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INTRODUCTION 

Remote sens ing  techniques  h a s  shown g r e a t  improvements i n  

t h e  r e c e n t  previous y e a r s .  

purposes ,  t h e  d a t a  have a l s o  been processed  i n  o r d e r  t o  d e s c r i b e  

oceanographic f e a t u r e s .  

Or igFnal ly  used f o r  meteoro logica l  

The f a l l  o u t  i n  f i s h e r y  r e s e a r c h  i s  v e r y  impor tan t .  S i n c e  

t h e s p a t i a l  d i s t r i b u t i o n  of some p e l a g i c  s p e c i e s  i s  under i n f l u e n c e  

of t h e  environmental  c o n t e x t  where t h e y  l i v e  i n ,  t h e  a p p l i c a t i o n  of 

oceanographic i n t e r p r e t a t i o n s  t o  m o n i t a r  t h e  f i s h e r i e s  became 

obvious.  

On t h e  p r a c t i c a l  p o i n t  of view, t h e  *problem i s  n o t  s o  

s imple .  

has  a major c o n s t r a i n t  such as t h e  r e a l  t i m e  d i s t r i b u t i o n  of t h e  

informat ion .  

and s y n t h e t i z e d .  Besides,  t h e  r e l a t i o n s h i p s  between some h y d r o l o g i c a l  

parameters  and f i s h  c o n c e n t r a t i o n s  a r e  r a t h e r  complex as m u l t i p l e  

f a c t o r s  (major p a r t  of them are n o t  measured by remote s e n s i n g  tech- 

n i q u e s )  play t o g e t h e r .  However, i n  some cases, i t  has  been p o s s i b l e  

t o  i d e n t i f y  t h e  processus l e a d i n g  t o  c o n c e n t r a t i o n s  o f  f i s h ,  

e s p e c i a l l y  tuna  i n  t r o p i c a l  A t l a n t i c .  T h i s  w i l l  be  p r e s e n t e d  a f t e r  

t h e  oceanographic a p p l i c a t i o n  of s a t e l l i t e  and t h e  r e l a t i o n  between 

some t y p i c a l  processus and f i s h  product ion  a r e  d e s c r i b e d .  

The goa l  i s  t o  provide  an o p e r a t i o n a l  f i s h i n g  a i d ,  b u t  t h i s  

To be f u l l y  u s e f u l  t o  f ishermen,  it needs t o  b e  processed  
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I. SATELLITES AND SENSORS FOR OCEANOGPflHY 

I. 1. S a t e l l i t e s  

Among t h e  numerous s a t e l l i t e s  i n t o  o r b i t  around t h e  E a r t h ,  

only t h o s e  def ined  as "environmental  s a t e l l i t e s "  a r e  used f o r  oceanographic  

purposes .  

s a t e l l i t e s .  

can a l s o  b e  used f o r  d e s c r i b i n g  some oceanographic  f e a t u r e s .  

They are d i v i d e d  i n t o  g e o s t a t i o n n a r y  and p o l a r - o r b i t i n g  

The f i r s t  f u n c t i o n  of t h e s e  i s  meteorology b u t  t h e  s e n s o r s  

a) g e o s t a t i o n n a r y  s a t e l l i t e s  : P a c i f i c  and A t l a n t i c  Oceans are 

w e l l  covered by t h i s  type  of s a t e l l i t e s  1 GMS, GOES W and  GOES E f o r  

P a c i f i c ,  METEOSAT f o r  A t l a n t i c .  Indian Ocean i s  s t i l l  uncovered;  i n  1979, 

f o r  GARP experiment, one of t h e  GOES has  been s h i f t e d  o v e r  I n d i a n  Ocean 

and t h e  imagery b u i l t  up i s  s t i l l  very u s e f u l .  

METEOSAT i s  f u l l y  e x p l o i t e d  by oceanographers  i n  A t l a n t i c  

Ocean. Multi-channel a n a l y s i s  (VIS and IR) are c a r r i e d  o u t  i n  o r d e r  t o  

provide  i n  r e a l  t i m e  t h e  b e s t  e s t i m a t i o n  o f  t h e  s e a  s u r f a c e  tempera ture  

(SST) on a l a r g e  oceanic  s c a l e .  

2.5 km f o r  the  v i s i b l e  channel  (0.4 - 1 . l p m )  and 5 km f o r  t h e  t h e r m i c a l  

i n f r a - r e d  channel (5 - 12.5,~m). 

In A t l a n t i c  Ocean, t h e  r e s o l u t i o n  i s  

b), p o l a r - o r b i t i n g  s a t e l l i t e s  : t h e y  provide  a g r e a t  d e a l  of 

' i n f o r m a t i o n .  Some of them a r e  used i n  oceanographic  s t u d i e s :  

- TIROS/NOAA : 3 t y p e s  of d a t a  are t r a n s m i t t e d  through a h i g h  

r e s o l u t i o n  p i c t u r e  system (HXPT) : 

. AVHRR (Advanced v e r y  High Resolu t ion  Radiometer) ,  5 channels  

(VIS and IR), r e s o l u t i o n  : 1 . 1  km; 

. TOVS (TIROS o p e r a t i o n a l  v e r t i c a l  sounder) ,  which can measure t h e  

v a r i a t i o n  of a tmospheric  a b s o r p t i o n  used f o r  c o r r e c t i o n  of r a d i o m e t r i c  

v a l u e s  ; 
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. ARGOS Data Co l l ec t ing  System : oceanographers  u s e  i t  t o  d e s c r i b e  

c u r r e n t  p a t t e r n s  and c o l l e c t  s e v e r a l  envi ronmenta l  parameters  (Temperature ,  

s a l i n i t y  . . .  ) i n  r e a l  t i m e  with d r i f t i n g  buoys; 

- NIMBUS 7 : an expeximental  s a t e l l i t e  w i t h  e i g h t  exper iments .  

Two of them have oceanographic a p p l i c a t i o n s :  

. SNMR : microwave radiometry 

. CZCS (Coas ta l  Zone Colour Scanner) a n a l y s i n g  t h e  sea c o l o u r  d e f i n i n g  

an index  of p r o d u c t i v i t y .  

- SEASAT : an exper imenta l  s a t e l l i t e  p r o v i d i n g  oceanographic  d a t a ,  

u s i n g  a r ada r  a l t i m e t e r ,  a s c a t t e r o m e t e r ,  a SAR ( S y n t h e t i c  Aper tu re  Radar)  

whose c h a r a c t e r i s t i c s  a re  shown i n  F i g .  1 , and a SLR (S ide  look ing  Rada r ) .  

- LANDSAT : c o a s t a l  c u r r e n t s ,  h igh  p r o d u c t i e i t y  areas can b e  

i n v e s t i g a t e d  by t h e  images provided by t h e  MSS ( M u l t i s p e c t r a l  Scanne r ) .  

1 . 2 .  De ta i l ed  a p p l i c a t i o n s  

reviewed. 

The major a p p l i c a t i o n s  i n  t h e  f i e l d  o f  oceanography a r e  

1.2.1. D i r e c t i o n  'of marine waves 

This  parameter has  r e c e n t l y  been s t u d i e d  u s i n g  SLR o r  SAR. 
The oceanic  wavesinduce o u t  of phase  r e f l e c t e d  f r e q u e n c i e s  which are t h e  

expres s ion  of success ive  waves p e r i o d .  I f  a c u r r e n t  occu r s ,  an  asymetry 

of Doppler peak appears .  

ocean ic  waves spectrum can be i n v e s t i g a t e d  (F ig .  2 ) .  

When changing t h e  HF f requency ,  t h e  whole 

I.  2 . 2 .  Wave h e i g h t  

It can be  measured by t h e  r a d a r  a l t i m e t e r .  When t h e  sea 

i s  calm, the  r e t u r n  t ime of t h e  signal i s  minimum. Rougher t h e  sea and 

longe r  t h e  r e t u r n  t i m e  of t h e  signal.  

t h e  s a t e l l i t e  a l t i t u d e  and t h e  d e s c r i p t i o n  o f  t h e  sea s ta te .  The 

This a l l o w s  the computat ion of  
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Fig.  2 - Figure  6.  Measured Doppler spec t rum a t  13 .4  MHz showing t h e  
two s t r o n g  echoes.  The d isp lacement  i s  caused by t h e  p r e s e n c e  
of a c u r r e n t  (Bar r i ck ,  1978).  
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r e s o l u t i o n  obta ined  by SEASAT i s  6 . 5  km, and t h e  accuracy  on t h e  wave 

h e i g h t  i s  5 10 cm.  

t h e  good q u a l i t y  of t h e  s a t e l l i t e  d a t a  p r o c e s s i n g (  Fig.3)  . 
The comparison w i t h  ground- t ru th  d a t a  p o i n t s  o u t  

1 .2 .3 .  Marine c u r r e n t  p a t t e r n s  

Once a g a i n ,  such s t u d i e s  r e q u i r e  t h e  u s e  of  t h e  r a d a r  

A s u r f a c e  c u r r e n t  can b e  d e t e c t e d  by t h e  s l o p e  of  t h e  ocean a l t i m e t e r .  

s u r f a c e ,  due t o  an e q u i l i b r i u m  between t h e  C o r i o l i s  f o r c e  and t h e  p r e s s u r e  

gr a d i e n t  . 
Therefore  t h e  a l t i m e t e r  can  measure t h e  g e o s t r o p h i c  e f f e c t  

Complimentary knowledge o f  t h e  d e n s i t y  p r o f i l e s  of t h e  of t h e  c u r r e n t .  

water  column a l lows  t h e  e s t i m a t i o n  of s u b s u r f a c e  c u r r e n t s .  Such 

measurements have been made over  t h e  Gulf S t r eam ( F i g .  4 ) .  Eddies  which 

g e n e r a t e  weaker v a r i a t i o n s  of  t h e  s u r f a c e  s l o p e  can  a l s o  b e  d e t e c t e d .  

I. 2.4 .  Sea.  bed toDonraDhv 

This  t a s k  can be achieved by u s i n g  a c t i v e  systems (Laser )  

on a r e a s  of sha l low and c l e a r  water .  The measures a r e  made i n  t h e  blue-  

green r a d i a t i o n s  of t h e  spectrum. The d e p t h  i s  c a l c u l a t e d  from t h e  d e l a y  

between sea  s u r f a c e  and s e a  'bed r e f l e c t i o n s .  

t u r b i d s )  t h e  opt imal  wavelength i s  530 nm; f o r  c l e a r  w a t e r ,  460 nm. 

For  c o a s t a l  w a t e r s  ( r a t h e r  

1 . 2 . 5 .  Sea s u r f a c e  tempera ture  

SST can be determined by i n f r a - r e d  and microwave rad iometry .  

- I R  radiometry:  Two of t h e  more commonly used i n s t r u m e n t s  a r e  

t h e  VISSR aboard t h e  GOES s a t e l l i t e s  and t h e  AVHRR i n s t r u m e n t s  aboard t h e  

NOM-7 and 8 sa te l l i t es .  Technica l  d e s c r i p t i o n s  of  t h e s e  systems a r e  t o  

be found i n  t h e  l i t e r a t u r e .  Data from t h e  VISSR s e n s o r  i s  easiest  t o  

use s i n c e  t h e  r a d i o m e t r i c  in format ion  r e t r a n s m i t t e d  by NOAA/NESS i s  

converted i n t o  an  8-b i t  t a b l e ,  from which t e m p e r a t u r e s  a r e  d i r e c t l y  

obta ined .  Geographic g r i d  informat ion  i s  t r a n s m i t t e d  as p a r t  of t h e  

i n f r a r e d  channel and i s  easy t o  use .  The thermal  s e n s i t i v i t y  i s  0.5"C 
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Fig .  3 - A comparison of s i g n i f i c a n t  wave h e i g h t  (H ) measured ove r  the 
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- 8 -  

and t h e  s p a t i a l  r e s o l u t i o n  a t  n a d i r  i s  8 km. The d a t a  a r e  u s e f u l  s i n c e  

i t  i s  p o s s i b l e  t o  o b t a i n  d a t a  a t  30 minutes  throughout  t h e  day. The 

s u r f a c e  water tempera tures ,  however, normally a r e  2-6°C c o o l e r  than  t h e  

a c t u a l  s u r f a c e  tempera ture ,  due t o  t h e  p r e s e n c e  of a tmospher ic  w a t e r  

vapour w i t h i n  t h e  f i e l d  of view. While more s o p h i s t i c a t e d  methods f o r  

c o r r e c t i o n  of w a t e r  vapour may be used, t h e  s i m p l e s t  method u t i l i z e s  

s e v e r a l  d i f f e r e n t  measurements of a c t u a l  tempera tures  i n  t h e  same f i e l d  

of view. VISSR temperatures  are then  p a i r e d  w i t h  t h e  ground- t ru th  

measurements t o  o b t a i n  a l e a s t  square  f i t ,  r e l a t i n g  t h e  observed 

temperature  t o  t h e  a c t u a l  temperature.  For s m a l l  l a k e s  i n d  embayments, 

u n f o r t u n a t e l y ,  t h e  s e n s o r  f o o t p r i n t  i s  t o o  l a r g e .  The AVHRR i n s t r u m e n t  

o f f e r s  s p a t i a l  and thermal  r e s o l u t i o n  o f  about 1 km and 0.2"C9 r e s p e c t -  

i v e l y .  The 10-bit  d a t a ,  i n  c o n t r a s t ,  must be comple te ly  processed  and 

c o r r e c t e d  by t h e  u s e r .  Eecause t h e  p e r s p e c t i v e  a n g l e  from one o r b i t a l  

pass  t o  t h e  next  pass  changes, geometr ic  c o r r e c t i o n s  a r e  a l s o  needed. 

The l a c k  o f  a t r a n s m i t t e d  g r i d  f o r  t h e  u s e r  f u r t h e r  i n c r e a s e s  t h e  

d i f f i c u l t y  of us ing  t h e s e  da ta .  

- microwave radiometry : The t e m p e r a t u r e  is a f u n c t i o n  of s u r -  

f a c e  and atmospheric  parameters ,  so t h a t  s e a  Cemperature d e t e r m i n a t i o n  

needs a m u l t i s p e c t r a l  measurement. The r e s o l u t i o n  i s  s t i l l  poor  (50 km) 

but  t h e  SST can be known whatever t h e  c l o u d i n e s s  i s .  

I. 2.6. S a l i n i t y  

For a given wavelength, t h e  s e a  e m i s s i v i t y  i s  a f u n c t i o n  

of both tempera ture  and s a l i n i t y .  The s a l i n i t y  e f f e c t  i s  more i m p o r t a n t  

a t  low frequency microwaves when t h e  t e m p e r a t u r e  e f f e c t  i s  maximum a t  

h igh  f requencies .  Combined measurements of SST and s a l i n i t y  u s i n g  t w i n  

frequency rad iometer  (1.43 GHz and 2.65 GHZ) have been made (,€Bume e t  a l ,  

.1978). The accuracy f o r  s a l i n i t y  i s  s t i l l  moderate  ( f l Z o )  and make t h i s  

technique only  s u i t a b l e  i n  f r o n t a l  areas, i .e.  e s t u a r i n e s a  

1 .2 .7 .  Phytoplanktonic  d e n s i t y  mappinn 

Water c o l o u r  r e l a t e d  t o  t h e  c o n c e n t r a t i o n  of c h l o r o p h y l l  

( a l g a e ) ,  may a l s o  provide  important environmental  i n f o r m a t i o n .  A r e p o r t  
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by U l b r i c h t  e t  a l ,  (1.977) noted t h e  OccurCenCe of  l i n e s  i n  MSS Band 5 

imagery 

s e a s o n a l  appearance of blue-green a l g a e  c h a i n s ,  i n  Lake Constance.  Another  

r e p o r t  by U l b r i c h t  and Horstmann (1978) 

green a l g a e  i n  t h e  B a l t i c ,  using MSS d a t a  and ground-truth d a t a .  

(LANDSAT) which they subsequent ly  determined t o  b e  due t o  t h e  

documented t h e  presence of b l u e -  

The most recent  developments i n  water  co lour  r e s e a r c h  r e l a t e  

t o  two instruments:  t h e  Coas.tal Zone Colour Scanner (CZCS) and t h e  Ocean 

Colour Experiment (OCE) instrument .  The 6-channel CZCS ins t rument  was 

p u t  i n t o  o r b i t  w i t h  t h e  1978 launch of Nimbus-7.Technical d e t a i l s  may b e  

found i n  v a r i o u s  p u b l i c a t i o n ,  e .g . ,  I-Iovis e t  a l ,  (1980) and Gordon e t  a l ,  

(1980).  O f  t h e  6 channels ,  4 a r e  f o r  c h l o r o p h y l l  pigments, 1 f o r  n e a r  

i n f r a r e d  ( d e t e c t i o n  of landjwater  margins) ,  and 1 thermal  i n f r a r e d  band 

f o r  e x t r a c t i o n  of rad iometr ic  b r i g h t n e s s  temperatures .  

i s  about  800m,  s i m i l a r  t o  t h a t  of t h e  AVKRR aboard m e t e o r o l o g i c a l  

s a t e l l i t e s .  Data r e s o l u t i o n  i s  8 b i t s  (256 l e v e l s ) .  Data f o r  t h e  

European area  a rearchived  by t h e  J o i n t  Research Centre ,  Commission of 

European Communities, I s p r a ,  I t a l y .  South Afr ican  d a t a  a r e  a r c h i v e d  a t  

t h e  Nat iona l  Research I n s t i t u t e  f o r  Oceanology, S te l lenbosch ,  S. Africa.  

Ground r e s o l u t i o n  

The OCE instrument  i s  flown aboard t h e  Space S h u t t l e  a t  

p r e s e n t  and normally concent ra tes  on open ocean co lour  r e s e a r c h .  The 

ins t rument  i s  s i m i l a r  t o  t h e  CZCS b u t  u t i l i z e s  8 channels ,  7 of which 

are i n  t h e  v i s i b l e  range and 1 channel  i n  t h e  n e a r  i n f r a r e d .  

r e p o r t  of t h e  1981 OCE mission,  K i m  e t  a l ,  (1982) were a b l e  t o  d e t e r m i n e  

an e m p i r i c a l  r e l a t i o n  between c h l o r o p h y l l  c o n c e n t r a t i o n  and upwel l ing  

r a d i a n c e  from t h e  s e a ,  

c h l o r o p h y l l  (mg/m3) was determined t o  b e  

In a r e c e n t  

Based on ground-truth d a t a ,  t h e  c o n c e n t r a t i o n  of 

5 - ' 3  C = 17.5 exp.(-5.44R), where I¿ = 

The s u b s c r i p t s  

(I1 = 486nm and I3 = 553nm). 

d e a l  w i t h  suspended sediments 

a tmospheric  a e r o s o l s .  

A l  though these  

aboard Landsat D, may b e  used 

r e f e r  t o  t h e  band numbers of t h e  i n s t r u m e n t  

The method of K i m  e t  a l ,  (1982) does n o t  

but  i t  does o b t a i n  a c o r r e c t i o n  f o r  

ins t ruments ,  as w e l l  a s  t h e  t h e m a t i c  mapper 

t o  o b t a i n  w a t e r  c o l o u r  informat ion ,  t h e  16-18 
' ' day i n t e r v a l  between consecut ive  overpasses  may s e r i o u s l y  l i m i t  t h e i r  

usage f o r  some resource  assessments and r e s e a r c h  s t u d i e s .  

r e p e t i t i v e  coverage i s  made worse by t h e  f r e q u e n t  presence  of c l o u d  c o v e r .  

The problem of 
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These s a t e l l i t e  d a t a  s o u r c e s ,  however, may b e  . v e r y  u s e f u l  f o r  s e l e c t e d  - 
case  s t u d i e s ,  o r  proof-of-concept experiments .  ?*ere f r e q u e n t  d a t a  

coverage i s  needed and t h e  s t u d y  a r e a  i s  n o t  l a r g e ,  survey  by a i r c r a f t  

o f f e r s  a number of advantages,  i n c l u d i n g  much improved s p a t i a l  r e s o l u t i o n  

f o r  t h e  sensors .  

1.2 8. S u r f a c e  winds 

The wind s t r e s s  induces t h e  roughness of  t h e  sea; t h e n  i t  

has a d i r e c t  i n f l u e n c e  on t h e  amount of d i f f u s e d  r a d i a t i o n s .  The hyper- 

f requency radiometry only  provides  t h e  wind speed (accuracy  - 2ms-I) when 

- the  s c a t t e r o m e t e r  measures a t  t h e  same t i m e  wind speed and d i r e c t i o n ,  

wi th  r e s p e c t i v e  a c c u r a c i e s  of 10-20% and 20%. The l a t t e r  ins t rument  i s  

t h e  most s u i t a b l e  f o r  t h o s e  t o p i c s .  

-!- 

Table  1 summarizes t h e  major oceanographic  a p p l i c a t i o n s  

of t h e  s a t e l l i t e  s e n s o r s .  

1.3.  F u t u r e  developements 

The European Space Agency (ESA) i s  developping  a programme 

focused on oceanic  surveys .  The s a t e l l i t e  ERS-1 w i l l  b e  t h e  i s s u e  of 

numerous s t u d i e s  c a r r i e d  o u t  dur ing  t h e  prev ious  exper iments  of SEASAT, 

NIMBUS 7 and TIROS-N ( F i g . 5 ) .  

The ERS-1 payload w i l l  c o n s i s t  of t h e  f o l l o w i n g  i n s t r u m e n t s :  

- a C-band A c t i v e  Microwave Instrumentation(AM1) (combining t h e  

f u n c t i o n s  of a S y n t h e t i c  Aper ture  Radar ( S A R ) ,  a Wave S c a t t e r o m e t e r  and 

a Wind Sca t te rometer ) ,  p r i m a r i l y  f o r  wind f i e l d  and wave spectrum 

measurements and a l l -weather  imaging; 

- a n  Ocean Colour Monitor (OCM) ,  p r i m a r i l y  f o r  t h e  measurement 

.o f  s e a  s u r f a c e  tempera tures  and ocean c o l o u r s ;  

- a. Radar A l t i m e t e r  (RA) p r i m a r i l y  f o r  t h e  measurement of 
s i g n i f i c a n t  wave h e i g h t s .  

N.B. In a d d i t i o n ,  the satel l i te  p l a t f o r m  provides  t h e  p o s s i b i l i t y  f o r  - 
i n c o r p o r a t i n g  a data c o l l e c t i o n  package. 



~~ 

Ob s ervab 1 es 

Chlorophyl l  
and a lgaes  

Current  pos i- 
t i o n  

Curren t  speed 

E s t u a r i n e  c i r -  
CU l a  t ion  

I c e  cover 

I cebe rgs  

I n t e r n a l  waves 

Marine geoid 

O i l  s p i l l s  

Sa 1 i n  i t y  

Sea s t a t e  and 
s w e l l  

Sediment t rans  
p o r t  

Se tup  

Shallow water  
bathymetry 

Storin su rges  

Sur face  winds 

Temperature 

T ides  

Tsunamis 

Upwellings 

GJater vapor 

Wave r e f r a c t  io r  

dave spectrum 

-. . - 11 - 
Table 1 - Summary of  Sensors  and Obsereables  

Imaging Radiometers _- 
Micro- 

l i s i b l e  Thermal I R  . lJave 
Shor t  P u l s e  Imaging S c a t t e r -  
A l t  i m e  t e r  Radar ometer  

Numbers i n d i c a t e  order  o r  importance i n  de t e rmin ing  t h e  obse rvab le  w i t h  1 f o r  
primary, 2 f o r  secondary and 3 ' f o r  t e r t i a r y .  Hyphens i n d i c a t e  no u t i l i t y .  
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--- 
ROTATING SOLAR A M I  (WAVE SCA'M'EROMETE!<) 

i 
Fig. 5 - Possible in-flight configuration of ERS-1 
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The OCM w i l l  be  composed of v i s i b l e  and I R  s e n s o r s .  The 

v i s i b l e  channels  w i l l  be very  similar t o  t h o s e  of CZCS (NIMBUS-7) and 

t h e  I R  channels  n e a r l y  t h e  same a s  t h o s e  used by t h e  AVHRR (NOAA-7) .  

The system c a p a b i l i t y  of ERS-1 i s  p r e s e n t e d  i n  Table  2 ,  

and t h e  d i f f e r e n t  mission o b j e c t i v e s  accord ing  t o  t h e  i n s t r u m e n t s  i n  

Table 3. 

II. REMOTE SENSING OF FISHERIES RELATED PARAMETERS 

I n  t h e  f i e l d  of f i s h e r i e s  r e s e a r c h ,  t h e  most common parameters  

used a r e  t h e  wind, t h e  sea s u r f a c e  tempera ture  (SST) and t h e  sea c o l o u r .  

A s p e c i a l  n o t e  on bioluminescence experiments  w i l l  end t h i s  s e c t i o n ,  a s  

i t  only concerns a e r i a l  surveys.  

We s h a l l  d i s c u s s  d i f f e r e n t  t o p i c s  r e l a t e d  t o  f i s h e r i e s  monitorimg 

and p r e s e n t  v a r i o u s  experiments a s  i l l u s t r a t i o n s .  

1 1 . 1 .  E f f e c t  of s u r f a c e  c u r r e n t s  on f i s h  egg and l a r v a e  movement 

Many f i n f i s h  and s h e l l f i s h  which spawn o f f s h o r e  depend on 

s u r f a c e  c u r r e n t s  t o  t r á n s p o r t  t h e i r  eggs and l a r v a e  i n t o  e s t u a r i n e  n u r s i n g  

grounds.  This p e r i o d  of egg and larvae d r i f t  r e p r e s e n t s  t h e  most c r i t i c a l  

s u r v i v a l  per iod f o r  c e r t a i n  marine nekton.  

provide f a v o r a b l e  t r a n s p o r t ,  o r  f r o n t s  prevent  t h e i r  d r i f t ,  t h e  r e s p e c t i v e  

f i s h e r y  may be s e v e r e l y  a f f e c t e d .  

important  oceanographic f a c t o r  a f f e c t i n g  r e c r u i t m e n t  i n  t h e  f i s h e r i e s .  

Strong and c o n s t a n t  winds ( inducing s t r o n g  c u r r e n t s )  break  t h e  w a t e r  

column s t r a t i f i c a t i o n  and d i s p e r s e s  t h e  p lankton ,  a b a s i c  food f o r  f i s h  

l a r v a e  whose s u r v i v a l  i s  then  a f f e c t e d .  The amount of  t u r b u l e n t  mixing 
caused by wind i s  roughly propor t ionna1  t o  t h e  cube 
of t h e  wind speed. It appears  t h a t  weak winds and s u i t a b l e  food 

dur ing  t h e  l a r v a l  s t a g e s  of anchovies  o f f  C a l i f o r n i a  r e s u l t  i n  

year  c l a s s e s  of t h i s  s p e c i e s ,  and t h a t  s t r o n g  winds,  upwell ing o r  

u n s u i t a b l e  f o o d , r e s u l t  in  weak y e a r  c l a s s e s  (Forsbergh and Mi l le r ,  1978) 

When s u r f a c e  c u r r e n t s  do n o t  

S u r f a c e  t r a n s p o r t  i s  one of t h e  most 

s t r o n g  

A t  t h e  present  t i m e ,  s u r f a c e  t r a n s p o r t  f o r  f i s h e r y  

a p p l i c a t i o n s  i s  c a l c u l a t e d  by e s t i m a t i n g  g e o s t r o p h i c  wind f i e l d  from 

s u r f a c e  atmospheric  p r e s s u r e  f i e l d s  prepared by groups such a s  t h e  U.S. 

F l e e t  Numerical Weather Serv ice .  Sea s u r f a c e  stress i s  normally i n s e r t e d  



M A I N  PHYSICAL PARAMETER: 

W I N D  

Speed 
Direct i o n  

WAVE SPECIRUN 

Direct i o n  

Height  
Wavelength 

SEA SURFACE TEMPERATURE 

WATER MASS DEFINITION 

Chlorophyl l  c o n t e n t  

Turbid i t y  

SEA STATE 

Sign .  Wave Height 

CURRENTS 

Speed 
D i  re c t i o n  

HIGH PGSOLUTION IMAGERY 

( A l l  weather )  

AC CURACY 

+2m/s o r  +IO% 
+20" 

Angular reso-  
l u t i o n :  30" .  

- +20% 
s p e c t r a l  reso-  
l u t i o n :  25% 

- +0.5" c 

L20%  

2.20% 

- +0.5m o r k l 0 %  

+15cm/s 
- +20" 

Grey leve l  
r e s o l u t  ion :  
1 dB 
2 . 5  dP. 
Uns p e c  i f  i ed  

RANGE 

4 t o  24m/: 
O t o  360" 

O t o  180" 

100 t o  
1000 m 

-2 t o  35 1 

0.1 t o  10 
mg/m3 

1 t o  20m 

15cm/s 
O t o  360" 

I " 
HORIZONTAL 
RE S OLUT I O N  

50x50 km2 (Global) 

I 
<'O km' 

I 

800x8 00m2 

80Ox80h2 

8GOx800m' 

<do, x10' km * 

I 00x1 oom7 

3 n Y 3 w  
1 5x 1 5 m 2  

COVERAGE/ REPEAT 
CYCLE . ' DELAY. 

I. Global13 day 
1 3 t o  6 h o u r s  

Discrete measurement 
p o i n t s .  Grid s i z e  900 
km a t  e q u a t o r  i n  long ,  
f o r  3 day r e p e a t  cyc le .  

3 t o  6 h o u r s  

Global/3day'. 6 t o  12  
hours  

G l o b a l j 3  day 
Glob.a1/3 day 

D i s c r e t e  measurement 
p o i n t s .  Grid s i z e  900- ..m 
a t  e q u a t o r  i n  long, f o r  
3 day r e p e a t  c y c l e  3 t o  
6 h ò u r s  

. .  

75 km swath wid th .  3 day 

a r e a s  ( important"  gaps i n  
coverage) o r  complete cover.  
age a c h i e v a b l e  i n  35 days 

rsj2w.t cycle "'?,Te?: se?"rec! 

MATN CONTRIBUTING 
INSTRUMENT 

Wind S c a t t e r o m e t e r  

A l t i m e t e r  ( a t  n a d i r  

wave s c a t t e r o m e t e r  

O CM 

O CM 

Altimeter 

A l  t i m e  t e r 

S A R  (imaging 
mode) . .  

Table  2 - P r e d i c t e d  ERS-1 System C a p a b i l i t y  



A l t  i m e t  e r  Ocean Colour 
Monitor 

I 

V i s .  IR I 
I 

I I 
Imaging I Wave 1 Wind 

Mode Mode Mode 

X X I (XI  
I 

X 
I I 

I I 
I ( X I  
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Table 3 - Relevance o f  i n s t r u m e n t s  t o  Mission 
O b j e c t i v e s  

C-Rand Active Microwave 
I n s t r u m e n t a t i o n  

Weather f o r e c a s t  

Sea-s ta te  f o r e c a s t  

X 
I 

1 x 1  ' x  J x  I 
Offshore f o r e c a s t  

Ship r o u t i n g  X 
I I I 

l 
F i s h e r i e s  ( F i s h  

l o c a t  ion)  

Sea and i c e b e r g  
monitor ing 

1 

X 
I 

I I 

1 

X 
I 

I I X 

I 

i l 

x i  I 
~ ~~ 

O i l  and p o l l u t i o n  
d e t e c t  i o n  

I x  X I I Coas ta l  p r o c e s s e s  

Land a p p l i c a t i o n s  

Ocean c i r c u l a t i o n  

Ocean t i d e  s I I 

Wind f i e l d  ( 3 )  
~ 

Wave f i e l d  ( 3 )  X 
I 

( X I  I x , x 

Sea s u r f a c e  temp. I I I * I  X I  
~~ 

Polar  oceans 

I c e  

Marine b i o 1 o gy 
9 I l 

I l I I 
1 .  I 

1 I " I  

x : I n d i c a t e s  a p r i n c i p a l  c o n t r i b u t i o n  t o  t h e  o b j e c t i v e s  

(1) : For la rge-sca le  c i r c u l a t i o n ,  an a c c u r a t e  o r b i t  d e t e r m i n a t i o n  o v e r  
s h o r t  a r c s  a s  r e q u i r e d .  

(2 )  : For s o l a r  t i d e s ,  measurements from o t h e r  s a t e l l i t e s  i n  complementary 
o r b i t s  i s  requi red .  

(3) : The alt imeter and t h e  C-band Active Microwave I n s t r u m e n t a t i o n  are 
mutual ly  s u p p e r t i v e  i n  d e r i v i n g  t h e  wind and wave f i e l d s .  



i n t o  t h e  a p p r o p r i a t e  Ekman formula t ion ,  i n c l u d i n g  t h e  C o r i o l i s  parameter, 

t o  o b t a i n  an estimate of t h e  s u r f a c e  t r a n s p o r t .  

i s  l imited.  by about  300 km i n  space and by about  one month i n  t i m e  

(Brucks and Leming, 1977). 

However, t h i s  approach 

S a t e l l i t e  remote s e n s o r s  can b e  used t o  monitor  c e r t a i n  

oceanographic f e a t u r e s  synopt ica l - ly  o v e r  wide a r e a s  a n d ' w i t h  f r e q u e n t  

temporal coverage. 

ometer could be used t o  map s e a  s u r f a c e  s t ress  w i t h  t h e  f o l l o w i n g  

S p e c i p i c a l l y  i t  a p p e a r s  t h a t . a  SEASAT t y p e  s c a t t e r -  

advantages:  a )  s y n o p t i c  coverage over  a l a r g e  a;ea:(2 x 500 km swath- 

wid th) ;  b) reasonably  h i g h  r e s o l u t i o n  (50 km), c )  a 36-hour r e p e t i t i o n  

frequency,  and d )  a d i r e c t  measurement o f  sea s u r f a c e  stress which can 

be converted i n t o  s u r f a c e  t r a n s p o r t  f o r  c o r r e l a t i o n  w i t h  a c t u a l  f i s h  

l a r v a e  movement ( d r i f t ) .  SEASAT-A s c a t t e r o m e t e r  a l g o r i t h m s  f o r  

e s t i m a t i n g  wind-induced s u r f a c e  l a y e r  t r a n s p o r t  a r e  b e i n g  modi f ied  f o r  

c o a s t a l  c o n d i t i o n s  and t h e i r  accuracy e v a l u a t e d .  

Another important  a s p e c t  t o  be cons idered  i s  t h e  i n f l u e n c e  

of  c o a s t a l  and e s t u a r i n e  f r o n t s  on t h e  movement of  f i s h  eggs and l a r v a e .  

Various s c i e n t i s t s  have found t h a t  c o a s t a l  

and e s t u a r i n e  f r o n t s  s e r i o u s l y  i n f l u e n c e  t h e  d r i f t  and d i s p e r s i o n  o f  o i l  

s l i c k s ,  phytoplankton,  and o t h e r  suspended m a t t e r .  In r e c e n t  exper iments  

i n  Delaware Bay, o i l  s l i c k s  and phytoplankton were found t o  l i n e  up a l o n g  

convergent f r o n t s  r a t h e r  t h a n  f o l l o w  t h e  

model us ing  wind and c u r r e n t  in format ion  (Klemas and P o l i s ,  1977b). 

Convergent f r o n t s  have been observed r e g u l a r l y  a long t h e  e a s t  c o a s t  on 

t h e  s h e l f  and i n  t h e  Delaware and Chesapeake Bays. F r o n t s  and t h e i r  

movements can b e  monitored by NOAA-5, VHRR, LANDSAT, MSS and a i r c r a f t  

cameras. 

determine t h e  i n f l u e n c e  of such f r o n t s  on f i s h  egg and l a r v a e  d r i f t  as 

was done with o i l  s l i c k s  and phytoplankton i n  p r e v i o u s  s t u d i e s  (Klemas 

d r i f t  p a t t e r n  p r e d i c a t e d  by a 

The a i r c r a f t / s a t e l l i t e / s h i p  t e c h n i q u e s  proposed w i l l  h e l p  

e t  a l ,  1977a). 

11 .2 .  P r o d u c t i v i t y  of  thermal  f r o n t s  

Thermal f r o n t s  g e n e r a l l y  occur 'when d i f f e r e n t  water  masses 

come i n t o  c o n t a c t .  The most impor tan t  phenomenous which cause  such  

f r o n t s  a r e  t h e  upwel l ings .  

Upwelling i s  a process  of  ver t ica l  water motion i n  t h e  sea 

whereby subsur face  water moves towards t h e  s u r f a c e .  Upwelled water can 



' 

- 17 - 

i n t r o d u c e  l a r g e  q u a n t i t i e s  of n u t r i e n t s  (phosphates ,  n i t r a t e s ,  ... ) t o  t h e  

e u p h o t i c  l a y e r ;  t h u s ,  upwelling i s  conducive t o  h i g h  o r g a n i c  p r o d u c t i o n .  

Knowledge of t h e  l o c a t i o n  and p r e v a i l i n g  c o n d i t i o n s  of  upwel l ing  a r e a s  i s  

important  f o r  f i s h i n g  f l e e t s .  C o a s t a l  upwell ing are  g e n e r a l l y  observed 

a long  t h e  western c o a s t s  of c o n t i n e n t s  ( C a l i f o r n i a ,  Peru,  Morocco, 

Angola) except f o r  Indian  Ocean where a s t r o n g  seasonal  upwel l ing  t a k e s  

p l a c e  along Somali Coast. 

i n  P a c i f i c  and A t l a n t i c  Océans. 

response t o  a wind s t r e s s  inducing, i n  c e r t a i n  c o n d i t i o n s ,  a l o c a l i s e d  

d ivergence  of t h e  s u r f a c e  water -  moving outwards.  The food c h a i n ,  s t a r t i n g  

i n  t h e  upwell ing by phytoplanktonic  bloom, i s  b u i l t  up w h i l e  water i s  

f lowing outwards. Thus, t h e  h i g h e r  t r o + i c l e v e l s  a r e  reached a t  some 

d i s t a n c e  from t h e  n u t r i e n t  source.  

Upwellings a r e  a l s o  observed a l o n g  t h e  e q u a t o r ,  

I n  both  c a s e s ,  upwell ings are  an o c e a n i c  

1 1 . 2 . 1 .  The a l b a c o r e  f i s h e r y  i n  n o r t h - e a s t e r n  A t l a n t i c  

Ocean 

I n  t h e  At lan t ic ,dur ing  i t s  s u r f a c e  m i g r a t i o n  from Acores 

I s l .  t o  I r e l a n d ,  i n  summer, t h e  a l b a c o r e  (Thunmus aZaZunga) i s  c o n c e n t r a t e d  

a long  thermal f r o n t s  ranging from 17" t o  20°C. 

between t h i s  tuna and t h e  environment r e n d e r  s t h e  s p a t i a l  rad iometry  v e r y  

u s e f u l  f o r  l o c a t i n g  b e s t  p o t e n t i a l  f i s h i n g  grounds. 

This  c lear  r e l a t i o n s h i p  

~ Le G.all and Ci teau  (1984) have t e s t e d  .'METEOSAT-2 and 

NOAA-7 d a t a .  Both r e s u l t a n t  thermographies  appeared r e l i a b l e  when compared 

t o  ground-truth d a t a  ( s h i p s ) .  Using t h e  v i s i b l e  channel  r e d u c e s  u n c e r t a i n -  

t i e s  concerning t h e  s u r f a c e  tempera ture  d i s t r i b u t i o n  o b t a i n e d  by METEOSAT-2. 

The h i g h  q u a l i t y  of AVKRR (MOAA-7) d a t a  i s  gained a t  t h e  expense of a 

r e d u c t i o n  i n  geographica l  coverage. 

adjustments  must b e  performed i n  o r d e r  t o  e s t a b l i s h  m u l t i -  t empora l  

s y n t h e s i s .  

C o r r e c t i v e  o p e r a t i o n s  and g e o m e t r i c a l  

The t y p e  of d a t a  s e l e c t e d  (NOAA. o r  METEOSAT) depends 

f i r s t l y  on t h e  d e s i r e d  o b j e c t i v e ,  immediate informat ions  o r  a n a l y s i s  a t  a 

l a t e r  d a t e :  accord ing  t o  t h e  q u a l i t y ,  t h e  disseminatkd format  and image 

transmisS.ion c y c l e  of  METEOSAT, t h e s e d a t a  a r e  easy  t o  p r o c e s s  on mini- 

computers and w e l l  adapted t o  an operati .onnal f i s h i n g  a i d  as t h e  p r o c e s s i n g  

t i m e  i s  s h o r t .  I n  t h e  o t h e r  hand, t h e  u s e  of NOAA f o r  t h i s  purpose  

r e q u i r e s  a longer  process ing  t i m e  (1 h o u r ) .  
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11.2.2.  T r o p i c a l  s u r f a c e  t u n a  f i s h e r y  i n  e a s t  A t l a n t i c  

Ocean - 
Concentrat  ions  

of t h e  water  and t h e  food a v a i l a b l e  

For t h i s  reason  t h e  y e l l o w f i n  tuna  (Thuni 

of tunal a r e  i n f l u e n c e d  by t h e  tempera ture  

(p lankton ,  bmicronekton ,  s a r d i n e s . .  .) . 

S t r e t t a  (1977) has  i n v e s t i g a t e d  t h e  r e l a t i , b n s h i p s  between 

a thermal f r o n t  observed o f f  Lopez Cape (Gabon) and . the t.una c a t c h e s  made 

i n  rhe v i c i n i t y .  This  f r o n t  i s  due t o  an upwel l ing  o c c u r i n g  d u r i n g  n o r t h e r n  

summer ( t r a d e  wind season) .  The co ld  s i d e  of t h e  f r o n t  i s  around,22"C, 

t h e  warm s i d e ,  2526°C. Tuna a r e  g e n e r a l l y  found on t h e  warmer' s i d e .  

A comparison between t h e  c a t c h  made w i t h i n  th'e f r o n t a l  

a r e a  and outward shows b e t t e r  r e s u l t s  i n  t h e  former area (Table 4 ) .  

Table 4 - Catch ( i n  tonnes)  o f  t u n a  w i t h i n  and 
and outward t h e  f r o n t a l  a r e a  of  Lopez Cape i n  
June and J u l y  (from S t r e t t a ,  1977) 
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Assumptions on t h e  oceanographic  process  l e a d i n g  t o  t u n a  

c o n c e n t r a t i o n s  have been made. The f i r s t  s t e p  i s  t o  c o n s i d e r  d i f f e r e n t  

w a t e r  masses (with d i f f e r e n t  p o t e n t i a l  p r o d u c t i v i t y )  i n  an  a r e a  : t u n a  

i s  p r e s e n t  but  s c a t t e r e d .  Then, i f  t h e s e  waterscome i n t o  c o n t a c t ,  a 

f r o n t  i s  c r e a t e d  : tuna s t a r t  t o  c o n c e n t r a t e  along t h e  warm boundary, 

f e e d i n g  on zooplankton arid micronekton. While t h i s  f r o n t  p e r s i s t s ,  t u n a  

f i s h i n g  i s  s u c c e s s f u l .  A s  t h e  f r o n t  d i s a p p e a r s ,  tuna  d i s p e r s e .  T h i s  

t y p i c a l  e v o l u t i o n  i s  t h e  key p r i n c i p l e  of a p r e d i c t i v e  model se t  up i n  

A t l a n t i c ,  which w i l l  be presented l a t e r .  

11.2.3.  T r o p i c a l  s u r f a c e  t u n a  f i s h e r y  i n  South West,ern 

P a c i f i c  Ocean 

S a t e l l i t e  d a t a  and a e r i a l  r a d i o m e t r i c  surveys  have d e s c r i b e d  

a semi-annual p e r i o d i c i t y  of a thermal  f r o n t  occuring between NewCaledonia  

and Vanuatu, i n  South-Western P a c i f i c  Ocean ( P e t i t  e t  a l ,  1980) .  T h i s  

f r o n t  appears  between t h e  southern  edge o f  t h e  South t r o p i c a l  counter -  

c u r r e n t  (SST s 26 - 27°C) and t h e  s u b t r o p i c a l  water  (SST = 2 3  - 24°C) , 
when they come i n t o  c o n t a c t  i n  b o t h  h o t  and f r e s h  seasons .  

In  June - J u l y ,  d u r i n g  t h e  t r a d e  wind season,  t h e  n u t r i e n t  

r i c h  s u b t r o p i c a l  wate% f low northwards in  t h e  channel  between NewCaledonia  

and Vanuatu. The f r o n t ,  then c r e a t e d ,  i s  r i c h  and numerous y e l l o w f i n  

s c h o o l s  have been s p o t t e d  by t h e  a i r c r a f t  on t h e  warmer s i d e .  

1 1 . 2 . 4 .  Bluef in  tuna  f i s h e r y  o f f  t h e  East A u s t r a l i a n  Coast 

A u s t r a l i a n  tuna f ishermen have f o r  many y e a r s  made e x t e n s i v e  

u s e  of s u r f a c e  water temperatures  i n  t h e i r  s e a r c h  f o r  southern  b l u e f i n  t u n a  

(Thunnus niaccoyii) . 
They have found t h a t  t h e  " r i p p l i n g "  schools  of t u n a  t h a t  

provide  much of t h e  c a t c h  a r e  found o n l y  i n  waters l y i n g  w i t h i n  t h e  r a n g e  

16.7-20°C (62-68°F). Below 16.7"C (62°F) t h e  f i s h  are u s u a l l y  d i s p e r s e d  

and feeding .  Above 20°C (68°F) t h e  f i s h  form schools  bu t  do n o t  b i t e  

w e l l .  Above 21.1"C (70°F) b l u e f i n  a r e  r a r e l y  seen.  Fishermen have a l s o  

I found t h a t  w i t h i n  t h e  range 16.7-20°C (62-68°F) b l u e f i n  are more l i k e l y  

t o  be found where t h e r e  a r e  sharp  d i s c o n t i n u i t i e s  i n  s u r f a c e  t e m p e r a t u r e  o r  

" f r o n t s " .  A t  t h e s e  f r o n t s ,  s u r f a c e  tempera ture  may change as much as 
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1.7"C (3°F) i n  a m a t t e r  of  yards .  The f r o n t s  are o f t e n  v i s i b l e  t o  t h e  - 
eye, as t h e  boundar ies  between two a d j a c e n t  b o d i e s  of water  of d i f f A r e n t  

c o l o u r s .  

To p r o v i d e  a i d  t o  f ishermen,  ae r i a l  surveys  u s i n g  a n  I R  

radiometer  have been c a r r i e d  o u t .  The t e m p e r a t u r e  maps produced have 

i n d i c a t e d  when and where t h e  f i s h i n g  season  w a s  t o  s t a r t ,  when t h i s  

season would end, and have-provided i n f o r m a t i o n  f o r  a b e t t e r  u n d e r s t a n d i n g  

of t h e  s e a s o n a l  p r o g r e s s i o n  of t h e  f r o n t s ,  l e a d i n g  t o  t h e  

t h e  b e s t  f i s h i n g  a r e a s .  

p r e d i c t i o n  of 

When asked t o  e s t i m a t e  t h e  i n c r e a s e d  tonnage t h a t  c o u l d  be 

d i r e c t l y  a t t r i b u t e d  t o  t h e  temperature  maps, one f isherman s a i d  he e s t i m a t e d  

t h i s  i n c r e a s e  i n  tonnage t o  b e  between 10 and 15 

t h e  b o a t s  had been saved about 20 p e r c e n t  of t h e i r  normal s teaming t i m e .  

p e r  c e n t  and i n  a d d i t i o n  

Another  e s t i m a t e d  t h e  i n c r e a s e  i n  tonnage t o  b e  about  3 0 - p e r  c e n t .  

The c a t c h  d u r i n g  t h e  season  w a s  approximately 4000 t o n s .  

Accepting 20 p e r  c e n t  o r  700 tons  approximately of t h i s  

a t t r i b u t a b l e  t o  t h e  u s e  of i so therm maps, t h e  i n c r e a s e d  v a l u e  t o  t h e  

fishermen of t h e  c a t c h  was about $100,000. T h i s  was a t t a i n e d  w i t h  an  

o u t l a y  of j u s t  o v e r  $6000. 

f i s h i n g  a i d .  

a s  be ing  

This  p o i n t s  o u t  t h e  economic f a l l  o u t  of  t h e  

11.3 Temperature - s e a  c o l o u r  combined a n a l y s i s  

- Experimental  f l i g h t s  w i t h  an  a i r c r a f t  equipped w i t h  a 

p r e c i s i o n  thermometer (PRT-5) i n f r a - r e d  r a d i o m e t e r  and a dua l  channel  

d i f f e r e n t i a l  rad iometer  (DCDR) f o r  ocean c o l o u r  have been r e p o r t e d  by 

Stevenson e t  a l  (1979).  

Coast over  t h e  anchovy f i s h e r y .  

These f l i g h t s  w e r e  c a r r i e d  out  o f f  C a l i f o r n i a  

The DCDR c o l o r  s e n s o r  c o n s i s t s  o f  a wide a n g l e  view l e n s  

. cemented t o  one end of  a f i b e r  o p t i c  c a b l e .  The c h l o r o p h y l l  s e n s i n g  i s  

accomplished by u s e  of  two d e t e c t o r - f i l t e r  combinat ions.  

u s e s  a 525um band-pass f i l t e r  f o r  t h e  r e f e r e n c e  s i g n a l  a s  t h i s  i s  t h e  

wavelength r e g i o n  of minimum a t t e n u a t i o n  due t o  c h l o r o p h y l l .  The o t h e r  

combination has  a 443um band-pass f i l t e r ,  f o r  Ilmaximum a b s o r p t i o n  of 

c h l o r o p h y l l  l'al'. 

ins t rument .  

c o n s t a n t  solar i l l u m i n a t i o n  of t h e  sea s u r f a c e .  This  c o n d i t i o n  i s  v e r y  

One combinat ion 

A r a t i o  between t h o s e  d e t e c t i o n s  i s  c a l c u l a t e d  by t h e  

The p r i n c i p a l  problem w i t h  t h e  DCDR i s  i t s  dependence on 
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Phytoplankton 

2/3 phytoplankton and lÍ3 
zooplankton 

1/2 phytoplankton and 1/2 
zooplankton 

d i f f i c u l t  t o  c a r r y  out  on t h e  f i e l d  ( v a r i a t i o n  of c l o u d i n e s s ,  changing 

of t h e  probe viewing angle  r e l a t i v e  t o  t h e  a n g l e  of t h e  sun when t h e  

a i r c r a f t  changes headings) .  

I 13.22 I 

13.68 

14..36 

A comparison of t h e  PRT-5 d e r i v e d  SST and DCDR - d e r i v e d  

Chlorophyl l  Index d a t a  (CI) ob ta ined  a s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n .  

That means c o l d e r  t h e  sea and h i g h e r  t h e  c h l o r o p h y l l  c o n t e n t .  

1/3 phytoplankton and 2/3 
zooplankton 

zooplankton '. 

Anchovy, at  l e a s t  i n  t h e i r  e a r l y  l i f e ,  f e e d  f i r s t  upon 

phytoplankton and l a t e r  upon zooplankton. Therefore ,  i t  may be p o s s i b l e  

t o  d e f i n e  p o t e n t i a l  a r e a s  of anchovy c o n c e n t r a t i o n  only  a f t e r  a few 

a e r i a l  surveys  u s i n g  both sensors  as mentioned above. 

14.76 

14.64 

- Another s tudy  ana lys ing  s imul taneous ly  SST and sea c o l o u r  

by s a t e l l i t e  s e n s o r s  has  shown t h e  u s e f u l n e s s  of t h i s  k i n d  o f  measurements 

f o r  t h e  management of  a p e l a g i c  f i s h e r y .  

CTam (1979) has  been conducted i n  south-eas te rn  A t l a n t i c  Ocean, o f f  t h e  

South A f r i c a  coas t ;  on a p i l c h a r d  f i s h e r y  (Sardinops oceZZata). 

T h i s  experiment ,  r e p o r t e d  by 

A e r i a l  observa t ions  and h y d r o b i o l o g i c a l  surveys  demonst ra ted  

t h e  p i l c h a r d  school  concent ra t ions  tend  t o  avoid  dense p lankton  a r e a ,  bur  

f e e d  i n  areas of in te rmedia te  c o n c e n t r a t i o n s  of phyto  and zooplankton 

(F ig .  6 ) .  

p lankton  ( i . e .  c h l o r o p h y l l ) ,  a s  p r e s e n t e d  i n  t h e  prev ious  s t u d y  (Table  5 ) .  

There was a l s o  an i n v e r s e  r e l a t i o n s h i p  between SST and phyto- 

Table 5 - Changes i n  p r o p o r t i o n s  of phytoplankton  
and zooplankton w i t h  i n c r e a s i n g  mean t e m p e r a t u r e  
(O-Som) seawards (from C r a m ,  1979) . 

t I i 
Mean tempera ture  (OC) i Zone i 
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Fig. 6 - Plankton distribution and observed , positions of pilchard shoal 
groups - cumulative over 10 days (after Visser et al, 1973) 
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A b a s i c  concept of i n v e s t i g a t i o n  u s i n g  CZCS (NIMBUS-7) 

was proposed. A s  t h e  phytoplankton community dominating t h e  a r e a  

appears  t o  be t y p i c a l l y  brown-green i n  c o l o u r  , i t  was sugges ted  t h a t  t h e  

CZCS may be a b l e  t o  d i s c r i m i n a t e  between t h i s  and o t h e r  communities.  

I f  so ,  t h e n  a lgor i thms may be developped f o r  t h e  CZCS t o  a l l o w  d e l i m i t a t i o n  

of a r e a s  where f i s h  should be p o t e n t i a l l y  a b s e n t ,  a s  p i l c h a r d  avoid h igh  

p l a n k t o n i c  d e n s i t i e s .  

f l e e t  and t o  a r e d u c t i o n  of expensive s e a r c h i n g  t i m e .  

This  can lead t o  a b e t t e r - f i s h i n g  s t r a t e g y  f o r  t h e  

1 1 . 4 .  Bioluminescence 

T h i s  i s  t h e  phenomenon whereby organisms, e s p e c i a l l y  

c e r t a i n  phytoplankton s p e c i e s ,  e m i t  v i s i b l e  l i g h t  energy when d i s t u r b e d ,  

f o r  i n s t a n c e  when a p e l a g i c  f i s h  school  i s  f e e d i n g  upon. 

provides  an e x c e l l e n t  means f o r  d e t e c t i n g  a t  n i g h t  some s p e c i e s  of f i s h .  

A Low L i g h t  Level Image I n t e n s i f i e r  can i d e n t i f y  t h e  l i g h t  energy e m i t t e d .  

The p r i n c i p l e  of i t s  use i s  based on a more b a s i c  premises , tha t  of s p o t t i n g  

f i s h  from an a i r c r a f t .  Squi re  (1972) h a s  noted  t h a t  t h e  procedure  of f i s h  

s p o t t i n g  from a i r c r a f t  may be reduced t o  3 b a s i c  s t e p s :  ( i >  d i s t i n g u i s h i n g  

a f i s h  school,  ( i i )  i d e n t i f y i n g  t h e  s p e c i e s ,  and ( i i i )  e s t i m a t i n g  t h e  

weight o f  t h e  school .  Since t h e  l i g h t  i n t e n s i f i e r  a l l o w s  t h e  s c i e n t i s t  

o r  o b s e r v e r  t o  u s e  lower l e v e l s  of l i g h t  , it i s  an improvement on t h e  

b a s i c  technique  o f  f i s h  s p o t t i n g .  

a t  n i g h t ,  s o  t h e  bioluminescence i s  v i s i b l e .  

Bioluminescence 

Such f i s h  s p o t t i n g  i s  of c o u r s e  done 

To use  bioluminescence, an  observer  aboard a s m a l l  a i r c r a f t  

f l i e s  o v e r  t h e  a r e a  of i n t e r e s t  and looks f o r  f a i n t  p a t c h e s  of l i g h t  

emanating from t h e  water .  The movement of f i s h  through t h e  water u s u a l l y  

causes  t h e  g e n e r a t i o n  of s u f f i c i e n t  b io luminescent  l i g h t  so a s  t o  o u t l i n e  

t h e  f i s h  school .  

With t h e  development of l i g h t  a m p l i c a t i o n  d e v i c e s ,  i t  

became p o s s i b l e  t o  make much more e f f i c i e n t  a e r i a l  surveys .  

and Wittmann (1972)  noted t h a t  with an ins t rument  of about  40 O00 t imes 

a m p l i f i c a t i o n ,  schools  of f i s h  were r e a d i l y  d e t e c t a b l e  from a l t i t u d e s  of 

s e v e r a l  hundreds of  metres .  Roithmayr (1971) a l s o  noted  t h a t  more than  

30 t y p e s  of f i s h  could be d e t e c t e d  a t  n i g h t  through bioluminescence,  i n  

v a r i o u s  oceans of  t h e  world,  but w i t h  most species i n  c o a s t a l  w a t e r s .  

A reasonably  s o p h i s t i c a t e d  low l i g h t  level system u s e s  a smal l  v i d e o  camera, 

video monitor  and t a p e  r e c o r d e r ,  t o g e t h e r  w i t h  t h e  l o w  Light  level d e v i c e .  

Roithmayr 
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The taped images can b e  l a t e r  analysed i n  t h e  l a b o r a t o r y  f o r  biomass 

assessment and s p e c i e s  i d e n t i f i c a t i o n .  Analys is  of  v ideotaped  d a t a  

showed t h a t  f i s h  schools  covered an a r e a  o f  0 .8  p e r c e n t  f o r  a surveyed 

a r e a  o f  0.64 km2 (Roithmayr and Wittmann, 1972).  

More r e c e n t  systems a r e  capable  o f  60 O00 t imes l i g h t  

ampl icar ion  ( o r  more) and a l l o w  t h e  a i r c r a f t  t o  f l y  a t  a l t i t u d e s  o f  up 

t o  'i 800m (Stevenson, l975) ,  while  a t t e m p t i n g  t o  l o c a t e  f i s h  s c h o o l s .  

I n  a l l  c a s e s ,  however, t h e  depth of f i s h  schools  i s  normally l i m i t e d  t o  

t h e  upper few met res  of water ,  depending upon water  c l a r i t y .  

III. TUNA FISHING A I D  BY PREDICTIVE MODELS BASED ON SATELLITE 

AND SHIP DATA 

The p r e d i c t i o n  of  t h e  b e s t  p o t e n t i a l  a r e a s  where t u n a  may 

b e  concent ra ted  i n  t h e  ocean i s  t h e  r e s u l t  of a long term a n a l y s i s  of 

major tuna-environment r e l a t i o n s h i p s .  I n  t r o p i c a l  A t l a n t i c  Ocean, ORSTOM 

s c i e n t i s t s  have been surveying  t h e  tuna  f i s h e r y  f o r  15 y e a r s ;  some 

h y d r o l o g i c a l  p a t t e r n s  l e a d i n g  t a  a high occurence of t u n a  have been p o i n t e d  

o u t  and a model d e a l i n g  w i t h  t h e s e  environmental  parameters  i s  now 

o p e r a t i n g  w i t h  good s u c c e s s  r a t e .  

In  I n d i a n  Ocean, s i n c e  i n d u s t r i a l  s u r f a c e  t u n a  f i s h e r y  

i s  r e c e n t  (1983), f u r t h e r  i n v e s t i g a t i o n  i s  r e q u i r e d  t o  s e t  up a computer ized 

p r e d i c t i v e  system. However, ORSTOM s c i e n t i s t s  based i n  t h i s  r e g i o n  can 

g a i n  a p r o f i t  from t h e  A t l a n t i c  experiment,  so t h a t  t h e  o p e r a t i o n a l  phase  

could be expected i n  t h e  n e a r  f u t u r e .  

Before p r e s e n t i n g  t h e  environmental  d a t a  and t h e i r  

p rocess ing ,  i t  i s  n e c e s s a r y  t o  examine a b a s i c  p o i n t  : t h e  ecology of  t u n a .  

1 1 1 . 1 .  The ecology of tuna 

Tuna are  h i g h  metabolism f i s h e s ;  t h e i r  body i s  g e n e r a l l y  

warmer than  the sur rounding  water ,  which is n o t  common w i t h i n  f i s h e s .  

These s p e c i e s  a r e  c o n t i n u o u s l y  s e a r c h i n g  f o r  a p p r o p r i a t e  areas where food 

is c o n c e n t r a t e d ,  s i n c e  t h e i r  d a i l y  food requigesnents 

as 15% of t h e i r  body weight .  Therefore ,  t h e  tuna  s c h o o l s  do n o t  c o n c e n t r a t e  

a t  random b u t  around enrichment a r e a s  which can be d e t e c t e d  - even fore-  

c a s t e d  - from t h e  o b s e r v a t i o n  of t h e  environment on a r e g u l a r  b a s i s .  

can reach  as much 
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Phys io log ica l  requi rements  of t u n a  have been i n v e s t i g a t e d :  

they can v a r y  accord ing  t o  t h e  s p e c i e s .  

and d i s s o l v e d  oxygen l e v e l  could be s u f f i c i e n t  t o  mark che l i m i t s  of t h e  

a p p r o p r i a t e  h a b i t a t  of tuna .  

S t u d i e s  demonstrated t h a t  SST 

Dizon e t  a l  (1977) found t h e  lower l e t h a l  tempera ture  f o r  

I n  e a s t e r n  P a c i f i c ,  no c a t c h  o f  s k i p j a c k  has  been s k i p j a c k  w a s  1 5 ° C .  

r e p o r t e d  i n  tempera ture  below 17°C. 

be 32-34°C which i s  never  found i n  t h e  ocean.  

L 

The upper  l e t h a l  tempera ture  would 

S h a r p  (1979) has  e s t ima ted  t h e  tempera ture  and d i s s o l v e d  

oxygen ranges  f o r  4 s p e c i e s  of tuna  (Table  6 ) .  

r ega rd ing  t h e s e  two parameters  i s  s u b j e c t  t o  

l i f e ,  accord ing  t o  morphological  and p h y s i o l o g i c a l  s t a t u s .  

The dependence of t h e  f i s h  

v.ar. iations du r ing  t h e i r  

Table  6 - Boundary c o n d i t i o n s  i n  tempera ture  and 
d i s so lved  oxygen levels  f o r  4 s p e c i e s  of 
t r o p i c a l  t una  (from S h a r p  , 1979) 

10 minute t o l e r a n c e  

Spec ie s  

K.  Pelamis  - 
T.  Albacares  - 

T .  Obesus - 
T. Alalunga - -  

Common name 

Skipkack tuna  

Yel lowfin tuna 

Bigeye tuna  

A l  baco re  

02 l i m i t a t i o n  f o r  s m a l l  
_. f ï s h  (50 t o  75 c m  long)  Temp. p r e f .  

20" t o  32°C 2.5 o r  3.0 m l / L  

1.5 t o  2.5 ml/L 23" t o  32°C 

11" t o  23°C 0.5 t o  1 . 0  ml/L 

1 . 7  t o  1.4  ml/L 15" , t o  22°C 

However, t h o s e  boundar ies  o n l y  de f ined  opt imal  h a b i t a t ,  

however f i s h  can escape  f o r  some t i m e  i n  c o o l e r  o r  less oxygenated water 

if necessa ry .  

i n  great dep th  where t h e  tempera ture  w a s  So t o  8 ° C  below t h e  lower 

boundary i n d i c a t e d  i n  Table  6. 

I n  Ind ian  Ocean, Marsac e t  a l  (1983) have d e t e c t e d  t u n a  
- -  

111.2. Source of d a t a  

Four l e v e l s  can be  i d e n t i f i e d  : 

h i s t o r i c a l  _ - - - _ _  d a t a  .___.  : r e s u l t  of t h e  compi la t ion  of oceano- 
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- .. graphic  c r u i s e s .  The whole se t  of h y d r o l o g i c a l  parameters  i s  a v a i l a b l e .  - 
Regarding t h e  temperature ,  a t l a s e s  p r o v i d e  a g e n e r a l  i d e a  o f  t h e  t r e n d s  

i n  t h e  a r e a  s t u d i e d .  I n  t h e  A t l a n t i c  Ocean, Merle (1979)  h a s  b u i l t  b l o c k  

diagrams based on t h e  NANSEN d a t a  c o l l e c t e d  by t h e  NODC; t h i s  h a s  t h e  

advantage of b r i n g i n g  out  t h e  monthly tempera ture  t r e n d s  from 5 t o  200m 

per  s u r f a c e  u n i t  of 5" l o n g i t u d e  and 2" l a t i t u d e .  Then, i t  i s  easy  t o  

i d e n t i f y  t h e  zones w i t h  c o n s i d e r a b l e  s u r f a c e  c o o l i n g  and r e d u c t i o n  of t h e  

mixed l a y e r ,  where enrichment t a k e s  p l a c e .  

message-- s h i p t  s e a  t e m p e r a t u r e  measurements made by 

meteoro logica l  and merchant s h i p s  w h i l e  c r u i s i n g  a re  sen t  through G.T.S. 

(Global Telecommunication System) t o  d a t a  b a s e s .  Those i n f o r m a t i o n  need 

t o  be v a l i d a t e d  by u s i n g  v a r i o u s  a n a l y s i s  t e c h n i q u e s .  The f i n a l  product  

i s  u s e f u l  a s  i t  provides  a ground-truth f o r  s a t e l l i t e  c a l i b r a t i o n .  

___________-_ s a t e l l i t e  tempera ture  -----____maE2 * * i n  bo th  A t l a n t i c  and 

Indian Ocean, w e  u s e  t h e  weekly GOSSTCOMP product  from N O M  ( U . S . ) .  The 

temperature  o b s e r v a t i o n s  a r e  obta ined  d a i l y  from p o l a r  o r b i t i n g  s a t e l l i t e ' s  

AVHRR s e n s o r  i n  t h e  I R  spectrum. The maps a r e  produced by a f u l l y  

automated computer procedure o f  GAG d a t a  ( 4  km r e s o l u t i o n ) ;  t h e  t a r g e t  

a r r a y s  have a 50 km r e s o l u t i o n .  

by informat ion  provided by t h e  on-board s a t e l l i t e  sounder  (HIRS/2) and 

buoys a t  sea. The a c t u a l  accuracy i s  - 1°C. 

The v a l u e s  of t h e s e  a r r a y s  a r e  c a l i b r a t e d  

i- 

Three weeks a r e  needed a t  Leas t  t o  r e c e i v e  t h e  c h a r t s  

due t o  mai l  d e l i v e r y ,  t h e r e f o r e  t h i s  d a t a  cannot b e  used f o r  real  t i m e  

ana lys  i s .  

I n  A t l a n t i c  Ocean, rea l  t i m e  a n a l y s i s  h a s  been performed 

by u s i n g  METEOSAT thermographies.  T h i s  w i l l  be  d i s c u s s e d  l a t e r .  

_____-____-- aer ial  surveys : zones recognized  a s  f a v o r a b l e  t o  t u n a  

c o n c e n t r a t i o n s  are  then analysed i n  moxe d e t a i l s  by an a i r c r a f t  s u i t a b l e  f o r  

long range f l i g h t s  and equipped w i t h  an  i n f r a r e d  r a d i o m e t e r .  

When i n  o p e r a t i o n ,  t h e  d a t a  are  o f t e n  recorded  both  i n  

analogue form ( s t r i p - c h a r t  record)  and i n  d i g i t a l  ( t a p e  ) form. The d a t a  

record u s u a l l y  c o n s i s t s  of several f l i g h t  l i n e s  made o v e r  t h e  sea. Due 

t o  t h e  atmospheric  mois ture ,  t h e  rad iometer  

s u r f a c e  water  temperature ,  bu t  u s u a l l y  a tempera ture  several  d e g r e e s  c o o l e r  

than t h e  a c t u a l  temperature .  

problem, t h e r e  i s  a l s o  a n o t h e r  c o r r e c t i o n  needed due t o  t h e  f a c t  t h a t  t h e  

d a t a  do n o t  r e g i s t e r  t h e  t r u e  

Separa te  f rom t h e  a tmospher ic  water vapour  
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water  s u r f a c e  does n o t  r a d i a t e  e x a c t l y  a s  a black body. For  t h e s e  r e a s o n s  

i t  i s  b e s t  t o  o b t a i n  some ground-truth measurements i n  o r d e r  t o  c o r r e c t  t h e  

radiometer  d a t a .  

miss ion ,  a s imple s t a t i s t i c a l  comparison of t h e  a c t u a l  and observed 

temperatures  i s  s u f f i c i e n t  t o  determine t h e  necessary  c o r r e c t i o n  f u n c t i o n .  

I f  i t  i s  known p r i o r  t o  t h e  mission t h a t  t h e r e  w i l l  b e  no ground- t ru th  

measurements, an a l t e m a t e m e t h o d  may b e  used t o  o b t a i n  t h e  g e n e r a l  

c o r r e c t i o n .  

we cons ider  t h e  v e r t i c a l  p a t h  l e n g t h  t o  be equal  t o  1 ( a r b i t r a r y )  p a t h  

l e n g t h .  

a x i s  of t h e  f l i g h t  l i n e  a t  an a n g l e  of 6 0 " ,  t h e  pa th  l e n g t h  becomes t w i c e  

t h e  v e r t i c a l ,  s i n c e  t h e  sec (60") = 2.0.  Now making t h e  assumption t h a t  

t h e  a c t u a l  water  tempera ture  a t  60" i s  t h e  same tempera ture  as t h a t  

beneath t h e  a i r c r a f t ,  t h e  observed tempera ture  d i f f e r e n c e  f o r  t h e  O"  and 

60" d a t a  i s  equal  t o  t h e  d e s i r e d  tempera ture  c o r r e c t i o n .  T h i s  AT v a l u e  

i s  then  s u b t r a c t e d  from t h e  a i r b o r n e  r a d i o m e t r i c  t e m p e r a t u r e s  . The 

presence of c louds over  t h e  f l i g h t  a r e a s ,  however, w i l l  i n t r o d u c e  a somewhat 

l a r g e r  e r r o r .  

I f  t h e  a i r c r a f t  f l i e s  a t  t h e  same a l t i t u d e  d u r i n g  t h e  

If  t h e  a i r c r a f t  f l i e s  a t  a s p e c i f i e d  a l t i t u d e  o v e r  t h e  w a k e r ,  

I f  dur ing  t h e  f l i g h t  we p o i n t  t h e  radiometer  t o  e i t h e r  s i d e  of t h e  

It  i s  p o s s i b l e  t o  c a l c u l a t e  w i t h  ground- t ru th  

measurements t h e  c o r r e c t i o n  t o  b e  a p p l i e d .  

o f  degrees  c e n t i g r a d e  which are added t o  t h e  radiometer-der ived t e m p e r a t u r e .  

We have expressed  i t  i n  t e n t h s  

111.3 Datz orocess ing  

- On r e a l  t i m e  b a s i s ,  o p e r a t i o n a l  procedures  have been 

performed i n  many p l a c e s .  In A t l a n t i c  Ocean, t h e  combinat ion METEOSAT- 
a e r i a l  surveys has  provided very  s i g n i f i c a n t  r e s u l t s .  

The procedure used i n  t r o p i c a l  e a s t e r n  A t l a n t i c ,  from 

Abidjan, i s  t h e  f o l l o w h g .  METEOSAT d a t a  ( v i s i b l e  + IR) a r e  c o l l e c t e d  a t  

t h e  S p a t i a l  Meteoro logica l  Centre  (CMS) i n  Lannion ( F r a n c e ) .  Images a r e  

d i s p l a y e d  on t h e  s c r e e n  of t h e  computer f o r  ' . c loudiness  a n a l y s i s .  Then, 

t h e  oceanographers,  o u t p o s t e d i n  t h i s  c e n t r e ,  s e l e c t  t h e  image t o  b e  

a rch ived  according t o  t h e  q u a l i t y  of t h e  information.  

f o r  one week are  processed by a s o f t w a r e  designed by t h e  

Sensing Workshop. 

each week. 

The images a r c h i v e d  

ORSTOM Remote 

This  b r i n g s  t o  t h e  product ion of a s y n t h e s i s  image f o r  

Each image can b e  d isp layed  DG a c o l o u r  s c r e e n  and e d i t e d  

on a co lour  p r i n t e r .  T h i s  ins tan taneous  viev can b e  combined w i t h  o t h e r  
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images i n  o r d e r  t o  i l l u s t r a t e  some thermal  s t r u c t u r e s .  The g e n e r a l  

p r i n c i p l e  i s  based on t h e  assumption t h a t  oceanic  phenomenon e v i d e n c e s .  

a r e  more s t a b l e  than m e t e o r o l o g i c a l  d i s t u r b a n c e s  which can c o v e r  them. 

The weekly thermal  s y n t h e s i s  can t h e n  be r e a l i s e d  due t o  t h e  f a c t  t h e  

s e a  tempera ture  i s  h i g h e r  t h a n  cloud tempera ture  a s  w e l l  as 

has a g r e a t e r  permanence. These weekly c h a r t s  are  comparable w i t h  

sea s i g n a l  

message s h i p  d a t a  (F ig .  7) a- 

These maps are t r a n s m i t t e d  through tel .ecogy t o  Abid jan .  

Another l e v e l  i n  reaL t i m e  a n a l y s i s  i s  o b t a i n e d  by .the 'Tecept ion  of d a i l y  

tempera ture  maps from METEOSAT processed  w i t h  a s o f t w a r e  sef'up :by. CNES 

(France) .  

o r d e r  . t o  search:  f o r  t h e  f r o n t a l  areas, i f  such s t r u  

. -  

& . .  . .  .. . . . .  . .  

These maps a r e  used t o  d e s i g n  t h e  a e r i a l  sur-vep.  

A e r i a l  surveys i n c l u d e  a l s o .  tuna'  spot t ing, , '  

get  a r e a l  time v i s i o n  of t h e  l o c a t i o n  of t h e  "schools  accÒrd&g:to.*the' ' ,  

thermal  e v o l u t i o n .  
. . ._ . . .  

. .  

Then, an e f f e c t i v e  a i d  can b e  p r o v i d e d ' t o  f i s h e r m e n .  T h i s  

p o i n t  i s  v e r y  important  when t h e  surveyed f i s h e r y  i s  well developped.  

During t h e  f l i g h t ,  t empera ture  a r e  s p o t t e d ,  which a l lows:  

- t h e  m o d i f i c a t i o n  of t h e  f l i g h t  p a t h  i f  t h e  thermal  

s t r u c t u r e  i s  n o t  s u i t a b l e  t o  tuna c o n c e n t r a t i o n ,  

- t h e  b r o a d c a s t i n g  t o  t h e  f i s h i n g  v e s s e l s  of g e n e r a l  

in format ion  on thermal s t r u c t u r e  and e v o l u t i o n  expected ( t h i s  t a s k  i s  

very important  i n  t h e  c a s e  of a f r o n t a l  zone which can s h i f t  r a p i d l y ) ,  

a s  w e l l  a s  s i g h t i n g s ,  l o c a t i o n  of t h e  schools  and s h o r t  term p r e d i c t i o n  

of t h e  b e s t  p o t e n t i a l  f i s h i n g  grounds; 

- t h e  e l a b o r a t i o n  of s y n t h e t i c  tempera ture  maps . p r o v i d e d  

t o  f ishermen.  

Other  t a s k s  a r e  achieved i n  a d e l a y e d  t i m e ,  s u c h  a s  

t h e  e s t i m a t i o n  of s t o c k  abundance and t h e  long t e r m  p r e d i c t i o n  of b e s t  

f i s h i n g  grounds. 

Es t imat ion  of s t o c k  abundance i s  r e s t r i c t e d  t o  t h e  t u n a  

biomass a v a i l a b l e  t o  t h e  s u r f a c e  f i s h i n g  g e a r s  (purse-se ine  o r  p o l e  and 

l i n e ) .  Models have been t r i e d  i n  south-west P a c i f i c  Ocean ( p e t i t ,  1984) 

and i n  Indian  Ocean (Marsac 1983). They a r e  a f f e c t e d  by t h e  h i g h  

migra tory  behaviour  of  tuna  and t h e i r  f r e q u e n t  ver t ica l  movements i n  t h e  

water column which d o n ' t  make them v i s i b l e  a t  any t i m e ,  However, t h e y  can 
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Fig. 7 - METEOSAT-derived SST field and radiometric values (102:warm 
1lO:cold) between 27th  and 31st of August, 1981 (a),and Cb) 
ground-truth SST map from message-ships collected between 
25th of August and 2nd of September, i981 
1981) 

(from Citeau. et al, 
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provide  a rough estimate which i s  p o s s i b l e  t o  

s t a t i s t i c s  a n a l y s i s .  

improve w i t h  c a t c h  

A s  f a r  as w e  know, few experiments  on p r e d i c t i o n  o f  b e s t  

t r o p i c a l  tuna  f i s h i n g  grounds have been c a r r i e d  o u t .  A s u c c e s s f u l  

procedure has  been set  up i n  A t l a n t i c ;  t h i s  i s  t h e  t o p i c  of t h e  fo l lowing  

s e c t i o n .  .. 

111.4.  A p r e d i c t i v e  model f o r  t h e  t r o p i c a l .  A t l a n t i c  tuna  

f i s h e r y  

The f i r s t  s t e p  has  been p r e v i o u s l y  d e s c r i b e d  : s e L e c t i o n  o f  

a r e a s  where t u n a  could b e  c o n c e n t r a t e d  a c c o r d i n g  t o  t h e  tempera ture  evolu- 

t i o n .  . This  e m p i r i c a l  approach needed t o  b e  improved by a computerized 

a n a l y s i s  model l ing  t h e  enrichment processus  of a w a t e r  mass. Then w a s  

c r e a t e d  a p r e d i c t i v e  model c a l l e d  "PREVI -PECHEtP ( S t r e t t a  e t  Slepoukha, 

19831, which d e s c r i p t i o n  fo l lows  : 

I n t e r t r o p i c a l  A t l a n t i c  Ocean h a s  been d i v i d e d  i n t o  160 

zones of 2" l a t i t u d e  and 5" l o n g i t u d e .  The s t u d i e d  area extends  from 

20"N t o  14"s and from t h e  West a f r i c a n  c o a s t  t o  t h e  s o u t h  american c o a s t .  

The zones are  coded on a map d i s t r i b u t e d  t o  t h e  s k i p p e r s .  

In each of t h e  160 zones d e f i n e d , h i s t o r i c a l  monthly 

temperatures  have been r e p o r t e d .  

numerous o b s e r v a t i o n s  made by merchant s h i p s  o r  r e s e a r c h  v e s s e l s .  

A h i s t o r i c a l  t empera ture  i s  a mean of 

Furthermore,depth of thermocl ine ,  c u r r e n t  d i r e c t i o n  and m e t e o r o l o g i c a l  

c o n d i t i o n s  a r e  a l s o  provided f o r  each zone. A l l  t h e s e  parameters ,  f o r  

a given area, are  going t o  b e  used f o r  c a l c u l a t i n g  a " theor ica l .  f i s h i n g  

p r o b a b i l i t y " .  The programme retr ieves  t h e  h i s t o r i c a l  t empera ture  of  t h e  

month ana lysed ,  t h e  tempera tures  of b o t h  p r e v i o u s  and f o l l o w i n g  months 

and t h e  lower tempera ture  recorded i n  t h e  zone s t u d i e d .  

p o s s i b l e  t o  know whether a cool ing ,  a h e a t i n g  o r  a thermal  s t a b i l i t y  

of t h e  water  m a s s  can be expected.  

p r o d u c t i v i t y  of t h e  water mass. 

t h e o r i c a l  f i s h i n g  p r o b a b i l i t y .  

It i s  t h e n  

The model can estimate t h e  p o t e n t i a l  

Higher t h e  p r o d u c t i v i t y  and h i g h e r  t h e  

The a n a l y s i s  of t h e  SST e v o l u t i o n  from t h e  GOSSTCOMP c h a r t s  

on a 6 week p e r i o d  provides  

with t h e  "opt imal  thermal  pa t te rn ' ' .  

i s  c a l c u l a t e d .  

a " thermal  p a t t e r n ' '  which w i l l  be compared. 

Then t h e  " a c t u a l  f i s h i n g  p r o b a b i l i t y "  
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The comparison between t h e o r i c a l  and a c t u a l  f i s h i n g  

p r o b a b i l i t i e s  g i v e s  a p r o b a b i l i t y  level ranging  from O t o  6 .  

means an a r e a  where unfavourable  c o n d i t i o n s  f o r  tuna  c o n c e n t r a t i o n  

p r e v a i l ;  i n  t h e  o t h e r  hand, 5 o r  6 i s  a h igh  f i s h i n g  p r o b a b i l i t y .  

This  p r o b a b i l i t y  s o  c a l c u l a t e d  covers  t h e  10 o r  15 days f o l l o w i n g  t h e  

l a s t  GOSSTCOMP c h a r t  ana lysed .  

O o r  1 

A s  GOSSTCOMP c h a r t s  a r e  n o t  a v a i a a b l e  i n  r e a l  t i m e ,  t h e  

model a l s o  performs a p r o j e c t i o n  i n  t h e  f u t u r e  t o  estimate new f i s h i n g  

p r o b a b i l i t y  according t o  t h e  p o s s i b l e  e v o l u t i o n  of  t h e  tempera ture  up 

t o  1 month a f t e r  t h e  l a s t  SST c h a r t .  A p r i n t  o u t  of t h e  model i s  

shown a s  an example i n  f i g .  8.  

111.5.  Recent developments i n  I n d i a n  Ocean 

PREVI - PECHE h a s  been experimented i n  I n d i a n  Ocean. The 

resu l t s ,  without  b e i n g  f u l l y  s a t i s f a c t o r y ,  a r e  encouraging and s u g g e s t  

t h a t  f u r t h e r  i n v e s t i g a t i o n s  a r e  necessary  i n  I n d i a n  Ocean a s  t h e  model 

must be adapted t o  t h i s  reg ion  where h y d r o l o g i c a l  p a t t e r n s  a r e  very  s p e c i f i c  

due t o  monsoon system. 

I n  1981, a pre l iminary  a n a l y s i s  concerning t h e  Mozambique 

Channel has  been conducted by us ing  METEOSAT. Obviously,  t h i s  s a t e l l i t e  

i s  n o t  t h e  most s u i t a b l e  f o r  t h e  reg ion ,  but  no o t h e r  g e o s t a t i o n n a r y  

s a t e l l i t e  i s  o p e r a t i n g  over t h e  Indian  Ocean. 

t h e  p i x e l ,  equal  t o  25 km2 i n  Guinea Gulf ,  i s  only  i n  t h e  o r d e r  of 50 km2 

over Madagascar. Process  have shown a g r e a t  d i f f e r e n c e  between t h e  

r a d i o m e t r i c  va lues  measured i n  Mozambique Channel and t h o s e  o f  t h e  e a s t e r n  

p a r t  of Madagascar . The d i f f e r e n c e  can r e a c h  3 ° C  a l t h o u g h  

r e a l  temperatures  are  r a t h e r  s i m i l a r .  This  i s  due t o  a d r a s t i c  i n c r e a s e  of  

t h e  atmospheric a b s o r p t i o n  a s  t h e  r e g i o n  i s  on t h e  edge of t h e  a r e a  

covered by METEOSAT. 

The r e s o l u t i o n  i s  poor  a s  

The Mozambique Channel SST f i e l d  v i s u a l i z e d  by METEOSAT 

i s  i re levant  t o  h i s t o r i c a l  observa t ions  : w a r m  water accumulated a l o n g  

t h e  NW c o a s t  of  Madagascar, and along Mozambique c o a s t ,  c o o l e r  pa tch  

i n  t h e  middle of t h e  Channel which could  b e  r e l a t e d  t o  

a l o c a l  c u r r e n t  d ivergence  .... Such c o o l i n g s  could i n i t i a t e  enr ichment  

lead ing  t o  tuna c o n c e n t r a t i o n s .  
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PAS D I  INFORHATION EXPLOI.?A<LE POUR LES AUTRES ZONES 

:-dEVISIONS FAITES PAR J.H.STRETTA ET H. SLEPOUKHA 
au8' o r d l n n t e u r  HP/1000 avec le l o g i c i e l  PREVI-PECHE 

PROBABILITES DE PECHE ET EVOLUTION 
POUR L'ATLANTIQUE INTERTROPICAL 

BULLETIN N:28 

*i********************************** 

PREVISIONS FAITES PAR J.M.STRETTA ET ~ . ~ L E P O U K H A  
BUREAU D'AIDE A LA PECHE ORSTOM/INTERTHON ABIDJAN LE:4/10/8? 

NUHERO DE LA ZONE ; 1 3  TEHPERATURE HISTORIQUE : 26.0 
LA DERNIERE CARTE THERHIPUE RECUE.COUVRE LA PERIODE DU:8/9 AU i4/9/82 
TEMPERATURE DE SURFACE DANS CETTE ZONE A CETTE PERIODE: 23.0C 
PROBABILITE DE PECHE POUR LA PERIOD! Dll:lS/9 AU 20/9/8? i 0 / 6  

a**:* ---------- 
EVOLUTION DE LA PROBABILITE DE PECHE. DANS CETTE ZONE 
POUR LA PERIODE DU:29/9 AU 12/,10/82 ' SI L.A TEHPERATURE 
DU 1S/9 AU 21/9/82 SE TROUVE,E?RE EGALE A: 

?S.OC LA PROBABILITE DE PECHE.DEVIENDRAIT EGALE A:  U/6 
24.0C L A  PROBABILITE DE PECHE'DEUIENDRAIT EGALE A: 1/6  
23.0C L A  PROBABILITE DE PECHE DEVIENDRAIT EGALE A: O/6 
22.OC LA PROBABILITE DE PECHE DEVIENDRAIT EGALE A: O/& 
?l.OC L A  PROBABILITE DE PECHE DEVIENDRAIT EGAL.E A: 0/6 

NUHERO DE LA ZONE : 46 TEHPERATURE HISTORIQUE : 27.0 
LA DERNIERE CARTE THERHIQUE RECUE COUVRE LA PERIODE DU:8/9 nlJ 14/9/13? 
TEHPERATURE DE SURFACE DANS CETTE ZONE A CETTE PERIODE: 26.OC 
PROBABILITE DE PECHE POUR LA PERIODE DU:lS/9 AU 28/9/82 : 1 /6  

EVOLUTION DE LA PROBABILITE DE PECHE DANS CETTE ZONE 
*Il*: ---------- 

POUR LA PERIODE DU:29/9 AU 1,7/10/82 SI LA TEHPERATURE 
DU 1S/9 AU 21/9/82 SE TROUVE ETRE EGALE A: 

?B.OC LA PROBABILITE DE PECHE DEVIENDRAIT EGALE A: 3/6 
27.0C LA PROBAEILITE DE PECHE DEVIENDRAIT EGALE A. 4 / b  
?&.OC LA PROBABILITE DE PECHE DEVIENDRAIT EGALE A: :1/6 
2S.OC LA PROBABILITE DE PECHE DEVIENDRAIT EGALE A: 3/6 
24.0C LA PROBABILITE DE PECHE DEVIENDRAIT EGALE A: 3/6 

NUMERO DE LA ZONE : i 0 8  TEHPERATURE HISTORIQUF : 23.0 
LA DERNIERE CARTE THERMIQUE RECUE COUVRE LA PERIODE DU;8/9 AU 14/9/82 
TEHPERATURE DE SURFACE DANS CETTE ZONE A CETTE PERIODE: 2l.OC 
PROBABILITE DE PECHE POUR LA PERIODE DU:lS/9 AU 20/9/82 : 4/6 

EVOLUTION DE LA PROBABILITE DE PECHE DANS CETTE ZONE 
POUR LA PERIODE DU:P9/9 AU 12/10/82 SI LA TEHPERATURE 
DU 1S/9 AU 21/9/82 SE TROUVE ETRE EGALE A: 

***at ---------- 

23.0C LA PROBABILITE DE PECHE DEVIENDRAIT EGALE A:  4/6 
22,OC LA PROBABILITE DE PECHE DEVIENDRAIT EGALE A: S / 6  
2l.OC L A  PROBABILITE DE PECHE DEVIENDRAIT EGALE A: 4/6 
2O.OC LA PROBABILITE DE PECHE DEVIENDRAIT EGALE A: 4/6 
19.0C LA PROBABILITE DE PECHE DEVIENDRAIT EGALE A: 4/6 

CES PROBABILITES DE PECHE NE TIENNENT PAS COHPTE DES POSSIPILITES 
DE PECHE SUR EPAVE A CES TEHPERATURES DANS CETTE ZONE 

I 

w 
t.3 

I 

F i g .  8 - ' F i s h i n g  Aid B u l l e t i n  d i s t r i b u t e d  t o  t h e  A t l an t i c  t r o p i c a l  t u n a  
f i s h e r y  (from S t r e t t L  e t  Slepoukha., 1983) 
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Considering t h e  . l imited s u i t a b i l i t y  of METEOSAT t o  

Mozambique Channel, we are experimenting a new procedure t o  g e t  a 

coverage of t h e  whole Indian  Ocean tuna  f i s h e r y ,  which e x t e n d s  now from 

12"s t o  7"N and from 40"E t o  72"E.  

a n a l y s i n g  d i g i t a l  GAX d a t a  (from NOAA p o l a r  - o r b i t i n g  s a t e l l i t e ) .  

This  ta'sk can b e  achieved  by 

A sof tware  i s  be ing  designed by IFREMER ( B r e s t ) .  The 

goa l  i s  t o  provide  s y n t h e t i c  tempera ture  maps, on s e v e r a l  days ,  as i t  

i s  done w i t h  METEOSAT i n  A t l a n t i c .  

s a t e l l i t e s  i s  t h e  geographic r e c t i f i c a t i o n  of t h e  images t o  a s t a n d a r d  

p r o j e c t i o n  as Mercator.  The sof tware  c a l l e d  PESKET, i s  w r i t t e n  i n  

The s p e c i f i c  problem of o r b i t i n g  

FORTRAN 77 and developped on VAX 11/780. 

opera t i n g  : 

7 r o u t i n e s  a r e  a c t u a l l y  

- decoding (DEMAGO - DEGAGO); 

- r e c t i f i c a t i o n  t o  a s t a n d a r d  Mercator p r o j e c t i o n  (REDRES); 

- automat ic  procedure f o r  masking t h e  l a n d s  (TERRE); 

- cloud d e t e c t i o n  by v e r t i c a l  sounder TOVS o r  AVHRR d a t a  

(NUAGE) ; 

- e s t i m a t i o n  of c o r r e l a t i o n  c o e f f i c i e n t  f o r  t h e  b e s t  

de te rmina t ion  of SST, by u s i n g  AVI-ER channels  3,4,5 

(DELTAT) ; 

- c r e a t i n g  a SST d a t a  f i l e  from c o e f f i c i e n t s  e s t i m a t e d  by 

DELTAT (TEMPEMER). 

Other r o u t i n e s  &re going t o  b e  designed i n  t h e  n e x t  

months : 

- improvement of v i s u a l i s a t i o n  t e c h n i q u e s  on image 

r e s t i t u t i o n  device ,  t o  b e  r e l e v a n t  w i t h  t h e  r e a l  t i m e  

c o n s t r a i n t s  of an . o p e r a t i o n a l  f i s h i n g  a i d  ; 

p o s s i b i l i t y  t o  j o i n  2 swaths i n  o r d e r  t o  c o v e r  a g r e a t e r  

oceanic  a r e a  a t  a t i m e  (mosaic t e c h n i q u e ) ;  

- 

- s u p e r p o s i t i o n  o f .  images; 

- e n t e r i n g  s h i p  d a t a  and mixing w i t h  s a t e l l i t e  d a t a .  This  

w i l l  u s e  t h e  s o f t w a r e  named MAGIK ( G e o s t a t i s t i c  proce- 

dure)  designed by ORSTOM and wi .11  o u t l i n e  i s o t h e r m s  of 

t h e  s y n t h e t i c  SST f i e l d .  
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This  exper imenta l  p r o c e s s i n g  phase w i l l  have t o  b e  t e s t e d  

w i t h  c a t c h  s t a t i s t i c s .  I f  r e l a t i o n s h i p s  are found between p a r t - i c u l a r  

SST e v o l u t i o n s  and good c a t c h  r a t e  ( c a t c h  per  u n i t  of  e f f o r t  - CPUE - 

expressed as tonnesfday) ,  t h e n  we s h a l l  f a c e  t o  b u i l d  up a p r e d i c t i v e  

model on t h e  b a s i s  of PREVI - FECHE a n a l y s i s .  

Two y e a r s  of AVHRR d a t a  (1984 - 1985) are now b e i n g  

processed by IFREMER and t h e  comparison w i t h  f i s h i n g  r e s u l t s  w i l l  p r o v i d e  

a b a s i c  f e a s i b i l i t y  s t u d y  of t h e  u s e f u l n e s s  of s a t e l l i t e s  f o r  m o n i t o r i n g  

tuna  f i s h e r i e s  i n  Indian  Ocean. 

I 

I 

I 

I 



- 35 - 

2 REFERENCES 

BARRICK ( D . E . ) ,  1978. Bound. Layer. .Meteor ,  13 : 23-43. 

Meteor., 13 : 295-308. 

BRUCKS (J .T.)  and LEMING (T.D.), 1977. SEBSAT-A wind s t ress  measurements 

as a n  a i d  t o  f i s h e r i e s  assessment  and management. MARMAP 

Con t r ib .  149 : 1-4. 

CITEAU ( J . ) ,  LE GALL (J.Y.) et  PIANET (R), 1981. L e  s a t e l l i t e  NETEOSAT 

e t  l a  f l o t t i l l e  t h o n i è r e  i n t e r - t r o p i c a l e .  L a  Pêche 

Maritime, n"1245 : 740-744. 

CRAM (D.L.), 1979. A r o l e  f o r  t h e  NIMBUS - G Coastal-Zone Colour Scanner  

i n  t h e  management of a p e l a g i c  f i s h e r y .  F i s h .  B u l l .  S .  Afr . ,  

1 1  : 1-9. 

D I Z O N  ( A . E . ) ,  NEILL (1J.H.) and MAGNUSON ( J . J . )  , 1977. Rapid t e m p e r a t u r e  

compensation of  v o l i t i o n a l  swimming speeds an¿ l e t h a l  

tempera tures  i n  t r o p i c a l  t u n a s  (Scombridae) . k n v i r o n .  

B io l .  F i shes ,  2 : 83-92 

FORSBERGH (l3.D) and MILLER (F.R.) ,  1978. 

index .  Ann. Rep.  IATTC. 

S k i p j a c k  and t h e  wind - mixing  

GORDON, (H.R.), CLARKE (D.K.), MUELLER (J .L.)  and HOVIS (W.A.), 1980. 

Phytoplankton pigments from t h e  Nimbus-7 Coas t a l  Zone Color  

Scanner  : Comparisons w i t h  s u r f a c e  measurements. Sc i ence ,  

v o l .  210 ( 4  465). : 63-66. 

HOVIS (W.A.), CLARK:!(D.K. , ANDERSON ( F . ) ,  AUSTIN (R.W.) , WILSON (W.H.) , 
BAKER (E.T.) ,  BALL (D.), GORDON (H.R.), MUELLER ( J .L . ) ,  

EL-SAYED (S.Z.)  , STURM (B.) , WRIGLEY, (R.C.) and YENTSCH 

(C.S.) ,  1980. Nimbus-7 C o a s t a l  Zone Color  Scanner : 

s y s t e m , d e s c r i p t i o n  and i n i t i a l  imagery. Sc ience ,  v o l .  210 

( 4  465) : 60-63. 

K I M ,  HONGSUK (H.), HART (W.D.) and VAN DER PEIPEN (H. 1, 1982. I n i t i a l  

a n a l y s i s  o f  OSTA-1 Ocean Co lo r  Experiment imagery. 

Sc ience  vol .  218 : 1 027-1 031. 

KLEMAS (V.) and POLIS (D.F.), 1977. Remote s e n s i n g  o f  e s t u a r i n e  f r o n t s  

and t h e i r  effects  on p o l l u t a n t s .  Photogrammetric E n g i n e e r i n g  

and Remote Sensing,  43 : 599-612. 



- 36 - 

KLEMAS (V.), DAVIS  (G-1, LACKIE ( J . ) ,  WHALEN (Wo> and TORNATORE ( G . 1 ,  

1977. S a t e l l i t e ,  a i r c r a f t  and drogue s t u d i e s  o f  c o a s t a l  

c u r r e n t s  and p o l l u t a n t s .  I E E E  T r a n s a c t i o n s  on Geoscience 

E l e c t r o n i c s ,  2 : 119-126. 

LE GALL ( J . Y . )  e t  CITEAU ( J . ) ,  1984. Comparabon d e s  données METEOSAT-2 

e t  NOAA-7 u t i l i s é e s  pour l a  connaissance  d e  l ' envi ronnement  

d e s  thons en A t l a n t i q u e  es t .  

T é l é d e t e c t i o n ,  4' congrès  d e  l ' A s s o c i a t i o n  Québecoise  de  

d e  T é l é d é t e c t i o n .  

8e Symposium Canadien d e  

expér imenta le  d e  pêche à l a  senne  du t h o n i e r  "Yves de  

Kerguelen'' dans l 'Oues t  de  l 'Océan I n d i e n  t r o p i c a l .  

Mission ORSTOM S e y c h e l l e s  Rapp S c i e n t .  n"3 : 112 p .  

MARSAC (F.) 1983. Radiométrie a é r i e n n e  e t  p r o s p e c t i o n  t h o n i è r e  aux 

S e y c h e l l e s .  Mission ORSTOM aux SeychelLes.  Rapp. 

S c i e n t .  n"2 : 84 p.  

MERLE ( J . ) ,  1977. Seasonal  v a r i a t i o n s  of t e m p e r a t u r e  and * c i r c u l a t i o n  i n  

t h e  upper l a y e r s  o f  e q u a t o r i a l  A t l a n t i c  a r e a  (GATE a r e a ) .  

GATE Workshop - M i a m i ,  28 Feb. - 40 Mar. 1977. 

PETIT (M.), MUYARD (J.) e t  MARSAC ( F . ) ,  1980. ,Radiométr ie  a é r i e n n e  e t  

p r o s p e c t i o n  t h o n i è r e .  Rapport d e  Synthèse p r o v i s o i r e .  

. Centre  ORSTOM d e  Nouméa : 46 p i f i g .  

PETIT (M.), 1984. Methode d ' é v a l u a t i o n  de  s t o c k s  d e  t h o n i d é s  de  s u r f a c e  

B p a r t i r  des  données de  r a d i o m é t r i e  a é r i e n n e  e t  d e  

prospec t ion  t h o n i è r e .  A p p l i c a t i o n  5 l a  r é g i o n  d e  l a  

Nouvelle-Calédonie e t  du Vanuatu. Tuna Conference.  Lake 

Arrowhead (U. S . A . )  , may 1984. 

ROITHMAYR (C.M.); 1971. Airborne low-l ight  s e n s o r  d e t e c t s  luminescing 

f i s h  schools  a t  n i g h t .  Comm. F i s h .  Rev. 32 (12)' : .42-51. 

ROITHMAYR (C.M.) and WITTMA" (F .P . ) ,  1972. Low l i g h t  level  s e n s o r  

developments €or  marine r e s o u r c e  assessment ,  i n  : 

Proceedings from 8 t h  Annual Marine Technology S o c i e t y  

Conference.  pp. 277-288. 



- 37 - I v, 

SHARP (G.D.) , 1979. Areas o f  p o t e n t i a l l y  s u c c e s s f u l  e x p l o i t a t i o n  of 

t u n a s  i n  t h e  Indian  Ocean wi th  emplíasis on s u r f a c e  

methods. Dev. Rep. Indian  Ocean Programme, n o  47 : 54 p .  

STEVENSON ( M . R . ) ,  1975. A review of some uses o f  remote s e n s i n g  i n  

f i s h e r y  oceanography and management, i n  : IEEE Ocean' 75. 

Proceedings : 467-472. 

STEVENSON (M.), BOOTH (C.), SQUIRE ( J . ) ,  IKEDA (Y.), 1979. Use of 

a i r b o r n e  rad iometers  f o r  moni tor ing  s e a  s u r f a c e  t e m p e r a t u r e  

and c h l o r o p h y l l  i n  a c o a s t a l  f i s h i n g  zone. calCOFI Rep, 

xx : 138-142. 

STRETTA (J.M.), 1977. Temperature de  s u r f a c e  e t  pêche t h o n i è r e  dans  l a  

zone f r o n t a l e  du Cap. Lopez ( A t l a n t i q u e  t r o p i c a l  o r i e n t a l )  

en j u i n  e t  j u i l l e t  1972, 1974 e t  1975. Cah. ORSTOM, ser.  

Oceanogr . , XV( 2) : 1 63- 180. 

STRETTA (J.M.) e t  SLEPOUKHA ( M . )  , 1983. Les s a t e l l i t e s ,  l ' o r d i n a t e u r  e t  

l ' a i d e  l a  pêche t h o n i è r e .  - La Pêche Mari t ime,  n"1258 : 

38-40. 

SQUIRE (J .L.)  Jr ,  1972. Apparent abundance of some p e l a g i c  ) .mar ine  f i s h e s  

o f f  t h e  s o u t h e r n  and c e n t r a l  C a l i f o r n i a  c o a s t  as surveyed 

by an  a i r b o r n e  monitor ing program. F i s h  B u l l . ,  70 ( 3 )  : 

1005-1 O 19. 

ULBRICHT ( K . A . )  and HORSTMA" ( U . ) ,  1978, Blue green  a l g a e  i n  t h e  s o u t h  

wes tern  Bal t ic ,  d e t e c t i o n  from s a t e l l i t e ,  i n  : I n t e r n a t i o n a l  

Symposium on Remote Sensing f o r  Observa t ion  and Inventory  

of Ear th  Resources and t h e  Endangered Environment,  J u l y  

2-8, 1978, Fre iburg ,  FRG. 

VISSER (G.), KRUGER (I), COETZEE ( D . J . )  and CRAM (D.L.),  1973. The 

environment.  Cape Cross Programme (Phase I I I ) ,  Sea F i s h .  

Brch. I n t e r n a l  Report .  



i- 

l 
t 

. .  


