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AN ANhOTATED BIBLIOGRAPHY OF THE ECOLOGY OF CO-OCCURRING 
TUNAS (KATSUWONUS PELAMIS. THUNNUS ALBACARES) AND 

DOLPHINS (ST tNE LLA ATTE N U A ? A ~ L L A  LO NG IROSTRIS 
AND D E L P H 1 m l - m  --PACIFIC 

Sandra D. Hawes 
Southwest F i s h e r i e s  Center 

Nat ional  Marine F i s h e r i e s  Service, NOAA 
La J o l l a ,  C a l i f o r n i a  92038 

INTRODUCTION 

This  b ib1 iography was compiled t o  p rov ide  a source o f  i n f o r m a t i o n  on the  
ecology o f  t he  co-occurr ing tunas and dolph ins i n  the  Eastern T rop ica l  P a c i f i c  
(ETP). While some o f  the a r t i c l e s  g i ve  i n f o r m a t i o n  concerning d i s t r i b u t i o n  
and ecology of tunas and dolph ins i n  o t h e r  geographic areas, t he  pr imary focus 
i s  upon the  tunas and dolph ins t h a t  occur toge the r  i n  t h e  ETP. 

The b i b l i o g r a p h y  has been d i v i d e d  i n t o  s u b j e c t  headings w i t h  a r t i c l e s  
arranged a1 phabe t i ca l  l y  by author. A1 though some references may fa1 1 under 
more than one sub jec t  heading, t he  compi ler  has p laced each reference w i t h i n  
the  most r e l e v a n t  category. Subject  ca tegor ies  i nc lude :  1 )  t h e  tuna-dolph in 
bond, 2) feeding h a b i t s  o f  tuna, 3 )  feeding h a b i t s  o f  dolphins,  4)  f a c t o r s  
a f f e c t i n g  the  d i s t r i b u t i o n  o f  tuna, 5) f a c t o r s  a f f e c t i n g  t h e  d i s t r i b u t i o n  o f  
dolphins,  6) b i o l o g y  o f  tuna and do lph in  prey, 7 )  p r o d u c t i v i t y  o f  the ETP, and 
8 )  phys i ca l  oceanography o f  the ETP. 

Annotat ions o f  the c i t e d  papers were e x t r a c t e d  by the compi ler  from the 
t e x t  and/or an a b s t r a c t  o f  the a r t i c l e .  The compi ler  assumes r e s p o n s i b i l i t y  
f o r  the i n c l u s i o n s ,  omissions, and comments made i n  t h e  b ib l i og raphy .  

TUNA-DOLPHIN BOND 

ALLEN, R. L. 1981. Dolphins and t h e  purse seine f i s h e r y  f o r  
y e l l o w f i n  tuna. 
Rep. No. 16, 23 pp. 

populat ions,  i n c l u d i n g  general c h a r a c t e r i s t i c s  o f  tuna schools 
associated w i t h  do lph ins o r  f l o a t i n g  objects .  
tuna-dolph in complex i s  a l so  discussed. 

Inter-Am. - Trop. -- Tuna Comm., I n t e r n a l  

A d e s c r i p t i o n  o f  the tuna f i s h e r y  and i t s  impact on do lph in  

Management o f  the 

- 

HAMMOND, P. S .  (ed.) 1981. Report on the  workshop on tuna- 
d o l p h i n  i n t e r a c t i o n s .  Inter-Am. Trop. Tuna Corn., Spec. 
ReP. No. 4, 259 DP. 

--- - 

l a  

l b  

Ed i ted  ve rs ion  o f  t he  discussions o f  the workshop presented 
as a s i n g l e  c o n t r i b u t i o n  prepared by IATTC s t a f f .  
discusses do lph in  d i s t r i b u t i o n  and stocks, do lph in  l i f e  
h i s t o r y ,  do lph in  abundance, tuna-dolphin i n t e r a c t i o n s ,  and 

The r e p o r t  
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management o f  t h e  tuna-dolph in complex. 

PERRIN, W. F. 1968. The porpoise and the  tuna. Sea F r o n t i e r s  - 
14( 3 )  : 166-174. 

D e s c r i p t i o n  o f  procedure f o r  ca tch ing  dolph in-associated 
tuna w i t h  purse se iners.  Several hypotheses e x p l a i n i n g  t h e  
tuna-dolph in bond are discussed: (1 )  feed ing  r e l a t i o n s h i p s  
between tuna and do lph in  (2 )  p r o t e c t i o n  of tuna from shark 
a t tacks ,  and ( 3 )  s p a t i a l  o r i e n t a t  

PERRIN, W .  F. 1969. Using porpo 
F i s h i n g  18(6):42-45. 

D e s c r i p t i o n  o f  purse se ine f 

on o f  tuna. 

se t o  catch tuna. World 

sh ing f o r  tuna (Thunnus 
associated w i t h  d o l s  a1 bacares and Katsuwonus pelamis) 

( Stenel 1 a 1 ongi  r o s t r i  s a n v a f f m a n i  = S. a t tenuata  
the  eastern P a c i f i c .  A fooz-based re la t iOKsh ip  i s  suggested 
as the  cause of t h e  tuna-dolph in assoc ia t ion .  

i n  

STUNTZ, W. E. 1981. The tuna-dolph in bond, a d iscuss ion  o f  
c u r r e n t  hypotheses. Southwest F i she r ies  Center Admin. Report 
NO. LJ-81-19, 9 pp. 

S i x  hypotheses are presented as poss ib le  exp lanat ions  
f o r  t he  tuna-dolph in bond: (1) contagious d i s t r i b u t i o n ,  (2 )  
i nna te  schoo l ing  behavior,  ( 3 )  p redator  avoidance, ( 4 )  cover 
seeking, ( 5 )  o r i e n t a t i o n  t o  a s i t e ,  ( 6 )  food f i n d i n g .  

FEEDING HABITS OF TUNA 

ALVERSON, F. G. 1961. D a y l i g h t  sur face occurrence o f  myctophid 
f i s h e s  o f f  t he  coas t  o f  Centra l  America. Pac. Sci.  15(3):483. 

On th ree  separate occasions schools of the  myctophid Benthosema 
p t e r o t a  were observed on the  sur face du r ing  d a y l i g h t  hours- 
V s .  On two o f  the  th ree  occasions the  schools o f  t he  myctophid 
were being f e d  upon by sk ip jack  tuna, y e l l o w f i n  tuna, o r  sea b i r d s .  

-- 

ALVERSON, F. G. 1963. The food o f  y e l l o w f i n  and sk ip jack  
tunas i n  t h e  eastern t r o p i c a l  P a c i f i c  Ocean. Inter-Amer. 
Trop. Tuna Cornm., B u l l .  7( 5) : 293-396. 

-- 
--- - 

I C  

I d  

l e  

2a 

2b 

Stomach conten ts  o f  y e l l o w f i n  and sk ip jack  tuna were analyzed 
i n  terms o f  volume and frequency o f  occurrence o f  forage species. 
Importance o f  food i tems by volume f o r  y e l l o w f i n  was f i s h  (47%), 
crustacea (45%) and cephalopods (8%). Food i tems i n  terms o f  
frequency o f  occurrence were crustacea (76%), f i s h  (54%) and 
cephalopods (33%). A s i m i l a r  ana lys i s  o f  sk ip jack  stomach contents  
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revealed importance of food by volume t o  be crustaceans (59%), 
fish (37%) and cephalopods ( 3 % ) .  Analysis by frequency of 
occurrence revealed crustaceans (76%) , fish (36%) , and cephalopods 
(13%). 

BLACKBURN, M. 1968. Micronekton of the eastern t ropical  Pacific 
Ocean: family composition, d i s t r ibu t ion ,  abundance, and re1 at ions 
t o  tuna. U .  S. F i s h .  and Wild1 . Serv. , F i s h .  Bull., U. S. 67:71-115. 

The taxonomic composition and d i s t r i b u t i o n  of micronekton 
(fishes, crustaceans, and cephalopods, 1 t o  10 cm) were s tud ied  from 
catches of n i g h t  net hauls i n  the upper 90 m i n  the eastern t ropical  
Pacific Ocean. 
between the net catches and the stomach contents of yellowfin tuna 
( T h u n n u s  a1 bacares) and skipjack tuna (Katsuwonus pelamis) from 
t w  areas;  agreement between catches and stomach samples was 
f a i r  fo r  crustaceans. 

------ -- 

Agreement on fish family composition was poor 

BLUNT, C. E. 1960. Observations on the food habi ts  of longline- 
caught bigeye and yellowfin tuna from the t ropical  eastern 
Pacif ic  1955-1956. Cal i f .  Dep. F i s h  Game, F i s h  B u l l .  46( 1):69-80. - - -- -- 

Most yellowfin tuna analyzed for  food habi ts  were captured 
off Costa Rica, while the bigeye tuna were captured near the 
equator. Stomach contents were analyzed i n  terms of to ta l  volume 
and percent frequency of occurrence. The food items most 
important t o  both tuna species were fish, s q u i d ,  and portunid 
crabs. Importance of the three prey items varied between 
species and between frequency of occurrence versus to ta l  volume. 

COLE,  J .  S. 1980. Synopsis of biological data on the 
ye1 1 owfin tuna, T h u n n u s  a1 bacares (Bonnaterre, 1788) , 
the Pacif ic  Ocea-1-150. In: W. H. Bayliff ( ed . ) .  
Synopses o f  biological data onTigh t  species of scombr 
Inter-Am. Trop. Tuna Comm., Spec. Rep. No. 2. --- -- 

2c 

2d 

2e 
n 

ds.  

A review of information on the ident i ty ,  d i s t r ibu t ion ,  
bionomics , 1 i f e  his tory,  population , exploi ta t ion , protection 
and management, and cul tur ing of yellowfin tuna. 

FORSBERGH, E. D. 1980. Synopsis of biological data on the 
skipjack tuna, Katsuwonus pelamis (Linnaeus, 1758), i n  the 
Pacif ic  Ocean. p. 295 - 3 6 C . T .  H. Bayliff (ed . ) .  
Synopses of biological data on eight  species of scombrids. 
Inter-Am. Trop. Tuna Comm., Spec. Rep. No. 2. 

A review of information on the ident i ty ,  d i s t r ibu t ion ,  
bionomics, l i f e  his tory,  population, exploi ta t ion,  protection 
and management, and cul tur ing of skipjack tuna. 

--- -- 

2f 
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HIDA, T. S. 1973. Food o f  tunas and do lph ins  (Pisces: 
Scombridae and Coryphaenidae) w i t h  emphasis on the  d i s t r i b u t i o n  
and b io logy  o f  t h e i r  prey S t o l  ephorus- buccaneeri (Engraul i dae 1. 
F ish.  Bul l . ,  U. S. 71(1):135-143. -- - -  

Examination o f  stomach contents  o f  tunas and do lph ins  caught 
by 1 i ve -ba i  t p o l  e-and-1 i ne f i shing and t r o l l  i ng i n  t h e  equator i  a1 
P a c i f i c  and around the  i s l a n d s  o f  Samoa. Fishes (e.g., Stolephorus 
buccaneeri 1, crustaceans, and mol 1 USCS were found t o  be impor tan t  
food i terns. D i s t r i b u t i o n ,  s ize,  f ecund i t y  , and stomach contents  
o f  - S .  buccaneeri were a1 so analyzed. 

JUHL, R. 1955. Notes on the  feeding h a b i t s  o f  subsurface 
y e l l o w f i n  and bigeye tunas o f  the  eastern t r o p i c a l  P a c i f i c  
Ocean. C a l i f .  Dep. F i sh  Game, F i s h  B u l l .  41( 1 )  :99-101. - - -- -- 

Results  o f  s tud ies  o f  the  stomach contents  o f  10 y e l l o w f i n  
tuna and 5 bigeye tuna caught by l o n g l i n e  f i s h i n g .  Nine o f  t he  
f i f t e e n  stomachs conta ined f i s h  and squid, and e i g h t  stomachs 
conta ined crabs. By volume, 57.8 percent  of the  t o t a l  contents  
o f  the  e n t i r e  sample was f i s h ;  27.2 percent ,  squid; and 15.0 
percent,  crabs. 

INTER-AMERICAN TROPICAL TUNA COMMISSION. 1978. Y e l l o w f i n  feeding 
h a b i t s  study. Inter-Am. Trop. Tuna Comm., _. Bi-Monthly 
Rep., July-August, 1 F l r  -- - 

D i v e r s i t y  ana lys i s  o f  stomach samples o f  y e l l o w f i n  tuna i n  the 
eastern  P a c i f i c .  Samples taken du r ing  1970 and 1971 show an overview 
o f  the  d i v e r s i t y  and importance o f  f i s h ,  cephalopods, ana crustaceans 
inges ted  i n  the  o f f s h o r e  areas. 

INTER-AMERICAN TROPICAL TUNA COMMISSION. 1979. Feeding h a b i t s  
o f  y e l l o w f i n .  Inter-Am. Trop. Tuna Comm., Annu. Rep. 1978: 24-37, 

F i s h  known t o  be common prey o f  ye1 l o w f i n  tuna were 
co l l ec ted .  The i r  c a l o r i c  va lue was measured i n  order  t o  
es t imate  the  amount o f  energy a v a i l a b l e  t o  a tuna on a 
d a i l y  bas is .  

--- -- 

INTER-AMERICAN TROPICAL TUNA COMMISSION. 1980. Feeding h a b i t s  
o f  y e l l o w f i n .  Inter-Am. Trop. Tuna Comm., Annu. Rep., 1979: 43-46. 

organisms found i n  stomach samples of y e l l o w f i n  tuna caught i n  
o f f sho re  areas. Fami l ies  o f  prey new s ince IATTC Annual 
Report  1978 are  repo r ted  (i.e., Acanthundae and Mol idae) .  
study was a l s o  conducted t o  i n v e s t i g a t e  the  p o s s i b i l i t y  o f  us ing  
i n fo rma t ion  f rom stomach samples t o  est imate metabol ic  r a t e s  

--- -- 
A c o n t i n u a t i o n  o f  work by the  IATTC on i d e n t i f y i n g  food 

A small 

2h 

2 i  

2k 
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o f  tunas a t  normal a c t i v i t y  l e v e l s  i n  nature.  

KING, J .  E., and I. I. IKEHARA. 1956. Comparative study o f  
food o f  bigeye and y e l l o w f i n  tuna i n  the  c e n t r a l  P a c i f i c .  
U. S. F i s h  and W i l d l .  Serv., Fish.  B u l l .  57:61-85. 

tuna were analyzed 1) t o  determine whether feeding d i f f e r e n c e s  
occur t h a t  are associated w i t h  the h o r i z o n t a l  and v e r t i c a l  
d i s t r i b u t i o n  o f  these f i s h ,  and 2) t o  o b t a i n  i n f o r m a t i o n  on food 
preferences o f  each f i s h  which may be use fu l  t o  the  commercial 
f i s h e r y .  

------ -- 
Stomach contents  o f  1 ongl i ne-caught b i  geye and ye1 1 owf in  

MAGNUSON, J. J. 1969. D iges t i on  and food consumption by 
s k i p j a c k  tuna (Katsuwonus pelamis).  Trans. North Am. Fish. - -- - 
SOC 98( 3) : 379-392 - 

Feeding experiments on sk ip jack  h e l d  i n  c a p t i v i t y .  
consumption by s k i p j a c k  was examined i n  r e l a t i o n  t o  t h e  
q u a n t i t y  o f  food m a t e r i a l  i n  t h e i r  stomach i n  th ree  experiments: 
( 1 )  f i s h  f e d  a t  d i f f e r e n t  i n t e r v a l s  a f t e r  a meal (2 )  f i s h  f e d  
a t  15-minute i n t e r v a l s  throughout the  day ( 3 )  f i s h  f e d  over t ime 
and t h e i r  response t o  food as t h e i r  stomachs f i l l e d .  The r e s u l t s  
a re  discussed i n  r e l a t i o n  t o  t h e  e f f e c t s  o f  s a t i a t i o n  o f  t he  food 
d r i v e  on po l  e-and-1 i ne f i s h i  ng, and the  re1 a t i o n  between feeding 
m o t i v a t i o n  and q u a n t i t y  o f  food i n  the  stomach. 

Food 

MAGNUSON, J .  J . ,  and J. G. HEITZ. 1971. G i l l - r a k e r  apparatus and 
food s e l e c t i v i t y  among mackerels, tunas, and dolphins.  -- Fish. B u l l  ., 
U. S .  69(2):361-370. 

G i l l - r a k e r  morphology and f o r k  l e n g t h  were measured f o r  411 
f i s h ,  rep resen t ing  8 species o f  scombrids and 2 species o f  
coryphaeni ds. Mean g i  11 - raker  gaps were compared w i t h  the  
percentage o f  crustaceans i n  stomachs o f  c e n t r a l  P a c i f i c  f i s h e s  
based on l i t e r a t u r e  records. Presence o f  euphausi ids i n  stomachs 
o f  Katsuwonus pelamis and t h e i r  absence 
may have r e s u l m m  t h e  small  s i z e  o f  
smal ler  g i l l - r a k e r  gaps o f  - K. pelamis r e  

n Thunnus albacares 
e u m d s  and the 
a t i v e  t o  T. albacares. - 

REINTJES. J .  W . .  and J. E. KING.  1953. Food o f  y e l l o w f i n  
tuna i n  the  c e n t r a l  P a c i f i c .  U. S .  F i s h  and W i l d l .  Serv., Fish. _ - - - - -  - 
B u l l .  54:91-110. 

21 

2m 

2n 

20 

C o l l e c t i o n s  o f  surface-caught tuna ( t r o l l i n g  o r  l i v e  b a i t )  and 
1 ongl ine-caught tuna obta ined d u r i n g  the P a c i f i c  Oceanic F i she ry  
I n v e s t i g a t i o n  c ru i se .  Stomach contents  o f  both groups were analyzed 
i n  r e l a t i o n  t o  several  va r iab les ,  i.e., stomach volume, d i v e r s i t y  o f  
prey organisms and morning versus af ternoon catch. 



6 

SCHAEFER, M. B., G. C. BROADHEAD, and C. J .  ORANGE. 1963. 
Synopsis on the  b i o l o g y  o f  y e l l o w f i n  tuna Thunnus (Neothunnus) 
a1 bacares (Bonnaterre ( Paci f i c  Ocean 1. Proceeaings o f  t h e  
% o r l d  S c i e n t i f i c  Meeting on the  Bio logy o t  Tuna 
a n d e l  a t e d  Spec i n  E s m W ) T 3 - 1 .  

and l i f e  h i s t o r y ,  popu la t i on  dynamics, and e x p l o i t a t i o n  o f  
ye1 1 owf i n tuna. 
1 arvae and adu l t s .  

-- 
- -- - 

D e t a i l e d  i n f o r m a t i o n  on taxonomy, d i s t r i b u t i o n ,  b i o m e t r i c s  

I n c l  udes i n fo rma t ion  on f e e d i  ng o f  ye1 1 owf i n 

SHARP, G. D., and R. C. FRANCIS. 1976. An energe t i cs  model f o r  
the expl  o i  t e d  ye1 1 owf i n tuna, Thunnus a1 bacares, popul a t i  on i n  
the  eastern P a c i f i c  Ocean. Fish.Bu71-4(1):36-50. 

energy f l  ow through the  expl o i  t e d  ye1 1 owf i  n tuna popul a t i o n ,  
and 2) t o  compare the  est imated u t i l i z a t i o n  o f  energy by 
y e l l o w f i n  tuna wi th t h e  est imated pr imary p r o d u c t i v i t y  i n  the 
Inter-American T rop ica l  Tuna Commission's Ye1 l o w f i n  Regulatory 
Area (CYRA). 
popu la t i on  1 i m i t a t i o n  i n  young tunas (<40cm), b u t  n o t  f o r  
t he  l a t e  j u v e n i l e  o r  a d u l t  populat ions.  

-- 
Development o f  an energy-budget model used 1)  t o  assess the 

Food appears t o  be the most probable source o f  

WALDRON, K. D. 1963. Synopsis o f  b i o l o g i c a l  data on sk ip jack  
Katsuwonus pel  ami s ( L i  nnaeus 1758) ( P a c i f i c  Ocean ) . 
Proceedings- World S c i e n t i f i c  Meeting on 
t h e  B i  o l  ogy ?Yf T u n a a n d e l  a ted  Spec-0- - 
Fish.Rep.6om-m. -- 

D e t a i l e d  i n f o r m a t i o n  on taxonomy, d i s t r i b u t i o n ,  bionomics 
and l i f e  h i s t o r y ,  popu la t i on  dynamics, and e x p l o i t a t i o n  o f  t he  
sk ip jack  tuna. 
tuna l a r v a e  and adu l t s .  

Inc ludes i n fo rma t ion  on feeding o f  sk ip jack  

WALDRON, K. D., and J .  E. KING. 1963. Food o f  s k i p j a c k  i n  the  
c e n t r a l  P a c i f i c .  Proceedings o f  t he  World S c i e n t i f i c  
Meeting on t h e  Bio logy o f  T u n a ~ n - d l % e E I Z T  Species, 
1 A0 l- i S ~ I K  6137:Slm - 

Examination o f  stomach contents  o f  707 sk ip jack  tuna showed 
t h a t  by volume the  food cons is ted  of 74.6 percent  f i s h ,  19.9 percent  
molluscs, 3.7 percent  crustaceans, and 3.7 percent  u n i d e n t i f i a b l e  
remains. Larva l  and j u v e n i l e  tuna, most ly  sk ip jack,  c o n s t i t u t e d  
a h igh  percentage o f  t he  food o f  sk ip jack  tuna. 

-- - 
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YUEN, H.S.H. 1959. V a r i a b i l i t y  o f  s k i p j a c k  response t o  
l i v e  b a i t .  U. S .  F i s h  and Wi ld l .  Serv., F ish.  B u l l .  60:147-160. ------ -- 

High v a r i a b i l i t y  i n  sk ip jack  response t o  l i v e  b a i t  was 
demonstrated d u r i n g  commercial f i s h i n g  o f  92 s k i p j a c k  schools. 
Stomach contents  were examined i n  r e l a t i o n  t o  % volume of 
f i s h ,  mol luscs and crustaceans. Factors  causing the v a r i a t i o n  
i n  b i t i n g  response were a l s o  analyzed. 

FEEDING HABITS OF DOLPHINS 

FITCH, J .  E., and R. L. BROWNELL, JR. 1968. F i s h  o t o l i t h s  i n  
cetacean stomachs and t h e i r  importance i n  i n t e r p r e t i n g  feeding 
hab i t s .  J .  Fish. Res. Bd. Can. 25( 12):2561-2574. 

cetaceans ( i n c l  ud ing Stenel 1 a 1 ongi r o s t r i  s )  i n  t he  eastern 
t r o p i c a l  P a c i f i c  y i e l d e d  o t o l i t h s  o f  many f i s h  species. A 
f am i l y -by - fam i l y  d iscuss ion o f  the h a b i t s  o f  the f i s h  
represented by the o t o l i t h s  i s  used t o  i n d i c a t e  feeding h a b i t s  
o f  t he  cetaceans. 

- - - - -  
Contents a n a l y s i s  o f  stomachs rep resen t ing  7 species o f  

LEATHERWOOD, S., and D, K.  LJUNGBLAD. 1979. N igh t t ime  swimming 
and d i v i n g  behavior of a radiotagged spo t ted  dolph in,  S t e n e l l a  
a t tenuata.  Cetology 34: 1-6. 

and i t s  d i v e  length,  swimming speed, and d i v i n g  p a t t e r n s  were 
noted. The major d i v i n g  p a t t e r n s  were o f  3 types: ' 'running," 
' ' t rave l  1 i n g  o r  e x p l o r a t o r y  div ing,"  and " feeding. I' 

A rad iotagged S t e n e l l a  a t tenuata was fo l l owed  f o r  11 hours 

NORRIS. K. S..  and T. P. DOHL. 1980. Behavior o f  t he  Hawaiian 
s p i n n e i  dolphin.  S tene l l a  l o n g i r o s t r i s .  -- Fish. B u l l  ., _ -  U. S. 
77(4):821-849. 

Analyses of school movements, s t r u c t u r e ,  and r e s t  areas were 
made us ing  a v a r i e t y  o f  techniques i n c l u d i n g  land, boat, and 
underwater observat ions.  
n i g h t t i m e  feeding, morning approach t o  shore, morning-midday 
r e s t ,  and t r a v e l  t o  feeding grounds near dusk. 
s c a t t e r i n g  1 ayer f i shes, squid, and shrimp. 

D a i l y  c y c l e  o f  do lph ins cons is ted  o f  

Feeding was upon 

PERRIN, W. F., R. R. WARNER, C. H. FISCUS, and D. B. HOLTS. 1973. 
Stomach contents  o f  porpoi  se, Stenel 1 a spp. and ye1 1 owf i n  tuna, 
Thunnus albacares i n  mixed species aggregations. -- Fish.  Bul l . ,  - -  U. S. 
~ 0 / / - 1 0 9 2 .  
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Analys is  o f  stomach contents  i n d i c a t e d  t h a t  an ommastrephid 
squid (probably  Dosidicus g igas)  was the most impor tan t  food i t e m  
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co-occur r ing  i n  the  tuna and do lph in ' s  d i e t .  
r e s u l t s  suggest t h a t  t he  tuna and spot ted  do lph ins  f e d  
together  l a r g e l y  on ep ipe lag i c  prey, whereas the  sp inner  do lph in  
fed  deeper and a t  d i f f e r e n t  t imes o f  t he  day. It was a l so  found 
t h a t  on l y  the  tuna a te  crustaceans. 

I n  general, t he  

SHOMURA, R. S., and T. S. HIDA. 1965. Stomach contents  o f  a 
do lph in  caught i n  Hawaiian waters. - J .  Mammal. 46(3):500-501. 

Stomach conten ts  o f  a spot ted  dolph in,  S tene l l a  a t tenuata,  
caught 3 m i l e s  o f f s h o r e  i n  waters 180 fathoms deep were analyzed. 
Squids were t h e  most abundant food item, compr is ing 86% o f  t he  
t o t a l  stomach volume. Myctophids were the  most abundant o f  t he  
f i shes  present ,  6% o f  t he  t o t a l  stomach volume. 

FACTORS AFFECTING THE DISTRIBUTION OF TUNA 

BARKLEY, R. A., W. H. NEILL, and R. M. GOODING. 1978. Sk ip jack 
tuna, Katsuwonus pelamis, h a b i t a t  based on temperature and 
oxygen r e q u i r e m e n n s h .  B u l l  ., U. S. 76(3):653-662. 

Experiments w i t h  c a p t i v e  sk ip jack  tuna i n d i c a t e  t h a t  
t h e i r  h a b i t a t  has more r e s t r i c t e d  boundaries w i t h i n  t h e  warm 
sur face  l a y e r s  o f  t r o p i c a l  and sub t rop i ca l  ocean than was 
thought  p rev ious l y .  
temperature and d i  sso l  ved oxygen 1 eve1 s. 

-- - -  

The boundaries seem t o  be de f i ned  by bo th  

BLACKBURN M. 1965. Oceanography and the  ecology o f  tunas. 
Oceanogr. Mar. B io l . ,  Annu. Rev. 3:299-322. 

oceanic p r o p e r t i e s  as determinants o f  d i s t r i b u t i o n ,  and major 
temporal changes i n  d i s t r i b u t i o n  and abundance. 

-- -- 
Includes in fo rma t ion  on l i m i t s  o f  s p a t i a l  d i s t r i b u t i o n ,  

BLACKBURN, M. 1969. Condi t ions r e l a t e d  t o  upwe l l i ng  which 
determine d i s t r i b u t i o n  o f  t r o p i c a l  tunas o f f  western Baja 
C a l i f o r n i a .  U. S. F i s h  and Wi ld l .  Serv., Fish. B u l l .  68(1):147-176. 

coo le r  than 2OoC, b u t  do aggregate i n  warmer waters p rov ided t h a t  
su i  t a b l e  food i s  abundant, was supported i n  general by the  r e s u l t s  
o f  oceanographic c ru i ses  made o f f  Baja C a l i f o r n i a .  

------ -- 
The hypothes is  t h a t  tunas genera l l y  do n o t  aggregate i n  waters 

BLACKBURN, M. 1976. Review o f  e x i s t i n g  i n fo rma t ion  on 
f i s h e s  i n  the  Deep Ocean Min ing Environmental Study (DOMES) 

3e 
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area o f  t h e  t r o p i c a l  P a c i f i c .  Univ. o f  C a l i f .  I n s t .  
- Mar. Resour., Ref. No. 76.1. 

- -- - 
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A rev iew o f  i n f o r m a t i o n  about commercial f i s h e r i e s  
( i n c l u d i n g  sk ip jack  tuna and y e l l o w f i n  tuna),  and l a r g e  

. e p i p e l a g i c  f i s h  i n  non-commercial f i s h i n g .  

BLACKBURN, M., AND ASSOCIATES. 1962. Tuna oceanography i n  the 
eastern t r o p i c a l  P a c i f i c .  U. S. F i s h  and Wi ld l .  Serv., 
Spec. Sci.  Rep.-Fish. (400); 48 pp. 

A p resen ta t i on  o f  f i e l d  observat ions made on c r u i s e s  i n  the  
eastern t r o p i c a l  P a c i f i c .  Physical ,  chemical, and b i o l o g i c a l  
measurements obta ined on c r u i s e s  were analyzed s t a t i s t i c a l l y  i n  
r e l a t i o n  t o  the  changes i n  the d i s t r i b u t i o n  and abundance o f  t he  
y e l l o w f i n  tuna (Thunnus albacares) and s k i p j a c k  tuna (Katsuwonus 
pe l  ami s 1. 

--- - 
---- 

BLACKBURN, M., and F. WILLIAMS. 1975. D i s t r i b u t i o n  and 
ecology o f  s k i p j a c k  tuna, Katsuwonus pelamis, i n  an o f f s h o r e  
area o f  the eastern t r o p i c a l  P a c i f i c  I)cean. Fish. B u l l  ., U. S. -- - -  
73(2) :382-411. 

A l a t i t u d i n a l  sampling o f  sk ip jack  i n d i v i d u a l s  and 
environmental parameters i n  mer id ional  areas considered c r i t i c a l  
t o  t h e i r  migrat ions.  Data on r e l a t i v e  abundance o f  sk ip jack,  and 
environmental v a r i a b l e s  (i.e., temperature, mixed l a y e r  depth, 
cu r ren ts ,  zooplankton, and forage i tems)  i n  r e l a t i o n  
t o  sk ip jack  d i s t r i b u t i o n  were co l l ec ted .  

BROADHEAD, G. C. and I. BARRETT. 1964. Some f a c t o r s  
a f f e c t i n g  the  d i s t r i b u t i o n  and apparent abundance o f  y e l l o w f i n  
and sk ip jack  tuna i n  the eastern P a c i f i c  Ocean. 
Trop. Tuna Corn., B u l l .  8:419-469. 

o f  y e l l o w f i n  and sk ip jack  tuna i n  r e l a t i o n  t o  sea sur face 
temperature and thermocl ine topography. 

Inter-Am. -- 
--- - 

Presentat ion o f  the apparent abundance and d i s t r i b u t i o n  

BROCK, V.  E. 1959. The tuna resources i n  r e l a t i o n  t o  
oceanographic features.  U. S. F i s h  and Wi ld l .  Serv., C i r c .  

--I_--- - 
65: 1-11. 

4e 

4 f  

49 
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D e s c r i p t i o n  o f  t he  food r e l a t i o n s h i p s ,  oceanographic 
features,  d i s t r i b u t i o n ,  and spawning areas o f  oceanwide tuna. 
Some i n f o r m a t i o n  on d i s t r i b u t i o n  and f i s h e r i e s  o f  y e l l o w f i n ,  
sk ip jack,  a1 bacore, bigeye, and b l u e f i n  tunas i s  a l s o  
i nc l  uded. 
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DIZON, A. E., R. W. BRILL, H.S.H. YUEN. 1978. C o r r e l a t i o n s  
between environment, physiology, and a c t i v i t y ,  and the e f f e c t s  
on thermoregulat ion i n  sk ip jack  tuna. p. 233-259 In :  
Gary D. Sharp and Andrew D. Dizon (eds.). - The p h y T o l o g i c a 1  
ecoloav o f  tunas. Academic Press. New York. - -- 

Coverage o f  t h ree  broad top i cs :  1 )  " r e a l  world' '  
es t ima t ions  o f  tuna performance based on data from free-swimming 
f i s h  c a r r y i n g  depth-sensi t ive u l t r a s o n i c  t r a n s m i t t e r s ;  2 )  
experiments r e l a t i n g  behaviora l  responses t o  a l t e r a t i o n s  o f  t he  
environment; 3) i n t e r r e l a t i o n  o f  environment, behavior and 
physiology. 

GREEN, R. E. 1967. Re la t i onsh ip  o f  t he  thermocl i n e  t o  the 
success o f  purse s e i n i n g  f o r  tuna. Trans. Am. Fish.  --- 
SOC. 96(2):126-130. 

Bathythermograph cas ts  made w i t h  f i s h i n g  sets  on tuna i n  
t h e  eastern t r o p i c a l  P a c i f i c  Ocean were examined f o r  a 
r e l a t i o n s h i p  between f i s h i n g  success and c h a r a c t e r i s t i c s  o f  the 
thermocl ine.  
thermocl ines o f  sharp temperature gradients.  

Success was h ighes t  i n  t h i n  mixed l a y e r s  over 

HIDA, T. S. 1970. Surface tuna schools l o c a t e d  and f i s h e d  
i n  e q u a t o r i a l  eastern P a c i f i c .  Commer. Fish.  Rev. -- 
32( 4) :  34-37. 

I n fo rma t ion  was c o l l e c t e d  du r ing  a c r u i s e  between 
Hawaii and 700 m i l e s  southwest o f  C l i ppe r ton  Is land.  Skipjack 
tuna schools, mixed tuna schools, and l a r g e  b i r d  f l o c k s  were 
encountered where few tuna schools had p r e v i o u s l y  been 
reported. 

KITCHELL, J .  F., W. H. NEILL, A. E. DIZON, and J. J 
1978. B ioenerge t i c  spect ra o f  sk ip jack  and y e l l o w f  
Pp. 357-368. I n :  Gary D. Sharp and Andrew D. Dizon 
The p h y s i o l o g i c a l  ecology -- o f  tunas. Academic Press, 
New 'York . 

An attemDt t o  combine Dr inc iD les  o f  b ioenerqet  

MAGNUSON. 
n tunas. 
(eds.). 

cs  w i t h  
data from exper imental  and f i e l d  s t u d i e s  t o  c o n s t r u c t  energy 
budgets f o r  s k i p j a c k  and y e l l o w f i n  tunas, and thereby d e f i n e  
t h e i r  scope f o r  growth. The goal o f  t h i s  work was t o  make a 
more coherent c h a r a c t e r i z a t i o n  o f  t he  growth process i n  tunas 
and i d e n t i f i c a t i o n  o f  those phys io log i ca l ,  behaviora l ,  and/or 
e c o l o g i c a l  processes t h a t  have the  g rea tes t  p o t e n t i a l  f o r  
improved understanding o f  tuna b i  o l  ogy . 

4 i  

4 j  
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41 
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KLAWE, W. L. 1980. C l a s s i f i c a t i o n  of tunas, mackerels 
b i l l f i s h e s ,  and r e l a t e d  species, and t h e i r  geographical  
d i s t r i b u t i o n .  p. 5-16 In :  W. H. B a y l i f f  (ed.). 
Synopsis o f  b i o l o g i c a l  d a t a  on e i g h t  species o f  scombrids. 
Inter-Am. Trop. Tuna Comm., Spec. Rep. No. 2. 

species i n  the  f a m i l y  scombridae. 

--- -- 
A presen ta t i on  o f  the  worldwide d i s t r i b u t i o n  o f  t he  

LAEVASTU, T., and H. ROSA, Jr. 1962. D i s t r i b u t i o n  and r e l a t i v e  
abundance of tunas i n  r e l a t i o n  t o  t h e i r  environment. Experience 
Paper No. 47, FA0 Fish.  Rep. 6(3):1835-1851. 

A p resen ta t i on  o f  t he  d i s t r i b u t i o n  and f i s h i n g  areas o f  
world-wide tuna i n  r e l a t i o n  t o  temperature, depth, cur ren ts ,  
t ransparency o f  water, food, submarine topography, and 
meteoro log ica l  f ac to rs .  

-- - -- - 

MAGNUSON, J .  J., L. B. CROWDER, and P. A. MEDVICK. 1979. 
Temperature as an eco log i ca l  resource. - - Am. Zool. 19:331-343. 

than as a f a c t o r  i n f l u e n c i n g  the  behavior  and phys io logy o f  an 
animal. Th is  paper reviews the  response o f  f i s h  t o  temperature 
i n  terms o f  eco log i ca l  concepts r e l a t e d  t o  the  n iche theory and 
compet i t ion  as c i t e d  i n  the  l i t e r a t u r e .  

An ana lys i s  of temperature as an eco log i ca l  resource r a t h e r  

MURPHY, G. I . ,  and I .  I .  IKEHARA. 1955. A summary o f  
s i g h t i n g s  o f  f i s h  schools and b i r d  f l o c k s  and o f  t r o l l i n g  i n  
the  c e n t r a l  P a c i f i c .  U.S. F i s h  and Wi ld l .  Serv., Spec. Sci .  
Rep.-Fish. No. 154, 19 pp. 

Eva lua t ion  o f  s i g h t i n g s  o f  sur face tuna schools and b i r d  
f l o c k s  observed on P a c i f i c  Oceanic F ishery  I n v e s t i g a t i o n s  
(POFI) from 1950-1953. The observat ions are arranged t o  
f u r n i s h  comparisons between the  v i c i n i t y  o f  l a n d  and the  open 
ocean, and t o  est imate v a r i a t i o n s  i n  abundance associated w i t h  
d i f f e r e n t  t imes o f  t he  year.  

------ -- 
-- 

MURPHY, G. I., and R. S. SHOMURA. 1972. P re -exp lo i ta t i on  
abundance o f  tunas i n  the  equa to r ia l  c e n t r a l  P a c i f i c .  F ish.  
B u l l  . , U. S. 70( 3)  ~875-913. - - -  

An examinat ion o f  the  abundance o f  deep-swimming y e l l o w f i n  
tuna, and the  d i s t r i b u t i o n  and abundance o f  sur face  tunas 
( s k i p j a c k  and small y e l l o w f i n ) ,  i n  r e l a t i o n  t o  var ious  
environmental f ac to rs .  The data are based upon surveys by the  
Bureau o f  Commercial F i s h e r i e s  from 1950-1953. Water c i r c u l a t i o n  
i n  the  equa to r ia l  reg ion  i s  a l so  described. 

4m 
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ROTHSCHILD, B. J .  1965. Hypotheses on the  o r i g i n  o f  e x p l o i t e d  
s k i p j a c k  tuna (Katsuwonus pelamis) i n  the eastern and c e n t r a l  
P a c i f i c  Ocean. U. S. k i s h  and Wi ld l .  Serv., Spec. Sci.  Rep.-Fish., 
No. 512, 20 pp. 

------ ---- 

Hypotheses formulated t o  account f o r  the o r i g i n  and movement 
o f  e x p l o i t e d  groups o f  s k i p j a c k  tuna i n  the  eastern and c e n t r a l  
P a c i f i c  Ocean. The hypotheses take i n t o  account the a v a i l a b l e  
evidence on l a r v a l  d i s t r i b u t i o n s ,  gonad ind ices,  s i z e  d i s t r i b u t i o n s ,  
t a g  recover ies,  ca tch  p red ic t i ons ,  and immunogenetic s tud ies.  
evidence suggests t h a t  most sk ip jack  taken by t h e  eastern P a c i f i c  
sk ip jack  f i s h e r i e s  o r i g i n a t e  i n  the  c e n t r a l  P a c i f i c .  

The 

SETTE, 0. E. 1955. Considerat ion o f  mid-ocean f i s h  p roduc t i on  
as r e l a t e d  t o  oceanic c i r c u l a t o r y  systems. J .  Mar. Res. - - -  
14(4)  :398-414. 

A study o f  t he  e q u a t o r i a l  c u r r e n t  system, w i t h  a t tendan t  
upwe l l i ng  and increased numbers of zooplankton, i n  r e l a t i o n  t o  
concentrat ions o f  f i s h .  
and s k i p j a c k  tunas. 

Inc luded i n  the  study are y e l l o w f i n  

SHARP, G. D. 1978. Behavioral  and p h y s i o l o g i c a l  p r o p e r t i e s  
o f  tuna and t h e i r  e f f e c t  on v u l n e r a b i l i t y  t o  f i s h i n g  gear. 
pp. 397-449. I n :  Gary D. Sharp and Andrew D. Dizon (eds.). 
The p h y s i o l o g i c a l  ecology -- o f  tunas. Academic Press, 
New York. 

An i n v e s t i g a t i o n  o f  the changes i n  s i z e  ( y i e l d )  o f  
successful  se ts  as a f u n c t i o n  of t ime of day, depth o f  the 
mixed l a y e r ,  t h e  depth of the 23OC isotherm and the  15OC 
isotherm, over a 6 month term i n  the  s p e c i f i c  case o f  y e l l o w f i n  
tuna. 

SUND, P. N. 1981. Tunas, oceanography and meteorology 
o f  t he  P a c i f i c ,  an annotated b ib l i og raphy ,  1950-78. N O M  
Tech. Rep., SSRF No. 744, 123 pp. 

An anno ta t i on  o f  papers on P a c i f i c  tunas, i n c l u d i n g  
environmental v a r i a b l e s  a f f e c t i n g  tuna d i s t r i b u t i o n s  and/or 
ecology, publ ished between 1950 and 1978. Cross referenced 
key words are included. 

SUND, P. N., M. BLACKBURN, and F. WILLIAMS. 1981. Tunas and 
t h e i r  environment i n  the  P a c i f i c  Ocean: a review. 
Mar. B io l . ,  Ann. Rev. 19:443-512. 

Oceanogr. 
-- -- 

4 r  
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4 t  
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A thorough rev iew o f  knowledge on tuna d i s t r i b u t i o n  i n  
r e l a t i o n  t o  bathymetry, seasonal v a r i a t i o n ,  l a r v a l  stage, 
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and a wide range o f  environmental f ac to rs .  
d iscuss ion  on phys io logy and behavior i n  r e l a t i o n  t o  t h e  
e nv i ronmen t . 

There i s  a l so  a 

WALDRON, K. D. 1964. F i s h  schools and b i r d  f l o c k s  i n  the  
c e n t r a l  P a c i f i c  Ocean, 1950-1961. U.S. F i s h  and Wi ld l .  
Serv. , Spec. Sci. Rep.-Fish. No. 4 t X . 2 0  pp. 

f l o c k s  and f i s h  schools made by b i o l o g i s t s  and fishermen aboard 
vessels o f  t he  Bureau o f  Commercial F i s h e r i e s  B i o l o g i c a l  
Laboratory  i n  Honolulu from 1950 t o  1961. 

--- 
- ---- 

A summary o f  t h e  r e s u l t s  o f  v i sua l  observat ions o f  b i r d  

4w 

WILLIAMS, F. 1970. Sea sur face temperature and the  d i s t r i b u t i o n  4x 
and apparent abundance o f  sk ip jack  (Katsuwonus pelamis)  i n  the  
eastern P a c i f i c  Ocean, 1951-1968. m r o p .  Tuna 
Comm., B u l l .  15(2):231-281. 

f o r  1949-1968 f o r  t he  areas o f  t he  eastern P a c i f i c  Ocean where the  
m a j o r i t y  o f  the  sk ip jack  catch i s  taken. 
apparent abundance f o r  1951-1968 were then superimposed on the  
sur face temperature isograms. Resul ts  show t h a t  sk ip jack  occur a t  
sur face temperatures >17OC b u t  w i t h  the  m a j o r i t y  between 2Oo-3O0C. 
There were no apparent r e l a t i o n s h i p s  between annual thermal 
cond i t i ons  i n  the  coas ta l  zone and sk ip jack  abundance. 

-- - - 
--  

Isograms o f  sea sur face  temperature (OC) have been produced 

Skip jack occurrence and 

WILLIAMS, F. 1972. Considerat ion o f  t h ree  DroDosed models o f  t he  4Y 
m i g r a t i o n  o f  young sk ip jack  tuna (Katsuwonus' pe iamis)  i n t o  the  
eastern P a c i f i c  Ocean. F ish.  Bul l . ,  U. S. : -762. -- - -  

A presen ta t i on  of t h ree  models desc r ib ing  the  m i g r a t i o n  
o f  young sk ip jack  f rom t h e i r  c e n t r a l  P a c i f i c  spawning o r i g i n  
t o  the  eastern P a c i f i c  Ocean based on f a c t o r s  i n f l u e n c i n g  
sk ip jack  d i s t r i b u t i o n  ( i  .e., temperature, sur face cur ren ts ,  and 
the  supply and d i s t r i b u t i o n  o f  food). 

FACTORS AFFECTING THE DISTRIBUTION OF DOLPHINS 

AU, D.W.K., W. L. PERRYMAN, and W. F. PERRIN. 1979. Dolphin 
d i s t r i b u t i o n  and the  r e l a t i o n s h i p  t o  environmental fea tures  
i n  the  eas tern  t r o p i c a l  P a c i f i c .  Southwest F i s h e r i e s  Center, 
Admin. Rep. No. LJ-79-43. 59 pp. 

This  paper discusses the  oceanography o f  t he  eastern t r o p i c a l  
P a c i f i c ,  h i s t o r i c a l  range o f  pe lag i c  dolphins,  seasonal changes i n  
do lph in  d i s t r i b u t i o n ,  r e l a t i o n s h i p  o f  do lph in  s i g h t i n g s  t o  water 
s t ruc tu re ,  and seabi rd-dolph in associat ions.  

-- 

5a 
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BERZIN,  A. A. 1978. Whale d i s t r i b u t i o n  i n  t r o p i c a l  
eastern P a c i f i c  waters. Rep. I n t .  Whaling Comm. 28:173-177. 

Observat ions on the  d i s t r i b u t i o n  o f  sperm, f i n ,  b lue,  
se i  and Bryde 's  whales i n  r e l a t i o n  t o  environmental f a c t o r s  
i n  the  eas tern  t r o p i c a l  P a c i f i c .  The d i s t r i b u t i o n  o f  each 
species i s  separate ly  discussed. 
do lph ins  i n  the  eastern t r o p i c a l  P a c i f i c  i s  a l so  b r i e f l y  
men t i oned . 

-- 

The d i s t r i b u t i o n  o f  

BERZIN, A. A., A. F. VOLKOV, and I. F. MOROZ. 1976. 
Soviet-American exped i t i on  f o r  t he  study o f  cetaceans 
i n  the  eas t  P a c i f i c  ( i n  Russian). B io log i ya  Morya 4:74-75. 

The s i g h t i n g  and marking o f  whales and do lph ins  i n  
the  eastern t r o p i c a l  P a c i f i c .  Though concent ra t ions  o f  
de lph in ids  were u s u a l l y  s igh ted  somewhat a p a r t  f rom 
concent ra t ions  o f  baleen whales, they both were s igh ted  
i n  g rea tes t  abundance around the  nor thern  t r o p i c a l  
and equa to r ia l  d ivergence areas which are cha rac te r i zed  
by r e l a t i v e l y  s t a b l e  h igh  i nd i ces  o f  p lankton.  

DAVIES, J .  L. 1963. The a n t i t r o p i c a l  f a c t o r  i n  cetacean 
spec ia t ion .  Evo lu t i on  17:107-116. 

An at tempt  t o  rev iew the  nature o f  a n t i - t r o p i c a l  
d i s t r i b u t i o n s  among the  Cetacea, and t o  suggest something 
o f  t h e i r  evo lu t i ona ry  s ign i f i cance .  

GASKIN, D. E. 1968. D i s t r i b u t i o n  o f  Delphinidae (Cetacea) i n  
r e l a t i o n  t o  sea sur face temperature o f f  eas tern  and southern 
New Zealand. f4. Z. J .  Mar. Freshwater. - Res. - - - -  
2(3):527-534. 

The occurrence o f  d e l p h i n i d  species as r e l a t e d  t o  warm and 
c o l d  sur face  temperatures a f f e c t e d  by areas o f  ocean convergence 
( i  .e., sub t rop i ca l  and A n t a r c t i c  Convergence reg ions) .  

LIPPS, J .  H., and E. MITCHELL. 1976. Trophic model f o r  the  
adapt ive r a d i a t i o n s  and e x t i n c t i o n s  o f  pe lag i c  marine mammals. 
Paleobio logy 2: 147-155. 

pe lag i c  marine mammals over geolog ic  t ime were responses t o  
the  a v a i l a b i l i t y  o f  t r o p h i c  resources i n  oceanic environments. 
These t r o p h i c  resources are c l o s e l y  re1 a ted  t o  upwel l  i n g  
processes i n  the  oceans. It i s  suggested t h a t  increased 
upwe l l i ng  i n t e n s i t y  pe rm i t ted  i n i t i a l  invas ions  and r a d i a t i o n s  
and t h a t  decreased upwe l l i ng  i n t e n s i t y  caused cetacean e x t i n c t i o n s  
i n  the  o l  igocene. 

A model proposing t h a t  the  r a d i a t i o n s  and dec l ines  o f  
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VOLKOV, A. F., and I .  MOROZ. 1977. Oceanological cond i t i ons  
o f  the  d i s t r i b u t i o n  o f  Cetacea i n  the  eas tern  t r o p i c a l  p a r t  
o f  t he  P a c i f i c  Ocean. Rep. I n t .  Whaling Corn. 27:186-188. -- 

An ana lys i s  o f  the  r e l a t i o n s h i p  between the  d i s t r i b u t i o n  
o f  baleen and sperm whales and the  hyd ro log i ca l  and 
hyd rob io log i ca l  c o n d i t i o n s  o f  the  eastern t r o p i c a l  P a c i f i c .  
I n  general ,  t he re  appears t o  be a c o r r e l a t i o n  between presence 
of whal es and areas o f  divergence, h igh  p roduc t i  v i  ty  , and 
d i s t r i b u t i o n  o f  t he  whale 's food ( i .e. ,  ep ipe lag i c  squid) .  

BIOLOGY OF TUNA AND DOLPHIN PREY 

AHLSTROM, E. H. 1971. Kinds and abundance o f  f i s h  l a r v a e  
i n  the  eas tern  t r o p i c a l  P a c i f i c ,  based on c o l l e c t i o n s  made on 
EASTROPAC I. Fish. Bul l . ,  U. S. 69(1):3-77. 

Based on c o l l e c t i o n s  taken by ob l ique p lank ton  hauls, the  
dominant f i s h  groups were found t o  be myctophids (47%), 
gonostomatids (23%), s ternoptychids (6%), ba thy lag ids  (5%), and 
scombri ds ( 2%). 

-- - -  

AHLSTROM, E. H. 1972. Kinds and abundance of f i s h  l a r v a e  i n  
the  eas tern  t r o p i c a l  P a c i f i c  on the  second mu1 t i v e s s e l  EASTROPAC 
survey, and observat ions on the  annual c y c l e  o f  l a r v a l  abundance. 
F ish.  B u l l  ., U. S. 70(4):1153-1242. -- - -  

A d e s c r i p t i o n  o f  data regard ing  composi t ion and r e l a t i v e  
abundance o f  f i s h  l a rvae  c o l l e c t e d  du r ing  the  EASTROPAC I 1  survey 
c ru ise .  Th is  c ru ise ,  conducted 6 months a f t e r  EASTROPAC I, d e a l t  
w i t h  the  composi t ion o f  f i s h  l a rvae  du r ing  the  non-spawning 
season. 

AHLSTROM, E. H., and R. C. COUNTS. 1958. Development and 
d i s t r i b u t i o n  o f  V i n c i g u e r r i a  l u c e t i a  and r e l a t e d  species . S . F i s h .  and Wi ld l .  Serv., F ish.  i n  the  eastern P a c i f i c .  U ------ - 
B u l l .  58: 363-416. 

Deta i  1 ed in fo rma t ion  on the  devel opment, and general 
i n fo rma t ion  on the  d i s t r i b u t i o n  and abundance o f  V. l u c e t i a .  
The in fo rma t ion  was c o l l  ected from f requent  Cal C o n  c ru i ses  
o f f  C a l i f o r n i a  and Baja C a l i f o r n i a ,  and l e s s  f requent  c ru i ses  
i n  ' the eastern n o r t h  P a c i f i c  and eastern t r o p i c a l  P a c i f i c .  
There i s  a l s o  i n fo rma t ion  on o the r  species occu r r i ng  i n  the  
eas tern  P a c i f i c ,  a long w i t h  i n fo rma t ion  on the  v e r t i c a l  
d i s t r i b u t i o n  o f  eggs and la rvae  o f  - V. l u c e t i a .  

59 

6a 

6b 

6c 



16  

BEEBE, W., and M. VAN DER PYL. 1944. Eastern P a c i f i c  
exped i t i ons  o f  t he  New York Zoologica l  Society XXXIII, P a c i f i c  
Myctophidae ( f i s h e s ) .  Zoologica, N. Y. 29:59-95. 

A d e s c r i p t i o n  o f  t he  d i s t r i b u t i o n ,  morphology and b io logy  
o f  24 species o f  myctophids c o l l e c t e d  on 3 c r u i s e s  o f f  Mexico, 
Centra l  America , and t h e  Gal apagos I s 1  ands. 

CLARKE, M. R. 1966. A rev iew of t he  systemat ics and ecology o f  
oceanic squids. Adv. Mar. B i o l .  4:93-300. 

h i s t o r y  o f  oceanic squids. 

--- 
A taxonomic t reatment  o f  t he  d i s t r i b u t i o n ,  depth, and l i f e  

CLARKE, T. A. 1973. Some aspects o f  the ecology o f  
l a n t e r n f i s h e s  (Myctophidae) i n  the  P a c i f i c  Ocean near Hawaii. 
F ish.  Bul l . ,  U. S .  71(2):401-434. 

p e r i o d  o f  one year  d u r i n g  t h e  day and n i g h t  by a mid-water 
t r a w l  cove r ing  the  upper 1000 m. 
t o  determine t h e  v e r t i c a l  m i g r a t i o n  p a t t e r n s  o f  the species 
present,  and t o  examine changes i n  abundance, s i z e  composit ion, 
and rep roduc t i ve  s t a t e  as r e l a t e d  t o  depth and season. 

-- - -  
Forty-seven species o f  myctophids were c o l l e c t e d  over a 

The goals o f  sampling were 

CLARKE, T. A. 1974. Some aspects o f  t he  ecology o f  s t o m i a t o i d  
f i s h e s - i n  the  P a c i f i c  Ocean near Hawaii. -- Fish. -Bu l l . ,  - -  U. S .  
72( 2 )  ~337-351. 

Forty-seven species rep resen t ing  e i g h t  f a m i l i e s  o f  s t o m i a t o i d  
f i s h e s  were c o l l e c t e d  i n  the  upper lOOOm near Hawaii. 
species s u f f i c i e n t  numbers were c o l l e c t e d  t o  present  re1 i a b l e  
est imates o f  depth ranges, migrat ions,  and seasonal changes i n  
s i z e  composit ion. 

For many 

CLARKE, T. A. 1978. D i e l  feeding p a t t e r n s  o f  16 species o f  
mesopelagic f i s h e s  from Hawaiian waters. F ish.  Bul l . ,  U. S .  -- - -  
76(3):495-513. 
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Nine species o f  myctophids and one o f  melamphaids, a l l  
v e r t i c a l  m ig ra to rs ,  appeared t o  feed s o l e l y  o r  p r i n c i p a l l y  a t  
n i g h t  i n  t h e  upper l aye rs .  Four species o f  s tom ia to id  f i s h e s  
appeared t o  feed d u r i n g  the  day regard less o f  t he  e x t e n t  of 
t h e i r  m i g r a t i o n  o r  t he  absence thereof .  
gonostomatid showed no d i e l  feeding pa t te rn .  

One myctophid and one 
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COLLARD, S. B. 1970. Forage o f  some eas tern  P a c i f i c  midwater 
f i shes .  Copeia 1970:348-354. 

An ana lys i s  o f  t he  stomach contents  o f  1087 specimens 
represent ing  42 species o f  midwater f i s h e s  c o l l e c t e d  a long t h e  
eas tern  P a c i f i c  Ocean ( A n t a r c t i c  t o  B r i t i s h  Columbia). Resul ts  
i n d i c a t e  t h a t  these f i s h e s  had d iverse  d i e t s  and were 
nonpre fe ren t i a l  i n  t h e i r  s e l e c t i o n  o f  prey.  Various crustaceans 
( p r i n c i p a l l y  copepods and euphausi ids) comprised the  forage o f  
95% o f  a l l  specimens w i t h  i d e n t i f i a b l e  stomach contents.  

DEWITT. F. A. and G. M. CAILLIET. 1972. Feedina h a b i t s  o f  two 
b r i s t l e  mouth f i shes ,  Cyclothone acc l  i n idens  and-C. - signata  
(Gonostomatidae). Copeia 19Q.868 * -  811. 

Determinat ion and comparison o f  feed ing  h a b i t s  o f  two 
congeneric b r i s t l e  mouth f i s h e s  occu r r i ng  above 60Om o f f  
Santa Barbara, C a l i f o r n i a ,  w i t h  respec t  t o  t h e i r  d i f f e rences  
i n  v e r t i c a l  m i g r a t i o n  and feeding apparatus s t ruc tu re .  

HARTMANN, A. R., and T. A. CLARKE. 1975. The d i s t r i b u t i o n  
o f  myctophid f i s h e s  across the  c e n t r a l  equa to r ia l  P a c i f i c .  
F ish.  Bul l . ,  U. S. 73(3):633-641. 

shal low (50-75111) n i  gh t - t rawl  tows across a l a t i t u d i n a l  t r a n s e c t  
o f  t he  P a c i f i c  equa to r ia l  water mass. The observed change i n  
d i s t r i b u t i o n  o f  d i f f e r e n t  species w i t h i n  the  equa to r ia l  water mass 
was regarded as a response t o  the  increased pr imary p roduc t ion  
and food supply r e s u l t i n g  from upwe l l i ng  near the  equator and 
northward t r a n s p o r t  o f  enr iched sur face waters. 

-- - -  
D i s t r i b u t i o n  and abundance o f  myctophid f i s h e s  c o l l e c t e d  by 

HOLTON, A. A. 1969. Feeding behavior o f  a v e r t i c a  
l a n t e r n f i s h .  Pac. Sci. 23:325-331. -- 

l y  m i g r a t i n g  

Se lec t i ve  f i s h i n g  o f  t he  deep s c a t t e r i n g  l a y e r  i n  the  southern 

The feed ing  behavior was thought t o  be a f f e c t e d  by food 

p o r t i o n  o f  t he  Gu l f  o f  C a l i f o r n i a  helped t o  d e f i n e  .he d i u r n a l  
v e r t i c a l  m i g r a t i o n  and feed ing  behavior o f  the  myctophid Lampanyctus 
mexicanus. 
a v a i l a b l e  a t  t he  sur face  and by the  lower  oxygen conten t  o f  
the  water a t  the  deepest range o f  t he  v e r t i c a l  m i g r a t i o n  o f  t he  
f i s h .  

HOPKINS, T. L., and R. C. BAIRD. 1977. Aspects o f  the  feed ing  
ecology o f  oceanic midwater f i shes .  p. 325-360. In :  N. R. 
Andersen and B. J . Zahuranec (eds. ) Oceanic sound C a t t e r i  ng 
p r e d i c t i o n ,  Mar. Sc i .  5. Plenum Press, N.Y. 

(e.g., Myctophidae, Gonostomatidae, Sternopthy idae)  w i t h  a 

-- 
A review o f  t he  feed ing  ecology o f  oceanic midwater f i s h e s  
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d iscuss ion  o f  t h e i r  v e r t i c a l  d i s t r i b u t i o n  and migra t ion ,  d i e t  
composition, feed ing  chronology, d a i l y  food r a t i o n ,  s e l e c t i v e  
feeding, resource p a r t i t i o n i n g ,  and b ioenerget ics .  

KING, J .  E., and R.T.B. IVERSEN. 1962. Midwater t r a w l i n g  
f o r  forage organisms i n  the  c e n t r a l  P a c i f i c ,  1951-1956. 
U. S .  F i s h  and W i l d l .  Serv., F ish.  B u l l .  62:271-321. 

d i s t r i b u t i o n  and abundance o f  p o t e n t i a l  tuna food, t o  es t imate  
t h e  s tanding crop o f  forage organisms and t o  study tuna feed ing  
behavior.  
tuna by t r a w l s  and an eva lua t i on  o f  ca tch ing  a b i l i t i e s  o f  d i f f e r e n t  
m i  dwa t e r  t r a w l  s . 

------ -- 
Midwater t r a w l s  i n  the  c e n t r a l  P a c i f i c  were used t o  measure 

There i s  a l so  a d iscuss ion  o f  the  sampling o f  j u v e n i l e  

LONGHURST, A. R. 1967. The pe lag ic  phase o f  Pleuroncodes 
p lan ipes  Stimpson (Crustacea, Galatheidae) i n  the  C a l i f o r n i a  
Current.  C a l i f .  Coop. Oceanic Fish.  Inves t .  - Rep. 
11: 1 4 2 - 1 C  

A d iscuss ion  o f  the  d i s t r i b u t i o n  o f  t he  pe lag i c  stage i n  
- P. p lan ipes  c o l l e c t e d  w i t h  a 1 m zooplankton n e t  a t  a 140 
meter depth i n  o f f sho re  and oceanic areas o f  the  C a l i f o r n i a  
Current  system. 

LONGHURST, A. R. 1968. D i s t r i b u t i o n  o f  the  l a rvae  o f  
Pleuroncodes p lan ipes  i n  the  C a l i f o r n i a  Current.  
Oceanogr. 13(-55 

Zoea and megalops l a r v a e  were c o l l e c t e d  i n  p lank ton  samples 
f rom the  C a l i f o r n i a  Current  i n  1957 and 1958. The i r  d i s t r i b u t i o n  
i n  the  samples showed 1)  breeding occurred du r ing  w in te r ,  2 )  t he  
g rea tes t  l a r v a l  concent ra t ions  were over the  con t inen ta l  she1 f, 
3 )  breeding extended f a r  t o  the  n o r t h  o f  t he  usual range i n  the  
warm p e r i o d  around 1959, and 4) evidence o f  l a t e  zoea and megalops 
being c a r r i e d  of fshore i n  accordance w i t h  known geost rophic  f l o w  
pa t te rns .  

Limnol . 

NESIS, K. N. 1970. The b io logy  o f  the  g i a n t  squid o f  Peru 
and Chi le ,  Dosid icus gigas. Oceanology 10(1):108-118. 
Trans1 a ted  from R u s s i x r  the American Geographical Union. 

fecundizy,  la rvae,  young, d i s t r i b u t i o n  o f  the popu la t i on  by 
s i z e  and age, n u t r i t i o n ,  migra t ions ,  and pa ras i tes  o f  
Dosid icus i n  the  eastern t r o p i c a l  P a c i f i c  from August-November 
1918. 

A d e s c r i p t i o n  o f  t he  sex r a t i o ,  sexual ma tu r i t y ,  mating, 
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NESIS, K .  N. 1972. Oceanic cephalopods o f  t he  Peru Current:  
ho r i zon ta l  and v e r t i c a l  d i s t r i b u t i o n .  Oceanology 12(3)  :506-519. 
Trans1 a ted  from Russian f o r  t he  American Geophysical Union. 

Forty-one cephalopod species were i d e n t i f i e d  i n  c o l l e c t i o n s  
made i n  the  eastern equa to r ia l  and southeast P a c i f i c  Ocean 
us ing  d i f f e r e n t  types o f  t r a w l s  a t  d i f f e r e n t  depths. 
species were analyzed f o r  t h e i r  h o r i z o n t a l  and v e r t i c a l  
d i s t r i b u t i o n .  

These 

PARIN,  N. V.  1960. D i s t r i b u t i o n  o f  f l y i n g f i s h e s  ( f a m i l y  
Exocoetidae) i n  the  western and c e n t r a l  p a r t s  o f  the  P a c i f i c  
Ocean. U. S. Bureau Comm. Fish., T rans la t i on  
No. 52. ,l!j-pp. 

-- 

General d i s t r i b u t i o n  pa t te rns  i n  r e l a t i o n  t o  d i f f e r e n t  
va r iab les  w i t h i n  the  western and c e n t r a l  P a c i f i c ,  i .e., 
ocean temperature d i f f e rences  causing a b i  po l  a r  d i  s t r i  b u t i  on 
o f  f l y i n g f i s h e s ,  n e r i t i c  versus oceanic groups o f  species, and 
presence o f  favorab le  cond i t i ons  f o r  spawning. 

ROPER, C. E., and R. E. YOUNG. 1975. V e r t i c a l  d i s t r i b u t i o n  o f  
pe l  ag i c  cephal opods. Smi thson. Con t r i  b. Zoo1 . 209. 48 pp. 

pe l  ag i c  cephal opods c o l  1 ected on th ree  sampl i ng programs i n  
th ree  d i f f e r e n t  oceanic reg ions  o f  the  wor ld :  Hawaii, C a l i f o r n i a ,  
and Bermuda. 

A rev iew o f  t he  i n fo rma t ion  on v e r t i c a l  d i s t r i b u t i o n  o f  

UCHIDA, R. N. 1981. Synopsis o f  b i o l o g i c a l  data on f r i g a t e  
tuna, Auxis thazard, and b u l l e t  tuna, A. roche i .  U. - -  S .  N a t ' l  
Mar. Fl'sh.Serv., Tech. Rep. Circ., NOT 

A synopsis con ta in ing  i n fo rma t ion  on the  i d e n t i t y ,  
d i s t r i b u t i o n ,  bionomics, 1 i f e  h i s t o r y ,  popul a t i on ,  and 
e x p l o i t a t i o n  o f  f r i g a t e  and b u l l e t  tunas. 
and unpubl ished repo r t s ,  up t o  and i n c l u d i n g  those pub l ished i n  
1978, are covered. 

pp. --- --- 

Over 200 pub l ished 

VOSS, G. L. 1971. Cephalopods c o l l e c t e d  by the  R/V John 
E l l i o t  P i l l s b u r y  i n  the  Gu l f  o f  Panama i n  1967. Bull. 

C o l l e c t i o n  l o c a t i o n s  and general desc r ip t i ons  o f  26 species 

M a r . S c i .  21(1) : 1-34. -- 

o f  cephalopods c o l l e c t e d  on a c r u i s e  i n  the  Gu l f  o f  Panama. 
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VOSS, G. L. 
C i r c .  No. 149. 75 pp. 

A r e p o r t  c o v e r i  ng the b i o l  o g i c a l  aspects, f i s h i n g  methods, 
mar i cu l tu re ,  and reviews o f  cephalopods i n  d i f f e r e n t  reg ions o f  
t he  oceans, i n c l u d i n g  the  c e n t r a l  eas t  P a c i f i c  and southeast 
Paci f i c. 

1973. Cephalopod Resources of the World. -- FA0 Fish. 

WISNER, R. L. 1974. The taxonomy and d i s t r i b u t i o n  o f  
l a n t e r n f i s h e s  ( f a m i l y  Myctophidae) o f  t he  eastern P a c i f i c  Ocean. 
Navy Ocean Research - and Development A c t i v i t y ,  Em pp. 

Keys t o  and i l l u s t r a t i o n s  o f  a d u l t  and subadul t  stages o f  
150 species o f  myctophids o c c u r r i n g  i n  the  eastern P a c i f i c .  

PRODUCTIVITY OF THE EASTERN TROPICAL PACIFIC 

BEERS, J. R., and G. L. STEWART. 1971. M ic rop lank te rs  i n  the  
p lankton communities o f  t he  upper waters o f  the eastern t r o p i c a l  
P a c i f i c .  Deep-sea - Res. 18(9):861-883. 

The numerical abundance, biomass, and taxonomic composi t ion 
o f  t he  micro-zooplankton, and the l e v e l s  of c h l o r p h y l l ,  phaeophytin, 
and t o t a l  seston were determined f o r  s i x  depth i n t e r v a l s .  These 
depth i n t e r v a l s  were w i t h i n  the  upper 200 m a t  12 l o c a t i o n s  from 
approximately 10°N t o  12's l a t i  tude on 105OW l ong i tude .  
Average micro-zooplankton v l u  e over the euphot ic zone showed a 

sampling t o  47 mm /m near the equator. 
t h r e e f o l d  range: 5roy 15 mn 8 7  /m a t  t he  sou the r l y  extreme o f  

BLACKBURN, M. 1966. B i o l o g i c a l  oceanography o f  the eastern 
t r o p i c a l  P a c i f i c :  summary o f  e x i s t i n g  i n fo rma t ion .  U. - S .  
F i s h  W i l d l .  Serv., Spec. Sci. Rep.-Fish. No. 54O:l-18. --- ---- 

A review o f  i n v e s t i g a t i o n s  on the  b i o l o g i c a l  oceanography 
o f  t he  eastern t r o p i c a l  P a c i f i c .  
oceanographic exped i t i ons  made s ince 1952, s i m i l a r  p r o p e r t i e s  were 
measured by s imi  1 a r  methods. P roper t i es  avai  1 ab1 e f o r  comparable 
measurements are: s tanding crops o f  sur face and o v e r a l l  c h l o r o p h y l l  
- a, s tanding crop o f  small zooplankton i n  the upper 300m, s tanding 
crop o f  micronekton i n  the  upper loom, and sur face pr imary 
p r o d u c t i v i t y  . 

On most o f  t he  29 b i o l o g i c a l  - 

BLACKBURN, M. 1973. Regressions between b i o l o g i c a l  
oceanographic measurements i n  the  eastern t r o p i c a l  P a c i f i c  
and t h e i r  s i g n i f i c a n c e  t o  eco log i ca l  e f f i c i e n c y .  Limnol . 
Oceanogr. 18:552-563. 
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Simple regressions of various standing stocks (chlorophyll 
- a ,  zooplankton, and micronekton) on each other and on primary 
productivity were compared by covariance analysis fo r  d i f f e ren t  
seasons, la t i tudes,  and longitudes i n  the eastern tropical 
Pacific.  

BLACKBURN, M . ,  R. M. LAURS, R. W. OWEN, and B. ZEITSCHEL. 1970. 
Seasonal and areal changes i n  standing stocks of phytoplankton, 
zooplankton, and micronekton i n  the eastern tropical Pacif ic ,  
Mar. Biol. 7:14-31. 

and 1 ongi tudes on seasonal ly  repetitive cruises i n  three 
areas, west, east, and south i n  the eastern tropical Pacific.  
The stocks were chlorophyll a ,  n i g h t  and day zooplankton, 
n i g h t  crustacean micronekton, and f i sh-pl us-cephal opod 
micronekton. Each stock was analyzed w i t h  respect t o  season, 
1 a t i  tude  , and 1 ongi tude.  

-- 
Five standing stocks were measured a t  s imilar  l a t i t udes  

BRANDHORST , W. 1958. Thermocl i ne topography, zoopl ank ton 
standing crop, and mechanisms of f e r t i l i z a t i o n  i n  the eastern 
t ropical  Paci f ic .  Jour. Cons. Intern. Expl or. - Mer. -- 
24( 1): 16-31. 

A comparison between thermocline topography d u r i n g  the 
a u t u m n  (based on bathythermograph observations) and zooplankton 
d is t r ibu t ion  reveals an inverse relat ionship between depth  of the 
thermocline and size of the zooplankton s t and ing  crop. T h i s  i s  
a l so  related i n  some regions t o  the abundance of tuna.  Addit ional  
f e r t i l i z i n g  mechanisms i n  areas of h i g h  standing crop show a 
dynamic topography, and the surface d i s t r i b u t i o n  of temperature, 
sal i n i  t y ,  and phosphates. 

EL-SAYED, S. Z. ,  and S. TAGUCHI. 1979. Phytoplankton standing 
crop and primary productivity i n  the t ropical  Pacific.  
p. 241-286 In: J. L. Bischoff and D. Z. Piper (eds.). 
Marine geology and oceanography of the Pacif ic  
Manganese N o d u l e r o v i  nce . P1 e n u m s n  

A study of the short-term, ve r t i ca l ,  spacial ,  and temporal 
v a r i a b i l i t i e s  o f  chlorophyll a,  phaeopigments, and primary 
product ion i n  the tropical PaFific DOMES area (5'-2O0N and 
128O-155OW). 

FRYXELL, G. A. ,  S. TAGUCHI, and S. Z. EL-SAYED. 1979. Vertical 
d i s t r ibu t ion  of diverse phytoplankton cornunities i n  the central  
Pacific.  p. 203-240 In: 3. L. Bischoff and D. Z. Piper (eds.) 
Marine geology and ocEnography of the Pacific 
Manganese N o d u l e r o v i  nce. P1 e n u f l x s r  
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Phytopl ankton samples were taken from d i  sc re te  depths on 
th ree  t ransec ts  i n  the  c e n t r a l  P a c i f i c .  An average of over 
20,500 c e l l s / l i t e r  was found f o r  a l l  depths counted, w i t h  about 
equal numbers o f  diatoms, d i  n o f l  age1 1 ates , and coccol i thophor i  ds 
together  account ing f o r  h a l f  o f  t h a t  number. C e l l  numbers versus 
depth showed a subsurface maximum, and decreasing numbers a t  
g rea te r  depths. The Shannon Weaver d i  v e r s i  ty index ( Hi  ) , summed 
over a l l  depths f o r  each s t a t i o n ,  appeared t o  approach an 
asymptote i n  most cases. 

GASKIN, D. E. 1979. Change i n  p a r t i c l e  s i z e  i n  diatom 
popu la t ions  as a poss ib le  f a c t o r  i n  pe lag i c  marine 
ecosystem r e s i  1 ience. Tuatara 24( 1 )  : 23-39. 

The drawing together  o f  a number o f  ideas and f i n d i n g s  
from several  independent l i n e s  o f  research t h a t  have a 
poss ib le  bea r ing  on the  r e s i l i e n c e  o f  pe lag i c  marine 
ecosystems which c h a r a c t e r i s t i c a l l y  have l a r g e  component 
f l u c t u a t i o n s .  
t h e  diatoms rep roduc t i ve  s t ra tegy  (change i n  p a r t i c l e  
s i z e )  i s  discussed. As an adapta t ion  t o  a s h o r t  season 
o f  n u t r i e n t  a v a i l a b i l i t y  i n  t h e  pe lag ic  environment, diatoms 
appear t o  undergo a maximizat ion o f  numbers as n u t r i e n t s  a re  
depl e ted. 

Due t o  t h e i r  l a r g e  popu la t ion  f l u c t u a t i o n s ,  

GRAHAM, H. W. 1941. Plankton produc t ion  i n  r e l a t i o n  t o  
charac ter  o f  water i n  the  open P a c i f i c .  - - -  J .  Mar. Res. 
4( 3) : 189-197. 

V e r t i c a l  tow-net samples were made a t  0 50, and 100 meter 6 depths on a c r u i s e  f rom l a t i t u d e s  34'N t o  11 S.  
r i c h e r  i n  phosphate and p lank ton  occurred i n  reg ions  where 
the re  were i n d i c a t i o n s  t h a t  some form o f  v e r t i c a l  c i r c u l a t i o n  
was t r a n s p o r t i n g  phosphate from the  r e s e r v o i r s  below t o  the  
upper l aye rs .  These reg ions  were i n  t h e  C a l i f o r n i a  Current  and 
i t s  ou t f low,  t h e  Nor th Equator ia l  Current,  t h e  nor thern  edge o f  
the  Equator ia l  Counter Current,  and the  nor thern  p a r t  o f  t h e  
South Equator i  a1 Current.  

Waters 

HOLMES, R. W., M. B. SCHAEFER, and 6. M. SHIMADA. 1957. 
Primary product ion,  c h l  o rophy l l  , and zoopl ankton vo l  umes i n  
the t r o p i c a l  eas tern  P a c i f i c  Ocean. Inter-Am. Trop. Tuna 
Comm., B u l l .  2(4):129-169. 

Val ues o f  sur face  ch lo rophy l l  a, sur face pr imary 
p roduc t ion  i n  s i t u ,  and zooplankton-volumes were observed i n  
re1  a t i o n  t o T c E Z F g r a p h i c  fea tures .  
pr imary p roduc t ion  and zooplankton vo l  umes w i t h  sur face 
c h l  orophyl  1 was a1 so analyzed. 

-- - - 
--  

C o r r e l a t i o n  o f  sur face 
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KING, J .  E., and J. DEMOND. 1953. Zooplankton abundance i n  
the  c e n t r a l  P a c i f i c .  U. S. F i sh  and W i l d l .  Serv., Fish.  B u l l .  ------ -- 
54(82): 111-144. 

Zooplankton c o l l e c t i o n s  were analyzed f o r  composi t ion and 
abundance w i t h  respec t  t o  l o c a t i o n  and seasonal v a r i a t i o n .  
Abundance was found t o  be c o r r e l a t e d  w i t h  such chemical and 
phys ica l  f a c t o r s  as inorgan ic  phosphate, water temperature, 
d i sso l ved  oxygen, and thermocl ine depth, which were i n  t u r n  
i n f l  uenced by the  upwel l  i ng resu l  t i  ng from the  equa to r i  a1 
divergence. 

K ING,  J .  E., and T. S. HIDA.  1957. Zooplankton abundance i n  
the  c e n t r a l  P a c i f i c .  2. U. S. F i s h  and Wi ld l .  Serv., Fish.  B u l l .  ------ -- 
57:365-395. 

Measurements were made o f  the  abundance o f  the  zooplankton 
s tanding c rop  which migh t  be used as an index o f  the  r e l a t i v e  
p r o d u c t i v i t y  o f  d i f f e r e n t  areas o f  the sea. The h ighes t  
concent ra t ion  o f  zooplankton was found a t  t he  equator, which 
i s  a reg ion  o f  d ivergence and upwel l ing  under the  i n f l u e n c e  o f  
the  t rade  winds. 
y e l l o w f i n  tuna occurred j u s t  t o  the  n o r t h  i n  the  convergence 
zone, the re  was a h igh  degree o f  c o v a r i a t i o n  i n  y e l l o w f i n  
and zooplankton w i t h  respec t  t o  the  c u r r e n t  system. 

A1 though the  g rea tes t  abundance o f  

LONGHURST, A. R. 1976. I n t e r a c t i o n s  between zooplankton and 
phytoplankton p r o f i l e s  i n  the  eastern t r o p i c a l  P a c i f i c  Ocean. 
Deep-sea Res. 23:729-754. 

c r u i s e s  o f  1967 t o  1968 enabled a f i r s t - o r d e r  d e s c r i p t i o n  
o f  zooplankton d i s t r i b u t i o n  i n  the  upper lOOOm o f  the  water 
column . i n  r e l a t i o n  t o  dens i ty ,  l i g h t ,  oxygen, and phytoplankton. 
An hypothes is  i s  proposed t h a t  t he  form o f  phytoplankton p r o f i l e s ,  
i n  per iods  o r  reg ions o f  s t a b l e  product ion,  may be p r i m a r i l y  
determined by d e p t h - d i f f e r e n t i a l  herb ivore  graz ing  pressure,  
r a t h e r  than by d i f f e r e n t i a l  c e l l - s i n k i n g  r a t e s  as i s  suggested i n  
c l a s s i c a l  p roduc t ion  models. 

- 
Data from zooplankton p r o f i l e s  taken du r ing  the  EASTROPAC 

TONT, S. A. 1976. Deep s c a t t e r i n g  l aye rs :  Pat te rns  
i n  the  P a c i f i c .  C a l i f .  Coop. Oceanic Fish.  Rep. -- -- 
18:112-117. 
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A d iscuss ion  o f  the  c h a r a c t e r i s t i c s  o f  t he  deep s c a t t e r i n g  
l a y e r  i n  the  major b i o t i c  reg ions o f  the  P a c i f i c  Ocean based 
on acous t i ca l  records from 26 c ru i ses  (1958-1972). Daytime 
depth o f  the  deep s c a t t e r i n g  l a y e r s  was found t o  be c o r r e l a t e d  
w i t h  l i g h t  l e v e l s ,  a l though a t  some l o c a t i o n s  a sharp temperature 
g rad ien t  seems t o  i n h i b i t  a p a r t i c u l a r  l a y e r  from m i g r a t i n g  t o  
the  surface. The oxygen minimum l a y e r  seems t o  have no e f f e c t  
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on the  behavior o f  t he  l aye rs .  

PHYSICAL OCEANOGRAPHY OF THE EASTERN TROPICAL PACIFIC 

CROMWELL, T. 1958. Thermocline topography, h o r i z o n t a l  c u r r e n t s  
and " r i d g i n g "  i n  the eastern t r o p i c a l - P a c i f i c .  Inter-Am. Trop. 
Tuna Comm.. B u l l .  3(3):133-164. 

An a n a l y s i s  o f  thermocl ine depth, h o r i z o n t a l  currents ,  
and v e r t i c a l  mot ion ( i .e . ,  r i d g i n g ,  water t r a n s f e r r e d  up from 
thermocl ine,  and v e r t i c a l  s t i r r i n g  and m ix ing  a t  t he  ocean 
su r face )  o f  t h e  eastern t r o p i c a l  P a c i f i c .  The Costa Rica 
dome area i s  g iven spec ia l  emphasis. 

FRANCESCHINI, G. A. 1979. The s o l a r  r a d i a t i o n  environment i n  
the eastern t r o p i c a l  n o r t h  P a c i f i c  Ocean. p .  1-42. I n :  
J .  L. B i s c h o f f  and D. Z. P iper  (eds.) Marine geo logyTnd  
oceanography -- o f  the P a c i f i c  Nodule Province. Plenum- 
Press, N. Y. 

Net photon i r r a d i a n c e  above the sur face and downward photon 
i r r a d i a n c e  t o  a depth o f  15Om were measured f o r  t he  wave band of 
p h o t o s y n t h e t i c a l l y  a c t i v e  r a d i a t i o n  ($00-700nm). Resul ts showed 
an a e r a  e n e t  i r r a d i a t i o n  o f  39 (E /m -day) i n  summer and 45 

i r r a d i a t i o n  i n  w i n t e r ) .  Dur ing the same i n t e r v a l ,  b i o l o g i c a l  
pr imary p r o d u c t i v i t y  increased by 20%. 
show the  water t o  be a c l e a r  open-ocean type. 

( E / m  j g  -day) i n  w i n t e r  due t o  reduced c loudiness (16% g rea te r  

Submarine measurements 

HALPERN, D. '1979. Observations o f  the upper c u r r e n t s  a t  
DOMES s i t e s  A, B, and C i n  the  t r o p i c a l  c e n t r a l  North P a c i f i c  
Ocean du r ina  1975 and 1976. D. 43-82. I n :  J. L. B i s c h o f f  
and D. Z. P ipe r  (eds.) Marine' geology a x  oceanography 
o f  t he  P a c i f i c  M a n g a n e s - m n Z P l e n u m  
P r e s s ,  N.Y. 

Cur ren t  measurements were made from 20m t o  300m depths 
a t  3 d i f f e r e n t  s i t e s  du r ing  var ious months o f  t he  year.  
t he  t ime t h a t  the measurements were made, S i t e s  A and B were 
loca ted  w i t h i n  the  eastward f l o w i n g  North Equa to r ia l  Counter- 
c u r r e n t  and S i t e  C was w i t h i n  the  westward f l o w i n g  North 
Equa to r ia l  Current.  

Dur ing 

MILLER, F. R., and R. M. LAURS. 1974. The E l  Nifio o f  1972-73 
i n  the  eastern t r o p i c a l  P a c i f i c  Ocean. Inter-Am. Trop. Tuna 
Comm., B u l l .  16:403-447. 

Hypotheses on the  o r i g i n  o f  the E l  Ni;o phenomenon. Ocean 
temperature and atmospheric i n f l uences  on the 1972 E l  Ni?io, and 
s i m i l a r i t i e s  i n  ocean temperature du r ing  recen t  we1 1 -developed 

-- 
--  
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E l  Ninos a re  discussed. 

OHMAN, M. D., E. OZTURGUT, and R. J. OZRETICH. 1979. A seasonal 
and s p a t i a l  summary of oceanographic data f rom the  nor theas tern  
t r o p i c a l  P a c i f i c  (DOMES Region). Summer 1975 and w i n t e r  1976. 
Univ. o f  Wash. Dept. Oceanogr., Spec. Rep. No. 91, -- -RE rn-n-rll7-jqY. 

8e 

A presen ta t i on  of data on t h e  upper water column i n c l u d i n g  
data on d i sso l ved  chemical cons t i tuents ,  b iochemical  parameters, 
phytoplankton pigments and pr imary p roduc t ion  ra tes ,  and 
suspended p a r t i c u l a t e  concentrat ions.  

SVERDRUP, H. U., M. W. JOHNSON, and R. H. FLEMING. 1942. p. 698- 8 f  
712. I n :  The oceans. The i r  physics,  chemist ry  and general b io logy .  
Pre n t i ce ,T J. - 

Descr ip t ions  and sources o f  water masses and cu r ren ts  i n  
the  south P a c i f i c  and Equator ia l  P a c i f i c  Oceans. 

WOOSTER, W .  S., and T. GROMWELL. 1958. An oceanographic 
d e s c r i p t i o n  o f  the  eastern t r o p i c a l  P a c i f i c -  Univ, C a l i f ,  
Scr ipps I n s t .  Oceanogr., 3 u l l .  7(3):169-282. 

the v e r t i c a l  d i s t r i b u t i o n  o f  temperature, s a l i n i t y ,  oxygen, 
phosphate, and s i  i i cate  i n  the eastern ti-op’i c a l  Paci f i  c. 
P r o f i l e s  o f  these parameters were p l o t t e d  i n  terms o f  v a r i a t i o n  
i n  geographic l o c a t i o n  and time. 

___I_p 

The r e s u l t s  of a cooperat ive oceanographic survey ana lyz ing  

WYRTKI, X. 1965. Surface cu r ren ts  o f  the eastern t rop ica i  
P a c i f i c  Ocean. Inter-Am. ‘Irop. ?una Comrn. Bu?’t 

_I_ _II____ ~- 
9(5):271-303. 

8h 

A general d e s c r i p t i o n  and seasonal v a r i a t i o n  o f  the  c i r c u l a t i o n  
pa t te rns  o f  the  sur face cu r ren ts  I n  the Eastern Trop ica l  P a c i f i c  
( i .e.,  C a l i f o r n i a  Current ,  Equator ia l  Countercurrent,  Peru Cur ren t ) .  



26 

Author 

Ahlstrom, E. H. 
A l len ,  R. L. 
Alverson, F. G. 
Au, U.W.K. 

Eai rd ,  R. C. 
Bark ley,  R. A. 
B a r r e t t ,  I .  
Beebe , W. 
Beers, 3 .  R. 
Berz in ,  A. A. 
B1 ackburn , M. 
Blunt ,  C. E. 
B r i l l ,  R. W. 
Brandhorst ,  W. 
Broadhead, G. C.  
Brock, V .  E. 
Brownel 1 , R. L. 

C a i l l i e t ,  G. M. 
Clarke, M. R. 
Clarke, T. A. 
Cole, J .  S. 
Co l la rd ,  S. 6. 
Counts, R. C. 
Cromwell , T. 
Crowder, L. 6. 

Davies, J .  L. 
Dernond, J .  
DeWitt, F. A. 
Dizon, A. E. 
Dohl, T. P. 

E l  Sayeci, S. Z. 

F iscus, C. H. 
F i t c h ,  J .  E .  
Fleming, R. H. 
Forsbergh, E. D. 
Franceschin i ,  G. A. 
F ranc is ,  R. C. 
F r y x e l l  , G. A. 

Gaskin, D. E. 
Gooding, R. M. 
Graham, H. W .  
Green, R. E .  

INDEX OF AUTHORS C I T E D  

Index # 

6a-c 
l a  

2a-b 
5a 

6m 
4a 

6d 
7a 

4g 

5b-c 
2 ~ - d ;  4b-f ;  4 ~ ;  7b-d 

2d 
4 i  
7e 

4h 
3a 

2 p ;  4g 

6 j  
6e 

2e 
6 i  
6c 

8a ,g 
4m 

6 f -hYk  

5d 
7J 
6 j  

4 i ;  41 
3c 

7 f  -9 

3d 
3a 
8 f  
2 f  
8b 
2q 
79 

5e; 7h 
4a 
7 i  
4 j  

Page # 

15 
1 
2 
13 

17 
8 
9 
16 
20 
14 

3;8-9;12;20-21 
3 
9 

21 
6;9 

9 
7 

17 
16 

16-17 
3 
16 
15 

24; 25 
10 

14 
22 
17 

9;lO 
8 

21 

8 
7 

25 
3 

24 
6 
21 

14 ; 22 
8 
22 
10 



27 

Author Index # Page # 

8c 
l b  
6k 
2n 

29; 3c; 4k; 71 

61 
3d 
6m 

7 j  

Halpern, D. 
Hammond, P. S. 
Hartmann, A. R .  
Heitz, J .  G.  
Hida, T. S. 
Holmes, K.  W .  
Holton, A. A. 
Holts, D. B. 
Hopkins, T.  L .  

24 
1 

17 
5 

4 ;7  ; 10;23 
22 
17 
8 

17 

IATTC 
Ikehara, I .  I .  
Iversen, R.T .B .  

2 i  -k 
2m; 40 

6n 

4 
5;11 
18 

Johnson, M .  W .  
Juh l ,  R.  

8f 
2 h  

25 
4 

K i n g ,  J .  E .  
Ki tchel l ,  J .  F. 
Klawe, W .  L. 

21,20; 6n ;  7k-1 
41 
4m 

5,5;18;22-23 
10 
10 

Laevastu, T. 
Laurs, R .  M.  
Leatherwood, S. 
L i p p s ,  J .  H. 
Ljungblad, 0. K .  
Longhurs t ,  A. R. 

4n 
7d; 8d 

3b 
5f 
3b 

60-p; 7m 

11 
21;24 

8 
14 
7 

18;23 

Piagnuson, J .  J .  
Medvick, P.  A. 
Mitchell , E. 
Miller,  F. R. 
Moroz, I .  F. 
tiurphy, G.  I 
Myrick, A.  C. 

2m-n; 40 
4P 
5f 
8d 

5CY 5g 
4P-q 

I d  

5;11 
11 
14 
24 

14;15 
11 
2 

Nei l l ,  W .  H .  
Nesis, K .  t i .  
Norris, K .  S. 

4a; 41 
6q-r 
3c 

8;  10 
18 
8 

Ohman, M. D. 
Orange, C .  J .  
Owen, R. W .  
Oz turgut ,  R .  J .  

8e 

7d 
8c 

2P 
25 
6 
21  
24 

Parin,  N. V .  
Perrin, W .  F. 
Perryman, W .  L .  

6s 
lc-d; 3d; 5a 

5a 

19 
2;7;13 

13 

Reintjes,  J .  W .  
Roper, C .  E. 

20 
6t 

5 
19 



28 

Author 

Rosa, H. 
R o t h s c h i l d ,  B. J .  

S c h a e f e r ,  M. B. 
S e t t e ,  0. E. 
Sharp,  G.  D. 
Shimada, B .  M. 
Shomura, R.  S. 
S t e w a r t ,  G. L. 
S t u n t z ,  W .  E. 
Sund, P. N. 
Sverdrup,  H. U. 

Taguchi,  S. 
Tont,  S. A. 

Uchida, R. N. 

Van d e r  Pyl 
Volkov, A. F. 
Voss, G. L. 

Waldron, K.  D. 
Warner, R .  R.  
Wil l iams,  F. 
Wisner, R. L. 
Wooster, W .  S. 
Wyrtki, K .  

Yang, R.  E .  
Yuen, H.S.H. 

Z e i t s c h e l  , B. 

Index # 

4n 
4 r  

2 ~ ;  7J 
4s  

2q; 4s  
7J 

3e; 4q 
7a 
le  

4 t ,  4v 
8f 

7f -g 
7n 

6a 

6d 
5CY 59 

6 ~ - w  

2 r - s ;  4w 
3d 

4 f ,  4v,  4x-y 
6x 
89 
8 h  

6 t  
2 t ;  4i  

7d 

Page # 

11 
12 

6;22 
12 

6;12 
22 

8; 11 
20 
2 
12 
25 

21 
23 

1 5  

16 
14;  1 5  

1 9  

6;13 
8 

9 ;  12 ;  13 
20 
25 
25 

19 
7;lO 

21 



RECENT TECHNICAL MEMORANDUMS 

Copies of this and other NOAA Technical Memorandums are available from the National Technical 
Information Service, 5285 Port Royal Road, Springfield, VA 22167. Paper copies vary in price. 
Microfiche copies cost $3.50. Recent issues of  NOAA Technical Memorandums from the NMFS 
Southwest Fisheries Center are listed below: 

NOAA-TM-NMFS-SWFC- 11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Observations of albacore (Thunnusalalunga) fishing off California in 
relation to sea surface temperature isotherms as measured by an air- 
borne infrared radiometer. 

J. L. SQUIRE, JR. 
(May, 1981) 
Stock assessment act iv i t ies within the National Marine Fisheries Service. 
(June, 1981) 
Planning double-tagging experiments. 
J. A. WETHERALL and M. Y. Y. YONG 
(May, 1981 ) 
Histological gonad analyses of la te  summer-early winter collections of 

bigeye tuna, Thunnus obesus, and yellowfin tuna, Thunnus albacares, 
from the Northwest Atlantic and the Gulf of Mexico. 

S. R .  GOLDBERG and H. HERRING-DYAL 
(June, 1981) 
Status reports on world tuna and billfish stocks. 
STAFF, SWFC 
(July, 1981 
An evaluation of tagging, marking, and tattooing techniques for 

M. J. WHITE, JR., J. G. JENNINGS, W. F. GANDY and L. H. 
COR NE LL 
(November 1981 1 
Local stability in maximum net productivity levels for a simple model 

T. POLACHECK 
(April 1981) 
Environmental data contouring program EDMAP2. 
L. EBER 
(April 1982) 

The relationship between changes in gross reproductive rate and the 
current rate of increase for some simple age structured models. 

T. POLACHECK 
(May 1982) 

Testing methods of estimating range and bearing to cetaceans 

T. D. SMITH 
(1 982) 

small delphinids. 

of porpoise population sizes. 

aboard the R / V  D. S. Jordan. 




