
NOAA Technical Memorandum NMFS 

I 
i 

May 1981 

OBSERVATIONS OF ALBACORE (Thunnus alalungs) FISHING OFF 
CALIFORNIA IN RELATION TO SEA SURFACE TEMPERATURE ISOTHERMS 

AS MEASURED BY AN AIRBORNE INFRARED RADIOMETER 

James L. Squire, Jr. 

NOAA-TM-NMFS-S W FC- 1 1 

U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
National Marine Fisheries Service 
Southwest  Fisheries Center 



NOAA Technical Memorandum NMFS 

The National Oceanic and Atmospheric Administration (NOAA) was organized in 1970. I t  has 
evolved into an agency which establishes national policies and manages and conserves our oceanic 
coastal, and atmospheric resources. I t  provides managerial, research, and technical expertise to 
produce practical services and essential information for the programs concerned with such resources. 

The National Marine Fisheries Service (NMFS) provides the United States with an integrated 
program of management, research, and services concerned about the protection and rational use of 
living marine resources for their aesthetic, economic, and recreational value. NMFS determines the 
consequences of the naturally varying environment and human act iv i t ies on living marine resources. 
NMFS provides knowledge and services to foster the efficient and judicious use of those 
resources. NMFS provides for domestic and for international management and conservation of these 
living resources of the sea. 

To carry out its mission, the organization also provides for communication of NMFS information. 
In addition to its formal publications, NMFS uses the NOAA Technical Memorandum series for 
informal scientific and technical publications. These documents are specialized reports that require 
multiple copies when complete formal review and editorial processing are not appropriate or feasible. 
The management and control of Technical Memorandums has been delegated to the Research Centers, 
Regional Offices, and corresponding staff offices within NMFS. Therefore, requests for copies of 
Technical Memorandums should be sent to the author or to the originating office for the material. 



NOAA Technical Memorandum NMFS 

This TM series IS used for documentallon and tlmeiy communication of preliminary results, lmterlm reports. or 
special purpose inforrnatlon and have not recrlved complete formal revlew, editorial control. or detalled editing 

May 1981 

OBSERVATIONS OF ALBACORE (Thunnus alalungz) FISHING OFF 
CALIFORNIA IN RELATION TO SEA SURFACE TEMPERATURE ISOTHERMS 

AS MEASURED BY AN AIRBORNE INFRARED RADIOMETER 

James L. Squire, Jr. 

Southwest Fisheries Center 
National Marine Fisheries Service, NOAA 

La Jolla, California 92038 

U.S. DEPARTMENT OF COMMERCE 
Malcolm Baldrige, Secretary 
National Oceanic and Atmospheric Administration 
James P. Walsh, Acting Administrator 
National Marine Fisheries Service 
Terry L. Leitzell, Assistant Administrator for Fisheries 



TABLE OF CONTENTS 

i i  

1 

3 

4 

6 

7 

Abs t rac t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . .  
Methods . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Resu l ts  and Discuss ion . . . . . . . . . . . . . . . . . . . .  
L i t e r a t u r e  C i t e d  . . . . . . . . . . . . . . . . . . . . . . .  
F i g u r e s . .  . . . . .  . ' .  . . . . . . . . . . . . . . . . . . .  

i 
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Southwest F i s h e r i e s  Center 
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ABSTRACT. 
cooperat ion w i t h  the  U. S .  Coast Guard and t h e  U. S .  Navy o f f  t he  Uni ted 
States west coast, t h e  1 o c a t i o n  o f  a1 bacore, Thunnus a1 a1 unga (Bonnaterre) , 
f i s h i n g  r e l a t i v e  t o  sea sur face temperature was recorded. 
found between albacore f i s h i n g  and c e r t a i n  sea sur face temperatures and 
d i s c o n t i n u i t i e s  i n  temperature. 
f i s h i n g  was observed o f f  southern C a l i f o r n i a  were 17.8O t o  18.9OC (64.0° t o  
63.OoF); and o f f  c e n t r a l  C a l i f o r n i a  were 15.6O t o  17.2OC (60.0° t o  63.0°F) and 
these temperature ranges a r e  i n  general agreement w i  t h  optimum f i shi  ng 
temperatures repo r ted  by o t h e r  authors. On two occasions when the  s p e c i f i c  
o b j e c t i v e  was t o  survey temperatures about the  commercial a1 bacore f l e e t ,  
f i s h i n g  was being conducted immediately west o f  a temperature d i s c o n t i n u i t y .  

Dur ing a i r b o r n e  i n f r a r e d  sea sur face temperature surveys,in 

An a s s o c i a t i o n  was 

Sea surface temperatures where a1 bacore 

F u r t h e r  s tud ies  us ing the  near- instantaneous a i rbo rne  i n f r a r e d  sea 
sur face and sub-surface survey techniques f o r  temperature, i n  a s s o c i a t i o n  w i t h  
measurements o f  o t h e r  phys ica l  and b i o l o g i c a l  parameters, a ided by s a t e l l i t e  
data, should be conducted. T h i s  would e s t a b l i s h  the  t r u e  r e l a t i o n  o f  isotherm 
pa t te rns  t o  the l o c a t i o n  and movement o f  t he  albacore f i s h i n g  area f o r  t he  
u l t i m a t e  development o f  re1 i a b l e ,  t a c t i c a l  i n f o r m a t i o n  f o r  t he  f i s h i n g  f l e e t  
and a b e t t e r  understanding o f  t he  f a c t o r s  determining t h e  m i g r a t i o n  p a t t e r n s  
o f  albacore. 

ii 
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Nat ional  Oceanic and Atmospheric Admi n i  s t r a t i o n  

INTRODUCTION 

It has been known f o r  over 60 years t h a t  a general r e l a t i o n  e x i s t s  
between c e r t a i n  ranges o f  sea sur face temperature and t h e  areas o f  p roduc t ive  
f i s h i n g  f o r  a1 bacore, Thunnus a1 alunga (Bonnaterre) o f f  t he  eas tern  P a c i f i c  
coast.  Thompson (1917)usedmjnimum n i g h t t i m e  a i r  temperatures a t  s i t e s  near 
t h e  ocean i n  southern C a l i f o r n i a  as an i n d i c a t i o n  o f  sea sur face  temperature, 
and claimed a r e l a t i o n  o f  h ighe r  a i r  temperature t o  a l a r g e r  catch.  La te r ,  
Clemens (1961) i n  an ana lys i s  o f  ca tch  temperatures f o r  1.3 m i l l i o n  a lbacore 
sampled o f f  Cal i f o r n i a  from 1954 through 1958 repo r ted  a ca tch  temperature 
range o f  13.9' t o  25OC (57' t o  77OF); t h a t  90% o f  t h e  f i s h  were taken from 
water having sur face  temperatures of 15.6O t o  19.4OC (60' t o  67OF)i and b e s t  
f i s h i n g  was i n  the  temperature range o f  15.6O t o  18.3OC (60' t o  65 F) .  

l a t i t u d e s  than i n  the  southern l a t i t u d e s .  Powell , Alverson and L i v i n g s t o n  
(1952) repor ted  t h a t  ca tch  temperatures f o r  1,011 a lbacore caught by a 
research vessel i n  the  oceanic areas o f f  Oregon and Washington ranged from 
12.2' t o  16.7OC (54' t o  62OF) , w i t h  the  g r e a t e s t  frequency o f  ca tch  being made 
a t  15.0°C (59OF). A1 verson (1961 repo r ted  t h a t  research vessel t r o l l  catches 
o f  a lbacore were h i g h e s t  o f f  Oregon and Washington when temperatures ranged 
between 14.4' t o  16.1°C (58' t o  61OF). 

Optimum catch  temperatures f o r  a lbacore are u s u a l l y  lower  i n  t h e  nor thern  

Observations by fishermen on the  assoc ia t i on  o f  a lbacore t o  the  coasta l  
sea sur face temperatures o f f  Cal i f o r n i a  have been r e f e r r e d  t o  by Godsil (1949) 
and Clemens (1961). They repo r ted  t h a t  changes i n  sur face  temperature are  
o f t e n  used by a lbacore fishermen as i n d i c a t o r s  o f  p roduc t ive  areas and t h a t  
t he  optimum f i s h i n g  zone f o r  a lbacore appears t o  be the  marginal  areas where 
green coasta l  and b lue  oceanic (Cal i f o r n i a  Current )  waters meet. Produc t ive  
areas were repor ted  by Clemens (1961) t o  be o f f s h o r e  along t h e  marg in o f  t he  
upwel l ing  area extending from near P o i n t  Conception t o  the  Columbia R iver .  
Few a lbacore were repor ted  being taken nearshore i n  the  co ld ,  upwel led water, 
and catches were reduced f a r t h e r  o f fshore .  
a1 bacore f requen t l y  abound o f f sho re  a1 ong edges o f  c o l d  "tongues" o r  " f i n g e r s "  
o f  water, a long margins o f  c u r r e n t s  and eddies and i n  what appear t o  be l a r g e  
areas o r  "pools"  o f  water i n  the  15.6O t o  18.3*C (60.0° t o  65.OoF) range w e l l  
o f f sho re  and i s o l a t e d  a t  i t s  boundary by e i t h e r  wanner o r  coo le r  water.  
Albacore i n  these "pools"  appear t o  be c u t  o f f  from t h e  main m ig ra t i on ,  as 
these "pools"  become smal l e r  , t h e  f i  sh become concentrated , and f i shermen 
sometimes f i n d  these areas product ive.  

Fishermen a1 so repor ted  t h a t  
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Though considerable i n fo rma t ion  i s  a v a i l a b l e  on a1 bacore ca tch  
temperatures and general desc r ip t i ons  o f  temperature changes which appear t o  
have a f f e c t e d  t h e  catch, t h e  r e l a t i o n  o f  a lbacore f i s h i n g  t o  sea sur face  and 
near  sur face temperature, water co lo r ,  and t h e  occurrence o f  b i o l o g i c a l  1 i f e y  
p a r t i c u l a r l y  forage species, and t h e i r  changes over  a s h o r t  t ime sca le  w i t h i n  
a r e s t r i c t e d  geographical f i s h i n g  area i s  poo r l y  understood. Pearcy 's  (1973) 
study of the  Oregon coas t  showed t h a t  dur ing  some a i rborne  i n f r a r e d  surveys, 
areas having a lbacore catches were r e l a t e d  t o  temperature pa t te rns  and t h e  
Columbia R ive r  plume i n  water  o f  14O t o  16.5OC (57.2O t o  61.6OF); however, i n  
o t h e r  surveys a r e l a t i o n  o f  a lbacore ca tch  t o  temperature pa t te rns  was n o t  
ev ident .  

To prov ide  b e t t e r  understanding o f  1 arge-scal e temperature changes i n  the  
eastern P a c i f i c  and t h e i r  r e l a t i o n  t o  the  a lbacore f i s h e r y ,  sea sur face  
isotherm c h a r t s  a re  issued b i -weekly  as an a lbacore f i s h i n g  a i d  du r ing  the  
f i s h i n g  season by the  Nat iona l  Mar ine F i s h e r i e s  Serv ice  (Johnson, F1 i t t n e r ,  
and C l ine ,  1965). 
l a r g e  area o f  t he  eas tern  P a c i f i c  and show 2 week average tempratures by lo 
l a t i t u d e  by l o n g i t u d e  areas. However, these isotherm c h a r t s  a re  n o t  
s u f f i c i e n t l y  d e t a i l e d  t o  p e r m i t  de termina t ion  o f  sea sur face  temperature 
pa t te rns  i n  l o c a l i z e d  a lbacore f i s h i n g  areas on a rea l - t ime  bas is .  

These char ts ,  developed from sh ip  observa t ion  data, cover  a 

The c o r r e l a t i o n  o f  sea sur face temperatures w i t h  coasta l  a1 bacore f i s h i n g  
would probably  be g r e a t e s t  i n  areas having a l a r g e  temperature grad ien t ,  o r  a 
l a r g e  change i n  sea sur face temperature i n  a s h o r t  geographical d is tance.  Sea 
sur face  temperature g rad ien ts  o f f  t h e  west coas t  a re  n o t  l a r g e  when compared 
t o  those f o r  o t h e r  areas such as the  nor thwest  A t l a n t i c ' s  G u l f  Stream. 
However, t h e  major  coasta l  upwel l ing  zone from near Cape Blanco, Oregon t o  
P o i n t  Conception, Cal i f o r n i a  has a1 on 

oppor tun i t y  f o r  comparative s tud ies  o f  coasta l  a1 bacore d i s t r i b u t i o n  and 
temperature pa t te rns .  Dur ing a i rbo rne  i n f r a r e d  temperature surveys (Squire,  
1971) t h e  l a r g e s t  g r a d i e n t  changes were observed a1 ong t h e  c e n t r a l  Cal i f o r n i a  
coast,  and i t  i s  i n  t h i s  area t h a t  most comparative observat ions o f  a lbacore 
f i s h i n g  t o  temperature pa t te rns  were made. 

i t s  boundary w i t h  t h e  Cal i f o r n i a  
Cur ren t  g rad ien ts  o f  up t o  2.2OC (4.0 % F ) ,  and t h i s  area prov ides t h e  b e s t  

I n fo rma t ion  on the  l o c a t i o n  o f  "thermal f r o n t s " ,  when they can be 
observed by the  Nat ional  Weather Serv ice s a t e l l i t e  o f f  t h e  west coast,  i s  
be ing issued t o  i n t e r e s t e d  a lbacore fishermen dur ing  t h e  f i s h i n g  season as 
p a r t  o f  N O A A ' s  Sea Grant  Advisory Program (Gorman, 1976). Since t h i s  
technique invo lves  v iewing t h e  sea sur face through the  t o t a l  e a r t h ' s  
atmosphere, v iewing  cond i t i ons  from space requ i res  a c l e a r  a i r p a t h .  Under 
" c l e a r "  v iewi  ng cond i t ions ,  temperature e r r o r s  can be expected due t o  changes 
i n  mar ine l a y e r  th ickness and dens i ty .  Unfor tunate ly ,  t h e  C a l i f o r n i a  coasta l  
waters a re  f requen t l y  covered w i t h  1 ow s t r a t u s  f o r  extended per iods  o f  t ime 
du r ing  t h e  summer and f a l l  a1 bacore f i s h i n g  season, making v iewing d i f f i c u l t  
from sate1 1 i tes.  
t r u t h  determined f o r  s a t e l l i t e  data dur ing  t e s t s  by Stevenson and M i l l e r  
(1974) over the  eas tern  t r o p i c a l  P a c i f i c ,  r e p o r t  an average d i f f e r e n c e  o f  
1 .5OC (2.7OF). 

Cor rec t ion  f a c t o r s  f o r  sea sur face tmperatures t o  ground 



METHODS 

Sea sur face temperature can be determined r a p i d l y  and i n  d e t a i l  by use o f  
an a i rborne  i n f r a r e d  radiometer,  and t h i s  technique has been used w i t h  success 
i n  A u s t r a l i a  t o  a s s i s t  t he  southern b l u e f i n  tuna (Thunnus thynnus maccoyi i )  
f i s h i n g  f l e e t  (Hynd, 1968). I n  the  coasta l  eastern-Pacific,ocations o f  
a lbacore f i s h i n g  vessels i n  r e l a t i o n  t o  sea sur face  temperature have been 
observed s ince  1963 du r ing  s i m i l a r  a i rbo rne  temperature surveys, and these 
observat ions are  presented f o r  t he  purpose o f  ga in ing  a b e t t e r  understanding 
o f  t he  re1 a t i o n  o f  sea sur face temperature w i t h i n  a r e s t r i c t e d  geographical 
area t o  the d i s t r i b u t i o n  o f  a1 bacore as represented by the  phys ica l  l o c a t i o n  
o f  a1 bacore f i  shing. 

I n  August 1963, t h e  T iburon F i s h e r i e s  Laboratory  began monthly synopt ic  
sea sur face temperature surveys us ing an a i rbo rne  i n f r a r e d  radiometer over  
con t inen ta l  s h e l f  areas o f f  Washington, Oregon, and C a l i f o r n i a  ( F i g u r e  11, i n  
cooperat ion w i t h  the  U. S. Coast Guard. A i rborne surveys were conducted a t  an 
e l e v a t i o n  o f  152.4 meters (500 f e e t )  t o  a l l ow  opera t i on  dur ing  per iods  o f  low 
s t r a t u s ,  a1 though many f l i g h t s  requ i red  reschedul ing due t o  c e i l i n g s  l e s s  than 
152.4 meters (500 f e e t ) .  Comparisons between the  a i rbo rne  rad iometer  and a 
sur face ground t r u t h  observa t ion  showed an avera e d i f f e r e n c e  o f  0.20°C 

d e v i a t i o n  o f  0.4OC (0.6OF) Resu l ts  o f  t he  sea sur face  temperature surveys 
were issued monthly i n  isotherm-char t  form and a summary r e p o r t  desc r ib ing  t h e  
technique and t h e  r e s u l t s  f o r  1963-1968 was issued by t h e  U. S. Coast Guard 
(Squire,  1971). F l i g h t  t racks  o f  these surveys du r ing  t h e  summer and e a r l y  
f a l l  occas iona l l y  e n t e r  the  eas tern  edge o f  t h e  normal ly  p roduc t ive  a lbacore 
f i s h i n g  area, and dur ing  t h e  months o f  September and October 1963, August 
1964, August and November 1965, and October 1966, t h e  f l i g h t s  passed over  o r  
near concent ra t ions  o f  a1 bacore f i s h i n g  vessels. I nspec t i on  o f  1 ogbook data 
f o r  the  a lbacore f l e e t  i n d i c a t e d  catches were being made i n  the  areas where 
a lbacore boats  were observed f i s h i n g .  
l o c a t i o n s  were noted and l a t e r  p l o t t e d  on isotherm c h a r t s  (F igures  2-7). The 
actual  ca tch  by the  a1 bacore f l e e t  on each day observed i s  unknown. However, 
s ince  the re  i s  communication between vessels,  and the  a lbacore f l e e t  a t tempts 
t o  o r i e n t  i t s e l f  t o  l o c a t i o n s  where f i s h i n g  i s  product ive,  i t  i s  assumed t h a t  
1 ocat ions o f  vessels  were good i n d i c a t o r s  o f  f i s h a b l e  concent ra t ions  o f  
a1 bacore. 

(0.35OF1, and a range of - l . l ° C  (-1.9OF) t o  +0.6 8 C (+1.Z0F), and a standard 

The number o f  vessels  and t h e i r  

To exp lo re  f u r t h e r  the  r e l a t i o n  o f  a lbacore f i s h i n g  t o  temperature, 
spec ia l  surveys were conducted on September 11, 1970 and September 16, 1972. 
These surveys o f  geographical areas having concent ra t ions  o f  a lbacore f i s h i n g  
vessels  were conducted i n  cooperat ion w i t h  t h e  U. S.  Navy and U. S. Coast 
Guard, r e s p e c t i v e l y  (F igures  8-9).  
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RESULTS AND DISCUSSION 

I n  the  c e n t r a l  survey area (F igures  2-6), F igures  2, 3 and 4 show 
l o c a t i o n s  of f i s h i n  vessels i n  r e l a t i o n  t o  t h e  warmer o f f s h o r e  isotherms o f  

O f f  Bodega Bay ( F i g u r e  5)  f i s h i n g  observed i n  October 1963 was associated w i t h  
a lobe of water  g rea te r  than 16.7OC (62.OoF) surrounded on th ree  s ides  by 
water o f  a s l i g h t l y  l ower  temperature. 
Monterey ( F i g u r e  6 )  f i s h i n g  was associated w i t h  a sharp temperature g rad ien t  
on t h e  southern segment o f  a l a r g e  warm gyre of water g rea te r  than 17.2OC 
(63.OoF) and was centered i n  water about 16.7OC (62.OoF). 

between 15.6O (60.0 % F) and 17.2OC (63.OoF) which tend t o  p a r a l l e l  t h e  coast.  

Dur ing t h e  August 1965 survey near 

O f f  southern C a l i f o r n i a  i n  August 1964 ( F i g u r e  7 )  bo th  s p o r t  and 
commercial vessels  f i s h i n g  f o r  a1 bacore were observed. 
was observed f i s h i n g  i n  water  having a sur face  temperature o f  about18 .3  C 
(65.OoF) and were o r ien ted  along t h i s  isotherm northwestward t o  t h e  l i m i t  o f  
v i s ion .  

T h i s  a1 bacore f l g e t  

On September 11, 1970 (F igu re  8 )  a1 bacore f i s h i n g  was concentrated 
approximately 80 n a u t i c a l  m i l e s  west o f  P o i n t  Sur, C a l i f o r n i a ,  and a t o t a l  o f  
80 boats  were repor ted  t o  be invo lved.  A survey o f  t h i s  f l e e t  concent ra t ion  
was arranged through the  cooperat ion o f  t h e  U. S. Naval A i r  S ta t i on ,  M o f f e t t  
F ie1 d, C a l i f o r n i a .  Dur ing a r o u t i n e  o f f sho re  p a t r o l ,  t h e  sur face  water  
temperature i n  an area about t h e  f i s h i n g  f l e e t  was surveyed. The center  o f  
t h e  f l e e t  ope ra t i on  was near 36'25" 1 a t i  tude by 123°40'W 1 ongi tude, and most 
o f  the boats  were opera t ing  i n  an area about 8 n a u t i c a l  m i l e s  by 10  n a u t i c a l  
m i l es ,  o r i e n t e d  i n  a nor th-south d i r e c t i o n .  The f l e e t  cen ter  was i n  a 
temperature area between the  16.7OC (62.OoF) and 17.2OC (63.OoF) isotherms. 
Temperature inshore  o r  on the  eas t  s ide  dropped t o  15.6OC (6O.O0F) w i t h i n  
about 3-1/4 n a u t i c a l  m i les ,  and a sharp temperature g r a d i e n t  o r  f r o n t  was 
e v i d e n t  i n  t h e  nor theas t  p o r t i o n  of t h e  survey area, w i t h  inshore  temperatures 
down to 14.4OC (58.OoF) range. 
temperature increased t o  17.8OC (64.OoF). 

To the  west o f  the  f l e e t  about 4 m i l e s  t h e  

On September 16, 1972, du r ing  surveys i n  cooperat ion w i t h  t h e  U. S. Coast 
Guard A i r  S ta t i on ,  San Franc i  sco, Cal i f o r n i a ,  near the  NOAA/NMFS research 
vessel David S t a r r  Jordan, i n  an area northwest o f  Monterey Bay, C a l i f o r n i a ,  
t h e  c o m m e r c - i 8 1 a c o r e e e t  was again surveyed. 
observed i n  the  area and a re  shown i n  F igu re  9 i n  t h e i r  p o s i t i o n  r e l a t i v e  t o  
sea sur face isotherms. 

and t h e  cen te r  o f  t h e  f i s h i n g  f l e e t  which was f i s h i n g  i n  water o f  15.6' 
(6O.O0F) t o  16.1°C (61.0°F). 

About 29 boats were 

A tem e r a t u r e  g rad ien t  o r  f r o n t  o f  2.2OC (4.OoF) 
ranging from near 13.3O (56.0 g F)  t o  15.6OC (6O.O0F) was ev iden t  between shore 

From observat ions recorded dur ing  these surveys, i t  i s  obvious t h a t  t h e  
f l e e t  i s  n o t  always o r ien ted  r e l a t i v e  t o  s p e c i f i c  temperature isotherms. O f f  
c e n t r a l  C a l i f o r n i a  the  f i s h e r y  when inshore appears t o  be associated w i t h  
s l i g h t l y  c o o l e r  temperatures o f  15.5' (6O.O0F) t o  16.1°C (61.OoF) t o  the  west 
and f u r t h e r  o f f sho re  where temperatures o f  16.7' (62.OoF) t o  17.2'C (63.OoF) 
were observed i n  the  f i s h i n g  area. The l o c a t i o n  o f  f i s h i n g  opera t ions  
immediately west o f  areas having a r a p i d  increase i n  temperature was observed 
on two occasions. 
having a r a p i d  change i n  thermal s t r u c t u r e  than t o  a s p e c i f i c  isotherm. 

Areas o f  a lbacore f i s h i n g  may be more r e l a t e d  t o  areas 
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Cur ren t  synopt ic thermal f r o n t  and sea surface temperature c h a r t s  p rov ide  
f ishermen w i t h  general overview o f  two enviromental parameters which may 
i n d i c a t e  an i n f i n i t e  number o f  l o c a t i o n s  f o r  a lbacore f i s h i n g  i n  r e l a t i o n  t o  
thermal f r o n t s  o r  a s p e c i f i c  temperature. 
caught i n  these l o c a t i o n s  i s  n o t  known, n o r  i s  i t  known what the  t r u e  r e l a t i o n  
t h e r e  i s  between the r e l a t i v e  importance o f  a ' 's t rong"  o r  "weak" f r o n t  and 
a lbacore f i s h i n g .  I n  the a i rbo rne  i n f r a r e d  examples g i ven  i n  prev ious 
f i gu res ,  a lbacore f i s h i n g  i s  many t imes found t o  be associated w i t h  a 
temperature change, b u t  n o t  o f  t he  magnitude o f  a temperature " f r o n t . "  

Whether o r  n o t  a1 bacore can be 

There i s  a need t o  determine the  t r u e  r e l a t i o n  o f  sur face and near 
sur face temperature and temperature f r o n t s  and o the r  phys ica l  and b i o l o g i c a l  
parameters t o  a lbacore f i s h i n g  and how they may a f f e c t  the movement o f  t he  
f i s h e r y .  Otherwise we w i l l  cont inue t o  see t h e  p r o l i f e r a t i o n  o f  synopt ic  
survey m a t e r i a l  on phys ica l  phenomena generated from new measuring v e h i c l e s  
such as s a t e l l i t e s  t h a t  a t tempt  t o  a i d  a f i s h e r y  b u t  t h e  synopt ic  m a t e r i a l  has 
no proven c o r r e l a t i o n  w i t h  the behavior o f  t he  f i s h  and t h e  f i s h e r y .  

To determine i f  a s i g n i f i c a n t  c o r r e l a t i o n  e x i s t s  between isotherm 
p a t t e r n s  and t h e  geographical occurrence o f  f i s h i n g  (and t h e  ca tch  o f  
a lbacore) over  a t ime per iod,  surveys should be conducted us ing a i rborne,  
sur face and subsurface measurement techniques. Surveys i n  cooperat ion w i t h  
the  f l e e t ,  o f  f i s h i n g  areas and the  ocean area about them f o r  temperature and 
b i o l o g i c a l  observat ions a t  s h o r t  t ime i n t e r v a l s  should be o f  value i n  
observi  ng movements o f  a1 bacore and t h e  associ ated f i s h i n g  f l  e e t  i n  re1 a t i o n s  
t o  changes i n  the  sea sur face and near subsurface temperature pat terns,  water 
c o l o r ,  o r  b i o l o g i c a l  a c t i v i t y .  These near sur face measurable parameters i n  
con junc t i on  w i t h  sate1 l i t e  data c o u l d  p rov ide  a comprehensive a n a l y s i s  o f  t he  
f i s h i n g  area. 
sur face and sub-surface isotherm p a t t e r n s  and o the r  b i o l o g i c a l  observat ions 
c o u l d  be firmly establ ished,  a i r b o r n e  surveys combined w i t h  s a t e l l i t e  data may 
p rov ide  a b e t t e r  knowledge o f  phys ica l  and b i o l o g i c a l  parameters r e l a t e d  t o  
a1 bacore m ig ra t i on ,  and p o s s i b l y  a method o f  r e a l - t i m e  p r e d i c t i o n  o f  sho r t -  
term m i g r a t i o n  w i t h i n  the  general area o f  f i s h i n g ,  a s e r v i c e  which would be o f  
t a c t i c a l  value to the a1 bacore f i s h i n g  f l e e t .  

I f  a r e l a t i o n  between movement o f  a lbacore and changes i n  
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Figure 1. Areas covered by monthly airborne sea surface temperature surveys. 
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