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ABSTRACT 

S a t e l l i t e  oceanic remote sensing i s  beglnnlng t o  play Important r o l e s  
i n  f i she ry  research and f i s h  harvesting. Spaceborne sensors are being used 
t o  make synoptic oceanic measurements f o r  use i n  determining va r ia t i ons  i n  
ocean cond i t ions  which play key r o l e s  i n  causing f l uc tua t i ons  i n  stocks o f  
f l shes  and i n  t h e i r  v u l n e r a b i l i t y  t o  harvesting. 

INTRODUCTION 

The use o f  sate1 1 i t e  remote sensing t o  provlde synopt ic measurements 
of the  ocean I s  becoming increas ing ly  important i n  f i s h e r l e s  appl lcations. 
Var ia t ions  i n  ocean cond i t ions  play key r o l e s  i n  natural  f l uc tua t i ons  o f  
f i s h  stocks and I n  t h e i r  v u l n e r a b i l l t y  t o  harvesting. In fo rmat ion  on t h e  
changing ocean, r a t h e r  than  on average ocean c o n d i t i o n s ,  I s  necessary t o  
understand and t o  eventual ly p r e d i c t  t he  e f f e c t s  o f  t h e  marine envlronment 
on f i s h  popu la t i ons .  The e v o l v i n g  c a p a b i l l t l e s  o f  s a t e l l i t e  sensor and 
da ta-process ing  technology. combined w i t h  conven t iona l  da ta  c o l l e c t l o n  
techniques, provlde a powerful t oo l  toward ensuring t h e  wise-use o f  l i v i n g  
marine resources. 

Laurs  and Brucks  (1985) r e v i e w  f i s h e r l e s  a p p l i c a t i o n s  o f  s a t e l l i t e  
oceanic remote sensing i n  t h e  U. S. Examples o f  recent  and po ten t i a l  uses 
o f  s a t e l l i t e  imagery i n  U. S. f i s h e r i e s  i n  t h e  e a s t e r n  N o r t h  P a c i f i c  a r e  
given i n  F led le r  e t  al.  (1985). Yamanaka (1982) describes the  u t i l i z a t i o n  
of s a t e l l i t e  imagery i n  Japanese f isher ies.  Gower (1982) gives an overview 
o f  t he  d i f f e r e n t  k inds o f  remote sensing data re levan t  t o  f i s h e r i e s  science 
and oceanography, and Montgomery (1981) discusses t h e  u t i l i t y  o f  s a t e l l i t e  
imagery t o  ocean Industr ies,  inc lud ing  f i sher ies .  

SATELLITE DATA USED I N  FISHERIES 

S a t e l l i t e  remote  sens ing  a p p l i c a t i o n s  i n  U. S. f i s h e r i e s  have 
concen t ra ted  on t h e  measurements o f  ocean tempera tu re  and c o l o r ,  and 
computation o f  ocean t ranspor t  based on s a t e l l i t e  measured wind stress. - 

V i r t u a l l y  a l l  f i s h e r i e s  s tud ies  employing s a t e l l i t e  Ocean temperature 
measurements have u t i 1  i z e d  imagery f rom the rma l  i n f r a r e d  sensors. The 
advanced i n f r a r e d  sensors, n o t a b l y  t h e  Advanced Very H igh  R e s o l u t i o n  
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Radiometer (AVI-RR) aboard the  TIROS o r b i t i n g  meteorological s a t e l l i t e s ,  a re  
c h a r a c t e r i z e d  by h i g h  s e n s i t i v i t y  i n  narrow wave lengths ,  f i n e  ground 
r e s o l u t i o n  and an e x t e n s i v e  da ta  a r c h i v a l  ( F i e d l e r  e t  a l .  1985). These 
sensors y i e l d  high q u a l i t y  data which, except f o r  some l i m i t a t i o n s ,  meet 
t h e  requirements f o r  most f i she ry  invest igat ions.  

There have been a ve ry  l i m i t e d  number o f  a t t e m p t s  t o  a p p l y  ocean 
temperature measurements made from microwave instruments aboard s a t e l l  I t e s  
t o  f i s h e r i e s  studies. These attempts have been on ly  marg ina l l y  successful, 
m o s t l y  because o f  t h e  l a r g e  f o o t p r i n t  o f  t h e  measurements and t h e  
c o n t a m i n a t i o n  o f  t h e  da ta  i n  t h e  v i c i n i t y  o f  land. However, an adequate 
e v a l u a t i o n  o f  t h e  u t i l i t y  o f  s a t e l l i t e  microwave ocean tempera tu re  
measurements i n  f i s h e r i e s  problems has ye t  t o  be conducted. E f f o r t s  t o  do 
so have been hampered because of d i f f i c u l t i e s  i n  o b t a i n i n g  mic rowave 
tempera tu re  da ta  and l a c k  o f  h i g h  speed da ta  p rocess ing  c a p a b i l i t i e s  t o  
process it. 

J2smuxm 
The Coastal Zone Color Scanner (CZCS) on board t h e  NIMBUS-7 s a t e l l i t e ,  

launched i n  October 1978, i s  t he  only sensor i n  o r b i t  t h a t  i s  s p e c i f i c a l l y  
designed t o  study l i v i n g  marine resources (Hovis e t  al. 1980). The CZCS i s  
capab le  o f  measur ing  v e r y  s u b t l e  v a r i a t i o n s  i n  water  c o l o r  r e s u l t i n g  
p r i m a r i l y  f rom v a r i a t i o n s  i n  phy top lank ton  concentrat ions. Ocean co lo r  
measurements from the  CZCS are  being used i n  f i she ry  resource app l ica t ions  
(a) t o  de te rm ine  t h e  l o c a t i o n s  o f  ocean ic  f r o n t s ,  e f f l u e n t s ,  and water  
masses, (b) t o  determine c i r c u l a t i o n  patterns, and (c) t o  make q u a n t i t a t i v e  
measurements o f  ch l  o rophy l l  and sestonic concentrations. - 

The scatterometer (SASS) aboard t h e  SEASAT-A sa te l  1 i t e  provided data 
which demonstrate the  importance t o  f i s h e r i e s  o f  h igh reso lu t i on  surface 
wind s t ress  measurements made from space. Winds s t ress  measurements made 
by s a t e l l i t e  can be used t o  ca l cu la te  ocean surface layer  t ranspor t  which 
con t ro l s  t h e  d i s t r i b u t i o n  of l a r v a l  stages and t h e  subsequent recru i tment  
and h a r v e s t s  o f  many m a r i n e  f i s h e s  and sh r imps  (Brucks  e t  a l .  1984). 
S a t e l l i t e  measurements o f  winds are  a l so  important i n  the  de tec t ion  o f  wind 
cond i t ions  t h a t  a f f e c t  t he  safety and performance o f  f i s h i n g  vessels a t  sea 
(Hawkins and B lack  1983). W h i l e  t h e  da ta  r e c o r d  o f  s a t e l l i t e  measured 
wlnds i s  very l i m i t e d  due t o  the  unfortunate, premature f a i l u r e  o f  SEASAT, 
e x t e n s i v e  g l o b a l  coverage of ocean ic  s u r f a c e  w inds  w i l l  be made by 
s a t e l l i t e  systems planned f o r  launch i n  t h e  l a t e  1980% ( L i  e t  al. 1984) 

USE OF SATELLITE MEASLREMENTS I N  FISHERIES RESEPRCH 

V a r i a t i o n s  i n  env i ronmen ta l  c o n d i t i o n s  a f f e c t  t h e  r e c r u i t m e n t ,  
d i s t r i bu t i on ,  abundance, and a v a i l a b i l i t y  o f  f i she ry  resources. It i s  n o t  
p o s s i b l e  t o  measure r e m o t e l y  f rom s a t e l l i t e s  t h e  e n t i r e  spectrum o f  
in fo rmat ion  needed t o  assess changes i n  the  marine environment. However, 
knowledge of important oceanographic c o n d i t i o n s  and processes a f f e c t i n g  
f i s h  p o p u l a t i o n s  may o f t e n  be deduced u s i n g  ocean measurements made by 
s a t e l l i t e  0.g.. d i s t r i b u t i o n  o f  s u r f a c e  iso therms,  l o c a t i o n s  o f  ocean ic  
f r o n t a l  boundar ies,  i n f o r m a t i o n  on c u r r e n t s  and c i r c u l a t i o n  pa t te rns ,  
regions o f  upwell ing, etc. 

Ocean measurements made by sa te l  1 i t e  remote sensing can be extremely 
Lasker e t  al. useful  i n  de f i n ing  the  d i s t r i b u t i o n  o f  marine f i s h  habitats. 
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(1981) and F ied le r  (1983) have demonstrated t h a t  t he  northern boundary o f  
northern anchovy spawning h a b i t a t  i n  the  Southern C a l i f o r n i a  B igh t  may be 
de l im i ted  using AVHRR Imagery from NOAA po la r  o r b i t i n g  s a t e l l i t e s  (Figure 
1). I n  general ,  t h e  n o r t h e r n  e x t e n t  o f  spawning i n  t h e  B i g h t  and t h e  
o f f sho re  ex ten t  o f  spawnlng nor th  o f  Santa Catal lna I s land  are  l i m i t e d  by 
cold, upwelled waters advected south o f  Po in t  Conception. The co ld  waters 
a r e  r e a d i l y  e v l d e n t  i n  s a t e l l i t e  i n f r a r e d  imagery o f  t h e  reg ion .  The 
southern l i m i t  o f  spawning may be defined using ocean co lo r  measurements 
made by t h e  CZCS aboard t h e  NIMBUS-7 s a t e l l i t e  showlng low  c h l o r o p h y l l  
concentrat ions (F ied le r  1983). 

The d i s t r i b u t i o n  and a v a i l a b i l i t y  o f  albacore tuna o f f  t he  west coast 
o f  t h e  U. S. have been found t o  be r e l a t e d  t o  ocean ic  f r o n t s  seen I n  AVHRR 
I n f r a r e d  and CZCS imagery (Laurs  e t  a l .  1984) ( F i g u r e  2). Commerc ia l l y  
f i shab le  aggregations o f  albacore are found i n  warm, b lue  oceanic waters 
near tempera tu re  and c o l o r  f r o n t s  on t h e  seaward edge o f  c o a s t a l  water  
masses. These ocean ic  boundary fea tures ,  wh ich  a r e  b e l i e v e d  t o  r e s u l t  
p r i m a r l l y  f rom c o a s t a l  u p w e l l i n g ,  a r e  c l e a r l y  obse rvab le  i n  s a t e l l i t e  
Imagery c o l l e c t e d  a long  t h e  U. S. P a c i f i c  coast. The d i s t r i b u t i o n  o f  
albacore dur ing w in te r  t i m e  i n  reglons hundreds o f  mi les  o f f  t he  coast has 
a l so  been r e l a t e d  t o  sea surface temperature fronts, bel ieved t o  mark the  
outer boundary o f  t he  C a l i f o r n l a  Current, observed I n  AVWR imagery (Laurs 
e t  a l .  1981). 

S a t e l l i t e  i n f r a r e d  measurements have a l s o  been used t o  t r a c e  t h e  
development and dura t ion  o f  t he  var ious b l u e f i n  tuna f i s h e r i e s  along t h e  
e a s t  c o a s t  o f  t h e  U. S. (Roe f fe r  e t  a l .  1982). These f i s h e r i e s  f o l l o w  t h e  
movement o f  seasonal warming o f  near-surface waters which are  monitored by 
observlng the  no r the r l y  progression o f  the  19-2O'C isotherms i n  sate1 1 I t e  
In f ra red  Imagery. L imi ted  success has been achieved dur ing w in te r  months 
i n  r e l a t i n g  t h e  d i s t r i b u t i o n  o f  tuna l o n g l i n e  f i s h i n g  i n  the  Gu l f  o f  Mexico 
w i t h  t h e  p o s i t i o n  o f  t h e  Loop C u r r e n t  deduced f rom tempera tu re  f r o n t a l  
pa t te rns  observed i n  Geostationary Orb i t i ng  Earth S a t e l l l t e  (GOES) In f ra red  
imagery (Lemlng, I n te rna l  Report, NMFS). I n  summer months a f t e r  seasonal 
warming has occurred, It i s  n o t  p o s s i b l e  t o  r e s o l v e  tempera tu re  f r o n t a l  
s t ruc tu re  i n  the  GOES i n f r a r e d  Imagery o f  t he  Gulf  o f  Mexico. 

S a t e l l l t e  remote senslng has been an espec ia l l y  Important t oo l  dur ing  
the  recent  E l  NiRo f o r  mon i to r ing  anomalous ocean cond i t ions  along t h e  U. 
S. P a c i f i c  c o a s t  ( F i e d l e r  1984a). The s a t e l l i t e  imagery c o n t a i n s  
Inva luab le  in fo rmat ion  f o r  use i n  assesslng t h e  e f f e c t s  o f  t h e  El Nlflo 
c o n d i t i o n s  on U. S. wes t  c o a s t  f i s h e r i e s .  V i r t u a l l y  a l l  o f  t h e  f i s h e r i e s  
were a f fec ted  i n  varying degrees w i t h  some f i s h e r i e s  showing bene f i t s  from 
the  E l  Niflo, and o thers  being harmed subs tan t ia l l y .  Many f i s h  populat ions 
experienced changes I n  t h e i r  d i s t r i b u t i o n  and centers o f  abundances. For 
example, t he re  were s h l f t s  i n  t h e  usual d i s t r i b u t i o n  o f  anchovy spawning 
wh ich  F i e d l e r  (1984b) found c o u l d  be d e l i n e a t e d  u s i n g  AVHRR I n f r a r e d  
imagery. 

USE OF SATELLITE MEASUREMENTS I N  FISHERIES-AID PRODUCTS FOR FISHERMEN 

Several p ro jec ts  and programs have used or are using s a t e l l i t e  derived 
ocean da ta  i n  f i s h e r i e s - a i d  p roduc ts  wh lch  a r e  d i s t r i b u t e d  t o  U. S. 
f l she rmen  by a v a r i e t y  o f  mechanisms, I n c l u d i n g  r a d l o  f a c s i m i l e  
t ransmiss ion ,  v o i c e  broadcast,  U. S. m a i l ,  and te lephone  t e l e c o p i e r .  A 
p r lme mot lva t lon  leading t o  t h e  expanded use of s a t e l l i t e  observatlons i n  
f i sher ies-a id  products was provided by the  SEASAT Commercial Demonstration 
Program sponsored by the  National Aeronautics and Space Adminfstrat ion/Jet  
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P r o p u l s i o n  Labora tory .  T h i s  program l e d  t o  t h e  development o f  an 
o p e r a t i o n a l  S a t e l l i t e  Data D i s t r i b u t i o n  System used t o  d i s t r i b u t e  
oceanographic products t o  ocean users (Montgomery 1981). 

Charts showing the  loca t ions  o f  oceanic thermal boundaries are derived 
from AVHRR in f ra red  imagery from polar o r b i t i n g  s a t e l l i t e s  and a re  provided 
t o  commercial and recrea t iona l  fishermen f o r  use i n  l oca t i ng  p o t e n t i a l l y  
p r o d u c t i v e  f i s h i n g  grounds a long t h e  P a c i f i c  c o a s t  f rom c e n t r a l  Ba ja  
C a l i f o r n i a  t o  B r i t i s h  Columbia,  Canada ( B r e a k e r  1981) ( F i g u r e  3 ) .  
Fishermen use these char ts  t o  save t i m e  I n  searching f o r  product ive f i s h i n g  
areas  assoc ia ted  w i t h  ocean ic  f r o n t a l  f e a t u r e s  ( S h o r t  1979 and Breaker 
1981). High r e s o l u t i o n  i n f r a r e d  images f rom t h e  GOES s a t e l l i t e  and s h i p  
repo r t s  are used i n  the  preparat ion o f  char ts  f o r  waters o f f  t h e  A t l a n t i c  
Coast, wh ich  a r e  d i s t r i b u t e d  t o  f i she rmen  and o t h e r  i n t e r e s t e d  use rs  
(Chamberlain 1981). O f  p a r t i c u l a r  I n t e r e s t  t o  fishermen these char ts  show 
(a) t h e  outer l i m i t  o f  t he  s h e l f  water mass, i n  which many f i she ry  resource 
species reside, and (b) t he  numbers, s izes and persistence o f  warmcore Gu l f  
Stream rings, which can markedly a l t e r  cond i t ions  on t h e  f i s h i n g  grounds. 
These char ts  have been p a r t i c u l a r l y  useful  t o  lobs ter  fishermen i n  reducing 
loss o f  f i s h i n g  p o t s  due t o  s t r o n g  c u r r e n t s  o f  t h e  G u l f  Stream warmcore 
eddies. Char t s  based on GOES i n f r a r e d  imagery a r e  a l s o  prepared t o  show 
t h e  p a t h  o f  t h e  Loop C u r r e n t  i n  t h e  G u l f  o f  Mex ico  and a r e  used m o s t l y  by 
recrea t iona l  fishermen (Lowry and Leaky 1982). 

Exper imenta l  ocean c o l o r  boundary c h a r t s  based on CZCS imagery a r e  
d i s t r i b u t e d  t o  U. S. west coast fishermen (Montgomery 1981). These char ts  
show fou r  c a t e g o r i e s  o f  ocean co lo r - - -g reen coas ta l ,  t r a n s i t i o n  green, 
t r a n s i t i o n  b l u e  and deep ocean b l u e  ( F i g u r e  4). They a r e  produced a t  
a1 most weekly i n t e r v a l s  depending on cloud condit ions, and cover coastal 
a reas  up t o  700,000 km2 between Guadalupe I s l a n d  and Vancouver I s land .  
NIMBUS-7 CZCS passes along t h e  P a c i f i c  coast a re  co l lec ted  and processed i n  
nea r - rea l  t ime,  and t r a n s m i t t e d  by r a d i o  f a c s i m i l e  t h e  f o l l o w f n g  day t o  
f i s h i n g  boats a t  sea. Color photographs o f  t h e  s a t e l l i t e  images a re  a l so  
d i s t r i b u t e d  by express m a i l  t o  v a r i o u s  f i s h i n g  p o r t s  and t o  Sea Gran t  
marine advisors i n  d a i l y  contact  w i t h  fishermen. The co lo r  boundary char ts  
and photographs a r e  used p r i m a r i l y  by commercial  a lbaco re  and salmon 
ftshermen, and recrea t iona l  fishermen i n  southern Cal i f o rn ia .  

Sea i c e  fo recas t  char ts  derived from NIMBUS-7 Scanning Mult ichannel  
Mic rowave Rad iometer  (SMMR) and AVHRR I n f r a r e d  Imagery a re  prepared f o r  
regions o f  Alaska and t ransmi t ted  by r a d i o  f a c s i m i l e  t o  fishermen and other 
marine users. 
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Figure 1 .  D i s t r i b u t i o n  of anchovy eggs superimposed on the  
thermal image of t h e  Southern C a l i f o r n i a  B i g h t  
taken 6 A p r i l ,  1980. The 14oC isotherm p l o t t e d  
from s a t e l l i t e  g ray - sca l e  c a l i b r a t i o n  has been 
drawn in .  Feathery white  o b j e c t s  a r e  c louds .  
Squares i n d i c a t e  number o f  anchovy eggs under 
one square  meter of sea s u r f a c e  (from Lasker e t  
a l . ,  1981) .  
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Figure  2, Central  C a l i f o r n i a  d a i l y  a l b a c o r e  c a t c h e s ,  Sept .  
27-Oct. 2 ,  1981 and NOM-7  AVHRR sea  s u r f a c e  
tempera tures ,  Sept .  30, 1981 (from Laurs e t  a l . ,  
1984) 
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Figure 3. Sea s u r f a c e  temperature  c h a r t s  based on s a t e l l i t e  infra- imagery 
a n d  s h i p  r e p o r t s  i s sued  by U.S. National Weather S e r v i c e  (from 
F i e d l e r  e t  a l .  , 1985). 

Figure 4. Ocean c o l o r  boundary c h a r t  o f f  nor thern  
C a l i f o r n i a  and Oregon (R. Wittenberg,  
Scr ipps  I n s t i t u t i o n  of Oceanography, 
V i s i b i l i t y  Labora tory) .  




