t e s  
To must be establ ished f o r  stocks supporting the  commercial f ishery.  

do this, the  abundance of  each age i n  t h e  population f o r  a number of 
years  must be determined, 

For many years ca re fu l  records have been kept of r e l a t i v e  redf i sh  
abundance from areas  f i shed  by the  United S ta t e s  f l e e t ,  
ance has leveled off  i n  the  Gulf of Maine, Nova Scotian Banks, and 
Gulf of St.  Lawrence. 
cent  i n  abundance during t h e  p a s t  year. 

Tota l  abund- 

Rich grounds on the  Grand Banks decl ine 3.5 per- 

A puzzling aspect of the  r ed f i sh  f i she ry  is maintenance of 
average s i z e  of f i s h  i n  the  f a c e  of decl ining abundance, 
explanation f o r  this phenomenon is t h e  presence of B Barge stock of 
f i s h  i n  the  depths which may continue t o  supply f i s h  t o  commercial. 
grounds, 
and tagging must be used i n  a t tacking this problem, 

A possible  

Greater  explorat ion i n  deeper water, midwater trawling, 

Delaware Bay surve .--The continued sumey of t he  spo r t  and 
commercial f i  s c  d t h i s  area  i s  designed t o  y i e ld  information on 
possible  i n d u s t r i a l  po l lu t ion  e f f e c t s ,  

A bio logica l  study of menhaden was i n i t i a t e d  W f t R  expectations 
of developing a research program on this species  i n  t h e  area.  
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GULF' FISHERY INVESTIGATIONS 
Albert W. Coll ier ,  Qalveston, Texas 

General.--Results of a comprehensive f i s h e r y  and oceanographic 
survey of t h e  Gulf of Mexico are being analyzed t o  e s t ab l i sh  the 
chemical composition and c i r cu la t ion  p a t t e r n  and t o  study o ther  organ- 
%sm, i n  addi t ion to f i sh ,  f o r  taxonomic, d i s t r i b u t i o n  and environ- 
mental in te rpre ta t ions .  
and plankton samples and physical  da ta  f o r  t h e  Gulf FisheryInvestiga- 
t ions,  the Department of Oceanography of Texas Agricultural. 2nd Mechanical 
College and the United S ta t e s  GeobOgiCal Survey, Trace Elements Section. 
The col. lection of samples and da ta  by the Gulf Fishery Invest igat ions i n -  
cludes plankton, water f o r  chemical analysis  and bottom and water samples 
f o r  t h e  Geological Survey. 

The vesse l  -. Alaska was used to c o l l e c t  water 

Biology and chemistry of the  Gulf of Mexieo.--AlS tow n e t  plankton 
data  have been reduced t o  a standard volumetric basis.  Their c l a s s i f i ca -  
t i on  according t o  surface areas above t h e  depth zones shows the waters 
Over t h e  shegf (0-100 fathoms) are  the most productive, those over the 
slope (100-1,600 fathoms) a re  next, and those over the abyss (over 1,000 
fathoms) lowest,, Zooplankton caught over t h e  she l f  i s  about three times 
i n  volume t h a t  caught over the abyss; f i s h  larvae were 4 t o  1 i n  number 
and f h h  eggs 50 t o  2. i n  number. 
tQ those f o r  the  abyssal zone 

I n  all cases slope values a re  nearer 
than those f o r  the shelf, 

The same da ta  organized according t o  geographic. regions show the 
northwest, northeast  and southeast  shelf  areas were the most productive 
and those regions receiving the Mfseissippi River discharge were the 
highest  i n  productivity.  The a rea  bound by Longitude 9h' W. on the west, 
longitude 85. IrJ, on the  east ,  l a t i t u d e  27' M, on the  south and the I M t e d  
Sta tes  coast  on the north i s  the  most promising i n  th- Gulf of Mexico f o r  
f i s h e r i e s  development. 
tion i s  obtafned from the  southwest Gulf. 

T h i s  i n t e rp re t a t ion  is t en t a t ive  u n t i l  f u l l  informa- 

The v e r t i c a l  d i s t r ibu t fon  ~f inorganic phosphorus in t h e  G u l f  of 
Nexim i s  similar t o  t h a t  o rd ina r i ly  given f o r  the Atlant ic  Ooem,  f o e u ) r  
k w  values a t  the  surface, a gradual increase  t o  a namfnam cf" about 2.5 
/Ug-atoms/Biter a t  about 700 meters and then a gradual decl ine to apprsx. 
fmately 1,s a t  11,500 meters. 
Mera te  nhosphate r a t i o  of" 1581 whrm the m a x i m a  ccwr a t  abaut# 700 meters. 
In a zone J u s t  above the phosphate and n i t r a t e  maxima, carbayhydrate and 
tyrosine de terminal%ons ind ica te  a maximum of orgarrie ma te r id  which 
occupies a stratum lyfng pr inc ipa l ly  between the  100 and 503 :latter level.s, 
This may represent  a downward extension sf t he  photosynthetic %one and 
would suggest an inves t iga t ion  t o  determfnc i f  t M s  i s  a pradnctiv5ty 
which a deep sea f i s h e r y  can use to advantage, A t  times the  organic 
analyses ind ica te  a grea te r  l e v e l  of photosynthetic acrtivfty than exis ts  
i n  the  upper 100 Gulf meters. 

Ni t ra tes  correspond tts tthEs c w w e  with a 



Analyses of chemical samples taken on the Alaska c d s e s  were 
completed and effort:; turned t o  developing and appraising ana ly t i ca l  
techniques ava i lab le  f o r  su l f ides ,  amrnor&a, su l f a t e ,  carbon dioxide, 
carbonate , bicarbonate, dissolved oxygen (mho-analytical  procedure) , 
copper, and various t r ace  elements 

Through continuous d i a lys i s ,  vacuum d i s t i l l a t i o n  and chroma- 
tographic separations various carbohydrates were extracted f rom mixed 
algae tank cu l tures ,  One component has been t en ta t ive ly  i d e n t i f i e d  
as a polysaccharide having some cha rac t e r i s t i c s  of gum arabic.  Pro- 
duction of carbohydrate-lfke substances which give N-ethyl-carbazol 
t r aces  with peak absorptions i n  the 540 t o  !?j"? /un region of the 
s p e c t m  is associated with photosynthesis. 

Preparations were compPe ted f o r  ntudyfng pro teinaceous sub- 
s tances  which occur i n  the  open sea i n  varying quan t i t i e s  (0.0 t o  beO 
mg/U.ter tyrosine) Sfgnif i c a n t  tyrosine values occurred a t  a11 
depths sampled, 

Red Tide.--men t h e  September 1953 Red Tide outbreak occurred 
the microorganism 0 

I n  a s e r i e s  of experiments, tube cu l tu re s  were enlarged t o  1 0 - l i t e r  
tank cu l tures  which culminated i n  development of small-scale blooms 
which were toxic  t o  f i s h .  
possible  by success with cul tures  of a r e l a t ed  species, 
s lendens, Cultures of t h e  P a t t e r  t e s t ed  f o r  

per  l i t e r .  o rnnodiniwn brevis  w a s  tox ic  a t  P,~OQ,QOO c e l l s  pe r  l i t e r ,  
a c o n c e n t r a t b o -  cause a pronounced water d i sco lora t ion  
In the  5-gallon pyrex container  where the  cu l ture  is maintained, 
the  deeper waters of t he  F lor ida  l i t t o r a l  regions, however, t h i s  con- 
cent ra t ion  would. cause the  "milky green" which of ten  character izes  
areas  where f i s h  a re  k i l l ed .  

odinfum brevis  was i s o l a t e d  and a medium evolved 
i n  which it could I+=---- e grown as a unia lga l  cu l ture  (not  bacteria f r e e ) ,  

h e n e s i a )  were non-toxic; a t  concentrations of 

The success with Gymrpodilzltum b ~ e v i s  was made 

I n  

These mass laboratory cu l tu re s  a r e  s e t  up BO c e l l s  can be harvested 
daily and t h e  volume of t o t a l  cu l tu re  removed made up by adding f r e s h  
mediumo 
nitrate nf trogen, phosphate phoephoms, carbohydrate, tyrosine,  ammonia, 
and s u l f i d e  i n  these cul tures .  Metabolic s tud ies  on mass cul tures  are 
used i n  in t e rp re t ing  f i e l d  data  and w i l l  a s s i s t  i n  diagnosing f i e l d  eon- 
d i t i o n s  w??ich can lead t o  a Red Tide, 

Daily and biweekly sampling has been made f o r  pH, earbon dioxide, 

Field survey8 which began w i t h  the September 3.953 au$break have 
shown Flor ida  waters have never been e n t i r e l y  f r e e  of 0 
brevis .  Although su i t ab le  hydrograpkic oonditions hava -F----- eon present  
t o e  degree through the  whole period, i t  i s  unknown whether continued 
presence of G o  brevia I s  becauae of these conditions o r  because of i m -  

odfnium 

.I- 
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Proved techniques for locat ing the organism when i t  i s  not  i n  bloom. 
Data from laboratory and f i e l d  s tud ies  support the tenat ive conclusion 
t h a t  optimum s a l i n i t y  f o r  a bloom of  t h i s  organism l i e s  between 32 and 
34 parts per  thousand. 

Analysis of c l imat ic  f a c t o r s  has confirmed the theory t h a t  ra in-  
fall d i s t r i b u t i o n  is a prime f a c t o r  i n  i n i t i a t i n g  f i s h  k i l l s .  

Laboratory experiments have f u r t h e r  confirmed the theory t h a t  
decaying f i s h  bodies re inforce the blooms, 
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ICHTHYOLOGICAL LABORATORY 
Isaac Ginsburg, United S ta t e s  National Museum, Washington, D, C. 

One of the  major problems of the sci.ence of taxonomy i s  what 
cons t i t u t e s  a species.  
Mr, Ginsburg has developed a method i n  a t tacking i t  which i s  aqapted 
t o  needs caf taxonomists i n  drawing appropriate conclusions from t h e i r  
data. 
been published; his f i f t h  paper i s  l i s t e d  i n  t h e  Publications Section 
of this report .  

Because this problem i s  i n  a s ta te  of f lux  

Four papers t r e a t i n g  of various phases of t h i s  problem have 

Work was concluded and a manuscript prepared on t h e  important 
group of f i shes  belonging t o  t h e  genus Merluccius, commonly known as 
whitings i n  t h e  region of t h e i r  g r e a t e s t  abundance, t he  coast  of the 
North At lan t ic  states. 
commercial ca tch  i n  la rge  quan t i t i e s  on t h e  coas t  of the  North Atlan- 
t i c  states, belong t o  2 species  ins tead  of 1 species  as h i the r tb  
thought, 
occurring on t h e  At lan t ic  and Pac i f i c  coasts  of North and South 
America. 
may have economic p o s s i b i l i t i e s ,  a new species from t h e  coas t  of Chile 
and a new subspecies from Peru. 

Data prove these whitings, which en te r  the  

This paper includes accounts of a l l  species of whitings 

It descr ibes  1 unknown species  from the  Gulf of Mexico t h a t  

Studies continued on t h e  western Atlant ic  species  of the  family 
Scombrfdae, including such species  as mackerels, tunas and b o t ~ i t o ~ ,  
and on t h e  family Percophldidae. 

A number of h i the r to  undescribed species  of marine f i s h e s  d is -  
covered i n  co l l ec t ions  made under Fish and Wildl l fe  Service auspiceo 
I n  waters of t he  Routhern s t a t e s  on the  At lan t ic  and Gulf coaets have 
been s tudied and accounts of them prepared f o r  publ icat ion,  
d e f i n i t e l y  Iden t i fy  these BpecIcs, the pr tabnt  s t a t e  0f knowledge 
of the  whole family must be studied and reviewed. 
may prove explo i tab le  i n  f i s h i n g  operation and form an addi t ion t o  
the  number of species  of commercial food f i s h e s ,  
a good f lavor ,  reaches a marketable oize and seems t o  occur i n  con- 
e iderable  numbers i n  offlshore waters on the coas t  of the  Oulf s t a t e s .  

To 

A t  Peast  1 species 

It i s  s a i d  t o  have 
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SOUTH PACIFIC FISHERY INVESTIGATIONS 
John C. Marr, Stanford, Cal i fornia  

General.--The South Pac i f ic  Fishery Inves t igs t ions  i s  cooperat- 
i n g  m p p s  I n s t i t u t i o n  of Oceanography of the  University of 
California,  Bureau of Marine F isher ies  of Cal i forn ia  Department of 
Fish and Game, Hopkins Marine S ta t ion  of Stanford University, and Calif-  
o rn ia  Academy of Sciences i n  t h e  Cal i fornia  Cooperative Oceanic F isher ies  
Investigations.  
search. 
contr ibutor  t o  the f i s h  catch of the  Nation u n t i l  the  sharp abundance 
decl ine after 19&. By determining var ia t ions  i n  amount and range of 
Spawning, i n  cur ren t  pat terns ,  and i n  other  cha rac t e r i s t i c s  of the 
marine climate of f  t he  West Coast, they are attempting t o  determine 
Population s i z e  i n  various years and f luc tua t ion  causes. 

The Marine Research Committee i s  coordinating the  re- 
They continued t h e i r  study of the Pacif ic  sardine,  g rea tes t  

Sardine subpopulations.--Sardine sca le  s tud ies  have proven 
Valuable i n  severa l  phases of the subpopulation problem. 
d i f f e ren t  areas have d i f f e r e n t  growth pa t te rns  (discussed by P h i l l i p s  , 
1948, and Felin,  1954). Fish i n  the  Pac i f ic  northwest grow f a s t e r ,  
reach a l a r g e r  s i z e  and o lder  age than f i s h  off c e n t r a l  California,  
Which i n  t u r n  grow faster  than f i s h  eff southern Cal i fornia ,  e tc .  
sardine i n  d i f f e ren t  p a r t s  of i t s  range a l so  d i f f e r s  i n  the s i ze  a t ta ined  
a t  time of formation of t he  f i r s t  annulus. The average s ize  a t  f i rs t  
r ing  formation I s  general ly  l a r g e s t  from southern Cal i fornia  (including 
Ensenada), decreasing both t o  t h e  north and south of this. Examination 
i s  being made of t h e  r e l a t i o n  of f i r s t  growth increments t o  predicted 
Size  as an approach t o  t h e  prtPblem of o r i g i n  of stocks. An i n t e r e s t  
obtains i n  o r ig in  of year classes, whether predominantly northern o r  
southern, because of inf luence on ficrh a v a i l a b i l i t y  t o  fishermen and 
Possible inf luence 'on s i e e  of year  c lasses .  

Fish i n  

The 

I n  l i n e  with this project ,  t he  1948 year  class i s  being carefu l ly  
studied, s ince i n  recent  co l lec t ions  this year  c l a s s  i s  bimodal i n  i t s  
length d i s t r ibu t ion .  I n  catches of t h e  pas t  s e a ~ o n ,  the 1948 year c l a s s  
Was 5 years of age. 
have a s ign i f i can t ly  d i f fe ren t  growth curve from individuals  from the  
l a r g e r  mode. 
1 and 5 percent s ignif icance leve l .  

Individuals  of t h e  smaller group of 5-ring f i s h  

The difference i n  means of t h e  2 groups lies between the  

Growth experiments.--One of 2 experiments conducted on r e l a t ed  
species of Xiphophorus t o  determine the  nature of c e r t a i n  growth 
observations has been terminated. Xipho horus maculatus appeared t o  
have reached i t s  asymptotic length + un er present conditions.  

The experiment on X. maculatus, which l a s t ed  14 months, was con- 
ducted a t  2 food levels: two tanks of f i s h  were used f o r  each food leve l .  
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A t  the  start of the  experiment 16 f i s h  were placed i n  each of t he  
4 tanks. 
showed a more rapid i n i t i a l  growth, the  rate ~f decelerat ion of 
growth was a l so  more rapid (0,665’3 and 0,6612 f o r  the higher food l e v e l  
as compared t o  0.6884 and 0.6949 a t  t h e  Bower food l eve l ) ,  The 
asymptotic length reached by f i s h  held a t  t h e  2 food l eve ls  was almost 
i d e n t i c a l  (37.5’ mm, f o r  t h e  lower food l e v e l  and 37.6 mm. f o r  t h e  higher 
food level) 

Although the  2 tanks of f i s h  f e d  a t  t he  higher food l e v e l  

Conclusions drawn from the  experiment a r e  (1) the  lower food l e v e l  
must have been near ly  optimal f o r  food increase d id  not inf luence growth 
rate o r  t h e  asymptotic length reached by the  f i s h  and (2) the  s ign i f i can t  
differences i n  growth f o r  f i s h  f ed  a t  the 2 levels occurred during the  
first 2 months of t h t  experiment. Therefore, more frequent  measurements 
of growth, preferably a t  weekly in t e rva l s ,  should be made a t  the s t a r t  
of the  experiment, i f  repeated, 

Use of paper chromatography i n  studying subpopulations.--Studies 
are being conducted t o  evaluate paper chromatography a s  a t o o l  i n  
ident i fy ing  species  o r  smaller subgroups of f i s h .  
ment of f i s h  inf luences chromatograms i s  of prime i n t e r e s t .  

Whether t h e  environ- 

The problem i s  being inves t iga ted  on the  sardine and on 2 c lose ly  
r e l a t e d  species  of Xiphophorus, 
2 batches, one of which i s  f e d  a maximal vegetable d i e t ,  the  o ther  a 
maximal animal diet ,  
aquarium of t h e  CaUfornia  Academy of Sciences on sardine8 caught off  
c e n t r a l  Baja CaUfornia.  

Each species has been separated i n t o  

The sardine experiment is being conducted a t  the  

Sardine population size,--Two methods a re  being used t o  estimate 
population s ize ,  1 based on t o t a l  annual egg production i n  conjunction 
with fecundity data, the o the r  on catch, age and e f f o r t  data ,  

Estimates of t h e  t o t a l  number of eggs spawned a r e  avai lab 
the  years 1950-53. The l a r  es t  estimate i s  f o r  3.951 (611 x BO ), the  
smallest  f o r  1952 (146 x lof2).  The 1953 estimate f o r  the  main spawn- 
i n g  period (January-June) amounts t o  approximately PO0 x IOn2 eggs, 
Off-season spawning during 1953 was heavier than t h a t  f o r  previous 
yearso Although da ta  f o r  t h i s  period a re  not  completely worked up, 
t he  estimate of eggs spawned during the period July through December 
may be as l a r g e  as the  estimate f o r  the f i r s t  half  of 1953. 
season spawning may (1) result  from a separate  subpopulation ( i n  which 
case i t  is increasing i n  nwnbera) o r  (2) be produced by young sardines 
spawning f o r  t h e  first t ae ,  probably a t  P-R/2 years  of age ( i n  which 
case it is f u r t h e r  evidence t h a t  t he  195’2 year  c l a s s  is b e t t e r  than the  
three  preceding year  c lasses)  QP (3) r e su l t  from spawning of  t he  main 
sardine population of a l l  ages 0- unlikely,  but  s t i l l  a poss ib i l i t y .  

15 for 

The of f -  
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Adequate fecundity da ta  a re  needed t o  t r a n s l a t e  egg numbers i n t o  
of  number of spawning feniales, Main problems f n  fecundity 

Studies may be simply s ta ted :  
batch by females of d i f f e ren t  s izes  and ages, and (2) how maw batches 
are spawned per season by females of d i f fe ren t  sizes and ages? 

(1) how many eggs a re  spawned Per 

An inves t iga t ion  of t h e  number of ova i n  t h e  l a rges t  developing 
mode has shown t h e  number decreases as  ova increase i n  s ize;  a t r e s i a  
probabu causes this. 

The number of eggs spawned by f i shes  has been correlated with 
length ( to  t h e  first, second o r  t h i r d  power), weight and/or %e, 

The number of ova w i l l  o f t en  show a s t r a i g h t  l i n e  cor re la t ion  with 

length and fecundity should be with the  cube of t h e  length. I n  the  
Sardine, however, those individuals  having a high condition f ac to r  
(a measurement of weight-length relat ionship)  may Produce more eggs 
than f i s h  of comparable lengths  having a low condition fac tor ,  
more, sardines near t he  midpoint of the, length range of spanning f i s h  

range . 

of t h e  above. I n  theory, t h e  bes t  re la t ionship  between f i s h  

Further- 

t o  have a higher condition f ac to r  than those a t  t he  ends of t he  

Estimates based on commercial catch data.--Since the  1951-52 
Cal i forn ia  landings have been small, and the  Cal i fornia  De- 

partment of Fish and Game has not attempted t o  give e f for t  o r  catch- 
Pcriunit-of-effort data. Currently, with l e s s  than P percent of t he  

More effect ive methods of 

population estimated t o  be i n  waters off t he  United States ,  
shown by egg and f i s h  scouting surveys, population dynamfcs da ta  

can be obtained only from research ships,  
locat ing and samplfng f i s h  schools during scouting surveys a r e  nedede 

AVaf l a b i  li t y  . --To understand a v a i l a b i l i  t y  phenomena, pilchard 
A behavior understanding requfres an behavior must be understood. 

acquaintance with the  anatomy of t he  sensory systems and t h e  w a y  they 
'unction (under control led conditions) 
anatomical d e t a i l s  of t he  sensory systems a re  being invest igated.  

A study describing the  gas bladder and i ts  relat ionshfp with 
the h n e r  ea r  i n  t h e  sardine and anchovy has been completed, 
and or i en ta t ion  of t h e  gas bladder a re  compared i n  the  2 species. 

sardine, the  pneumatic duct a r i s e s  from the  end of the blind sac 
Of t h e  stomach, t h e  gas bladder is single-chambered and has a Post-anal 
Opening t o  the  exter ior .  
from the  dorsa l  wall  of t he  cardfa@ stomach, the  bladder i s  2-chambered 
and has only a shor t  b l ind  caecum a t  i t s  posterfor  endo 

As a preliminary step, 

Form 
I n  

I n  t h e  anchovy, t h e  pneumatic duct arises 

An inves t iga t ion  of t he  la te ra l .  l i n e  system and the CUh~~eous  
system i s  i n  progress. 
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Causes of year-class s t rength  variation,--Sardine spawning dur- 

Spawning decl ine o f f  southern Cal i forn ia  and adjacent Baja 
ing  1953 was, i n  mast respec ts , s imf lar  t o  t h a t  of 1952 and e a r l i e r  
seasonso 
Cal i forn ia  continued. During t h e  pas t  & Bcasons, the  percentage 
taken i n  the  pr inc ipa l  spawnfng areas  was as  followss 

Southern Cal i forn ia  and Central  Baja 
Spawning north of adjacent Bapja Cal i forn ia  Cal i forn ia  - Year Point Conception spawning center  spawning center  

0.8 
0 
0 
0 

17.2 
506 

82 .o 
9L.L 
96.9 
99 01 

Sardine la rvae  co l lec ted  during 1953 have been measured and 
t h e i r  numbers standardized, Determinations of abundance and survival. 
of d i f f e ren t  s i z e  l a rvae  groups are being made, 

Procedures followed i n  determining abundance and surv iva l  r a t e  
of sardine la rvae  a r e  discussed i n  a paper t o  appear as  f i she ry  Bu l l e t in  
93 (now i n  page proof),  
as r ead i ly  made as egg abundance estimates because of d i f f i c u l t i e s  i n  
(1) sampling la rvae  (net se lec t ion ,  f o e o ,  small la rvae  Boss through 
mesh openings i n  standard ne ts  and day escapement, i . ~ . ~  undersampling 
during daytime which increases  with s i z e )  and (2) ge t t i ng  precise  da t a  
on growth rate., 

Estimates of sardine la rvae  abundance are not 

Rearing marine f i shes  --Rearing t r i a l s  have been conducted on 17 
F'ive species  have been r a i sed  from t h e  egg s tage  i d e n t i f i e d  species.  

t o  metamorphosis; these  are AUbrhynchUS flav%dus, Leuresthes tenuis ,  
Atherinopsfs ca l i fgrn iens is ,  Clfnocoetus recd.vus, and OBigocottus 

stigmaeus, Engraulis mardex and Sebastodes spp, Larvae of s eve ra l  
species  hatched from eggs r a i sed  i n  t h e  laboratory have been ca r r i ed  f o r  
a few weeks t o  2 months af ter  yolk sac absorption, but died before 
completing metamorphosis. Included i n  t h i s  group a r e  Sebastodes Boodei, 
Sebastolobus sp. , Genyonemus l ineatus ,  Spirfnchus s t a rks i ,  Clupea pa l las f ,  
Clinocottus ana l i s ,  and Hexagrammos sp,  

Several species  have been co l lec ted  as  p a r t i a l l y  grown la rvae  9 an reared t o  metamorphosis; fncluded i n  this group a r e  Cftharichthys 

Eggs and larvae have been reared i n  cy l ind r i ca l  stoneware crocks 
which hold 27 t o  28 l i t e r s  of water during t r ia ls .  



Pr inc ipa l  mortal i ty  causes dwfng rear ing  t r i a l s  are (1) 
b a c t e r i a l  in fec t ions ,  (2) mor ta l i ty  associated with gas blpdder 
development, ( 3 )  r ena l  ca lcu l i ,  and (4) mortalfty because of tempera- 
t u r e  f luctuat ions * 
have suffered abrasions from contact wfth s ides  of rear ing containers, 
a condition t h a t  would seldom occur i n  nature. Mortali ty a t  t he  time 
of gas bladder development was not associated with excessive amounts 
of gas i n  t h e  water ( a  condition experienced by some invest igat ions) ,  
but r a the r  with complete f a i l u r e  of gas t o  appear i n  the  bladders. I n  
a number of t r ia ls ,  mor ta l i ty  of individuals  coincided with appearance 
of hard, g r i t t y  c a l c u l i  i n  t he  r ena l  t r a c t ,  
adequacies a re  held responsible f o r  t he  g rea t e s t  l a rvae  mortali ty.  
I n  a number of t r i a l s ,  larvae were doing wel l  as long  as  the tempera- 
t u r e  was control led within narrow limits, but  died when unavoidable 
temperature f luc tua t ions  occurred, 

Bac ter ia l  in fec t ions  usual ly  occur after larvae 

Temperature cont ro l  in-  

Pa r t i cu la r  a t t en t ion  has been given t o  food and feeding mechan- 
Becausc? of i n a b i l i t y  t o  d i g e s t  many organisms 

This idea  

fsms ~f young larvae,  
taken i n  as food, young l a rvae  probably must depend, a t  least  i n  par t ,  
on dissolved and co l lo ida l  organic mater ia l  i n  the water. 

u s  theory was discarded because there  did not seem t o  be an adequate 
mechanism by which f i s h  larvae (o r  o the r  organism) could obtain organic 
nutr ients .  
has been found, Young larvae of Spirinchus s t a r k s i  and EngrauPis nordax 
have been found t o  have a barge mucous area i n  the  mouth t h a t  m a y  
function i n  removing co l lo ida l  (and possibly dissolved) organic mater ia l  
from water taken i n  during resp i ra t ion ,  Experiments a re  planned t o  t e s t  
the idea, probably through use of radioact ive aarbon as a too l .  

sea were sor ted  from plankton hauls and raised t o  hatching. 
of theee rear ing  t r i a l s  a re  t o  (1) follow development of l i v i n g  mater ia l  
of known types, (2) build up a s e r i e s  of s tages  of unknown f i s h  eggs and 
(3) obtain Informution on egg development r a t e  ( i n  r e l a t i o n  t o  tempera- 
t u re ) ,  
northern anchovy, jack mackerel, P a d f i c  mackerel and Bathylagus wesethi. 

not new. R!hter t r i e d  f o r  years t o  subs tan t ia te  a s imi la r  idea,  

What i s  new i s  t h a t  a possible  mechanism i n  young l a rvae  - 

Hatching egg8 a t  aea,--During 2 cru ises  af 19!%, eggs colleotctd a t  
Purposes 

Among the  species successful ly  hatahed a t  sea were nardlne, 

Other fishes,--In addi t ion t o  the  eardine, l a rvae  of the northern 
anchovy, jack mackerel and Pacif ic  maakeral a r e  enumerated and measured, 
and hake and rockfish (Bbas todea  spp.) l a rvae  enumerated. 
co l lec t ions  d i f f e r  from those of previous years i n  r e l a t i v e  abundance 
of t h e  above specios,  
in tens ive  i n  t h e  2 major sardine spawning centers  and l e s s  extensive 
89 a t o t a l  area% this t rend continued i n  1953, As a resu l t ,  species 
a t h  widespread, offshore d is t r ibu t ions ,  such as hake and jack mackerel, 
Were sampled lass in tens ive ly  than previously, w h i l e  species such as 
Sardine and anchovy, were sampled much more in tens ive ly  than previously, 

The 3.953 

Year by year  coverage has tended t o  become more 
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Relat ive abundance of t he  above species i n  t h e  1953 co l lec t ions  
follows : 

Sardine larvae 
Anchovy 
Jack mackerel 
Pac i f ic  mackerel 
Hake 
Rockfish 
A l l  o thers  

Number taken 
20, 274 

103,245 

40,350 
35, 244 

1 2 4  506 

7,522 
1,320 

-Tgm 

Percent of total. 
601 

3101 
203 
004 

1 2  01 
10~6 
3704 
100 e o  

Anchovy la rvae  dominated t h e  co l lec t ion ;  they were 2-.1/2 times 
as abundant as hake larvae (which i n  previous seasons outnumbered 
anchovy larvae) and over 5 times as abundant as sardine larvae.  

Jack mackerel.--A manuscript has been submitted f o r  publ icat ion 
on jack mackerel, and a study is being made of su rv iva l  rates during 
ea r ly  s tages ,  

- Hake.--In a manuscript submitted f o r  publication, hake eggs and 
la rvae  a r e  described, and hake la rvae  d i s t r i b u t i o n  and abundance dur- 
ing  1951 and 1952 are  discussed. 

Zooplankton.--Zooplankton volumes continue t o  be rout ine ly  deter-  
mined. Two adds t i o n a l  papers dealing with zooplankton voPmes have 
been prepared, 1 report ing on t h e  1949 and 1950 col lec t ions ,  t h e  other  
on 1953 material ,  These repor t s  record volumes of plankton co l lec ted  
during regular  survey cru ises  and haul da ta  ( loca l i t y ,  time of col lec-  
t ion ,  depth of ha@, volume of water s t ra ined,  ete.) f o r  a l l  plankton 
tows made on these  c ru i se s ,  

Anchovy fishery.--Cooperative s tud ie s  with the CaUfornin Depart- 
ment of F ish  and Game on sampling ;the catch and determining age have 
been continued. 

Cal i forn ia  gray whales.--Two independent censuses were made of 
t he  Cal i forn ia  gray whale, A t  Point  boma, near San Diego, the National 
Park Service and t h e  F ish  and Wildl i fe  Service da i ly  counted gray whales 
migrating south t o  t h e i r  calving grounds, An air census over t h e  calv- 
i ng  grounds was made p r inc ipa l ly  by Scripps I n s t i t u t i o n  of Oceanography. 

The Point Lorna count of 792 whales during t h e  period December 26, 
1953 t o  March 15, 195.4 is lower than  the  count during the  preceding 
season. The sharp taper ing off 0f t he  count a f t e r  January probably 
ind ica ted  the  whales had passed by e a r l i e r  t h i s  year than Past ,  
census estimates of  whales on t h e  c a l ~ n g  grounds are not ava i lab le  f o r  
comparison with t h e  Point hma counts, although they a r e  higher. 

Air 
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PACIFIC OCEANIC FISHERY INVESTIGATIONS 
0. E, Set te ,  Honolulu, H a w a i i  

GENERAL 

Research on the  4 major pro jec ts  continued with changes i n  
emphasis, The in i t ia l  phase of  l oca t ing  and describing yellowffn 
stocks near the  Equator ended and commercial f i s h i n g  on a l imited 
sca le  has begun, 
a re  being published. 

Results of equator ia l  and commercial f i sh ing  s tudies  

Increased e f f o r t  was expended on sea work and laboratory study 

The phase of the 
of t h e  Hawaiian skipjack. Concurrent research on tuna react ion t o  
a r t i f i c i a l  s t imul i  i n  ponds and a t  sea continued. 
study dealing with tuna reac t ion  t o  chemical s t imul i  was completed 
and the  study of v i sua l  s t i m u l i  was  begun, with observations being 
made primarily a t  sea ,  

A hydrographical and b io logica l  reconnaissance of t he  region 
north of H a w a i i  was car r ied  out  i n  cooperation with the  S t a t e  of C a l i f -  
ornia; two POFI vessels  explored t h e  region north of H a w a i i  while 
Cal i forn ia  vessels  covered the area intervening between POFI and the 
mdnlend coast ,  T h i s  survey, designed t o  loca te  and describe albacore 
f i sh ing  grounds i n  the subtropical  Pacif ic ,  i s  planned as a cooperative 
research p ro jec t  by various Pacific Coast f i s h e r i e s  agencies and POFI. 

Sea work included 5 cru ises  i n  equatorials. wators, 1 of which 
Passed through the  Marquesas, Tuamotu and Society Islands; 6 c ru ises  
Were made i n  Hawai#,an waters t o  study fea tures  of ocean c i r cu la t ion  
affecting tuna school d i s t r ibu t ion  and t o  del inea te  d i s t r ibu t ion  from 
inshore i s l and  waters t o  about 1,000 miles offshore j  2 survey cr;lises 
WePo made i n  po ten t i a l  albacore waters north of Hawaii; and 1 l o c a l  
cruise t e s t ed  new designs I n  f i sh ing  gear and oceanographic equipment. 

RESEARCH 

Yellowfin abundance.--Tuna abundance i n  c e n t r a l  Pacif ic  equator ia l  
IJaters has been estimated, limits of the  yellowfin tuna resource lo- 
cated near t h e  Equator south of Hawaii have been defined and re la t ion-  
Shfps between tuna and ocean currents  more accurately described. 
have subs tan t ia ted  e a r l i e r  f indings that-  the region between O* and 5" N,. 
l a t i t u d e  and about lbo" m d  165" W. longitude cons is ten t ly  y i e lds  the  
highest  catch rate of tuna on POFI experimental gear. FOFIPs all- t ime 
average catch r a t e  within this zone o f  best f i s h i n g  is 6.8 yellowfin 
Per 100 hooks, with a range of averages from j o b  t o  11.7 yellowfin pe r  
100 hooks f o r  the  bes t  4. of l a t i t u d e  on each of 11 f f s N n g  sect ions 
crossing the Equator. One cru ise  of the Charles H. Gi lber t  along l A O *  

Cruises 
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bo longitude increased knowledge of the eas t e r ly  extent  of t h e  band 
of yellowfin a t  the  Equator. 
5' bes t  s t a t i o n s  was only 2.6 yellowfin pe r  100 hooks, this c r u i s e ,  with 
previously co l lec ted  da ta  on 120' W. longitude, proved yellowfin extend 
continuously along the  Equator from 180" e a s t  t o  the  American continent,  
Japanese commercial f i s h i n g  west of 180" ghows they a l so  extend con- 
t inuously t o  Asia. 

Although the  catch r a t e  on 110' a t  t h e  

Catch rates.--Because POFI cru ises  t o  t h e  Equator a re  i n t e M t t e n t ,  
seasonal differences have been d i f f i c u l t  t o  assesso 
cru ises  a t  d i f f e r e n t  times of t h e  year  showed catch r a t e s  as follows: 

During 1953, 4 

January- July- 
February May August December 

Number of f i sh ing  
s t a t i o n s  4 4 5 5 

Average yellowfin 
catch pe r  100 hooks 2 04 5 0 5  7 03 1.6 

These data ind ica t e  more c l e a r l y  than previous years '  records t h a t  
bes t  catches occur during la te  summer. 

Effects of islandsupon yellowfin d i s t r i b u t i o n  near t h e  Equator 
were studied. 
r a t e s  1.8 times bet ter  around the  i s l ands  than i n  the  ocean. Catch 
r a t e  of medium-sized and l a r g e r  f i s h  was about t he  same on both types 
of locat ions.  
surface-schooling yellowfin around the i s l ands  i n  addi t ion t o  the  
ever-present adul t s  found a t  mid-depths regardless  of nearness t o  is- 
lands. 

Cruises designed t o  t e s t  this f e a t u r e  gave catching 

The increase  was a t t r i b u t a b l e  t o  presence of small, 

Dis t r ibu t ion  of chemical and physical  properties--aquatoriaB - %one.--Data from a l l  equator ia l  oceanographic c ru ises  a r e  being 
assembled t o  determine geographical and seasonal d i s t r i b u t i o n  of 
physical  and chemical propert ies  i n  the  mid-Pacific equator ia l  region. 
Data from oceanographic c ru ises  by o t h e r  a c t i v i t i e s  (such as t he  
Shellback, Carne i e ,  Albatross, and Galathaa) are being Included t o  
supplement h a  and extend t h e  geographical coverage. 

Preliminary examination suggests t h a t  along t h e  Equator from 
110' W. ( the  eas t e rn  limit of ava i lab le  data) t o  about l55'-160' W. 
t he re  i s  a gradual deepening of t he  thermocline from near the  surface 
t o  400-500 f e e t ,  bu t  from l5f;'-16O0 W. t o  165" E. thermocline depth 
changes l i t t l e .  
155* W. t o  160" W. i s  a t r a n s i t i o n  zone between eas te rn  and western 
areas of t he  sec to r  under study. 

A l l  p roper t ies  s tudied demonstrate t he  region between 

Several  b io logica l  ind ices  support 
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the  idea  t h a t  ecological  conditians i n  t he  eastern half mW bff@r 
from those i n  the  western half  of the sect ion,  

Christmas Is land f i e l d  station,--With cooperation sf the  United 
S ta tes  Weather Bureau, KlFI s e t  up a f i e l d  s t a t i o n  wfth meteorologicEd 
instruments and 2 sea  temperature thermographs on Christmas Island. 
Recording thermometers have been d i f f i c u l t  t o  keep i n  operation but 
have functioned over long enough periods t o  give records of surface 
water temperature var ia t iono  
t o  show va r i a t ion  causes, 

Accompanying weather data  are  expected 

Tuna biology,--Studies of tuna biology continued, The bigeye 
tuna, P. sibi, spawns i n  the  equator ia l  Pacific Ocean a t  a minimum 
s h e  oT about 20 pounds. 
months of t h e  year i n  equator ia l  waters, but  none of t he  f i s h  taken 
in Hawafian waters were as  advanced as the equator ia l  bigeye tuna in 
spawning condition. 
released during 1 spawnfng;; there  is evidence these tuna spawn more 
than once per  seasono 

- 
Maturing females were found during most 

From 2,9 t o  6.3 m5.llion eggs a r e  estimated t o  be 

Tuna larvae.--A detaf led descr ipt ion of  various tuna larvae found 

Tuna larvae d i s  t r i bu t ion  i n  equatorfa1 waters closely 
i n  cen t r a l  Pac i f ic  waters has been completed and a repor t  thereon is 
i n  preparation. 
Pa ra l l e l s  t h a t  of zooplankton, with both skipjack and yellowfin larvae,  
the predominant tuna species i n  the plankton, being found in grea te s t  
abundance i n  the  cen t r a l  Faciffc from 5" S, t o  about 8" N. l a t i t u d e  and 
from 120" W, longitude t o  180", 
from about 140" W. longitude t o  n80*, a dis tance af about 2,500 m i l e s .  
while FQFI experimental f i sh ing  i n  equator ia l  waters produces preponder- 
antly adul t  yellowfin tuna, over 3 times as many skipjack lamae as  
Yellowfin la rvae  arc taken i n  the quant i ta t ive  plankton tows. 
mFI ? s  sampling methods a r e  not accurately measuring skipjack populations, 
e i t h e r  i n  i t s  scouting o r  Bongline f i sh ing ,  

Larvae seem t o  be e q u a l u  abundant 

Obviously, 

Large skipjack atolcks must 
near t he  Equator; a t  this time it i s  only conJectura8 whether these 

stocks contr ibute  t o  ex is t ing  commercial. skipJack f isher ies  
elsewhere , 

Tuna age and growth.--Analyses of both yellowfin and bigeye tuna 
length and weight frequenoy data  f o r  evidenees of age and growth are 

f i shery  of t h e  Hawaiian Is lands ind ica te  they appa rcn tu  do not s p a m  
everY year ,  An annual a l t e rna t ion  of size groups occurs, the sane 
modal size appearing i n  the  Hawaiian f i she ry  every o ther  year ,  
measured from progression a ~ f  frequency modes, appears t o  average about 
bo pounds each year, with good evidence t h a t  7-year-old f i s h  are about 
t h e  o ldes t  d i s t i n c t  age group t o  occur i n  the Hawaiian I~Pand::~> 

completed, Bigeye tuna weight data  from the commercial llBhi'l 

Growth, 
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Yellowfin length frequencies from equator ia l  waters show 2 
d i s t i n c t  modes which occur i n  about t he  same pos i t ion  i n  POFI samples 
throughout t he  year ,  T h i s  consistency i n  modal s i z e s  has prevailed 
more o r  less regular ly  through the 3 years s ince experimental long- 
l i n e  f i s h i n g  i n  c e n t r a l  Pacif ic  equator ia l  waters began i n  earnest .  
No progression of modes can be found during succeeding seasons of the  
year, 
ingress  and egress of t h e  2 s i z e  groups of yellowfin i n  mid-depths 
sampled by longl ines  are r e l a t i v e l y  constant.  Where the  f i s h  come 
from and where they go a f te r  leav ing  this environment i s  highly specu- 
l a t i v e ;  i t  i s  not d i f f i c u l t  t o  imagine the equator ia l  b e l t  of favorable 
environment is only a stopover i n  some, as y e t  unknown, migratory 
pat tern.  

One explanation f o r  this lack of progression might be t h a t  

Commercial f i s h i n g  t r ia ls  --Two commercial f i s h i n g  tr ials t o  
equator ia l  waters were completed and a th i rd  t r i a l .  begun. 
Coast f i s h i n g  vessels,  the  A l r P t a  and North American, under cont rac t  
with POFI, completed 2 l o n g m i s h i n g  t r i p s  to t h e  U n e  Is lands 
region south of H a w a i i  between l a t e  February and mid-May, f i s h i n g  a 
t o t a l  of 1 2 1  boat f i s h i n g  days and catching 210 tons of yellowfin tuna, 
averaging 4.75 yellowfin pe r  100 hooks. The Pine used f o r  the hook 
droppers by these boats  proved too l i g h t  f o r  continuous use and m a n y  
f i s h  were l o s t  as a consequence. 

Two West 

Mechanical d i f f i c u l t i e s  and inadequate r e f r ige ra t ion  caused an 
equator ia l  f i sh ing  t r i p  i n  Apr i l  by a 1oc'al f i s h i n g  boat (sampan), 
the  Taihei Maru, t o  be uneuccessful,, 
w e r e m d x  5 days i n  the  v i c i n i t y  of Palmyra and caught only 
2 4 2  tons of yellowfin. 
r e t r i eved  by hand without use of a power winch. 

Forty basket8 of longl ine gear 

Because of' mechanical f a i l u r e s  the  gear was 

Commercial development of equator ia l  f i s h i n g  $rounds,--A most 
s i g n i r i c a n t  move i n  the  commercial development of equator ia l  f i s h i n g  
grounds south of  H a w a i i  has occurred. The Paci f ic  Northwest f i sh ing  
company of Kayler-Dahl is undertaking development of Palmyra I s land  
as a f i s h i n g  outport  f o r  tuna longl ine boats. 
West Coast are f i s h i n g  near Christmas Is land with steel Bonglines. 
E a r l y  repor t s  i nd ica t e  discouragingly low catch r a t e s ,  which may r e s u l t  
from use of the new and as yet unproven e t e e l  f i s h i n g  gear. 

Three vesse ls  from the 

Another Honolulu-baeed f i s h i n g  boat, the Sea Hawk, i s  ge t t i ng  
ready f o r  a longl ining t r i p  t o  the  Line Is lands  region, 
t i o n a l  cot ton gear  will be used and experienced Hawailan longl ine 
fishermen w i l l  be aboard. 

The conven- 
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S t e e l  f f sh ing  gear,--Realizing the importance of improving the 
longline gear f o r  e f f i c i e n t  use aboard American vessels,  POFI f s  

with s t e e l  cable f o r  mainline, with the gear wound on 
metal. spools and s e t  and re t r ieved  with a modified Rswe ha l ibu t  winch. 
Several devices f o r  mechanically a t taching hook-droppers have been 
t r i e d  and 1 device, a "straphangerv1 attachment, shows much promfseo 
The function of t h e  strap-hanger i s  t o  a t tach  bai ted hook-droppers 
automatically as the  s t e e l  mainline i s  being set, e l i m f n a t i w  the 

by stopping the winch t o  a t t ach  the droppers by hand, 
and e f f i c i en t  way of s e t t i n g  and hauling this gear which would r e d w e  
the time required below t h a t  of the present ly  used cotton PongUneS has 
n o t  been devised, 

A SPPedy 

Plankton,--Analyscs of plankton abundance i n  the equator ia l  region 
Although there a re  only s l i g h t  weather changes from one 

time of t h e  year  to another, there  i s  considerable seasonal var ia t ion  

low i n  stancling crop of plankton f o r  most longitudes sampled, while 
August, and September, almost without exception, marked the  period 

Of grea te s t  production, 
show a gradient  of increasing plankton abundance from west t o  eas t ,  with 
a tendency toward a leveU.ng-off east of 140'' W. 

(wfthin the  thermocline) , and 200 meters--indicated a s ign i f icant  plankton 

centrat ions occurred day and night  i n  surface Payers. 
Of a Concentrated plankton Payer a t  the thermocline l e v e l  a t  the Equator. 

were the most abundant group i n  the  samples, followed by fora- 
minifers, inver tebra te  eggs, tunicates ,  gastropods, chaetognaths 
radiolarians,  crus  taeean larvae, ostracods, euphausiids, siphonophores, 
and amphipods respect ively.  

Plankton abundance. The period from January through March ranked 

Considering the east-west var ia t ion,  POFI da ta  

As i n  pas t  analyses, 
was found most abundant between the  Equator and 4" N o  

taken a t  3 depths -- the surface, the  l e v e l  of the 70' isotherm 

i n  the  surface Payers during the  nfght. Greatest  plankton con- 
There was no evidence 

Live-bait.--The vesse l  Charles H, Gilber t  made a l i v e  b a i t  survey 
Of t h e  Marquesas and Tuamotu Islands.  Live bait was plentiful i n  the 

bays and along rocky shoree of the  Marquesas. About 3,000 
buckets of ba i t ,  pr imari ly  a sardine-Pike f i s h ,  were located and 365 
buckets taken i n  2 scouting days. I n  t h e  a t o l l s  of t h e  TUamdXS, 

there  was l i t t l e  evidence of worthwhile tuna b a i t  concentra- 
a t  the  4 a t o l l s  surveyed. 

Skipjack distribution.--Studies of Hawaiian skfpgack d i s t r ibu t ion  
and envirorAental f ac to r s  affect ing t h e i r  movements continued. 
scouting c ru ises  were car r ied  out  i n  1953 i n  COnJunctron wfth 6 Scout- 
in43 f l i g h t s  i n  United States Navy PBY amphibia  p lmes .  
ing found f a r  fewer f i s h  schools p e r  unit of &stance covered than d id  
vessel scouting. 
i n g  choppiness of Hawaiian waters and d i f f i c u l t y  Qf seeimp; dark-colored 

Six 

AfrPlme scout- 

pr inc ipa l  reasons f o r  this differenoc axe the prevai l -  
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birds--which make up the bulk of the school-accompanying b i rd  flocks- 
aga ins t  the deep blue water. 
four ths  of i t s  catch within 20 miles of land, bu t  tuna schools were 
seen on 'POFI scouting c ru ises  i n  equal. numbers p e r  u n i t  a rea  severa l  
hundred miles from the  i s lands .  

The Hawaffan skipjack f l e e t  obtafns three- 

Hydrographic s tud ies  i n  Hawaiian waters revealed a semi-permanent 
eddy system i n  t h e  lee waters of t h e  archipelago. These eddies, wel l  
developed during periods of strong, continuously blowing t rade  winds, 
exhib i t  seasonal f luc tua t ions ,  Circulat ion f ea tu res  i n  the  windward 
offshore waters a re  complicated and l i t t l e  understood, Scouting re- 
vealed noteworthy concentrations of skipjack schools around t h e  per i -  
phery of the eddies, about lo0 miles offshore and outs ide the  PoeaP 
f i s h e r y  range, 

Skipjack tagging,--Skipjack tagging was begun by means o f  the 
p l a s t i c  tube tag developed i n  Cal i fornia;  22 have been released, 
pr imari ly  outs ide t h e  l o c a l  f i she ry  range. Fish migrations around the 
i s l ands  w i l l  be t raced by this means. 

A r t i f i c i a l  tuna l i v e  bait.--Search f o r  an a r t i f i c i a l  tuna l i v e  
ba i t  continued with pond s tudies  and sea  t e s t s  with research vessels.  
Further  t e s t s  of chemical a t t r a c t a n t s  i n  the  ponds continued t o  show 
a pronounced feeding tuna reac t ion  t o  the co lor less  tuna ex t r ac t s  e 

However, s ea  t e s t s  f a i l e d  to produce a not iceable  reac t ion  I n  skipjack 
schools from these a t t r a c t a n t s ,  
an a r t i f i c i a l  b a i t  must be a t t r a c t i v e  i n  appearance and exh ib i t  motion 
before tuna schools will show a marked and continuous pos i t i ve  react ion,  
Studies  a re  being made t o  develop a self-propel led l u r e  which will be 
a t t r a c t i v e  i n  appearance and contain a chemical a t t r a c t a n t  as well. 

Subsequent v i sua l  t e s t s  have proved 

Albacore.--A reconnaissance by 2 research vesse ls  l a s t  winter gave 
encouraging evidence of a r i c h  b io t a  and a possible  concentration of 
albacore north of t he  Hawaiian Is lands.  Re3UmJinary p3.ot.s of v e r t i c a l  
temperature sec t ions  and of hor izonta l  d i s t r i b u t i o n  of temperature and 
inorganic phosphate revea ls  t h e  northern edge of tRe North Equator ia l  
Current was near 35" Ne l a t i t u d e ,  Between 30" and 35* N, there  was a 
region of considerable mixing, while north of 35" N. Pay colder waters 
of t h e  e a s t e r l y  flowing North Pac i f ic  D r i f t ,  
ing,  near i t s  northern edge, the ves se l  John R,  Manning took 42 l a rge  
albacore i n  1 day's longl inc s e t .  
a t  2 o ther  loca t ions  during t h e  crppfse, b u t  a severe storm prevented 
completion of t he  planned fishing survey. 

Within the region .of mix- 

Small numbers of albacore were taken 



SOUTH ATLANTIC FISHERY INVESTIGATIONS 
W. W. Anderson, Brunswfck, Georgia 

General. --The South At lan t ic  Fishery Investigations,  the  Navy 
Hydro= Office, the  Office o f  Naval Research, the  Georgfa Game 
and Fish Cornmission and t h e  Flor ida S ta t e  Board o f  Conservation 
(through the  Marine Laboratory of the University of ad) are  making 
a biological ,  chemical and physical oceanographic survey along the 
South At lan t ic  coas t  from Cape Hatteras, North Carolina, t o  the Flor ida 
straits, Waters from off  the beaches t o  beyond the  Gulf Stream are  
studied, The Navy Hydrographic Office and the  Office of Naval Research 
cooperate on physical  oceanography and r e l a t ed  spec ia l  studies,  the 

Game and Fish Commission on the  b io logica l  and chemical programs, 
the F lor ida  Board of Conservation i n  the  biological. studies.  

CRUISES 

Five crmfses of approximately 4 weeks' durat ion each were con- 
ducted between July 1953 and June 19534 with t h e  vesse l  Theodore N . G I 1 1 .  
Objectives were to p l o t  currents  and d i s t r ibu t ion  and abundance of f i s h  

and to make a biochemical determination t h a t  might have a bearing on the  
biological  p o t e n t i a l  of t he  area. 

larvae,  and juveniles;  t o  a s c o v e r  spawning areas of various f ishes;  

CHEMICAL F'ROGRAM 

Tentat ive analysis  of processed da ta  y i e lds  i n t e r e s  t i n #  general  
trends i n  concentrations and d i s t r ibu t ions  of severa l  chemical sea 

l953 a re  used as a discussion basiso 
cons t i tuents  being measured, Results of t h e  spr ing c ru ise  of 

The work area from t h e  Flor ida 
t o  Cape Hatteras has been divided i n t o  2 sect ions f o r  compara- 

purpose-waters w i n g  mver the Continental Shelf and those ta  sea- 
ward~ Average concentrations far  various standard depths ares  

S a l i n i t  .--Over the  Continental Shelf t he  average s a l i n i t y  ranged 
from 7 7 - F  a ow o 35.3 parts per  thousand ( o / ~ ~ )  a t  the  surface to a Mgh 
Of 36.3 a t  50 meters. 
to 200 meters 1 depth). 

(From 50 meters there  was a s t i l in i ty  decrease 

Average sal ini t i rs  seaward of the Continental Shelf a t  surface, 
and 20 meters were conatant a t  about 36.2 o / ~ ~ ~  A s l i g h t  r i s e  

reached and held constant  to 200 meters, Below 200 meters average 
decreased u n t i l  35.2 o / ~ ~  waa reached a t  900 and 1,000-meter 
S a l i n i t i e n  were lower from 300 t o  1,000 meters than from sur- 

Occurred a t  50 meters and again a t  100 meters where a peak ef 36,4 o/oo 

face t o  200 meters * 
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Phosphate (Measured i n  microgram atoms pe r  l i t e r )  --Inorganic 
phosphate concentrations over the Continental Shelf averaped 0,1 a t  
the surface and only a l i t t l c  more a t  the  10 and 20-meter depths, 
Concentrations rose s t e a d i l y  and rapidly f rom 003 a t  50 meters to 
1.4 a t  200 meters. 

Seaward of t h e  Continental  Shelf the average inorganic phosphate 
concentrations from surface to t h e  SO-meter depth were comparable t o  
those over t h e  Shelf a t  surface t o  20 meters, o r  a l i t t l e  over 0.1. 

Tota l  phosphate concentratfons over  t he  Continental  Shelf aver- 
A t  aged about 0,8 a t  the surface and decreased t o  0,3 a t  30 meters. 

50 meters the concentration rose t o  0.9 and the rea f t e r  increased 
sharply t o  2.3 a t  200 meters. 
zero to 4.0. 

The range cpf concentratfons var ied from 

Ni t ra te -Ni t r i te  (Measured i n  microgram atoms p e r  l i t e r )  --Over 
the Continental  Shelf t he  average n i t r a t e - n i t r i t e  concentration a t  
the surface was 0.9, which gradually rose t o  108 a t  t h e  30-meter depth, 

SIaward of t he  Continental  Shelf average n i t r a t e - n i t r i t e  concen- 
t r a t i o n s  were lowest a t  t he  surface and PO-mrtcr l eve l s  with a value 
of 1.3, and rose t o  only 1.6 a t  50 meters. 

Pro te in  (tyrosine) (Measured i n  milligrams pa r  l i t e r )  .--Less 
va r i a t ion  i n  concentration was found for w o t c i n  than for any of the 
o ther  cons t i tuents  measured. 
t i n e n t a l  Shelf ranged from 0,,4 t o  0.7 a t  a l l  depths from surface t o  
150 meters. 

The average- concentration over- the Con- 

Seaward of t h e  Continental  Shelf average concentrations from 
surface t o  1,000 meters ranged from 0.4 t o  0,6. 

BIOLOGICAL RUERAM 

Plankton,--In the  a rea  as a whole, quan t i t i e s  of plankton col lec ted  
on t h m  crufse  of 1953 were lowest off  Flor ida and highest  off  
Georgia and South Carolina. 
Carolina were s imi l a r  t o  those from Flor ida  waters, Over the  Continental  
Shelf sec t ion  the  volume waE Lowest i n  t h e  north, fsll.awed c lose ly  i n  the  
south9 and with the  c e n t r a l  s t a t e s  highest  by a considerable margin, 
Seaward of t h e  Continental  Shelf t h s  smallest vollunc was off Flor ida  
with the c e n t r a l  and north areas  about equal, Plankton vo814~nes were 
g rea t e r  over the Continental Chelf than to seaward, 

Quant i t ies  of plankton co l lec ted  of f  North 



Fish  eggs were found i n  t h e  g r e a t e s t  numbers i n  the  c e n t r a l  
Portion, l e a s t  abundant i n  the north, and much more abundant over 
the Continental  Shelf than t o  seaward. Average number per tow i n  
the c e n t r a l  p a r t  of the cruise area was 2,545 over t h e  Continental 
Ghelf and 1 2  seaward; i n  the south, 1,990 over the Continental Shelf 
and 7 seaward; i n  t h e  north, 826 over t h e  Shelf and 53 seaward. 

c, 

Fish  la rvae  were most numerous off the  c e n t r a l  port ion and l e a s t  
nmC~Ous i n  the north, 

Eighteen .f & l i e s ,  2 suborders and leptocephal i  a r e  represented 
in t e n t a t i v e l y  i d e n t i f i e d  la rvae  f r o m  plankton samplFs col lected i n  

The 2 suborders, 7 familes and the lePt0- 
cephali  comprise approximately 80 percent of occurrencw 

rences; Gadidae, 10 percent; Serranidae, 8 percent; Amphioxidae, 7 
percent; Syngnathidae and Synodidae, 6 percent each; Brotulidae, 5 
percent j  Scorpacnidae and unident i f ied leptocephali ,  4 percent each0 

and March 1943. 
Clupeoidei 

Pleuroncctoidei represent  approximately 1 4  percent each of Occur- 

Dip ne t  samples,--Thirty famil ies  are represented i n  the tenta- 
t ively i d e n t i f i e d  specimens col lected by use of d i p  nets .  

approximately 72 percent of Occurrences e 

sent  approximately 1 2  percent; Carangidae, 11 percent;  MWilidae and 
lqullidae, 9 percent each; mctophidae, 8 percent; Coryphaenidae, 6 per- 
cent; llonacanthidac, 5 percent j Antennarildae, 5 percent; XhPMidae, 
4 Percent; and Hemirhamphidae, 3 percent.  

Ten famil ies  
Exocoetidae repre- 

Tro l l ing  results.--Bone and nylon j i g s  were t r o l l e d  during a l l  
c r u s e s  when t h e  Theodore N, G i l l ,  was under way. Two hundred and for ty-  

? 1 9  s n a c i a s ,  w e r e  taken on the first 7 cruises .  Seven f i s h ,  repre= 
The 10 most f reauent ly  
a l l e t t e r a t u s )  dolphin z- g r e a t  barr 

(Lc ombe r om0 r us c a v a l l  a) 
Yellowfin tuna &-s 
so landr i )  . 
w s  pelamis), g 

- 
1g -- -r-----, 
caught species  are l i t t l e  tuna 
(Cory-phaena h i  urus), blackfin 

bacuda (S racna + arracuda), oceanic bonito 

r e a t  , Spani%-mberomorus- am er jack S m  macuiatus) 
a rgent lv i t ta tus) ,  and wahoo (AcanthoF, 

meril i)  king mackerel 

:irb€um 



SECTION OF ANADROMOUS FISHERIES RALPH P. SILLIMAN, CHIEF 

ATLANTIC SALMON INVESTIGATIONS 
Alden P. Stickney, Boothbay Harbor, Maine 

Invest igat ions were reoriented i n  Apr i l  1954 and headquarters 
t ransfer red  from Orono, Maine, t o  Boothbay Harbor, Maine. The re- 
search program on the  ecology of marine e s tua r i e s  as r e l a t ed  t o  salmon 
was begun on June 9. 

The C l a m  Inves t iga t ions  of the F ish  and Wildl i fe  Service and 5 
Invest igat ions of the Maine Department of Sea and Shore Fisheries-- 
Herring, Marine Worm, Alewife, Smelt and Salmon-have begun a general  
hydrographic and ecological  survey of the  Sheepscot estuary. Through 
combined e f f o r t  these Invest igat ions can determine the  ecology of this 
estuary and compare r e s u l t s  with e s tua r i e s  of o ther  salmon-producing 
streams 

Similar  s tud ies  are planned f o r  t h e  Narraguagus River estuary.  

A program t o  measure, t ag  and r e l ease  salmon taken i n  the marine 
environment has been undertaken. 
have been v i s i t ed ,  and l i v e  salmon purchased and tagged. Trap operators 
a l so  fu rn i sh  v i sce ra  and s c a l e  samples of marketed salmon taken i n  t h e i r  
traps and information on time of capture and s i z e  of f i s h .  Viscera are 
being examined f o r  stomach contents, gonad condition and pa ras i t e s ,  

Commercially operated f i s h  t r aps  

MIDDLE: ATLANTIC FISHERY INVESTIGATIONS 
Gerald B. Talbot, Beaufort, North Carolina 

SHAD INVESTIGATIONS 

Connecticut River.--Vital s t a t i s t i c s  f o r  the 1953 run show (1) 
a 50 percent f i s h i n g  rate, (2) a run of  230,000 shad, (3) t he  advance 
l-ycar predic t ion  of  this run wae 95 percent accurate, and (4) t he  
runs increasing s ince  1950 were d i r e c t l y  r e l a t ed  t o  Increased epawners. 
Data analyses ind ica t e  rum can be increased t o  300,000 t o  350,000 
f i s h  with an annual catch of 150,000 t o  200,000 shad. 
should be held t o  less than 57 percent f o r  run recovery. 

Fishing rate 
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Holyoke Hshway passed 262 shad during the  1953 run; only a 
small number appeared i n  the  co l l ec t ion  system. However, successful 
spawning occurred above the  dam. 

Hudson River.--Catch and e f fo r t  records f o r  t h e  1952 and 1953 
Seasons ind ica t e  a s l i g h t  run recovery s ince 1950. 
consisted of l,'j'OO,OOO pounds, the  catch of 851,000. 
was 49 percent and should be continued below 50 percent t o  enable run 
recovery. 

The 1953 run 
The fishfng r a t e  

C h e s a p e a k e B a y . - - F i s h i n g  e f f o r t  has more than doubled 
s ince i n i t i a t i o n  of t he  Maryland Management Plan which was in s t iga t ed  
t o  s t a b i l i z e  e f f o r t  a t  t h e  19411 level, 
doubled and t h e  run s i z e  has f luc tua ted  from 1,800,000 t o  3,20O90o0 
Pounds. 
Virgirda fishermen have removed Maryland shad. 

Since 1944, shad catches have 

Factors influencing run s i z e  cannot be determined because 

Chesapeake Bay-Lower Bay.--A small percentage of shad tagged 
near t h e  Bay mouth were destined t o  North Carolina streams, Hudson 
River, Connecticut River and Canadian streams. Those destined f o r  
upper Chesapeake B a y  tend t o  en ter  t h e  Bay e a r l i e r  than those destined 
f o r  the lower Bay.  The mojority enter ing the  B a y  apparently follow 
"CkbE southern shore. James River f i s h i n g  i n t e n s i t y  was 70 percent. 
Catch and e f f o r t  da t a  were obtained f o r  James, York, and Potomac 
u v a r s  and most of the  Bay, 

Neuse River North Carolina.--The 1953 catch i n  the commercial 
f i sh ing  a rea  yiz-proximately 100,000 shad. On the  ear ly  run t h e  
f i sh ing  rate was estimated a t  67 percent. Commercial f i sh ing  terminated 
on May 1 because of the heavy menhaden inf lux.  While the  spo r t  f j she r -  
men's catch i n  the  upper r i v e r  areas  was about the same as t he  commercial 
catch, i t  consisted of l a t e  running shad which entered the r i v e r  a f t e r  
commercial f i s h i n g  closed. 

Goldsboro fishway passed an estimated 563 shad. High water tempera- 
t u re  i n  the  dam area  r e su l t i ng  from condensing water from the  steam- 
e h c t r i c  p lan t  appeared to de te r  shad from using the  fishway during some 
Periods e 

Ogeechee River, Georgia.--Field work on this pro jec t  began January 7 
and ended Apri l  28, 1954. 
catch was approximately 73,000 pounds and the  spo r t s  catch about 12,000, 
Total  run and spawning eecapement data  have been co l lec ted  and prepared 
for analysis.  
recovered. 
Port ion of the  f i shery  f o r  t h e  years  1945 through 1952, 
9s i n  progress.  

Preliminary analysis  shows the commercial 

Of 236 tags applied a t  the  r i v e r  mouth, 62 percent  were 
Back commercial catch records have been obtained f o r  a 

Further  analysis  
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S t ,  Johns River, Florida,--Catch and e f f o r t  data show a s l i g h t l y  
higher catch f o r  19.54 than f o r  1953. 

STRIPED BASS PiROGRAM 

The S ta t e s  of Massachusetts, Rhode Island, Connecticut, New York, 
New Jersey, Maryland, Virginfa, South Carolina and Flor ida  a re  
ac t ive ly  pa r t i c ipa t ing  i n  the  At lan t ic  S ta t e s  Cooperative Str iped Bass 
Program which came i n t o  existence i n  ea r ly  195’4. 
Ffshery Invest igat ions c a r r i e s  on the  work of the Fish and Wildl i fe  
Service which i s  the  coordinator of t h i s  research program. 
Wt ld l i f e  Service f i s h  tags  have been furnished t o  Massachusetts, Mary- 
land, South Carolina and Rutgers University. 

The Middle Atlant ic  

F ish  and 

The Middle At lan t ic  Fishery Invest igat ions and Off ice  of  River 
Basin Studies of the H s h  and Wildlife Service, the  United S ta t e s  
Public Health Service, t he  North Carolina Sani ta t ion  Commission and 
the  North Carolina Wildl i fe  Resources Commission pa r t i c ipa t ed  i n  a 
study of the  Roanoke River i n  r e l a t i o n  t o  water re leases  a t  Kerr Dam 
as they a f f ec t  s t r i p e d  bass. 

PACIFIC SALMON INW3STIGATIONS 
Clinton E, Atkfnson, Sea t t l e ,  Washington 

0eneral.--Pacific salmon research extends from the  Saeramento 
River i n  Cal i forn ia  t o  the Aleutians and the  Bering Sea, Alaska. 
Since a single Service unit handlee a l l  Pac i f ic  s a h m  research, 
s i m i l a r i t i e s  and dlfferences I n  form, i n  migratory and spawning habite,  
i n  reac t ion  t o  environment, and i n  mor ta l i ty  f a c t o r s  between many in -  
dividual stocks a re  more easily detected and understood than they would 
be with severa l  small uni t s .  

Pink salmon - i n  Southeastern Alaska,--Research centered on problems 
MPd f a l l  and ea r ly  winter 

The 
a f fec t ing  salmon product iv l t  y and survPvaP. 
temperatures r e su l t ed  i n  high fresh-water surv iva ls  i n  most areas.  
6,7 percent su rv iva l  r a t e  a t  L i t t l e  Por t  Walter, the  second highest  i n  
a l4-year series of weir counts, was exceeded only by the 9,3  percent 
surv iva l  of t h e  1951 brood, 
a t  3 of the b counting s t a t i o n s  where comprehensive records a re  avai l -  
able  f o r  5 o r  6 years. 

Survival r a t e s  a l so  are well above average 



Lake f e r t i l i z a t i o n ,  red salmon.--Results from f e r t i l i z a t i o n  
s tudies  a t  Bare Lake on Kodiak Is land have been successful.  
1954, over 11,000 migrants were counted, the l a r g e s t  migration recorded 
a t  t h i s  2-way weir. Average s i z e  of migrants i n  both age groups was 
l a rge r  than t h a t  of migrants sampled i n  pas t  years, 
fertilized twice i n  1954 and the  response i n  terms of photosynthesis 
and phytoplankton was high. 
marked f o r  subsequent checks on t h e i r  abundance. 

By July 31, 

The lake was 

Dolly Varden and s t icklebacks were again 

Red salmon i n  Alaska.--At Karluk Lake egg car t r idges  which had 
been buried a t  8 locat ions on Karluk spawning grounds l a s t  September 
Were removed i n  mid-May. 
was indicated.  
number of eggs i n  the  car t r idges  had hatched; t he  hatch of eggs i n  
Cartridges buried i n  o the r  areas was a l so  low. 
numbers of oligochaetes and leeches i n  many car t r idges,  as w e l l  a8 
improper b u r i a l  and handling methods, possibly accounts f o r  t he  h igh  
loss .  Further  work must be done t o  pe r fec t  this method of measuring 
Survival e 

Low surv iva l  of developing eggs over winter 
A t  Moraine Creek approximately 30 percent of t he  kmwn 

Presence of large 

For the f i rs t  time an index of the extent  of f i nge r l ing  migration 
out o f  Karluk Lake was begun. 
b u i l t  i n t o  the  K a r l u k  weir which captured approximately 100,000 migrants 
between May 24 and August 1. 
fashion each year  some idea  o f  fresh-water surv iva l  will be obtained. 

Four downstream f i n g o r u n g  t raps  were 

By i n s t a l l i n g  these t r aps  i n  i d e n t i c a l  

B r i s t o l  Bay area s tud ie s  ind ica t e  charrs  a r e  the main red salmon 
Predators i n  t h e  Nushagak area. From June 25 t o  July bJ 1953, the  
Period of seaward migration, 1,23.h red salmon fingerlings were found 
f n  206 cham stomachs. However, l i t t l e  predat ion was found a t  o ther  
times of t h e  year. 

Origin of f i s h  being exploited by the  newly developed extensive 
gill ne t  f i shery  i n  the Cook I n l e t  a r ea  is being determined from 1,500 
tagged red  salmon released from July 5 t o  17; t ags  have been recovered 
from commercial f i s h e r i e s  and spawning areas. Three years of sampling 
age and lengths  of f i s h  i n  t h e  commercial catch and spawning escapement 
ind ica t e  Cook Inlet  reds a re  predominantly S-year f i s h ,  with most of 
the group spending 2 o r  3 years i n  f r e s h  water. 
approximately 90 percent were Slyear olda with 2 years  i n  f r e s h  water, 

Chinook salmon, Sacramento River.--Chinook salmon s tud ie s  a t  H11 
Creek ind ica t e  f reshe ta  a re  the most ser ious f a c t o r  i n  egg survival.  
Eggs placed i n  a con t ro l  channel had much higher surv iva l  than those 
Placed i n  Mill Creek proper. 

I n  the Kanai raoca 
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Marine s a h n  mortality.--Because of d i sas t rous  marine mor t a l i t i e s  
r e su l t i ng  i n  the  small pink salmon pack i n  Southeastern Alaska i n  1953, 
adaptab i l i ty  of seaward migrating young salmon t o  s a l t  water i n  South- 
eas te rn  Alaska i s  being studfed. 
d i r e c t l y  from f r e s h  i n t o  s a l t  water with no l o s s ;  coho fry cannot t o l e r -  
a t e  such a rap id  change. 

Hnk and chum salmon fry can move 

Columbia River f i s h  proteckion research.--At Rock Is land Dam 
salmon are being tagged t o  evaluate r e l a t i v e  e f f ic iency  of 3 fishways. 
This year about 200 ehfnooks and 1,500 bluebaek salmon have been tagged 
and recoveries  i nd ica t e  a random mixing of salmon below the  dam. F ish  
released on e i t h e r  s i d e  o f  t h e  r i v e r  m a y  en t e r  any l of the  3 ladders.  

Last year  s tud ies  were i n i t i a t e d  t o  develop methods of guiding 
salmon around dams, turbines,  and o the r  dangerous areas i n t o  channels 
of safe passage. 
For the f i rs t  time this has been taken i n t o  the f i e l d .  Results from 
Jenkins Creek show this method successful ly  guided f i s h  i n  8 of 9 
t r ia ls .  More work is planned t o  solve various technica l  problems and 
t o  increase e f f ic iency  of such apparatus. 

E l e c t r i c i t y  has proven successful  i n  laboratory tests. 

Preliminary s tud ie s  a t  Minter Creek show l i g h t  can d i v e r t  s i l v e r  
and chum salmon, cu t th roa t  and s teelhead t rou t .  New experiments a re  
planned t o  determine more conclusively the  use of l i g h t  i n  d i r ec t ing  
f i s h ,  

The most d i f f i c u l t  problems involve enumeration of salmon runs 
and s tud ie s  of salmon migratory behavfor. 
t o  developing apparatus f o r  use i n  such s tudies .  
Lethlean-type f i s h  counter has given accurate counts of f i s h  passing 
back and f o r t h  through t h e  e l ec t ron ic  f i e l d .  
being developed and t e s t e d  w i l l  g r e a t l y  increase  salmon migration 
knowledge 

Much a t t e n t i o n  has been given 
A recent ly  b u i l t  

Use of a g f f i s h  t rackerff  

An e f f ec t ive  way of marking salmon e a s i l y  and f r e e  from e x p e ~ i -  
mental b i a s  i s  needed. 
t he  pa t t e rn  o r  composition of fish scales, Groups of f i s h  a re  ~ueces8 -  
f u l l y  f e d  d i e t s  containing manganese, cobolt, and bismuth, Sca les  w i l l  
be examined f o r  presence of these metd.s, 

A method being explored w i l l  change d i s t i n c t i v e l y  

Age determination.--An examination of s ca l e s  of  chinook salmon 
kept  ffrst i n  f r e s h  water and l a t e r  i n  s a l t  water tanks a t  the University 
of Washington provides valuable information 5n time and frequency of" 
annuli  check formation. For example, f i s h  t h a t  a r e  l i t t l e  more than 2 
years  old show 3 checks-l formed l a s t  summerp 1 formed a t  t h e  time of 
t h e i r  shift t o  salt water, and l formed Bast winter,  
appears t o  be forming on the  sca l e  edge, 
have remained i n  f r e s h  water show only 2 cheeks, with another check form- 
i ng  on the s c a l e  edge, 

Another cheek 
Fish  from the same group which 



Studies show sca les  completely regenerate on small  s i l v e r  
sahnon wfthin 2 weeks, 

High seas research.--At t h e  inv f t a t ion  of the  Japanese Govern- 
ment a b io logis t  was again placed aboard a Japanese mothership. 
Complete cooperation has been extended t o  t h e  Fish and Wildlife 
S e W c e  i n  obtaining catch information and various data  from the  catch 
f o r  t he  preliminary study on r a c i a l  differences between North American 
and Asiat ic  salmon stocks,, Detailed analyses of these differences a re  
being made a t  t h e  S e a t t l e  Laboratory through use of f i s h  col lected 
aboard t h e  Japanese mothership i n  1953, from t h e  Cobb Expedition i n  
19% and from samples being col lected.  

As p a r t  of t he  North Pac i f i c  t r e a t y  s tudies ,  b io logis t s  aboard 
the t rawler  Deep Sea a re  co l l ec t ing  records of catch composition of 
king crabs, f i s h i n g  a rea  and oceanographic conditions,  
Tanner crabs are being held a t  the  University of Washington Oceano- 
Rraphic Laboratories (Friday Harbor) and t h e  S t a t e  of Washington's 
Laboratory a t  Bowman Bay.  

Live king and 

Alaska herring,--limited herr ing inves t iga t ions  have been con- 
t inued, 
velopment Section of t he  Service 1 s Branch of Commercial Fisher ies ,  
t he  vessel John N. Cobb engaged i n  exploratory herring f i sh ing  i n  
Prince Wflliam Sound las t  November and December t o  t e s t  herring avai l -  
a b i l i t y  i n  t h a t  area,, 
moderate size off Goose Is land and Bligh Is land,  
these schools were composed mainly of  3-year herr ing of the  1951 year 
c l a s s  

Through cooperation of t h e  Exploratory Fishing and Gear De- 

Results were negative except f o r  schools of 
Scale readings showed 

Fishery management b io log i s t s  of the S e r v i c e t s  Region V I  made 
a e r i a l  surveys of' Southeastern Alaska herr ing spawning grounds. 
t he  important S i t k a  spawning area only 7.5 miles of beach had been 
spawned on as compared t o  11.3 miles i n  the  1953 a e r i a l  surveyso 

herring catch indfcated recruitment from the  1951 year  c l a s s  may have 
been above average, espec ia l ly  s ince the  catch per  u n i t  sf e f fo r t  was 
higher than t h a t  i n  the  preceding year,  
Season's catch, k-year f i s h  of t he  1951 year  c l a s s  c o q r f s e  approxi- 
mately 40 percent of t he  f i sh ,  a f a c t  which supports the e a r l i e r  
evaluation ~f t he  1951 year  c l a s s  as being above average strength, ,  

I n  

The high percentage of 3-year f i s h  i n  t h e  Southeastern Alaska 1953 

I n  samples of the  current  
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SECTION OF SHELLF'ISHERIES 

SHELLFISH LABORATORIES 

I. WOODS HOLE SHELLFISH LABORATORY 
Paul S. Galtsoff ,  Woods Hole, Massachusetts 

Oyster ecolo .--An oys te r  ecology study i n  seve ra l  inshore bodies 
of wa  + e r  o Cape Cod was continued, with p a r t i c u l a r  a t t en t ion  t o  spawn- 
ing  and s e t t i n k  time, 
conducted on a l a rge  commercial scale,  was of spec ia l  i n t e r e s t  because 
of t h e  wide f luc tua t ion  i n  t h e  sal ini ty  of water which, i n  o ther  places 
along the Massachusetts coast, remains f a i r l y  constant,  Woweantic River 
waters carry a heavy load of organic sediment. 

To counteract s h e l l  foul ing,  a l o c a l  oys t e r  grower has developed 
a method of washing s h e l l s  a t  low t i d e  through use of a portable  
gasoline pump. 

She l l  plant ing on t h e  Woweantic River banks; 

The e f fec t iveness  of this method is being studied. 

Oyster ground survey of New Hampshire,--Great Harbor i s  the only 
place within t h e  S t a t e  of New Hampshire where l i v i n g  oys te rs  can be 
found i n  quan t i t i e s  s u f f i c i e n t  t o  meet needs of  res idents  l i v i n g  along 
t h e  Harbor banks. 
mercial  f i she ry  e x i s t s  i n  t h e  Harbor, 
of a r e l a t i v e l y  l a rge  number o f  old, thick-shelled specimens and 1 and 
2-year o ld  seed oys te rso  
probably causes t h i s  abnormal composition of oys te r  population. 

Oysters of marketable s i z e  are scarce, and no com- 
The oys te r  population cons is t s  

Se t t i ng  i r r e g u l a r i t y  o r  poor seed surv iva l  

11. MILFORD LABORATORY 
Victor  L. Loosanoff, Milford, Connecticut 

Long Is land  Sound oys te r  spawning and setting.--Observations 
were made t o  determine what environmental f a c t o r s  may be responsible 
f o r  s e t t i n g  time and i n t e n s i t y ,  
were predicted i n  advance t o  enable the  indus t ry  t o  p l a n t  s h e l l s  on 
time, 
indus t ry  and in t e re s t ed  b io log i s t s  during t h e  summer on spawning and 
s e t t i n g  progress. 

Spawning beginning and s e t t i n g  dates  

Bul le t ins  issued a t  approximately weekly i n t e r v a l s  informed the  

A medium good s e t  occurred i n  the  Bridgeport area;  o ther  areas,  
espec ia l ly  New Haven, suffered another f a i l u r e ,  The industry,  as a 
whole, has not had a good s e t  s ince the  summer of 1945,, 
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Extensive s tudies  were conducted on la rvae  behavior under 
natural  conditions i n  the Power pa r t s  of some r i v e r s  enter ing the 
sound and i n  the Sound proper, 

At t he  reques t  of t h e  industry and with i t s  cooperation spawn- 
ing beds were establ ished i n  the Housatonic River, Milford Harbor, 
@ster River and Saugatuck River, 

An inves t iga t ion  was made of adu l t  oys te r  mortal i ty  i n  the Green- 
Port  a rea  whPch i n  some instances k f l l ed  75 percent of the  stock. The 
Milford Laboratory is cooperating with an oys te r  company which checked 
on this mortal i ty  i n  t h e  summer sf 1954. 
also f n  oys te r  and clam cul ture  i n  severa l  sa l t  water ponds on Gardiners 
Island 

The Laboratory cooperated 

Experiments were made on feeding behavior of disturbed oysterso 
Results a r e  d i f fe ren t  from those reported by 0 ,  E, MaeGinitfe f o r  h 
P e h q m d s  of the  Pac i f i c  Coast, 

Experiments on oys te rs  from d i f f e ren t  geographical areas showed 
have d i s t i n c t l y  d i f f e r e n t  physiological requirements For ex- 

ample, Long Is land Sound oys te rs  can develop gonads and spawn a f t e r  a 
much shor te r  conditioning period than t h a t  required by oysters  from New 

Virginia, and more southern groups. A t  temperatures Of 2E00, , 
24.0 and 27,O” C. approximately 4 t o  5 times as long was required f o r  
New Jersey oys ters  t o  reach spawnfng condition as f o r  the Long Is land 
sound group Conversations and correspondence with o ther  aquatic 
b io log i s t s  show they agree with t h e  Milford Laboratory t h a t  d i f fe ren t  
physiological races  of oys te rs  ex i s t ,  The northern oyster  industry i s  

a l so  t h a t  importing southern oysters  i n t o  t h e i r  waters is 
and wasteful. 

A s t a t i s t i c a l  analysis of data  on oys te r  spawnfng and s e t t i w  i n  
bW Is land Sound shows a cor re la t ion  lack between s e t t i n g  i n t e n s i t y  
and ecological  f a c t o r s  

Oyster larvae requfrements,--This work was l a rge ly  eonfined t o  a 
search f o r  food and o the r  substances which induce good larvae growth, 
h?w?iments were made t o  l e a r n  the importance of the gtwater factors1 
which eccms t o  con t ro l  oys te r  larvae a b i l i t y  t o  u t i l i z e  food. 

atamins o r  vitamin-like substances were t e s t ed  t o  ascer ta in  f f  t h e i r  

and Calcium pantothenate gave encouraging r e s u l t s  
and Fg.rfdoxine HCP appeared promising, 
VPtamSn A and Vftiunfn 13 *, gave negative r e s u l t s ,  
a mfxture of severa l  vitamins t o  water containing oys te r  larvae indicated 

and Ostrea l u r i d a  larvaeo 

Since 
workers have reported vitamins i n  na tura l  waters, 8 d i f fe ren t  

would favorably r e f l e c t  011 oys te r  growth rate, Riboflavin 
Tlhfamin H C 1  

Other v l t d n s ,  includfW 
Results from addfng 

m a y  contr ibute  t o  increasfng growth r a t e  sf $C,Essostrea 111- V i r g i n i C o  
-- .-- 
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Results from adding water of cu3.ture j a r s  of  unident i f ied sub- 
s tances  which were adsorbed t o  charcoal during f i l t e r i n g  of” sea water 
and. then redissolved appeared alco t o  increase l a r v a l  growth r a t e ,  

Preliminary work on use of radioact ive substances i n  oys te r  
la rvae  n u t r i t i o n  s tudies  gave encouraging r e s u l t s .  

Enemies and diseases.--The l i g h t  s t a r f i s h  s e t t i n g  i n  Long Is land 
Sound i n  the summer of 1953 contrasted with the heavy s e t t i n g  of the 
previous summer which increased the  Sound s t a r f i s h  population about 600 
percent,  
o ther  inver tebra tes  and f i s h ,  t h a t  an increase i n  t h e  number of progeny 
does not  necessar i ly  follow 5.n increase i n  t h e  number of parents.  

S t a r f i s h  s e t t i n g  a g d n  demonstrated, as i s  the  case of many 

Two graduate s tudents  of.’ Rutgers University studied s t a r f i s h  mor- 
phology and physiology. While they devoted t h e i r  s tud ies  pr imari ly  to  
s t a r f i s h  n u t r i t i o n  and fiigestion, they worked a l so  on interbrceding of 
Aster ias  fo rbes i  and A .  vulgaris and s t a r f i s h  gonad development a t  
different- of  LEng Island Sound. 
male t o  f e m d e  i n  A.  fo rbes i  common; this may ind ica t e  protandry. 
discovered also  a & t m q u i c k l y  d is t inguish  - A ,  fo rbes i  and - A.  vulgar is  

They found sex reversa l  from 
Thry 

During the  spr ing  and summer of 1953 observations were made on d r i l l  

Quant i ta t ive da t a  were obtained a l so  on the presence 
a c t i v i t i e s  i n  the  Sound, espec ia l ly  egg deposit ion i n t e n s i t y  and, lster,,  
r e l ease  of embryos. 
of the  crab, Pinnotheres, i n  oys te rs  of different,  sec t ions  of  the Sound. 

Attempts were continued t o  f i n d  a method f o r  cont ro l l ing  fungus, 
Sirolpidium, which k i l l  lamellibranch la rvae  i n  laboratory cul tures .  
This fungus a l so  a f f e c t s  la rvae  o f  - Venus mortoni (= Venus campechiensis) 
and la rvae  produced by crosses  of t h i s  specics  with Venus mercenaria, 
Several  lamellibranch la rvae  i n  Long Is land Sound plankton samples may 
also have been fungus-infested. 

- 

Sulfa  drugs and an t ib io t i c s ,  such as p e n i c i l l i n  and ehloromycetin, 
successful ly  control led what appeared to  be bacteria-caused diseases  of 
lamellibranch larvae.  

Lamellibranch la rvae  cultivation.--As i n  the case o f  oys te r  larvae9 
various vitamins were added t o  clam la rvae  cu l tures .  
ences have been found between cu l tu re s  receiving additionii l  vftamins and 
those t h a t  did not  receive them, 

No s ign i f i can t  d i f f e r -  

Studfcs of low s a l i n i t y  e f f e c t  upon l a rvae  and experiments on growth 
varfa t ion  of l a rvae  of known parents  were begun. 

Other rxptrimcnts wcrc devised to  evaluate qua l i t y  of sperm and 
eggs used i n  expyriments, espec ia l ly  as t o  v i a b i l i t y  of gametes i n  re-  
l a t i o n  t o  the  time a f t e r  t h e  clams discharged them, 
some e f f e c t  upon larval  surv iva l  t o  s t r a i g h t  hinge stage., 

These seem t o  have 



Crossing of Venus mercenaria of Long Is land Sound with - Venus 
$ o r b n i  ( c m p e c h i a )  of t he  Gulf of Mexico was suCCeSSfUlo 
species, af ter  being conditioned, were induced t o  spawn on November 31. 
Two crosses--Venus mercenaria O+ x Venus mortoni $and Venus mercenaria 6 
X Venus mortoni 8 appeared t o  g r o w m e r  than n o n - h y b m w v a e  of both 
s t m g r e w .  A l l ,  however, began t o  s e t  a t  approximately the  sane s ize .  
After se t t ing ,  the  hybrids grew vigorously and thousands of them, as well  

Both 

as Young Venus mercenaria and Venus mortoni, were d is t r ibu ted  t o  other  
i n v e s t i g a E f o r  a j o i n t  experiment on growth and survival  of these 4 -- 
groups of clams under d i f f e r e n t  ecological conditions. 

Observations on juveni le  clams placed i n  spec ia l  boxes i n  Milford 
Harbor i n  April  1953 show Venus mortoni x Venus mortonf and Venus 
s r t o n i  9 x p Venus mercenariqcannotnduFZfie low temperature pre- 
v d l i n g  a t  t h a t  time of the  year. 

I11 0 BEAUFORT LABORATORY 
(SPECIAL SHELLFISH INVESTIGATIONS) 

Walter A ,  Chipman, Beaufort, North Carolina 

Marine plankton s tudies .  --Sea product ivi ty  depends primarily on 
phytoplankton which serve e i t h e r  d i r e c t l y  o r  i nd i r ec t ly  as 

food f o r  many animals. 
Of Phytoplankton have been an important phase of the  laboratory work. 

To study plankton physiology under more control led environmental 

Not a l l  species grew equally well i n  1 a r t i f i c i a l  s ea  water, 

Factors affecting growth and muPtipUcatPon 

conditions, a r t i f i c i a l  sea  water i n  which c e l l s  would grow well was 
devised. 
but more.than 8 plankton species, including diatoms, green algae, a 
red alga, and a dinoflagel la te ,  grew well  i n  water prepared bY the 

formula, 

f i t e d  diatom growth. 
grouping of d i f f e r e n t  algae maintained i n  the  laboratory with brackish 
water forms and marine forms, 
in a middle range of s a l i n i t y  as i n  a high s a l i n i t y ,  

Formula changes allowed f o r  maximal growth of d i f f e ren t  

Changes i n  t o t a l  s a l t  o r  saUnity enabled a 
under cu l ture  conditions Additional mounts of si3ioa bene- 

A few species showed equally good growth 

Calcium, strontium, and yttrium metabolisms fm marine phyb-  
food organisms may be an important source Of tal- 

i n  marine animals , par t i cu la r ly  the fi l ter-fee&ng 
lamellibranch molluses 

@Onsfderably, 

The r e l a t i v e  importance of calcium i n  sea  
and i n  food f n  supplying s h e l u i s h  needs has been questioned 

Investfgations were made t o  study calcium and strontium 
and accumulation i n  marine algae,  



I n  making s tud ie s  of t h e  concentrating a b i l i t y  of phytoplankton 
c e l l s ,  comparisons were made of amounts accumulated i n  c e l l s  over t h e  
amount present  i n  the  water through use of an i so topic  d i l u t i o n  
method. 
plankton c e l l s  used. 
required water content measurement of various species .  
at 60" under vacuum t o  constant weight showed a water content varying 
from 88 t o  92 percent.  

Consequently, i t  was necessary t o  know the  wet weight of 
Conversion of" the  dry weight value t o  wet weight 

Drying c e l l s  

Phytoplankton c e l l s  concentrate calcium, strontium, and yttrium, 
The amount accumulated va r i e s  with t h e  element and plankton species.  
Experiments with radioact ive Cab5 on 7 species  show algae accumulate 
as much as 332 times the  amount of calcium of the surrounding sea  
water, 

From experiments with Cab5 and Sr89 comparisons of the  e f f e c t  
of varying calcium and strontium concentrations on uptake of o ther  
elements were made. 
cen t  of t h a t  present  i n  normal sea  water) was necessary f o r  c e l l  growth 
and division. 
strontium, 
sea  water concentrations d id  not  a f f e c t  the  uptake of Ca 
cent ra t ion  of calcium i n  t h e  medium did  not a f f e c t  t he  uptake of S r  9 ,  
Apparently phytoplankton has a d e f i n i t e  need f o r  calcium i n  i t s  metabolism 
f o r  which strontium cannot be subs t i tu ted ,  Cell growth and d iv is ion  took 
place i n  the absence of strontium i n  t h e  medium except f o r  possible  small 
amounts added as a contaminant. 
strontium f o r  t h e i r  growth. 

I n  t e s t ed  species,  some calcium (about 25 per- 

This requirement could not be met by subs t i t u t ion  of 
The presence o r  absence of  strontlum i n  the dium up t o  

8 and the on- 

Algae do not seem t o  requi re  much, i f  any, 

Phytoplankton c e l l s  grown i n  cu l tu re  medium containing both radio- 
ac t ive  strontium and radioact ive yttrium vary i n  t h e i r  accumulation of 
these isotopes.  
such a mixture s o  near ly  a l l  +,heir r ad ioac t iv i ty  is due t o  accumulation 
of yttrium90, the  short-l ived daughter-product of strontium9f). 
rad ioac t ive  decay of  t h e  a c t i v i t y  contained within the c e l l s  separated 
from the medium followed t h a t  of the  original. medium i n  which grown i n  
the case of  a species  of Carterfa  only,, I n  o t h e r  species,  the  in i t ia l  
decay rate more c l e a r l y  followed t h a t  of yttrium90. By p lo t t i ng  decay 
curves of t he  r ad ioac t iv i ty  of t he  separated ceYBs s u f f i c i e n t l y  long and 
extrapolat ing back t o  es t imate the  amount of r ad ioac t iv i ty  orfgfnaPPy 
present  due t o  each isotope, percentages of accumulation of the 2 isotopes 
i n  the  various species  were estimated, Results of these measurements 
fol low :: 

Almost a l l  spec ies  s tudied se l ec t ive ly  uptake yttsaum from 

The 
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Algal species  

Car te r ia  sp. 
TJGEGianos sp. 

T m w  green) 
Chlqdomonas 
h t z s c h i a  c los te f i  
?-- 
Chlorella sp. 
3 5 i m  sp. 

Percentage rad ioac t iv i ty  
from strontium 

100 
50 
10 
8 
8 
7 
6 
6 
5 
4 

Percentage rad ioac t iv i ty  
yt t r ium 

0 
50 
90 
92 
92 

' 93 
94 
94 
95 
94 

Car t e r i a  c e l l s  appeared t o  concentrate strontiwn only. The 
o r ig ina l  cu l tu re  medium contained strontium89 with less than 10 percent 
of t he  rad ioac t iv i ty  due t o  s t r o n t i u m 9 0 - y t t r i d o -  
decay r a t e  giving a SS-day haLf l i f e .  
a c t i v i t y  remaining af te r  periods of time i n  t h e  cu l ture  medim and the 
separated Car te r ia  c e l l s  follow: 

The mixture had a 
Percentages of the  Original 

Lime i n  days 

1 
3 

10 
13 
25 

Percentage a c t i v i t y  Percentage a c t i v i t y  
remaining i n  medium remaining i n  c e l l s  

Phytoplankton c e l l s  concentrate strontium, The contaLned radio- 
a c t i v i t y  of t he  c e l l s  r e su l t i ng  from strontium indica tes  considerable 
concentration of t h i s  element over sea-water concentrations 
a c t i v i t y  contained i n  t h e  c e l l s  about $0 percent i s  due t o  rad ioac t iv i ty  
of the  short- l ived isotope, yttrium90. Cel ls  s e l ec t ive ly  absorb yttriwn 
when present  i n  water. 

Of a l l  

Cultures of Carteria c e l l s  grown i n  the l i g h t  remove more strontiwa89 
The following corn- from sea m t e r  than simi.lar cu l tures  kept  i n  the dark.  

pari on shows the populiition s i z e  i s  much l a rge r  and the  amount of stron- 
tiurn 9 taken up is  much g rea t e r  a f t e r  4 days! growth by cu l tures  grown i n  
the l l g h t :  

ti 
Relat ive a c t i v i t y  i n  

counts per  minute Cells per  l i t e r  

c e l l s  i n  l i g h t  
ce l l s  i n  dark 

47,542 
24,284 
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Accumulation of strontium by marine phytoplankton i s  d i r e c t l y  
proport ional  t o  t h e  t o t a l  amount present  i n  sea water. Cel ls  grown 
i n  5 and 10 times the  normal sea-water concentration of strontium con- 
ta ined proport ionately more strontium than those grown i n  sea  water 
which contained no added strontium, This uptake was measured from the 
uptake of t h e  strontium89 added t o  the  cu l tures .  
of Sr89 was the same f o r  a l l  concentrations of  strontium tested.  

The spec i f i c  a c t i v i t y  

Metabolism of  cesium i n  marine phytoplankton.--Through use of an 
isotope-di lut ion method the accumulation of cesium137 by severa l  species 
of marine algae was followed. Cells were grown i n  sea  water containing 
cesium-bariuml37 u n t i l  c e l l  d iv is ion  ceased and equil%brium between 
c e l l s  and medium was reached. Decreased r ad ioac t iv i ty  of t h e  medium 
from addi t ion of c e l l s  was compared t o  t h a t  which would have been ex- 
pected from adding an equal weight of  water. 
a c t i v i t y  from the medium indica ted  a concentration of cesium i n  t he  
c e l l s .  The number of times t h a t  cesium is concentrated i n  c e l l s  of 
various species  of marine plankton over the  concentration i n  sea water 
follows 0 

A grea te r  loss of radio- 

Baci l lar iocease 
Nitzschfa closterfum 1 0 2  

1.5 
%%%Kp;p. l o 7  

C hlorophyc eae 

ChloreliH sp. 
PyPamemonas g r a s s i  
Nannocblorfs sp. 

Rhodophyceae 
Pomhvridium cruentum 

Results show the re  i s  no g rea t  cesium accumulation i n  phytoplankton. 
Ratio of cesium137 i n  t h e  c e l l s  t o  t h a t  i n  the  water a t  equilibrium was 
somewhat grca tc r  than 1. 
surface. area.  
of t h e  phytoplankton c e l l s .  
f o r  a concentration f a c t o r  g rea t e r  than 1 i s  indica ted  i n  observations 
t h a t  the  smallest  c e l l s ,  Chlorella,  Pyramfmsnas -9 and Nannochlsris, 
provide the  largest surface -area p e r  u n i t  of weight agd have the l a r g e s t  
concentration f a c t o r s  

However, these small  cells have a tremendous 
It i s  poss ib le  some cesium was accumulated ow the  surface 

That t h i s  surface acc.upnuPati0n may account 

Since cesium normally occurs i n  the oceans in small mounts  and is 
not  concentrated t o  an reat  ex ten t  by photoplankton, v i sua l iz ing  any 
g r e a t  uptake o f  cesium $ 7  3 by f i l t e r - f eed ing  marine animals from food 
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eaten i s  d i f f i c u l t .  
much more importance seems more log ica l .  
weight bas i s  would contain about t h e  same amount of cesium as 1 
of water. 
Or more grams of water t o  obtain a gram o f  cells. 

Believing t h e  uptake from t h e  sea water i s  of 
One gram of c e l l s  on a wet 

F i l t e r  feeding animals, however, would need t o  f i l t e r  10,000 

Shel l f i sh  foods and f ceding, --Water propulsion r a t e  of a number 
O.f bay scal lops was measured through use of the  indirect; method of 
Observing t h e  decrease i n  t h e  number of suspended planktons in the  
water with time, 
Plankton labeled with radioact ive mater ia l  provides an accurate means 
of determining suspended c e l l s  a t  any time i n  d i l u t e  concentrations. 

O f  p a r t i c u l a r  note i s  t h e  f a c t  t h a t  the  use Of 

Sca l low e f f i c i e n t l v  f i l t e r e d  t h e  water Dassed through t h e i r  
g i l l s  with apparently cohplete re ten t ion  of Chlamydomonas- and Nitzschia 
!ells a f t e r  adjustment t o  immersion i n  the  suspensions. Rapid r a t e  of 

of suspended plankton was not continued, however, f o r  there  
was evidence of g i l l  e f f ic iency  decrease and increasing re turn  t o  SUS- 
Pension of phytoplankton cells previously removed, 

The bay sca l lop  has a r e l a t i v e l y  high water propulsion r a t e  which 
is probably cor re la ted  with i t s  rapid growth rate and ac t ive  mode of 
l i f e .  Average r a t e  f o r  small scallops,  38-44 mm. i n  length, Was 3026 
l i t e r s  per  hour, The l a r g e s t  scallops,  about 1 2  t o  14 months of age 
and measuring 6b065 mm. i n  length, averaged 14.72 l i t e r s  per  hour0 

about 1 l i t e r  per  hour per  gram of t i s s u e  while o lder  s c d h p s  Pumped 
an averaga of about O,7 l i t e r  pe r  hour per  gram. 

The 
r a t e  was 25,4 l i t e r a  per  hour. Smaller scal lops had a r a t e  of 

Oysters were fed plankton c e l l s  of various species  made radio- 
act ive through uptake of phosphorus32 and strontium89. 
oysters  rapidly removed plankton cells from the  water. 
tinued, plankton removal r a t e  lessened, 
l a t ed  t o  changes i n  eff ic iency of the  g i l l s  as f i l t e r i n g  organs r a the r  
than t o  changes i n  the  mount of water passed through the  g i l l s -  (3.11 

retained as well  as la rge  ones. 
a c t i v i t i e s  a rc  being continued through use of the  method of decrease i n  
suspended mater ia l  with time i n  a plankton suspension and use Qf an 

system tlo which radioact ive plankton c e l l s  a r e  added. 

Like the  scollop, 
AS feeding con- 

Changes i n  the  r a t e  s m ~ d  re- 

varied with species of plankton fed. Small cells were not 
Measurements o f  oys te r  f i l . t e r ing  

aPronf1 t o  c o l l e c t  the  water f i l t e r e d  by an oyster  i n  a flowing 368 water It 

Role of metal ions i n  s h e l l f i s h  metabolism.--Additional - measure- 

able amounts of  zinc the  oys te r  contains more zinc than clams and 

were made of t h e  zinc content of estuar ine waters and of mollusc 
Although a l l  pelecypod molluscs contain consider- and t i s sues .  

Scallops 0 
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The use of autoradiographs i n  loca t ing  zinc i n  oys te r  t i s sues  
was successful,  and t h i s  method promises t o  y fe ld  valuable informa- 
t i o n  on zinc metabolism. There i s  a grea t  accumulation of zinc i n  
oys te r  gills, Lesser amounts accumulate a l so  i n  the mantle, palps, 
l i v e r  and o ther  organs; t h e  l e a s t  amount occurs i n  the  gonad t i s s u e s  
and muscles. The high zinc concentration i n  the c e l l s  l i n i n g  the in-  
t e s t i n e  may ind ica t e  f e c a l  excretfon i s  important t o  the  oyster .  

Scallops took up radioact ive Zn65 by d i r e c t  a b s o q t i o n  from sea 
water. G i l l  t i s s u e s  , liver, diges t ive  glands and rectum contained 
l a r g e  quant i t ies ;  a small amount was i n  the  adduct r muscle, gonads, 

t h e  kidney, t h i s  organ may serve i n  excreting zinc i n  the  scal lop.  
mantle, hea r t  and foo t ,  Since l a rge  amounts of Zn 85 soon appeared i n  

Metabolismd se lec ted  fission-product elements -- i n  she l l f i sh ,  
e_- 

Strontium uptake, d i s t r ibu t ion ,  and retention,--Studies on radio-strontium 
uptake and d i s t r i b u t i o n  i n  organs and t i s sues  of oystcrs,  clams, and crabs 
confirmed e a r l i e r  work. Uptake was rapid and accumulation was g rea t e s t  
i n  those p a r t s  containing the g r e a t e s t  amount of strontium and calcium. 
Retention time of the  small  amount remaining i n  t i s sues  a f t e r  i n i t i a l  
rapid lo s s  following r e tu rn  of  the animals t o  normal sea water gave half  
l i f e  values sho r t e r  than those! observed i n  winter months which apparently 
was r e l a t ed  t o  an increased metabolic a c t i v i t y  during the  summer. 
b io logica l  half  l i f e  of radioact ive strontium i n  ed ib le  port ions of these 
s h e l l f i s h  is approximately 5 days. 
ed ib le  port ions of the sca l lop  and shrimp, pr imari ly  the muscles, con- 
ta ined the  lowest radioact ive strontium concentrations a f t e r  exposure of 
these animals t o  sea  water containing this isotope,  The b io logica l  half  
l i f e  of radiostrontium i n  sca l lop  and shrimp t i s sues  was likewise shor t  
and s imi la r  t o  t h a t  of other  s h e l l f i s h .  

The 

As i n  t he  oys te r9  clam and crab, 

Cesium uptake, d i s t r i b u t i o n  and retention,--Oysters, clams and crabs 
were s tudied i n  regard t o  t h e i r  metabolism of 
f i s h  accumulate t h i s  isotope when i t  i s  present  r'n the sea  water i n  which 
they a r e  held. Aside from the  mom rLpid i n i t i a l  penetrat ion and uptake, 
there  was a long=continucd gradual uptake with time. 
continuing a t  a r a t h e r  high r a t e  a f t e r  6 days of exposure, 

ces .  lamn37. These she l l -  

This uptake was 

Unlike strontium, cesium i s  accumulated i n  s o f t  t i s sues  sf the 
s h e l l f i s h  body, 
during ea r ly  times of exposure which was possibly re:ated t o  i t s  entry 
i n t o  the body through these t i s sues .  
i ng  to increase i n  i t s  content  of cesium137 a t  a grea te r  r a t e  thun o ther  
t i s sues  as observations continued, 

It was high i n  the  mantle and gills of oystcrs and clanas 

Muscle t i s sue ,  however, was eontinu- 

Loss of radioact ive cesium by s h e l l f i s h  t h a t  have accumulated t h i s  
isotope when they a re  returned t o  normal sea  water does not proceed a t  a 
constant rate with time. Aside from a rapid r a t e  o f  loss i au t la l ly ,  
there  i s  a long-continued slow loss  diminishing with time, I n  observa- 



t ions  on oys te rs  exposed t o  sea water containing Oo05 uc Cs137 per  m l .  
f o r  91 hours and then returned t o  sea water, r ad ioac t iv i ty  decreased 
a h s t  semilogarithmically wfth time f o r  the  f i r s t  8 t o  10 dWs0 
ing t h i s  there  was an increased re ten t ion  with l i t t l e  decrease i n  radio- 
a @ t f v i t y  f o r  the  next 10 days, 
may be of' considerable friportance i n  instances of" po l lu t ion  of sea water 
a t h  radioact ive cesium since t h i s  isotope accumulates chief ly  in t h e  
edible port ions of these marine animals, 

Follow- 

This long-continued re ten t ion  Of a c t i v i t y  

H v a  PENSACOU LABORATORY 
(GULF' 0YSTE;R INVESTIGATIONS) 

Ph i l ip  A. Butler, Pensacoha, FBorfda 

General. --Hydrographic records f o r  the p a s t  year  show more c l ea r ly  
than -e importance of long-continued surveys i n  evaluating s t a t u s  
Of an animal o r  group of animuls i n  a given environment. 
winter had 50 percent above normal r a i n f a l l  with lowest salid.tY 3.evds 
Of: the laboratoryto S-year records. A drought followed this condition 
which resu l ted  i n  s a l i n i t y  bevels 20 percent above normal. During the 
spring, temperature l e v e l s  were 33 percent  above the S-yeur norm. 

This pas t  

Faunal changes correlated wf th  these conditions include scuPlop 
population elimination and almost complete absence of t h e  usual migratory 
f i s h  and crabs, 
temperatures and s a l i n i t i e s  of ea r ly  spring resu l ted  i n  a twofold increase 
i n  average plankton volumes, heaviest  s e t s  o f  barnacles, bryozoa, and non- 
commercial oys te rs  experienced a t  the luboratory. Commercial oysters  
Produced unusually heavy gonads, but t he  subsequent s e t  has f o i l e d  f n  
r e l a t i o n  t o  normal conditions. 

Oysters f a i l e d  to  grow normally i n  the  winter, High 

These faunal  changes ind ica t e  no de f in i t e  trend and there  i s  no 
r W O n  t o  think they represent  permanent changes i n  the area. 
c l ine  of t h e  sca l lop  population, f o r  example, has been checked, and 
*ew sca t te red  individuals  a rc  again present.  

The de- 

Oyster inves t iga t ions  --The program of se lec t ing  oys te r  s tocks  f o r  

the  importance of oys te r  heredi ty  i n  PelWPatfne: growth rate0 
s e l e c t  f o r  l a t e r  work brood s tock  which shows 

breedPng experiments was react ivated,  

Effor ts  a r e  being made 
resis tance t o  f luc tua t ing  hydrographic Conditions and diseaseo 

Growth experiments demonstrated 

Observations on growth r a t e s  a t  s t a t i o n s  on e i t h e r  s i d e  of $he 
continue t o  demonstrate fmportanee of the local environment i n  

Producing charm t c d s  tfc growth rates.  
for d i f f e r e n t i a l  growth r a t e s  at, these 2 s t a t ions  w i l l  be inves t iga ted ,  

Factors which may be responsible 



Fouling organisms.--The f i f t h  season of observations on foul ing  
and s e t t i n g  r a t e s  a t  Pensacola has been completed. Di f fe ren t  types 
of experiments to f i l l  i n  gaps i n  observations on oyster  la rvae  be- 
havior a t  the  s e t t i n g  s tage  have been completed, They emphasize and 
c l a r i f y  the  importance of barnacles as a s p a t f a l l  de te r ren t ,  

Se t s  of non-commercial oys te rs  are increasing gradually i n  in -  
tens i ty .  
the new s p a t  on the  bas i s  of  pigmentation, 
show 3 d i s t i n c t  co lor  pa t te rns ,  have bsen marked and w i l l  be held 
u n t i l  they reach adul t  s i z e  f o r  confirmation of i den t i f i ca t ions ,  
viously s p a t  have been separated on bas i s  of s i z e  and shape and the  
laboratory has found considerable va r i a t ion  i n  species  frequencies i n  
the new se t  compared t o  o lde r  oysters .  These va r i a t ions  can bc ex- 
plained only on the  basis of d i f f e r e n t i a l  mor ta l i ty  r a t e s .  

Recent observations ind ica t e  t h e  p o s s i b i l i t y  of ident i fy ing  
1ndivPdua.l spat,  which 

Pre- 

Oyster d r i l l ,  Thais.--Work continued on developing a mare s a t i s -  
f ac to ry  device f o r  trapping drills. 
of a 20-inch cube of hardware c lo th  containing withln it, suspended a t  
t he  center,  a 6-inch wire box holding the ba i t .  Each s ide  of the t r ap  
i s  funnel  shape with a 1 x 3-inch openlng centered over the  b a i t  box. 
W l e  the t r a p  catches s n a i l s  s a t i s f a c t o r i l y ,  i t  i s  a success only under 
experimental conditions when the  amount of food ava i lab le  t o  s n a i l s  out- 
s i d e  the t r ap  i s  l imited.  
b a i t  more a t t r a c t i v e  t o  sna i l s .  I n i t i a l  t e s t  using Crepidula, barnacles 
and mussels d id  not  increase  the catch r a t e ,  The chief advantage of 
this device i s  t h a t  l e s s  than 25 percent  of the  snails caught escape 
over a 30-day period; the s n a i l s  do no t  reach the b a i t  which remains 
a l i v e  as long as t he  t r ap  i s  i n  use,  

The f i n a l  model t e s t ed  cons is t s  

Trap e f f ic iency  can be increased by making 

Equipment f o r  observing s n a i l  d r i l l i w  behavior under the  micro- 
scope ha8 been devised. 
d r i l l i n g  and t o  l e a r n  whether chemical act ion i s  involved. 
experiments a r e  under way t o  t e s t  e f f e c t s  of secre t ion  from sna i l s '  
purple gland on oys te rs  and t o  l ea rn  function of t h i s  secre t ion  i n  sno:il 
biology. 

Work i s  i n  progress t o  determine mechanles of 
Additional 

Attempts to  complete knowledge of the  l i f e  cycle of t he  s n d 1  by 
cu l tur ing  the la rvae  were unsuccessful, 
conditions caused s n a i l s  to reproduce approximately 11 month e a r l i e r  
than normal, 
l a rvae  were unavailable . 
apparently l a s t e d  only 1 month because of the  early onset  of high water 
temperatures e 

Unusual spr ing hydrographic 

When the  laboratory was prepared to  start  Xts cuPtuL1.e work, 
Their usual  2-1/2-month spawning season 

Clams.--In cooperation with f e d e r a l  and s t a t e  Paboratori es, the 
Pensacola Laboratoiy has undertaken. a growth r a t e  study of the hard clam, 
Venus T h i s  study id11 be valuable 
&e techniques of handlfng animals will be similar at  d i f f e r e n t  loca- 
t ions  and r e s u l t s  w f l l  be more s a t i s f a c t o r y  f o r  comparison than i n  many 
prcvfoue s tudies  . 

along the At lan t ic  and Gulf coas ts .  
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CHESAPEAKE BAY SHELLFISH INVESTIGATIONS 
James B. Engle, AnnapoU-s, Maryland 

Oyster seasonal spawning and set t ing.--Wster  s e t t i n g  i n  1953 
Iqas a f a i l u r e  commercially i n  upper Chesapeake Bay and t r ibu ta r i e s ,  
espec ia l ly  as i t  r e l a t e s  to  seed 
record comparison i n  Eastern Bay 
tento 

S ta t ion  
Eastern Bay 

M i l l h i l l  Bar 
Bodkin Rock 
Long Point 

production. The following s e t t i n g  
f o r  1952 and 1953 shows f a i l u r e  ex- 

Spat catch per  bushel of t e s t  shel1.s 
1952 a953 

377,350 
74, 775 
22,800 

When ivIi1lhPJ.l fails, the  seed oys te r  t ransplant ing program is reduced 
2s percent or more, When o the r  seed areas f a i l 9  as they did this season, 
the oys te r  seed t ransplant ing program f o r  r ehab i l i t a t ion  and expansion 
is s e t  back a year  and eff ic iency f o r  s e t t i n g  of s h e l l s  t h a t  have been 
on t h e  bottom f o r  a year  or more i s  grea t ly  reduced. O f  the  4 p r i n c i p a l  
seed areas i n  t h e  Maryland port ion of Chesapeake Bay ,  3 f a i l e d  and the 
fourth,  S t .  Marys River, received only a minimum s e t  of 600 spa t  per  bushel 
of s h e l l s  f o r  t he  seed crop, 

Oyster s e t t i n g  i n  upper Chesapeake B a y  proper i s  seldom of much mag- 
Mtude. 
made i n  Eastern Bay showed the following r e su l t s :  

A comparison of s e t t i n g  on t e s t  s h e l l s  in the  Bay similar t o  t h a t  

S ta t ion  
Chesapeake Bay 

Swan Point, South 
Swan Point, E a s t  
Swan Point, North 
Tea Table 
T ~ l l y s  
Hacketts 

Spat catch p e r  bushel of" t es t  shcLLs 
19 52 19 53 

325 
400 
150 

-75 
100 

h the  upper Bay proper, represented by these stati.iDns, s e t t i n g  Xncreascd 
in 1953 over t h a t  of 1952, 
optimum s e t t i n g  r a t e  and not  t he  ac tua l  addition t&h curren t  populstfons.  
On na tu ra l  cu l tch  t h t  e f f ec t  of foul ing and predator actJon usual ly  re- 
duces this f igure  to 1 percent o r  less of t e s t  s h e l l  r e s u l t s ,  
seed r a t e s  may b t  predicted as about 1 s p a t  surviving on na tura l  cul tch 
to 100 recorded on t e s t  she l l s .  
meager f o r  s a t i s f ac to ry  recruitment t o  the  present  crop to  replace market 
oysters  cur ren t ly  harvested. 

Test  s h e l l  r e su l t s ,  howtver, represent the 

Therefore, 

This would makr s e t t i n g  on Bay bars too  
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Gonad development, following Y course similar t o  t h a t  of o ther  
years, rFached i t s  peak i n  Juneo Spawning, which followed, produced 
no s e t .  A second peak of gonad development, not  as pronounced, occurred 
during mid-July and produced t h e  peak s e t t i n g  of  oysters  f o r  the  1953 
season during the  l a s t  week of Ju ly  and the  first days of August. 
minor peak again formed l a t e  i n  August and the  spawning tha t  followed 
produced a l i g h t  s e t t i n g  during the f i r s t  week of Scptcmber, 
of sex .products was p r a c t i c a l l y  completed by the end of October and 
oys ters  began t o  f a t t e n .  

A 

Rcsorp$ion 

Fluctuations i n  abundance of oys te r  larvae i n  the plankton indicated 
the spawning period, Heavy or  l i g h t  spawning did not  ind ica te ,  however, 
the s e t t i n g  magnitude. The number of Bate s tage larvae i n  the samples, 
which f luc tua te  from year  t o  year  and also during the season, shows th i s .  
For example, i n  Eastern Boy i n  1952, surv iva l  of oys te r  Rarvae tc  meta- 
morphosis and magnitude of s e t t i n g  were d i r e c t l y  r e l a t ed ,  
true f o r  1953. 

This was also 
The following tab le  i l l u s t r a t e s  t h i s  relation::  

S t a t i o n  
Eastern Bay 

~11hi11 Bar 
Bodkin Rock 
Long Point  

S t a t ion  
Ches, Bay 

Swan Pt. S. 
Swan Pt, E. ’ 

Swan Pt. N, 
Tollys  
Hack e t  t s 

To t a l  
Larvae 

28,630 
8,660 
10,410 

To t a l  
Larvae 

3,320 
4, O ~ O  

1,680 
h, 580 

237% 

1952 1953 

Oyster 
s e t  
Per 
She l l  

10 35 
2070 
3005 

8ys  t e r  
s e t  
Per 
S h e l l  

6.45 
2085 
2 005 
0080 
11050 

The 1952 oys te r  s e t  i n  Eastern Bay produced a comercfaI  set# of seed 
of l,OOO t o  1,300 young oys te rs  t o  the  bushel of planted s h e l l s ,  The s e t  
of 1953, about 40 young oys te rs  t o  the bushel of bottom material ,  d id  not 
meet requirements f o r  commercial seed useo 
l a t i o n  by na tu ra l  recruitment occurred i n  e i t h e r  year  i n  the  Bay proper. 

No g rea t  addi t ion t o  the popu- 
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However, when ac tua l  numbers of spa t  and larvae were compared, the 
Same r e l a t i o n  exis ted i n  the  Bay as  i n  Eastern Bay. 
evidence t h a t  s e t t i n g  i s  a function of larvae survival .  

Again, t h i s  is 

Before seed i s  produced the oyster  passes through 2 phases of 

The measure of a v a i l a b i l i t y  
hcaVy mortali ty,  f irst  during the f r e e  swimming period and then dur- 
ing the  s tage  of oys te r  3et and spat .  
of Commercial seed i s  made i n  the  f a l l  when these 2 major mortal i ty  
Periods a re  passed, The loss from s e t  t o  seed s i z e  may be i l l u s t r a t e d  

comparing the catch pe r  bushel of s h e l l s  on t e s t  s p a t  co l lec tors  
A t  M i l l -  

h i11  Bar, Eastern Bay, spatbag s h e l l s  had 675 young oysters  pel. bushel 
planted s h e l l s  had 40 young oysters  per  bushel f o r  the 1953 

Season, The loss ,  thcrefor r ,  i s  about 94 percent of thc i n i t i a l  s e t ,  
The l o s s  i n  larval oysters  i s  g rea t e r  o r  99.71 percent fo r  the same 
year, even befor? the f i rs t  s e t t i n g  occurred. Cumulative losses  t o  
the 1s.rvar and ear ly  se t  resul ted i n  no commercial seed from Mf11hiII 
Bar f o r  1953. 
@ o ~ c r c i a l  seed crop 1.64 percent of larvae survived t o  produce a s e t  
of 377,350 spa t  per  bushel of t e s t  s h e l l s  which, En turn, produced on 
Planted s h e l l s  a t  M i l l h i l l  1,300 seed oysters  pe r  bushel of bottom 
material, a l o s s  of 99.55 percent of the i n i t i a l  o r  po ten t i a l  se t .  
195'3 l o s s  of l a r v a l  oysters  was mostly responsible f o r  Pow seed pro- 
duction, In 1952 the  reverse occurred, with s u f f i c i e n t  larvae surviving 
t o  produce a tremendous po ten t i a l  s e t  which, desp i te  heavy Boss i n  t h l s  
age spat,  produced a oommeroial seed crop. 

t h a t  on commercially planted s h e l l s  from the same pE&ceo 

I n  1952, when survival  was s u f f i c i e n t  to produce a 

I n  

ster condition. --Oyster meat condition va r i e s  through the year 

The peak of glycogen 

I n  M u y ,  

from - scuson o season, Indices of condition u r n  percent glycogen, per- 
cent so l id s  and ' 1  condition f ac to r .  1' 

a f t e r  the normal mmmer low following spawning, 
s'bornga was reuched i n  December i n  Eastern Buy und i n  January i n  Chesa- 
peake Bay. 
from the January level of 25 percent t o  20 percent i n  March. 
Prior t o  spawning, glycogen again increased t o  about the  January Level., 
but dropped precipi tously during gonad development and the  f irst  spurn- 
ing,  Oysters i n  Eastern Bay remained s l i g h t l y  higher i n  glycogen than 
those i n  Chesapeake B a y  during most of t he  year, The percent solids and 
the vlcondition factor"  followed the same trend through thc yea r  as shown 
bY the  glycogen. 

Olycogen developed S ~ O W ~ Y  this fall 

I n  both armso percent glycogen dropped slowly i n  the spring 

Oysters a t  p d r e d  s t a t ions  i n  Chesapeake B a y  and i n  Eastern Bw 
continued to  show a consis tent  difffercnce i n  condition by these tests, 
Tollys '  oys te rs  were b e t t e r  than Hvckettsf i n  Chccapeae Bay and Rollkin 
oysters  were b e t t e r  than M i l l h i l l  oysters  i n  Eastern Bay, The environ- 
mental factor of phytoplankton abundance measured a t  each s t a  h o n  shows 
a grea ter  quant i ty  avai lable  a t  ToYlys than a t  Hacketts, and more at 
Bodkin than c t  H l l . h i l l e  The cause of t h i s  dffferrncc i s  urrkrmwn. 
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Sal in i ty ,  temperature and inorganic phosphates a r e  measured a t  these 
s t a t i o n s  i n  a p a r t i a l  e f f o r t  to seek some differences which may be 
s igni f icant .  

Chlorophyll cycle as a. measure of grazing po ten t i a l  and i t s  
r e l a t i o n  t o  oys te r  condi t ion,  --Chlorophyll !*aft measurements i n  water 
samples from the  above s t a t i o n s  ind ica t e  phytoplankton abundance, The 
purpose of this measurement i s  the  quant i ta t ive  estimation of amount 
of p l a n t  mater ia l  ava i lab le  as food t o  plankton feeding organismso No 
attempt was made t o  t r e a t  separately individuals  of d i f f e r e n t  s i z e s  i n  
the  phytoplankton crop; the f igu res  mentioned here represent  the t o t a l  
chLorophyl1 from a l l  phytoplankton. i n  I l i t e r  of sea  water i n  micro- 
grams per  l i t e r .  
the  following relzt ion: :  

Four scasons of  observations i n  Eastern Ray found 

Year - 
19 50 
1951 
1952 
1953 

Although t h i  r e 1  

Chlorophyll p p  apS Spat per  
/ug /~ . i  t e r  Bushel 

1030 
1.69 
2 A 0  
1.85 

t ion  may b coincidental ,  i t  does suggest the possible  
inf luence o f  food a v a i l a b i l i t y  t o  larvae and s p a t  survival. 
ment of these observations t o  measure quan t i t i e s  of d i f f e r e n t  s i z e  organ- 
isms cons t i tu t ing  the phytoplankton population i s  pll&nned f o r  t he  coming 
19% s e a ~ o n .  

A ref ine-  

Phosphate cycle and i ts r e l a t i o n  t o  produc t l v i  ty. --When phytopl.ank- 
ton i s  abundant i n  Chesape&e Bay and in Eastern Bayr the  Incrganie  
phosphate quant i ty  i s  low and vice versa ,  

Methods of determining oys te r  population changes.--The season j u s t  
passed i s  the t h i r d  consecutive one f o r  making observations of oys te r  
population changes on Swan Point  Bar i n  upper Chesapeake Bay, 
i s  being used as Y study area because i t s  revival from near depopulation 
i n  1946 i s  being attempted through year ly  s tage  plant ings on the  c e n t r a l  
t h i r d  of i t s  3,300 acres.  

The bar 

Analysis of the  observations t h i s  year demonstrates t h a t  (3.) a 
p r a c t i c a l  oys te r  population census can be made throagh  US^ of  a small 
dredge, (2) appreciable recruitment to the  population and a resu.tnp%ioru. 
of commercial removals has been accomplished on ly  through seed pPantding5 
s ince 19)1'7, and ( 3 )  thc  population avai1abI.r: t o  l e g a l  removal c-n be 
es  tfmated 
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A shor t  s e r i e s  of abundmce inrficcs cor re la tes  w r l l  with com- 
mercial removal from the  bar., 

Was not f u l l y  rea l ized  by the tong f i shery .  
crepancy is y e t  t o  be found s ince  the post-season oys te r  census i s  not  
COmPleted, 
could have caused the discrepancy. 

u r i s i n g  index has presaged an increased 
Last season, however, the  estimated increase i n  commercial y i e ld  

The reason f o r  t h i s  d i s -  

Oystermen claimed a scarc i ty ,  bu t  a decreased f i sh ing  effopt  

Inventory of oys t e r  population of Chesapedcc Bay. --The Chesapc&e 
BaY She l l f i sh  Investigations,  Maryland Department of Tidewater Fisher ips  
and Maryland Department of Resrarch and Education conduct a cooperative 
survey annually t o  assay the  Chesapeake R a y  oys ter  population. The 1953 
survey included examination of 132 oys ter  bars  i n  the Marylind port ion 
of Chesapeake Bay and t r ibu ta r i e s .  Objectives were t o  determine approx- 
imately the number of marketable oys te rs  avai lable  f o r  harvest  during 
the present  season; the number of smaller oysters  avai lable  f o r  future  
crops and the  cur ren t  na tura l  recruitment as indicated by survival of 
the 1953 s p a t f a l l ,  

Oysters per  bushel bottom mater ia l  
Areas Sta t ions  Market Small Yearling Spat 

No of 

Chesapeake Bay proper 50 62 .4 31.8 22.2 16,o 

Potomac Rever 14 69 04 53 00 19 e 9  2,6 

Choptank River 16 S1.b 52 e 4  30.7 601 
EO Shore Tr ibutar ies  k8 3500 50.4 32 00 b o 8  

30.4 4206 26.0 3QeQ 

Four bars i n  St. Maws River a re  not included. 

These f fgures  show roughly production to  be expected fsr the next 
few years. Market s i z e  oysters  a r e  fewer t h i s  year than they were 1st 
Year; small  oysters  a r e  fewer than market s i z e  t h i s  year which may mean 
a smaller harvest f o r  195’4-55; and cur ren t  s p a t f a l l  i n  a l l  places, ex- 
cept  some Eastern Shore t r i bu ta r i e s ,  was sparse and w i l l  be responsible 
fop a continued low oys te r  y i e ld  f r o m  Maryland, 

Clam study.--Young clams of the genus Venus and species memenaria 
and mortoni with t h e i r  hybrids were p 1 a n t e d w i r g i K l . a  as pflrt of on 
eas t - coas t  growth and survival  study. The clams, na tu ra l  crosses and 
hybrids, were hatched i n  Milford, Connecticut, and d i s t r ibu ted  t o  d i f f e r -  
e n t  areas from Maine t o  Flor ida f o r  l o c a l  planting, Semi-annual measure- 
ments and surv iva l  da ta  dl1 be recorded. 
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CLAM INVESTIGATIONS 
John B. Glude, Boothbay Harbor, Maine 

C l a m  farms --Continued observations on l 9 s l  and 1952 plant ings 
i n  Sagadahoe Bay Farms show a t  l e a s t  2 years  a re  required t o  produce 
legal-sized (211) clams. Even here, where b e s t  survival was found i n  
p a s t  experiments, green crabs must be excluded i n  order  t o  farm clams 
successfully.  

The herr ing k i l l  a t  Loves Cove' Farm was estimated a t  5,000 
bushels on July 18 and 500 bushels on Ju ly  30. 
Beach were planted on August 3 i n  screened and unscrcened p lo ts .  Sur- 
vival  i n  both p l o t s  was good because of p a r t i a l  dl,sappearr.nce of green 
crabs which followed the  her r ing  mortality. 
October 10 resu l ted  i n  a good su rv iva l  i n  the  scroened p l o t  and a poor 
one i n  the unprotected p l o t ,  
was exce l len t  during August and September probably because of the  f e r t f l -  
i z i n g  e f f e c t  of decaying herring. 

Seed clams from Western 

A s imi l a r  plant ing on 

C l a m  growth of planted and na t ive  clams 

I n  A p r i l  19.%, a 25'  square p l o t  fenced with 1" mesh gal lvaized 
wire 18" high, topped with a horizontal  1" x 611 board, was establ ished 
i n  Loves Cove. 
i n s ide  and outs ide t h i s  fenced area to determine green crab predation 
effect ,  The population in s ide  t h e  fence remains high while few clams 
remained i n  the unprotected area. 

Western Beach seed I!& about 20 mm. Bong, were planted 

A fenced p l o t  i d e n t i c a l  t o  t h a t  i n s t a l l e d  i n  Loves Cove was 
establ ished i n  Jonesport, Maine, i n  Apri l  and pl.anted with small  e. 
An unfenced p lan t ing  beside the fenced p l o t  was allsop stocked, 
remgin i n  the  unprotected a rea  while those within the fence are surviving 
well * 

Fgw cll.ms 

C l a m  census.--Sagadahoc Bay census wks  completed i n  June 19.54 
and i s  being analyzed, 
crab population high. 

The clam papulation remains Pow and the green 

In i t i a l  t e s t s  i nd ica t e  s t a in ing  s h e l l s  wfth Schiff  reagent and 
subsequent erosion of s h e l l s  with d i l u t e  hydrochloric acid may a id  i n  
showing f i r s t  2 y e a s '  growth an Mys and Venus s h e l l s ,  A l i z a r i n  is 
b e t t e r  than Sch i f f  f o r  s t a in ing  oys t e r  s h e l l s  e 

IQa larvae and s e t .  --S&mpling continued through December 1.0, 1953; 
la rvae  were present  t o  November, 
1954 i n  Loves Cove on a weekly bas is  and continued unt i l .  June 14, when 
la rvae  showTd i n  considerable numbers j t he rea f t e r  da i ly  sampll.fng began 
i n  an e f f o r t  t o  f o l l o w  the! spawning-setting cycle ,  

Sampling s t a r t e d  again on Apri l  29,  



Total  spawning throughout the season was g ree t e s t  i n  1951, next 
i n  1953, and l e a s t  i n  1952. 

Sagadahoc samples were continued, Early spring survey before 
the green crab predation and before 1954 s e t  showed 1953 s e t  up t o  30 
Per square foot.  Loves Cove sampling continued. Counts before green 
crab predation and 1954 s e t  showed 1953 s e t  up t o  50 per  square foot. 
No 1954 s e t  has been found. 

Green crab predation. --Size d i s t r ibu t ion  samples i n  Bedroom, Saga- 
dahoc Bay, ind ica te  a wide gap between the  1953 s e t  and clams close t o  
Ztr legal size .  
t o  green crabs. 
the 1952 s e t  through 1953 and the  spr ing of  1954, 
s u l t  because of the  1953 herr ing kill which drove most green crabs from 
the f la t s  during the l a t t e r  port ion of the 1953 growing season. 

The missing group of clams i s  t h a t  most readi ly  avai lable  
Similar samples i n  Loves Cove ind ica t e  good surv iva l  of 

This survival  m a y  re- 

Three crab fences were i n s t a l l e d  i n  Sagadahoc Bay. 
closed 100 sq. ft., one with wire 12" above the  f l a t s ,  two with wire 1801 

above the f l a t s .  No clams were planted i n  these p lo t s ,  
t&en when the  fences were i n s t a l l e d  t o  determine concentration of the 
s e t  i n s ide  and outs ide the fences. 
of the fences i n  protect ing the s e t  from crabs. 

Each fence en- 

Samples were 

Periodic samples w i l l  show eff ic iency 

Tidal  epat  trup.--An automatic f i l t e r i n g  device t o  c o l l e c t  bivalve 
larvae by u t i l i z i n g  t i d a l  r i s e  wnd f a l l  was designed, b u i l t  and t e s t ed  
in the summer o f  1953. 
a t  Wickford, R. I., and Orrlo Cove, Me., f a r  Venus, 
is being r e t e s t ed  a t  Loves Cove 
u n t i l  the s e t t i n g  season ends. 

Two addi t ional  s implif ied t raps  a re  being tes ted  

R e a  w i l l  not  be a v a i h b l e  
The o r ig ina l  model 

f o r  I&. 

Biology of the green crab, Carcinides maenas.--At Newburyport, Masse9 
crabs were sampled by trapping; 3 t r aps  were f i shed  2 24-hour periods 
each month a t  upper, middle and lower- Plum Is land Sound dur ing  the period 
July through December 1953; f i s h i n g  these t raps  resumed on April 21, 1954. 
Catches during 1953 were high a11 season--883 were taken from 1 t rap  on 
December 9. Subgmples were taken from t r aps  f o r  s i z e  composition, sex 
r a t io ,  and gonad condition. 

Thatch banks were sampled soon a f t e r  the severest  cold snap s ince 
1949 but  no evidence o f  mortali ty because of cold weather wds found, 
The poor April  and June t r ap  catches probably resu l ted  from seasonal 
behavior of crabs r a the r  than reduction i n  numbers. 

Small crabs were kept  i n  pans a t  the Newburyport Laboratory t o  study 
feeding habi t s  and s i z e  and color  changes at molting. 
groups 10 t o  35 mm. consumed clams from 3 mm. t o  a length equal t o  width 
of crab. Colors may change gt molting bu t  background e f f e c t  i s  undeter- 
mined.. 

Crabs sf 5 s i z e  



Green crab t raps  f i shed  throughout the year a t  Loves Cove con- 
firmed the  seasonal migration pa t t e rn  of l a r g e r  crabs offshore i n  
winter and onshore i n  spring. 
t he  spr ing of 1954 a t  t h e  same loca t ion  ind ica t e  a trend to  r e tu rn  
to  the  same cove a f t e r  wintering i n  deep water. 

Crabs tagged i n  1953 and recovered i n  

A marked crab population decrease followed the herring mortality 
i n  t h e  summer of 195'3. Death of crabs i n  t raps  a t  this time may have 
resu l ted  from oxygen deficiency; o ther  crabs probably moved offshore.  
Population was high again i n  t he  spr ing of 1954; however, the  temporary 
crab s c a r c i t y  allowed t h e  1953 year  c l a s s  t o  survive,  

Green crab abundance and temperature t rends a --The Maine Depart- 
ment of Sea and Shore F isher ies  and the  Service conducted a green crab 
trapping program from June through October 1953 t o  provide an estimate 
of r e l a t i v e  abundance. Three t raps  were f i shed  2 days each month i n  5 
locations from Joncsport, Me., t o  Ipswich, F4asso The program I s  being 
repeated t o  determine i f  the  195'3-54 winter was severe enough t o  reduce 
the  crab population. 
even though the 1953-54 winter was colder  thar. the  preceding 4 winters. 
Crab tolerance t o  low temperature and s a l i n i t y  was inves t iga ted  i n  the  
laboratory and i s  described below. 

Present ind ica t ions  a re  t h a t  few crabs were k i l l e d  

I n  the  summer of 1954 emphasis was placed on determining i f  de- 
creased so f t - she l l  clam abundance can be blamed on green crabs,  
i n  Washington County, Me., surveyed i n  1949 and 1950 by the Maine Depart- 
ment of Sea and Shore F isher ies  a re  being re-surveyed to  determine changes 
during this period when crabs become abund.ant, 

Flat s  

Temperature tolerance experiments,--Adult green crabs were held a t  
Boothbay Harbor, Me., Laboratory a t  temperatures of 0065' t o  1.9' C, in 
varying sa l in i t ies  to determine t h e i r  surv iva l  under extreme conditions. 
Some crabs l i ved  from 6 t o  9 days i n  f r e s h  water a t  these temperatures, 
A t  5 p a r t s  pe r  thousand s a l i n i t y  and temperature of 106" @. 18 days were 
required t o  k i l l  a11 crabs, A t  s a l i n i t y  of 3.57 and temperature of 0 ~ 8 1  
1 2  days were required t o  kill all. crabs,  
crabs resist law s a l i n i t i e s  and 1 0 w  temperatures, 
a t  temperatures below 0' C. a re  planned, 

These experiments show green 
Further  experiments 

Green crab eggs were held a t  s a l i n i t i e s  of 5, IO9 15, 28, 25, 30 and 
35 ppt  for 5, 10, 15, 20, 25' days a t  I,?' C, and then t ransfer red  t o  room 
temperature and sa l in i ty  of 30 i n  dark and exposed t o  dayl ight  u n t i l  
hatched. Eggs held i n  a l l  s a l i n i t i e s  f a r  
5, 10 and 15 days hatched with varying degrees of success; eggs held 20 
and 25  days a t  s a l i n i t i e s  of  10 and above hatched but  t h e i r  larvae appeared 
abnormal. Experiments showed a combination of cold water and low sa l in i ty  
can k i l l  eggs, bu t  t h a t  they should r e s i s t  most winter conditions observed 
i n  Mahe i n  recent  years ,  

Eggs hatched b e s t  i n  the dark, 
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Greenwich Bay, R. I., studies.--Geographical d i s t r ibu t ion  and 
densi ty  da ta  from 4 annual surveys--19~0-~3--show a r a the r  consis tent  
Pattern.  
areas i n  Greenwich Bay i n  all years.  
*cas was sought i n  accumulated ecological  da ta ,  No cor re la t ion  seems 
evident between clam densi ty  and temnerature, s a l i n i t y ,  o r  depth. The 
type of bottom seems r e l a t ed  t o  density;  high densi ty  occurs where 
s h e l l  i s  P major p a r t  of the  bottom. 

Hard clams are  found i n  r e l a t i v e l y  high concentration i n  3 
An explanation of these dense 

The 1953 survey showed a noticeable drop i n  the  number of hard 
c lans  i n  the  16-46 mm. group. From 1950-52 this group averaged 1.76 
quahugs per  bucket; i n  1953 the group average was 0.67 quahougs per  
bucket. T h i s  condition ind ica tes  poor f i s h i n g  f o r  1954 and 1955. 

Catch averages about 2.5 bushels per  man per  day. The number 
of fishermen working the area r i s e s  to a peak of about 60 i n  August 
and drops t o  about 10 i n  January. 
work day. 

About 5.0 hours comprise the average 

ttAqua-lung" examinations of the  act ion o f  t he  clamshell bucket 
showed that ,  even i n  the  hardest  bottom encountered i n  the area, the 
area sampled i s  equal to the m a x i m u m  bucket opening t o  a depth of 
4-,1/2 t o  5-1/2 inches. I n  severa l  experimental samples taken 2 qua- 
haugs were found i n  the holes5 l of these, however, could have f a l l e n  
i n  from the s ides .  

Larval studies.--ma orenaria  larvae f i r s t  ameared on A m i 1  2 1  
-I 

and --.--- Venus mercenarh on Ju-54. 
lower than average during the spring; t h i s  was espec ia l ly  t rue  during 

Water temp& tures  weie s l i g h t l y  

the month of May which was unusually wet,, 
has been poor; s ince the major spawning season has n o t  passed spawning 
f o r  1954 w i l l  doubtless be below average. Venus spawning has been about 
average and i s  continuing, 

b& seasonal l a r v a l  abundance 

Predator studies.--Studies have been confined almost e n t i r e l y  t o  
Ncopanope texana (mud: crab) predation on small quahaugs. 
Wncrous l m o r y  and 3. f i e l d  experiment fo l low:  

Results of 

Predation i s  confined almost exclusively t o  quahaugs 
below 15 mm. i n  length.  

Crabs o f  8-10 mm, (carapace width) cannot successful ly  
prey on quahaugs 5 m. i n  length o r  l a rge r ,  
13-16 mm. cannot successful ly  prey on quahaugs larger  
than 7 mm. Crabs 17-19 mm, and l a r g e r  can successfully 
prey on quahaugs up t o  15 mm. i n  length.  

Crabs 

Predation i s  car r ied  on successfully a t  temperatures 
down t o  11' C. 
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Paras i tes  and diseases  of s o f t  and hard chams.--Studies on clam 
pa ras i t e s  a t  Milford, Conn. , were r e s t r i c t e d  t o  determination of 
c u l t u r a l  cha rac t e r i s t i c s  of  suspect Gram-negative motile bac i l l u s  
i s o l a t e d  from and to f u r t h e r  s tud ies  on the  physiology and host  
s p e c i f i c i t y  of l a r v a l  trematodes of the  genus HimasthPa which occur 
i n  both and Venus. - 

I n i t i a l  s tud ies  on pathogenicity of clam bac i l l u s  ind ica t e  a 
high degree of pathogenicity with f o c i  of i n fec t ion  i n  lumen of  
absorbtivc por t ion  of i n t e s t i n e  . Under experimental conditions death 
ensues i n  suscept ib le  hos ts  without marked h i s t o l y s i s  and generally 
within 5 days a t  temperature range 18-21' C, 
used b e s t  growth occurs on s o l i d  media, p a r t i c u l a r l y  blood agar base 
rehydrated with d i lu t ed  sea  water. Sa l in i ty ,  temperature and pH i n -  
f luences were s tudicd. 

Among various media 

Studies on metazoan and protozoan pa ras i t e s  were e s sen t i a l ly  com- 
pleted;  i t  i s  t en ta t ive ly  concluded t h a t  none of the  observed members 
of these groups a r e  responsible f o r  extensive mor ta l i ty  of clam. stocks 
i n  nature.  
Ancistrocoma myae, i n  r e l a t i o n  t o  Juvenile clams must be s tudied fur ther .  
A new p e r i t r i c h  species  from Mya was s tudied and described. 

Assessment of the s ignif icance of the  p a r a s i t i c  thigrnotrich, 

Clam farming a t  Newburyport, Mass,--A fence was b u i l t  i n  June 1953 
t o  p r o t e c t  clams from green crabs and horseshoe crabs. 
chicken wire fence w a s  300 f e e t  i n  circumference, 1899 high, with a 
flange on top  o f  19' x 611 boards. Survival of transplanted and nat ive 
clams, crab t r a p  catches and observations with the Aqua-lung showed the 
fence kept  out  p r a c t i c a l l y  a11 horseshoe crabs and most of the  l a r g e r  
green crabs. 

The mesh 

I n  the  spr ing  of 1954 o f f i c i a l s  of s eve ra l  towns became in t e re s t ed  
i n  constructing fences s imi la r  tS thls onec 
Hampton, N. He, and Ipswich, Mass,, b u i l t  fences, each fence enclosing 
about a half  acre. The Hampton fence appears e f f ec t ive  while the Ipswfch 
fence has been p a r t i a l l y  washed out  because of debr i s  and s t rong currents .  
Repairs will be attempted, 

With S e r v i c e  assis tance,  

The Service has continued t o  work c lose ly  with the owner of a clam 

Preliminary experiments indicated e l m s  would grow 
g ran t  i n  Rye Harbor, No H,, who has b u i l t  2 pools i n  the marsh, each 
pool  250 x 33 f e e t ,  
well  i n  small pools bu t  the owner repor t s  some t rouble  from hydrapen 
s u l f i d e  I n  thc large pools. 

The year  1953 apparently was unusually f avwab le  for clam growth 
i n  Plum I s land  Sound. 
of  1953-!& i t  produced good commercial dfggirg i n  upper Plum Is land  Sound 
f o r  the f i r s t  time i n  a t  l e a s t  6 years. 
1952 year  c l a s s  grew from an average of 9 mm, to 49 rrmo and i n  March the 

The 1952 year  class grew rapidly;  by the winter 

From May to  October 1953 the 
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average length was 54 mm. 
the  1950 o r  the 1952 year c l a s s  made i n  similar periods. 

T h i s  i s  about 15 mm. more growth than e i t h e r  

Horseshoe crab population and migration studies.--Since 1952,1,720 
horseshoe crabs have been tamed.  Because of a tag shortage only 262 
crabs were tagged i n  the  sum& of 1953; however, 1,000 were marked by 
V-notches. 
4 i n  Black Kater Creek, Ne H., and 330 i n  Plum Is land Sound. 

I n  the summer of 1954, 408 have been tagged, 74 i n  Essex Bay, 

Since 1952, 58 tag  recoveries have been made. I n  the summer of 
1953, 2 1  were recovered i n  the Sound and Crane's Beach, 2 i n  Gloucester 
and 2 i n  Etisex Bay. 
and Crane's Beach, 1 i n  Gloucester and 1 on Plum Is land Beach. 
of the  17 were tagged i n  1952. 
1952, 4 have been recovered. 

I n  the summer of 1954, 15 were found i n  the Sound 
Eleven 

Of the 1,000 V-notched crabs of July 
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Cating , James Po Fish ,  Biol, 
ChariLey, Pau l  E. F i sh ,  Biol, 
Chenoweth, Harry He Hydraul. Engr, 
Chipman, Tqalter A. Fish ,  B io l .  
Clark,  John R. F ish .  Biol.. 

I Burrows, Xoger E. Fish.  B i o l ,  

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

P a c i f i c  Salmon 
South P a c i f i c  
Gulf 
North A t l a n t i c  
South P a c i f i c  
P a c i f i c  Salmon 
Great  1,akts 
South Atlantic 
Great  Lakes 
Gulf 
P a c i f i c  Salmon 
POFI 
Rocky Mountain 
Clams 
South P a c i f i c  
C l a m s  
Grea t  Lakes 
Gulf 
South Pacif ic  
North A t l a n t i c  
North A t l a n t i c  
Marine Sec t i o n  
FOFI 
Great  Lakes 
P a c i f i c  Salmon 
CPamS 
Pac i f ic  Salmon 
POFI 
C l a m s  
South Atlarific 
Grea t  Lakes 
Grea t  Lakes 
P a c i f i c  Salmon 
Gulf O y s  tri-s 
G re at L trke s 
In land  Sec t ion  
Ichthy.  Lab, 
South P a c i f i c  
Middle A t l a n t i c  
Milford Lab, 
Sdmon Cu l t ,  Lab, 
Beaufort  Lab. 
North A t l a n t i c  
Salmon Cul t ,  Lab, 

Location -- 
S e a t t l e ,  Wash, 
Stanford,  Calo 
F t ,  Myers, Fla .  

LaJol l  a9 C a l i f .  
Bcrnncvill c Dam, Cree 
Marquette, Mich. 
Brunsldck, Gam 
Rogers City, MSLchn 
Galveston, Texas 
S e a t t l e ,  7Jash 
HoriolLuZia, T o  H. 
Logan, Utah 
Newburypart, Mass 
La Jolla, Calif .  
Woods Hole, Mass. 
Marquettc, Mfch. 
F t ,  Myers, Fla ,  
La J o l l a ,  Cab-Ef 
M i l f  rard, Conn, 
Glouces ter, Idass 0 

P a c i f i c  Grove, C d '  
Honolulu, T ,  H, 
Rogers Ci ty ,  M@ho 
S c a t t l c ,  Wash, 
Kingston, R,  I. 
S e a t t l e ,  dash. 
H ~ n e l u l u ,  T. H. 
Boo t h b q ~  Harbor,Meo 
BrunswSck, G a ,  
Rogers City,  Mcho 
Ann Arbor, Mich, 
S e a t t l c ,  Wash, 

WOOCIS Hole, Mass- 

Pcn.;sk,oEa, Fla,  
Ann Arbor, M h ~ h o  
Washington, Do C o  

Washink;tcon, Do C O  
La  JoILa, Calif .  
Beaufort ,  N u  C ,  
MBfcsrd, Conn, 
S e a t t l e  , dash, 
Bcauf'ort, N o  C. 
Woods H d c ,  Masso 
Entiat ,  Wash. 
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T i t l e  - Namr 
Il.L- 

Fish. B i ~ l ,  
Fish. Bio l ,  
P1sh. B i d .  

F i sh ,  Bfol, 
Fish. B f s B ,  
Fishery Aid 
P.ksh. Bfol ,  
Fish,  Bias3.0 
Fish,  B i d ,  
Fish,  B i d ,  
F i sh ,  B i d .  
S t a t ,  Clerk 
EBce, Engr, 
Fish,  B io l ,  
Fish,  B i d ,  
Fish. Bfal, 

FM. aw. ,  

h5PdYPfc Bioi, 

Fish, Blol. 
F i s h .  B i d e  
PhyoSeJ .Aid 

Fishery Aid 

C ollabo rata x" 
Fish. BfoL. 

2640 I.ogi d t 

Fish ,  B E o l o  

PhyeScfoAid 

Inves t iga t ion  

Marine Sect ion 
North Atlantic 
CBruns 
N0rth A t l a n t i c  
South At l an t i c  
Gulf 
Pacific Salmon 
North Atlantic 
Sal, CuBto Lab0 
Rocky Muntaln 
South Pacific 
Pacific Salmon 
POPI 
MPford Lab. 
North Atlant ic  
Microo Lab. 
Marine Section 
Paelf f c  Salmon 
Pacific Sal-mora 
Pacif f e  Salmon 
Great Lakes 
Chesapeake 
Great Lakes 
Great Lakes 
South Pacific 
South Pacif'ie 
SaPmon C u l t  .Lab. 
Middle Atlantie 
PacjfPc Salrn&~n 
woods Hole Lab, 
pacific Salmon 
Qreat  Lakes 
Pacif ic  Salmon 
Pacific Salmon 
Great Lake:; 
South AtBantj e 
Whales 

Great Lakes 
C l a m s  
POFI 
Middle Atlas1 Lic 
G Ulf 
South Atlantic: 
FQFI 
North Atlantic 

Ichtqhyo L&bO 

Location 

Cambridge, Mass . 
Glouces t er ,  Mass 
Boo thbay Harbor , Me 
Woods Hole, Mass, 
Brunswick, Ga, 
Galveston, Texas 
Seattle, Wash. 
ldoods Hole, Mass, 
Entiat.,  Wash. 
Logan, Utah 
ha J o l l a ,  CaUf. 
Sea t t l e ,  Wash. 
HonoPulu, T" H. 
KhfYord, C o m a  
woods Hole, Mass, 
Leetown, w e  Vao 
Wash'ingtitn, Do C, 
Seat t lep Wash, 
Sea t t lep  Wash. 
Seat t le ,  \?ash, 
Marquette, &eh, 
Annapol$& , Md. 
Marqucttc, K c h .  

s t d o r d ,  Calif, 
La JslYa, Calif. 

Beauf"oPt, No C. 

klrcrads Hclc, Mass. 
Seat*tle, Wash, 
Rogers City, Mch, 
Seattle, Wash, 
Bannev%Ple Dam,Ore e 

Marquette, Mish. 
Brunuwhk ,  Ca, 

Wasnisagtm, D, C, 
Ann ArborO Mch. 
Rsothbay Wal+oPy Me * 
Hsna3.uJu9 To M, 
Beaufnlrt, M. c n  
GaAveston, Texas 

HOrYoI.ulka, T, H, 

Ann Arbor, Mcho 

Ent4 at, Wash. 

Seattle, Wash. 

La db3 IPa, Cd. B f 

B r U n S d C k ,  Ga, 

Woods Hole, Mass. 
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Name 
I 

Grif f in ,  Phil ip J. 
Grom, Robert A ,  
Hall, Albert  E., Jr. 
Halver, John E. 
Hanavan, Mttchell  G o  
Hapgood, Wm. F. 
Hartt, Allan C. 
Henry, W i l l i a m  G e ,  Jr. 
Hiat t ,  Robert W, 
Hida, Thomas S .  
Higgins, Margaret D. 
Hile, Ralph 0. 
Howell, John H. 
Hunter, Charles J. 
Hunter, Lois E. 
Illehara, Isaac I. 
Iverson, Edwin H. 
Jayko, Michael E. 
Jenson, Albert C. 
Joer is ,  Leonard S o  
Jones, Hughey 
June, Frederick C , Jr. 
K X P ~ O S ,  Lester S o  
Kelly, George F. 
King, Joseph Eo 
Kolksen, Lawrence N. 
Kramer, David 
Laass, Martin 
Landpr, Robert H. 
Landers,l?arren S. 
LansCord, Lawrence M, 
LaPointe, Donald F. 
Lee, Fanny 
Lemon, Robert E. 
Uscorn, Kenneth L. 
Uvfngstone, Robert, Jr. 
Loeb, Howard A. 
Loosmoff, Victor  Lo 
Lov-laee, Floyd E. 
Lucash, Jo;;eph F. 
McGary, James W. 
McKernan, Donald L. 
Mcbain, Alberton L. 
McMamoe, Zene M. 
MacGrcgar, John S.  
Macy, Paul T. 

T i t l e  Inves t iga t ion  Lo@ a ti on - 
Bat t c r i o l o g i s t  
Fishery Aid 
Fish, Biol. 
Chemist 
Fish.  Biol,  
Fishery Aid 
Collaborator 
Biol. Aid 
Fish. Biol. 
Fishery Aid 
S ta t .  Clerk 
Fish. Biol. 
Fish,  Bfol. 
Fish,  BPol. 
Ffshrrv Aid 
Fish,  Biol. 
Fish, Bfol.  
Chemist 
Fish. Biol. 
Fish. Biol. 
Lab. Mechan5c 
Fish. Biol. 
Fishery Aid 
Fish. BfoB. 
H s h ,  Bfol .  
Fish. BSoP. 
Fish. Biok. 
Fish,  Biol.  
Fish.  Bfol, 
F’ish. Bfol. 
Fishery Aid 
Fish ,  Biol. 
Fishery Aid 
Fish,  Bfol. 
Fish, Efol,  
Fish,  Blob, 
Fish,  BioB. 
Fish,  Bio l .  
Biochemist 
Lab.Mechanic 
Oceanographer 
Fish,  Biol, 
Fish. Biol. 
S t a t ,  Clerk 
Fish,  Bfal. 
Fish,  B i ~ l .  

Micro, Lab. 
South Pac i f i c  
Great Lakes 
Sal. Nutr. Lab. 
Pac i f ic  Salmon 
South Pac i f ic  
Pac i f ic  Salmon 
Gulf 
Marine Section 
POFI 
South Pac i f ic  
Great Lakes 
Great Lakes 
Pac i f ic  Salmon 
South Paeffi c 
.KIF1 
P I  
Salmon Nutr. Lab 
North Atlant ic  
Great Lakes 
Gulf Oysters 
North Atlantfc  
Great Lakes 
North At lan t ic  
3?opI 
Paci f ic  Salmon 
South Paeif i c  
Rocky Mountain 
Pac i f ic  Salmon 
C l a m S  
Gulf 
Middle Atlantdc 
South Atlant ic  
East.Fed.Waters 
Pac i f ic  Salmon 
South Pacif ic  
Great Lakes 
Milford Lab. 
Trout Nu tri t fon  
Milford Lab, 
POFI 
POPI 
Great  Lakes 
Pac i f ic  Salmon 
South Pac i f ic  
Pacific Salmon 

Leetown, 14. Va. 
La J ~ l l ~ i ,  Calif, 
Rogers City, Wcho 
Sea t t le ,  Wash, 
Sea t t le ,  Wash. 
Stanford, Cal i f ,  
Sea t t le ,  Wash. 
Galveston, Texas 
Hono11iLu9 T. H. 

La JoPla, Cal i f ,  
Ann Arbor, Xch .  
Rogers City, Mfche 
Sea t t le ,  Wash, 

HonolulU, T o  H o  

La Jo l l a ,  Cal;fc. 
Hopl~lulu, To Ho 
Honolulu, To H. 

Woods Hole, Mass. 

Pensawla,  TPa, 
Newark, Del, 

Woods Hale, Mass- 
Honolulu, To R. 
Sea t t lc ,  Wash. 
La JoPla, C a 3 . U .  
Logan, Utah 

l o  Willard, Wash. 

Arbor, Miche 

Marquettc, MCho 

seat>t1e, Wash, 
K5.ngstuin9 H. 1. 

B r l a n s ~ c k ,  Ga. 

Galveston, Texas 
Betiufort, No C o  

Leetown, W, Vao 
Sea t t l e ,  Wash. 
S txni”ak d , Calif 
Rogers City, NiCho 
r4.aI.f s r d ,  Conn 0 

COFt$lend, N o  Y o  

Milford, Corm 

Honolulu, To H. 
Hon~Pulu, T o  H a  

M m q ~ ~ e t t e ,  l l f ~ h o  
Sea t t le ,  Wash, 

Sea t t le ,  Wash. 
Stanford, Califo 
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Name 

Malone, John C. 
Man, Herbert J .  
h ' a k ,  Robert H. 
h w e t t e ,  h?illiam M e  

N w ,  John C, 
h v i n ,  Kenneth To 
heon ,  James E. 
Hatsumoto, Walter M. 
Mattson, George M. 
Maule, S m e r  W. 
Maxt"ield, Galen H. 
Mead9 Giles  W e  Jr. 
Nllrr, Richard G. 
MYahara, Takashi 
bff ctt, James W. 
Moore, ~ a r v e y  L. 
Morris, Robert W. 
b s h r r ,  Krnneth H. 
l k a i ,  Sueto 
Murphy, Garth I. 
Murray, Har r i e t t  E. 
&ers, George S. 
MePsen, ~ 1 1 i a m  V. 
Nelson, Phi l ip  R. 
k m a n ,  H. William 
Nielson, Reed S. 
bncjka ,  Charles A. 
O'CQIUlell, Charles P. 
Olson, J e r ro ld  M. 

bdaP,  Erl ing J. 
Qtsu, T&o 
Page, Robert Me 
Palrney., David Do 

s__ 
T i t l e  - 

Fishery Aid 

Fishery Aid 
Fishery Aid 
Fish,  Biol. 
Chemist 
Fish. Biol. 
Fish,  Mol. 
I l l u s  trs t o r  
Fishery Aid 
Fish. Biol. 
Zoologist 
Fish, Biol. 
Fish. Bial.. 
Fish, Biol. 
Fish. Biol. 
Fish. Biol .  
F ish .  Biol. 
Fish,  Biol. 
Figh, Biol. 
S ta t .  Clerk 

Fish M&E Spec, 

ZQQlOgiSt 
FiSh-EqoSpec. 
Fish. Biol. 
Fish. B i d .  
Fish. Biol, 
Biol. Aid 
Fish. Bio l .  
Fishery Aid 

Collaborator 
Fish. B5ol. 
Collaborator 
Fish. Biol. 
Fish. Biol. 

Invest igat ion 

North At lan t ic  
HlFI 
North Atlant ic  
Great Lakes 
South Pac i f i c  
Gulf 
Pacific Salmon 
FQFI 
South Paeif i c  
Oreat Lakes 
Pacif ic  Salmon 
North Atlant ic  
Great Lakes 
Pacif ic  Salmon 
Great Lak-r 
Paci f ic  Salmon 
South Pacif ic  
Pac i f ic  Salmon 
Pac i f ic  Salmon 
POFI 
North Atlant ic  
Marine Sec t fon 
FQFI 
Pacif ic  Salmon 
Pacif f c  Salmon 
C &if-Nevada 
Milford Lab. 
South Pacific 
Pacff i c  Salmon 

West .Fis h a Di s eases 
€W?I 
South Paeif ic 
Salmon C u l t ,  Lab. 
East. Fed, Waters 

LocatSon 

Boston, Mass . 
Honolulu, T,H. 
Woods Hole, Mass. 
Marquette, Mich. 
Stanford, C a l i f  . 
Galves ton, Texas 
Sea t t le ,  Wash, 
Honolulu, To H. 
La JoPla, Calif .  
Marque t t e ,  Mc h. 
Seattle, Wash. 
Woods Holc, Massa 
Marquctte, Meh, 
Seattle, Wash, 
Ann Arbor, Mich. 
Sea t t le ,  Wash. 
Pacif ic  Grove, Cal. 
Sea t t le ,  Wash, 
S e a t t l t ,  Wash. 
Honolulu, To H. 
woods Hole, Mass. 
Stanford, Calif I 
Honolulu, To He 
Seat t le ,  Wash. 
Seattle, Wash. 
Reno, Nevada 
Milford, Conn. 
Stanford, C a l i f  
L i t t l e  Pbrt  Walter, 

Alaska  
Seattle, Wash. 
Honolulu, To Ho 
StanriaPrd, Calif 
Ent ia t ,  Wash. 
Leetown, Wy Va, 

Refrnir~, Norman 
Refmtjes, John We 
Uce,  Theodore R. 
udgwny , George J . 
Robertson, Oswald H. 
Ropes, John W. 
Rappel, Alton Y. P 

Fish. M;scE SDec. PCrpI Honolulu, T o  H. 

PhyoSCfeAid 
Fish, Biol.  
Fish. Biol. 
Chemist 
Fish. B i d .  
Fish. Biol. 
lpiish. Biol, 
Chemist 
Collaborator 
Fishery Aid 
Fishery  Aid 

Trout k t r i t f t m  
North Atlant ic  
Beaufort Lab. 
GUU" 
Calif . -Novmda 
Nwth At lan t ic  
Beauf'ort Lab, 
Salmon Nutrit ion 
Sal. Cult. Lab. 
Clams 
Pacif ic  Salmon 

Cortlland, M. Y, 
Woods Hole, Mass. 
Beaflort, M, c .  
Galveston, Texas 
Csurruriet. Creek, C a l .  
Newark, Drl. 0 

Bead'srt ,  N o  C, 
Willard, Wash 
Stanford, Calif 
Newhuryport., Mass . 
Seat t le ,  Wash, 



Name - 
Rounscfell, George A. 
Royce, Rodney Do 
Royce, W i l l i a m  F. 
Rucker, Robert R. 
Scattergood, Les l ie  W. 
Schrcdfg, Earl  J. 
Schlotterbeck, Lewls C. 
Seckel, Gunter R. 
Set te,  Oscar E. 
Shea, John F. 
Shomuro, Richard S. 
Silliman, Ralph Po 
Skud, Bernard Eo 
Smith, Bernard R. 
Smith, Osgoad R e  
Smfth, Stanford H. 
Snfeszko, S tanfs las  F. 
Soderstrom, Cl i f ford  E. 
Spear, Harlan So 
Squires, Delpha M. 
Stewart, Dorothy D, 
Stringer, Louis D. 
Stroup, Edward Do 
Stnrkard, Hsracc W. 
Sykcs, James Eo 
"aft, Bruce 
Talbst, Gerald B. 
Taylor, Clyde C. 
Tetzloff ,  C l i f f o r d  L. 
Thompson, Paul E. 
Thompson, b?illjiiam F, 
Theme, Donald I,. 
T h d l k f l l ,  James R. 
Trefethen, Parker S ,  
Uzrnann, Joseph R, 
Van Campen, Wilvim G o  
Van Clcve, Richard 
V a n  Landingham, John W. 
Van Oiosten, John 
V aughan, Elf z abc t h  

Vlymen, L i l l i a n  Le 
Vslz, Charles Do 
Vreoman, Andrew M. 
Wabburg, Charles H. 
Walfsrd, Lionel A. 

Viefrat, Manuel 

T i t l e  - 
Fish. B i ~ l o  

Fishery Aid 
Fish, Mol .  

Fish,  B i d ,  
Fishery Aid 
Fish. Biol. 
Oc e anog rap her 
Fish. Bioh. 
Fish. B i o l ,  
Fish. Bfol.  
Fish. Bfal,  
F ish ,  Bi.01, 
Fish. B i o l ,  
Fish,  B5-01, 
Fish. Bfol. 
Bac ter io logis t  
F%she.ry Aid 
Fish,  B i ~ l .  
Fishery Aid 
Fishcry kid 
Fish.  Bfol. 
Ffshcry Lid 
Collabaratsr  
Fish. Biol. 
Fisheqy Aid  
Ffsh. BfoE, 
Fish. BioB. 
Fish,  B i o l .  
Fish,  BioB, 
Collabr rater 
Elec. Tech. 
Fish. B i d .  
Fish. B i d ,  
Mlsh. B i d . .  
Trans 1 a t  or 
Fish, Bioll. 
Phy. Zci, Aid 
P%sh, BioX. 
S t a t i s  t i e i a n  
S t a t ,  Assist, 
F%&hery Aid 
Fish. Biol. 
Fish, BioS. 
Fish, Biol. 
Fish, Biol. 

Fish. B i O l o  
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Invest igat ion Location 

Marine Section Woods Hole, Mass. 
West. Fish. Dfseasc Seat t le ,  Wash, 
POFI Honolulu, T o  H. 
Wmt,F~sh.Diseases Seat#tPe, Wash. 
North At lan t ic  
Great Lakes 
Pacif ic  Salmon 
POFI 
POFI 
North At lan t ic  
POFI 
Anadromous Sec 
Pacific Salmon 
Great Lakes 
Clams 
Great Lakes 
Micro Lab, 
Pacif ic  Sahara 
Clams  
Soiiath Pacif ic  
FQFT 
Clams 
p6FI 
Clams 
Middle h t l an t f c  
South Paciffc 
H d d l c  At lan t ic  
North At lan t ic  
Great Lakes 

Pacific, SaLmn 
Psci€fc S a h o n  
South Pacific 
Pacific Salmon 
CBWS 
mm 
Harfnf? SeCtj-Qni 
POFI 
Great Lakts  
Pacific S a h s n  
Narth At lan t ic  
South Pacf€fc 
Pacif ic  S ~ h s n  
Sarath Pacific 
Middle Atlantic 

_" 

Baothboy Harbor, Me0 
Rogers City, Mcho 
Bonncvflh D a n ,  Ore 
Honcrrlulu, T. H. 
HornoPulu, To H. 
WoePds H Q ~ ,  Masa. 
Honolulu, To He 

Marquctte, Mich. 
Newburypart, Mass 0 

Ann Arbor, Mlch. 
Leetown, W, Vao 
Seat t le ,  Wash. 
Bsothbay HaTboY", Me" 
La JoLla., CaUff. 
H~noPulu, To H. 

Mew 'Ilsrk, M. Y o  

Washington, D o  C o  

Stizttlie, Wash, 

Kingston, R,  1 ,, 
k m o h b d ,  T o  H. 

Beaufort, No C u  
La Jol la ,  Cal i fo  
Beaufert, No C. 

Marquette, Mich. 
WasYlirgton, D o  C e  
Seat t le ,  Wash. 
Seattle, Wadi, 
La Jo l la ,  C a l i f " ,  

Woods Hole, Masse 

S C A t q t I ? ,  Washo 
mim<x, conno 
H i a ~ ~ i ~ i Z l ~ ,  T o  H. 
Seattle, Wash, 
HolaoBullu, T, M, 

ScxlattXc, Wash, 

La JolSa, Ca l i fo  
Sea t t l e ,  Wash,, 

Beaufort, M. C. 
Waakdrrgton, Do C o  

AMI1 Arbor, Meho 

W~sdei Hole, Masso 

St.ls;iford, Calif 0 



Name - 
Wangersky, Peter  J. 
Watsan, Frank H, 
Watson, Stanley W. 
Weaver, Charles R. 
Weber, Kingsley 0 .  
Webs t o r ,  John R. 
Welch, Walter R. 
Wells, LaRue 
Wheeler, R a y  S. 
Mdr ig ,  Theadore Me 
wigley, Roland L. 
Wilson, W i l l i a m  Bo  
Wise, John Po 
wolf, Robert S. 
Wong, Stanley H.S. 
b o d ,  Edward M. 
Woodall, Arthur N. 
yunashita, Daniel T. 
yasutake, william T. 
young, Rebert S. 
YUen, Heeny S. H. 

T i  tlt - 
Chemist 
Fishery Aid 
Fish, Ei01. 
Fish. Biola 
Fish. Biol. 
Fish, Biol. 

Fish. Biol.  
Fishery Aid 
S t a t i s t i c i a n  
Fish,  Biol, 
Fish. B i O l a  

Fish. Bid, 
Mech. Engr, 
Fish, Biol,  
Chemist 
Msh, Biol. 
Histo. Tech. 
Phy.Sci .Aid 
Fish. Bfol. 

Fish, B i Q l .  

Fish. Biola 

Inves t iga t ion  

Gulf 
South Pacif ic  
West,Msh Diseases 
Pacif ic  Salmon 
Pacif ic  Salmon 
C he s ape ak e 
Clams 
Great Lakes 
Gulf 
South Pac i f ic  
North Atlant ic  
G u l f  
North k t l a n t i e  
North At lan t ic  
POFI 
Salmon Natr. Lab. 
Salmon Nutr, Lab. 
POFI 
Salmon Nutr. Lab. 
POFI 
FOFI 

Loc a ti on -- 
Galveston, Texas; 
La JoPla, C a l i f ,  
Sea t t le ,  Wash. 
Sea t t le ,  Wash. 
Sea t t le ,  Wash. 
Annapelis, Md. 
Boothbay Harbor, Me. 
Marquette, Mich, 
Galves ton, Texas 
Stanfsrd, Callf. 
Woods Hole, Mass, 
Galves tom, Texas 
Wosdsr Hole, Mass. 
Weeds Hole, Mass. 
Honolulu, T o  H. 
W1Lllard, Wash, 
Willard, Wash, 
Honolulu, T. H. 
W i l l a r d ,  Wash, 
Honolulu, To H, 
HOIIOlUlU, T o  H, 

70110 
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