


I N T R O D U C T I O N  

The f i s h e r y  r e seaxch  v e s s e l  'vDr. F r i d t j o f  Nansen" b e l o n g s  t o  t h e  

Norwegian Agency f o r  I n t e r n a t i o n a l  Development ( N O R A D ) ,  and was 

des igned  and b u i l t  f o r  s c i e n t i f i c  and e x p l o r a t o r y  i n v e s t i g a t i o n s  

of f i s h e r y  r e s o u r c e s  of d e v e l o p i n g  c o u n t r i e s . T h e  I n s t i t u t e  of 

Marine R e s e a r e h ,  Bergen ,  is r e s p o n s i b l e  f o r  t h e  s c i e n t i f i c  

programme and t h e  o p e r a t i o n  of t h e  v e s s e l .  

By a n  agreement  between t h e  M i n i s t r y  of A g r i c u l t u r e  and E ' i s h e r i e s ,  

Oman and UNDP/PAO and NORAD t h e  v e s s e l  is schedu led  t o  work i n  

Omani w a t e r s  i n  f o u r  p e r i o d s  d u r i n g  1983 and 1384. The v e s s e l  h a s  

a l r e a d y  conducted a s u r v e y  i n  Februa.ry-Piarch 1983 fron; which two 

s e p a r a t e  r e p o r t s  have been i s s u e d .  The p r e s e n t  r e p o r t  c o v e r s  t h e  

second s u r v e y  i n  t h e  s e r i e s ,  c a r r i e d  o u t  i n  t h e  p e r i o d  7 November - 
'I I December 1983. Two s u r v e y s  a.re p lanned f o r  1984, i n  A p r i l  arid i n  

August/September.  The work is  funded by NORAD and UNDP/PAO. 

The v e s s e l  had e a r l i e r  c a r r i e d  o u t  f i v e  a c o u s t i c  s u r v e y s  i n  Ornani 

w a t e r s  under  a FAO programme f o r  t h e  Nor th  Arabian  S e a  i n  1975-76. 
The p r e s e n t  s e r i e s  of s u r v e y s  is t h u s  a fo l low-up of t h e  p r e v i o u s  

work. 

The main o b j e c t i v e s  were:  

A c o u s t i c  s u r v e y  of t h e  small p e l a g i c  f i s h  r e s o u r c e s  on t h e  s h e l f  

o f f  Oman. 

T r a w l .  s u r v e y  of t h e  demersa l  f i s h  r e s o u r c e s  i n  t h e  20-200m bot tom 

d e p t h  zone w i t h  i n t e n s i v e  trawl sampl ing .  

Acouståc s u r v e y  of t h e  mesope lag ic  r e s o u r c e s  i n  t h e  Gulf  of Oman, 

Omani EEZ. 

S t u d i e s  on t h e  spa.wning b i o l o g y  of t h e  mesope lag ic  f i s h  Eenthosema 

p t e r o t p m ,  d i s t r i b u t i o n  and e s t i m a t i o n  of t h e  mesope lag ic  f i s h  

b i  omass. 

C h a r t i n g  o f  t h e  main hydrogra .phic  c o n d i t i o n s  of  Omani w a t e r s  i n  8 

t r a n s e c t s .  



The s c i e n t i f i c  s t n f f  wpe: 

From t h e  I n s t i t u t e  o f  N a r i n e  P e s e a r c h ,  Ee rpen :  

Tore  S t r m m e  ( C r u i s e  l .ea<.er ) 

S n o r r e  T i l - s e t h  

K z * r c t e ~  E a n s e r  

A s b j a r n  Roa ld  ( I n ~ t r u r e n t  c b i e f )  l i 

 fro^ FAO, E o ~ e :  

G a F r i e l l a  B i a n c h i  Scbmid t  

Fron  t h e  E i n i s t r y  o f  A g r i c u l t u . r e  an6 F i s h e r i e s ,  E u s c a t :  

A l i  S ~ l e h  H a r a s s y  

The s u r v e y  s t a r t e d  f rorr  Muccat on 8 Bovernber and t t l e  f i r s t  two 

d a g s  1:ere used t c  s u r v e y  t h e  s h e l f  n o r t h  f rom F u s c a t .  

" h e r e ~ f t ~ r  t h e  v e s s e l  c o v e r e d  t h e  O m a n i  EFZ o f  t h e  Oman Gul f  s o u t h  

t c  R 2 s  a l  Hadd w i t h  a c o u s t i c a l  t r a n s e c t s  arid f o u r  h y 8 r o g r ~ p h i c  
- s e c t i o r s .  D u r i n g  t h i s  work t h e  v e s e ~ l  z topped  on two o c c r s i c n s  

t o  c a r r y  o u t  24-hour s i t e  s t u d i e s  c n  t h e  b e h a v i o u r  and synwning  

h i o l o g y  o f  t h e  m e s o p ~ l a g i c  f i s h .  T h i s  work i r c l u d e d  d e t a i l e d  s t u c l i e s  

on t h e  v e r t i c s z l  r r ig rc ; t ion  r a t t e r r i ,  n e t  ~ a n l p l i r g  f o r  e p g s  end l a x v a e  

a n d  t r a w l  z a m p l i n e  f o r  s tomzch  c o n t e n t  a n r l y s i s  , s w i m  b l a d d e r  

 rat to my ~ n d  a $ e l t 2  C 1 3  c n e l y s i s  o f  Benthoserna p teso turn .  

The v e s s e l  c ~ . l l e d  on Kusca t  f rom 17-19 ?Govenber and t he r ea . - f t e r  s e t  I 
o v t  t o  su . rvey t h e  s h e l f  sou.th of Ras a l  Hadd. The ,il?elB was coverec! 

s o u t h w a r d s  between t h e  20-3OCm d e ~ t h  limits w i t h  a c o u s t i c a l .  

t r a n s e c t s .  Eot tom and p e l a g i c  t r e . v~ l . i ng  brere c a r r i e d  o u t  whenever  l 
i d e n t i f i c a t i o n  of t h e  a c o u s t i c  t z r g , e t s  was r e q u i r e d .  I n  a d d i t i o n  

unairred t r a w l i n g  NES c e r r i e c !  o u t  ir! rendomly  ~ e l e c t e d  1 .oca t i ons  I 
i n  o r d e r  t o  a . s s e s s  t h e  l?ion~a.r;s Fy nieans o f  t h e  s w e p t  a r e a  r e t h o d .  1 
Four  h y d r o g r z r h i c  c c c t i o n s  were  worke? sovtb of  Fss a l  Ha$? end 

t h e  s ~ l r f a c e  t ~ q i e r a t u r e  was c o n t i n u o u s l g  r e c o r s e d  by F t1jermc)grapP. 
l 

l 
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The rnain coveri-ng of t h e  s h e l f  was compl6ted by t h e  s o u t h e r n  

b o r d e r  on 6 December. A f t e r  a c a 1 1  on S a l a l a h  t h e  same day  t h e  v e s s e l  

OMAN 

F i g u r e  1 .  C r u i s e  t r a c k  and s t a t i o n s  prorked. 



h o r s e m a c k e r e l  were  r e c o r d e d  d u r i n g  t h e  southwa-rd c o v e r a g e .  A s e c o n d  1 ' 

s u r v e y  was c a r r i e d  o u t  on t h e s e  r e s o u r c e s  i n  o r d e r  t o  improve t h e  

a c c u r a c y  o f  t h e  a c o u s t i c  e s t i m a t e s .  
7; 

l 
l 

The v e s s e l  t k e n  s t eamed  f o r  a f i n a l  c a 1 1  on Muscat  on 1 1  December,  1 ' 
l i 

and J e f t  t h e  same day f o r  a one  month l a y u p  i n  Duba i .  1 

The c r u i s e  t r a c k  toogether w i t h  t r a w l  s t a t i o n s  and h y d r o g r a p l i i c  

s t a t i o n s  a r e  g i v e n  i n  F i g u r e  1 . 

HYDROGRAPHP 

The Ovan p a r t  o f  t h e  Gu l f  was c o v e r e d  w i t h  t h r e e  h y d r o p r a p h i c  

s e c t i o n s  ( ~ i g u r e s  1 and 2 )  and  f ron ;  Ras a l  Iizdd t o  S a l a l a h  f i v e  

s e c t i o n s  we re  l a i d  p e r p e n d i c u l a r  t o  t h e  c o a s t ( F i g u r e s  1 and 3 ) .  
The s e c t i o n s  a r e  o v e r l a p p i n g  t h e  o n e s  worked o u t  d u r i n g  t h e  

February-Warch s u r v e y  1383. 

The hyd rog raphy  i n  t h e  Gul f  d u r i n g  t h e    re sent s u r v e y  u a s  

domina ted  Fy a s t r o n g  t h e r m o c l i n e  between 30 and 70m d e p t h .  The 

d e p t h  of t h e  mixed s u r f a c e  l a y e r  w a s  a F o u t  ?Om on t h e  s e c t i o n  
1 
l 

1 

c l o s e  t o  t h e  S t r a i t  of Hornluz (OlflAEGULF I , F i g u r e 3 )  and  o n l y  25m 

deep  on t h e  s e c t i o r ,  o f f  Ras a l  Hadd . A s  a p p e a r s  i n  F i g u r e  2 

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

l The d e e p e r  wate rma.sses  were  p a r t l y  i n f l u e n c e c ?  by w a t e r  p r o h a b l y  

~ r i g i n ~ t i n g  i n  t h e  P e r s i a n  G u l f .  T h i s  is  most  e v i z e n t  on U e c t i o n  I I 
and I1 where  e c o r e  o f  h i g h  s z l i n i t y  w a t e r  was o b s e r v e d  1 
be tween  160  and 3O0m l e p t h .  T h i s  w a t e r m a s s  can a l s o  be s e e n  on 

l 

S e c t i o n  I11 between 225 and  325m d e p t h ,  k u t  n o t  c l e a r l y  t r a c e d  

on t h e  s e c t i o n  o f f  Ras a l  Hadd ( F i g u r e  7 ) .  

The i n f l u e n c e  o f  t h e  P e r s i a n  Gu l f  w a t e r  is a l s 0  2 e m o n s t r a t e d  i n  P i g u r e  

4 which sbows a  c o r e  o f  w a t e r  w i t h  h i g k e r  t e r p e r a t u r e  ane  s a l i n i t y  

a t  250n d e p t h .  T h i s  wa t e rmass  f o l l o w s  t h e  c o n t i n e n t a l  s l o p e  a l o n g  ! 
t h e  c o a s t  o f  Oman, i n d i c a t i n g  a > l s o  t h e  d i r e c t i o n  o f  t h e  c u r r e n t  i n  

t h e  Oman G u l f .  T h i s  i s  a l s o  s e e n  i n  t h e  a u r f e c e  w a t e r  and i n  w a t e r -  i / 
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P i g u r e  2 .  T h e  hydrograph i  

S 

ca,l s e c t i o n s  i n  t h e  Gulf of Oman. 

masses a t  53m d e p t h .  P r c r  t h e s e  f i g u r e s  t h e r e  s e e n s  t o  be a d i s c o n t i -  

n u e t y  i n  t h e  watermasses  and i n  t h e  d i r e c t i o n  o f  t h e  c u r r e n t  i n  t h e  

a r e a  be tveen  R a s  a l  Radd and S e c t i o n  I11 just off 1:usca-L. T h i s  shou l6  
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.l s e c t i o n s  from Ras a l  H a d d -  S a l a . l a h .  

be i n v e s t i g a t e d  c l o s e r ,  and a s e c t i o n  s h o u l ?  be l a i d  o u t  between 
l 

S e c t i o n  I11 and S e c t i o n  Ras a l  Hadci  on t h e  n e x t  c r u i s e .  

The h y d r o g r a p h i c  f e a t u r e s  o f  t h e  wa.termasses a l o n g  the Oman c o a s t  I 

from Ras a l  Hadd t o  S a l a l a h  a r e  shown i n  F i g u r e  3 . .  T h e  watermasses  j 

o f f  Ras a l  Hadd and P a s i r a  I s l a n ?  a r e  dominated by t h e  s t r o n g  thermo- 
l 
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F i g u r e  4 .  H o r i s o n t a l  d i s t r i b u t i o n 8  of t e m p e r a t u r e  a.n6 s a l i n i t y  i n  

t h e  Gulf  o f  Oman. 

c l i n e  i n  t h e  u r p e r  25 - 50m d e p t h .  I n  Sauquara  bay and o f f  Ras Marbat ,  

however,  t h e  g r a d i e n t  i n  t h e  t h e r m o c l i n e  is more cont i r lous  ove r  a 

g r e a t e r  dep th  r ange  from 50 t o  110m d e p t h .  

The d i s t r i b u t i o n  of s a l i n i t y  i n  t h e s e  a r e a s  p z r a l e l l  t h a t  o f  t h e  

t e m p e r a t u r e  w i t h  o n l y  a s l - i g h t  s t r a t i f i c z t i o n  i n  t h e  upper  s u r f a c e  

l a y e r s  which al-so was t h e  c a s e  i n  . the Gulf  o f  Oman. 

A s  d u r i n g  t h e  p r e v i o u s  Oman s u r v e y  t h e  1 r l / L  oxygen l i m i t  is l o c a t e d  

around 10011 d e p t h ,  e x c e p t  o f f  Ras MarFat where i t  is  l o c a t e d  a t  150m. 

The s e c t i o n s  p e r p e n d i c u l a r  t o  t h e  c o a s t  from Ras a l  Had? and sou tbwards  

( F i g u r e  3 )  g e n e r a l l y  r e f l e c t  t h e  p o s t - ~ o n s o c n  c o n d i t i o n s  and show no 

u p w e l l i n g  a l o n g  t h e  c o a s t .  The s e c t i o n  o f f  Ras MarFat s l i g h t l y  F l u r s  

t h i s  p i c t u r e  a s  some u p w e l l i n g  i n  t h e  deeper  w a t e r r a s s e s  is i n d i c a t e d  

t h e r e .  T h i s  is assumed t o  Fe a l o c a l  p h e n o ~ e n o n  caused Fy i n t e r -  

a c t i o n  between t h e  w n . t e r c u r r e n t s  and t h e  p r o t r u d i n g  l a n e r a s s e s ,  a n d  

docs n o t  m a n i f e s t  a t  t h e  s u r f a c e  ( F i g u r e  3 ) .  
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ACOUSTIC SURVEY, SMALL PFLAGIC FISH 

The 38 kHz s y s t e m  c o n n e c t e d  t o  t h e  e c h o  i n t e g r a t o r s  was u s e d  t o  

r e c o r d  t h e  d i s t r i F u . t i o n  and a h u n d a n c e  o f  small p e l a g i c  f i s h ,  -1 
o f  d e m e r s a l  f i s h  down t o  200m b o t t o m  d e p t h  and o f  m e s o p e l a . g i c  

I 
f i s b  on a n d  o f f  t h e  c o n t i n e n t a l  s l o p e .  The 1 2 0  kHz s y s t e m  was  I 

u s e d  o n l y  as a n  a d d i t i o n a l  a i d  i n  i d e n t i f i c a t i o n  a n d  i n t e r p r e -  

t a t i o n  o f  t h e  e c h o  t r a c e s .  1 

The o u t p u t  f r o m  t h e  i n t e g r a t o r s  is e x p r e s s e d  i n  m i l l i ~ e t e r s  l 
on g r a p h  p a p e r  a n d  r e p r e s e n t s  i n d i c e s  o f  a k u n d a n c e  o f  1 

f i s h  and  p l a n k t o n .  The i n t e g r a t o r  o u t p u t  is s e p e r a t e d  i n t o  p l a n k -  I 

t o n  a,nd f i s h  a c c o r d i n g  t o  t h e  e c h o  t r a c e  c h a r a c t e r i s t i c s  and t h e  1 

t r a w l  s a m p l e s .  

F i g u r e s  5 a n d  6  show t h e  r e s u l t s  o b t a . i n e d  d u r i n g  t h e  p r e s e n t  s u r v e y  i 

o f  small p e l a g i c  amd d e m e r s a l  f i s h .  Here  f o u r  l e v e l s  o f  f i s h  d e n s i t y  l 

I i 
are g i v e n ;  v e r y  s c a t t e r e d  (1-gmm), s l i g h t l y  a g g r e g a t e d  ( 10-24mn), l 
d e n s e  (25-99mm) a n d  v e r y  d e n s e  ( >99mm). I n  a r e a s  w i t h  h i e h  p r o d u c t i -  

v i t y  i n t e g r a t o r  r e a d i n g s  u p  t o  10mn a r e  c o n s i d e r e d  r e p r e s e n t a t i v e  o f  

a s c a t t e r e d  d i s t r i b u t i o n  o f  f i s h .  l 
l 
l 
l 

The e s t i m a t e s  o f  b i o m a s s  a r e  ( i n  t h o u s a n d  t o n n e s ) :  3 : 
S m a l l  p e l a g i c  D e m e r s a l  T o t a l  l 

N o r t h  o f  R a s  a l  H a d d  1 1  13 24 

R a s  a l  Hadd - M a s i r a  115 1 1  126 i 
Masira Ba,nk 8 7 2  12  884 

S a u q a r a  8 Kuria.  M u r i a  Banks  4  20 25 445  1 
Ras a l  M a r b a t  and westwards 4 9  1 50 
T o t a l  1467  62 1529 I 
The t o t a l  estimates a re  t h u s  a b o u t  1 . 5  m i l l i o n  t o n n e s  o f  small p e l a g i  

f i s h  and  62 t h o u s a n d  t o n n e s  o f  o t h e r  f i s h .  The d e m e r s a l  f i s h  g r o u p  is 

a c o u s t i c a l l y  d e t e c t e d  o n l y  i n  s c a t t e r e d  d i s t r i b u t i o n s  and d e s y i t e  l 

i m p r e c i s i o n  t h e  a b u n d a n c e  e s t i ~ a t e s  a re  c o n s i d e r e d  low.  F u r t h e r m o r e  l 

when b o t h  small p e l a g i c  a n d  d e n e r s a l  s p e c i e s  o c c u r  t o g e t h e r  i n  l o v  I 

d e n s i t i e s  misa l l .oca - t ion  Fetweem t h e  two g r o u p s  c a n  e a s i l y  I?e made. I 
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P i g u r e  5 .  D i s t r i b u t i o n  of small p e l a g i c  f i s h .  E c h o - i n t e n s i t y  

by l e v e l s  o f  i n t e g r a t o r  def  l e c t i o n .  

Dur ing  t h i s  s u r v e y  t h i s  a p p l i e s  e s p e c i a l l y  t o  t h e  r e s o u r c e s  on t h e  

Sauqara  and Kur ia  Muria Banks. The demersnl  group, c o n s i s t i n g  m o s t l y  

of demersa l  o r  semi-demersal  s p e c i e e ,  i s  ' ne l i eved  t o  be more a c c u r a t e l y  

a s s e s s e d  by t h e  swept  a r e a  method (next c h a p t e r ) .  
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F i g u r e  6 .  The d i s t r i b u t i o n  of "demersa l "  f i s h .  E c h o - i n t e n s i t y  by 

l e v e l s  of  i n t e g r a t o r  d e f l e c t i o n .  

Among t h e  dominant p e l a g i c  s p e c i e s  t h e  c l u p e i d s  ( s a r d i n e l l a  g ibbosa  l ,  

' l  

and S.  l o n g i c e p s  ) u s u a l l y  formed a g g r e g a t e s  s e p a r a t e  from t h e  c a r a n g i d s  

and  ) .  The s e p a r a t e  e s t i m a t e s  I 
/ I  



f o r  "c;~stse two g roup8  g i v e  '727 -t;houaayid t o r i n e s  o f  r*l i lpeids  and 739 
t h o u s a n d  t o n n e s  o f  c a r a n g i d s .  

From t h e  March-85 s u r v e y  t h e  b iomass  es t - i rna tes  were  ( i n  t h o u s a n d  t o n n e a )  

Smal1 p e l a g i c  Demersal  T o t a l  

Ras  a l  Hadd - F a s i r a  150 5'3 200  

N a s i r a  Bank 600 25 6 25 

S a u q u a r a  8 Kur i a  Muria Banks 25 C! 160  4 1 0  

Total 1000 2 3 %  1235 

i A s u b s t a n t i a l  i n c r e a s e  i n  h iomass  o f  small p e l a g i c  f i ~ h  is t h u s  
J o h s e r v e d .  

1 R / V  "Dr. F r i d t  j o f  Nansen" h a s  c a r r i e d  o u t  f i v e  a c o u s t i c  nizrveys i~i 

l Omani w c t e r s  d u r i n g  1975-76. The F iomass  e s t i m a t e s  f o r  t h e  

a r e a  from Ras a l  Hadd sou thward  ( i n  t h o u s ~ n d  t o n n e s )  a r e  

-i C r u i s e  1&2 Apr-Mag -75 

i C r u i s e  3 Oct-Nov -75 

1 C r u i s e  4 Feh-Ylar -76 

C r u i s e  5 May-Ju-n -76 

C r u i s e  6 Aug-Sep -76 

Mean o f  a 7 P  s u r v e y a  

l F4ea.n o f  f o u r  most  c o n s i s t e ~ i t  e s t i m a t e s  600  

I I n  t h e  y e a r s  1975-76 t h e  b iomass  seemed t o  c o n s i s t  o f  600 

1 f i s h .  The e s t i m a t e s  f rom t h e  las t  su rveyE  a r e  c o n s i d e r s l - l y  h i g h e r  

arid iriay i n d i c a t e  t h a t  t h e r e  b a s  beon a e r a d i l a l  i n c r e a s e  i n  
1 

l 9 l o m a s s .  I t  s h o u l d  a l s o  be  o b s e r v e d  t h a t  the h i tyhes t  e s t l m a . t e s  

i n  t h i s  e e r i e s  were o b t ~ i n e d  dusilig the 0eto'ber--Rove~r)her -75 

i s u r v e y .  T o g e t h e r  w i t h  t h e  e s t i m a t e s  f rom t h e  prcsen.t  s u r v e y  t b i s  
l 

c o u l 6  i r l f i i c a t c  a n  a n n u a l  peak  i n  t h e  p e 1 a g . i ~  r e r o u r c e s  i n  t h e  



THE TRAWL SURVEY 

Dur ing  -the s u r v e y  98  t ra .wl  h a u l s  were c a r r i e d  o u t ,  o f  wliich 40 
l 
l 

were w i t h  bot tom trawl.  Of t h e s e  a l l  e x c e p t  two were s e l e c t e d  by 

random l o c a t i o n  and t h u s  form a s e r i e s  of  d a t a  wbich may be u s e d  I 
t o  e s t i m a t e  t h e  d e n s i t y  of  f i s h  by t h e  s o - c a l l e d  "swept a r e a  methodl'.  

Assuming t h a t  a l l  f i s h  w i t h i n  t h e  wings of  t h e  bot tom trawl were 

caugh t  t h e  f o l l o w i n g  e s t i m a t e s  t y  l -oca t ion  were o b t a i n e d .  
l 

l 

Ras a l  H a d d -  

Masira  

Number of  f u l l y  completed h a u l s  1 4  

Mean t o t a . 1  c a t c h  ( k g / h o u r )  61 8 

Es t ima ted  d e n s i t y ( t o n n e s / s q . n m )  2  1 

S h e l f  a r e a  ( s q .  nrn) 2800 

Es t ima ted  biomass ( thousand  t o n n e s )  59 

From t h e  Feb-Mar -83 su rvey :  

Es t ima ted  biomass ( thousand  t o n n e s )  100 

E a s i r a  Sauquara  & , , 

Bank Kur ia  Muria i 

Banks 

- I n  t h e  above f i g u r e s  t h e  small p e l a g i c  c l u p e i d s  and c a r a n g i d s  have 

Feen exc luded f r o n  t h e  c a t c h e s  when p r e s e n t  and t h e  e s t i m a t e s  t h u s  

r e p r e s e n t  t h e  "non-pelagic"  s p e c i e s .  

The r e l a t i v e l y  low number o f  s t a t i o n s  makee t h e  e s t i m a t e s  v u l n e r a k l e  

t o  s t a t i s t i c a l  v a r i a n c e ,  e s p e c i a l l - y  on t h e  r e g i o n a l  l e v e l .  The h i g h  

d e n s i t i e s  on t h e  Masira Eank d u r i n g  t h e  r e c e n t  s u r v e g  a r e  i n f l u e n c e d  

by a v e r y  h i g h  c a t c h  on one s t a t i o n .  The same a p p l i e s  t o  t h e  March 

e s t i m a t e s  from t h e  Ras a l  Hadd - Masira  r e g i o n  and t h u s  we canno t  
1 

conclude  t h a t  any r e a l  changes have o c c u r r e d  i n  t h e  abundance o f  

demersa l  f i s h .  By comparing t h e  t o t a l s  t h e  sampl ing  v a r i a n c e  has  I 
l e s s  e f f e c t  on t h e  e s t i m a t e s ;  t h e  t o t a l  f i g u r e s  a r e  260 and 280 

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

i . e .  p r a c t i c a l l y  t h e  s a n e  amount. 

l 
i 



FISH BISTRIBUTION BY SPECIES 

: 
The ca.tch d a t a  w i t h  main s p e c i e s  a r e  g i v e n  i n  Annex I .  I 

The dominant p e l a g i c  s y e c i e s  e r e  Trachurus  i n d i c u s ,  D e c a ~ t e r u s  

r u s s e l l i ,  S a r d i n e l l a  g i b b o s a  a n d  S. I o n g i c e g ~ .  I j u m e r e s  ?i-, 

Dussumier ia  & c u t 8  and S c o r n k r  j z g m i a m  were a . lso comrnori, bu t  i n  

much l e s s e r  abundances.  

i 

I n  t h e  r e g i o n  n o r t h  of Ras a l  Hadd t h e  p e l a g i c  r e s o u r c e s  were 

s c a r c e .  O f f  Nuscat a  s c a , t t e r e d  d i s t r i b u t i o n  of Decan te rus  r u s s e l l i  

was obse rved  ( F i g u r e  5 ) .  

From Ras a,l Hadd s o u t h  t o  Rasira I s l a n d  t h e  small p e l a g i c s  r e s o u r c e s  
o i n d i c u s  were made up of  D e c a r t e r u s  r u s s e l l i  and T-b> n a i n l y  i n  

s c a . t t e r e d  d i s t r i b u t i o n s .  Two s m a l l  a g p r e g a t i o n s  were obse rved  n e a r  

t h e  s h e l f  edge ( ~ i g u r e  5 ) .  

On t h e  K a s i r a  bank t h e  o u t e r  p a r t  was dominated by dense r e g i s t r a t i o n s  

of  Trachurue  j n d i c u s  wbi l e  t h e  i n n e r  i art h e l d  c o n s i d e r a b l e  r e s o u r c e s  

of  S a r d i n e l l a  g i h b o s a  and S a r d i n e l l a  lca lg iceps  w i t h  an e lement  o f  

j u v e n i l e  T r a c h u r m  j n d i  cus:. 

I n  S a u q a r a  Bay t h e  s h a l l o w  a r e a s  showed dense  r e g i s t r a t i o n s  of 

S a r d i n e l l a  l o n p i c e n s  w h i l e  t h e  o u t e r  p a r t  had mos t ly  a s c s t t e r e d  

d i s t r i b u t i o n  of  a rc ix ture  of Decap te rus  r u s s e l l i , T r a c h u r u s  i n d i c u s  

Etrumeug t e r e s .  an2 S a r d i n e l l a  l o n g i c e ~ s - .  

F v r t h e r  westwards t h e  small p e l a g i c  r e s o u r c e s  were made up  o f  

c l u p e o i d  r e s o u r c e s ;  S a r d i n e l l a  l o n g i c e ~ s ,  3. q i b b o s a  and Etrumeus 

t e r e 8  ( F i g u r e  5 ) .  

Dominat ing demersa l  s p e c i e s  were L e t h r i n u s  n e b u l o s u s ,  Cheimer ius  

n u f a r  and P-rgyrops s . p i n i f e r .  F requen t  i n  t h e  c a t c h e s ,  a l t b o u p h  i n  

l e s s e r  q u a n t i t i e s  , were Nemipterus , j a ~ o n i c u s  ,Epb inephe lus  d i a c a n t h u s ,  

Ar ius  t h a l a s s i m s  and L e p i d o t r i g l a  b e n t u v i z e  . 



T a b l e s  1-4 g i v e  c a t c h  d a t a  by f a m i l y  i n  Fottom t r a w l  s o r t e d  a c c o r d i n g  

t o  c a t c h  groups  and bot tom dep th  s t r a , t a .  T a b l e  1 d e a l s  wjth t h e  h a u l s  ' 
n o r t h  o f  Muscat ,  Tab le  2 from Ras a l  I i a d d  t o  M a . ~ i r a  I s l a n d ,  Tab le  3 

1 t h e  Masira Bank and T a b l e  4 w i t h  t h e  Sauquara  2nd  Kuria  Nuria  Banks .  

Table 1. Distribution of catches in bottom trawl by family and bottom depth strata on shelf 

north of Muscat. 

Number of hauls in 
catch groups (kg/hour) 

FAMILY 
1-9 10-49 50-199 200-499 >501 

Carangidae 3 4 2 O 1 
Synodontidae 4 1 4 O 1 
Sphyraenidae 5 4 O 1 O 
Nemipteridae 1 4 3 0 0 
Lutjanidae 2 2 1 O O 
Squids 3 5 2 O O 
Pomadasyidae . 1 1 2 O O 
Sparidae 4 2 2 O O 
Drepanidae 0 1 1 O O 
Lethrlnidae 2 2 1 O O 
Ariommidae 2 1 O O O 
Fistularidae 4 1 O O O 
Lei oqnathidae O 2 O O O 
Monocanthidae 2 1 O O O 
Mullidae 1 3 O O O 
Xuraenesocidae O 2 O O O 
Plathycephal. 4 2 O O O 
Psettodiae 2 2 O O O 
Kays 1 O 1 O O 
Sciaenidae O 1 O O O 
Scombrrdae 1 1 O O O 
Sharks 1 2 O O O 
Dther f ish 

MEAN OF TOTAL CATCHES 

NUMBER OF HAULS 10 TOTAL 

NEAN CATCH I N  BOTTON DEPTH STRATA 
(Kg/hour) 

Table 2. Distribution of catches in bottom trawl by family and bottom depth strata on shelf 

from Ras al Hadd to Masira Island. 

MEAN CATCH I N  BOTTOM DEPTH STRATA 

(kg/hour) 

<20m 20- 50m 50-200m >2OOm 

. O  371 .3  142.1 .O 

. O  52.9 165.5 .O 

. O  1 .8 157.7 .o 

.O 171.5 2 . 0  .O 

.O 11 1.3 20.7 . O  

.o 55.7 .O . O  

. O  8 . 3  8 . 3  .O 

.o 3.9 3.5 .o 

. O  13.4 1.5 .O 

. O  4 .5 13.0 . O  

. O  5 .0 6.7 . O  

. O  820.2 522.8 .O 

NUMBER OF HAULS 13 TOTAL O 6 7 O 

$ of 
total 
catch 

38 
17 
13 
12 
10 
4 
1 
1 
1 
1 
1 
1 

Number of hauls in 
catcii groups (kg/hour) 

FAMILY 
1-9 10-49 50-199 200-499 >500 

Sparidae 1 5 1 1 3 
Carangidae 2 2 7 O 1 
Nemipteridae 4 2 2 O 1 
Ariidae 3 2 1 O 1 
Pomadasyidae 2 2 3 1 O 
Trichiuridae 0 O 1 1 O 
Lethrinidae 1 1 1 O O 
Serranidae 2 2 O O O 
Sphyraenidae 2 O 1 O O 
Sjrnodontidae 2 4 O O O 
Triglidae 3 2 O O O 
Other f ish 

WAN OF TOTAL CATCHES 

ncidence 
$nitot. no.'of 
of hauls 

85 9 2 
69 
54 
62 
15 
2 3 
31 
2 7 
46 
39 

ean c. 
c. 

> I k g  

293.0 
123 .0  
123.8 
149.0 
101.6 
167.1 

36 .0  
12 .0  
30 .3  
19 .7  
15.4 
10.4 

660 .O 



Table 3. Distribution of catches in bottom trawl by family and bottom depth strata on 

Masira Bank 

Number of hauls in 

I MEAN CATCH I N  BOTTOM DEPTH STRATA 

catch groups (kg/hour) 
FAMILY 

1-9 10-49 50-199 200-499 >500  

sciaenidae O 1 O 
Carangidae 0 3 5 
Ariidae 3 3 . . 2  
Rays O 2 1 
Lethrinidae O O 2 
Trislidae O O O 
nemiteridae 2 1 1 
Sparidae 2 1 2 
Pomadasyidae 1 1 2 
Sharks 1 1 1 
Squids 2 3 O 
Other f ish 

I I ! I 

MEAN OF TOTAI, CATCIIES 1548.1 2420.6 359 .0  1725.7 .O 

NUMBER OF HAULS 15 TOTAL 6 5 4 O 

Table 4. Distribution of catches in bottom trawl by family and bottom depth strata on 

Sauqara and Kuria Muria Banks. 

$ incide 
in tot. 
of hauls 

Yean c 
of c. 
> l k g  

It,,:: 
catch 

KEAN CATCH I N  BOTTOM DEPTH STRATA 

(kg/hour) Number of hauls in 
catch groups (kg/hour) 

FAMILY 
1-9 10-49 50-199 200-499 >50(  

Carangidae 
Lethrinidae 
Sparidae 
Serranidae 
Cnampsodontidae 
Oph~diidae 
Squids 
Ariidae 
Centrolophidae 
Lutjanidae 
Monacanthidae 
Nemipteridae 
Pomadasyidae 
Synodontidae 
Triglidae 
Other f ish 

MEAN OF TOTAL CATCHES 

NUMBER OF HAULS 10 TOTAL 

P e l a g i c  ' c rawl ing  c a r r i e d  o u t  w i t h  t h e  r e s e a r c h  v e s s e l  is ma,inly 

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

do n o t  r e f l e c t  t h e  q u a n t i t i e s  t h a t  could  Fe e x p e c t e d  i n  a commercial  

f i s h e r y  where gear  and e n g i n e  power a r e  o p t i m a l i z e d .  W i t h  t h i s  borne  

i n  mind t a b l e  5 g i v e s  c a t c h  d i s t r i h u t i o n s  o f  t h e  p e l a g i c  hauls c a r r i e d  

o u t  on t h e  Masi ra  Bank.  



Table 5. Distribution of catches in pelagic trawl by family and bottom depth strata on 

Masira Bank. 

M a s i r a  B a n k  s h e l f  e d g e  

MEAN CATCH I N  BOTTOM DEPTH STRATA 

ikg/hour) 

<20m 20- 50m 50-200m >2OOm 

.O 345.9 4447.5 . O  

. O  37.5 157.1 .O 

.O 240 .3  .O .O 

.O 82 .6  .O .O 

Number of hauls in 
catch groups (kq/hour) 

E'AMILY 
1-9 10-49 50-199 200-499 >?O0 

Carangidae 1 O 2 O 6 
Sphyraenidae 1 O 1 O 1 
Clupeidae O O 1 O 1 
Sharks O O O 1 O 
Other f ish 

MEAN OF TOTAL CATCHES 3456.7 .O 755 .4  4614.5 .O 
NUMBER OF HAIILS 10 TOTAL O 3 7 O 

$ incidencelean 
in tot. no. 
of hauls 

9 0 
30 
20 
1 O 

c. 
of c. 
> l k g  

3574.5 
404.1 
360.4 
247 .8  

21 .6 

$ of 
total 
catch 

9 3  
4 
2 
1 
O 



Length d i s t r i b u t i o n s  from samples  o f  t h e  domina t ine  p e l a g i c  s p e c i e s  

a r e  g i v e n  i n  Annex 11. F i g u r e s  7 and 8 show t h e  pooled l e n g t b  

f r e q u e n c y  d i s t s i b u t i o n s  from t h e  s t e t i s t i c a l l y  unweiphte8 samples  

o f  T rachurus  i n d i c u s  a n d  D e c a p t e r u ~  r u s a e l l i .  The cor respondi r ip  

d i s t r i b u t i o n s  f rom t h e  March 1983 s u r v e y  a r e  i n c l u d e d  i n  t h e  f i p u r e s  

f o r  compar ison .  From F i g u r e  7 i t  w i l l  be s e e n  t h a t  i n  Trachurus  

i n d i c u s  t h e  modal l e n g t h  i n  March c o r r e s p o n d s  t o  t h e  2 3  cm modal 

K::/! d"kr% 4x3~ II-% ipq ,I..:. -,. l,.v,.- .-.- lpb :J/,, t i : : p  g;;:]; :;j;; 
MEAN I ,,,. fZpJE"f'I..j ::::: 1, 5 , 1 c: m : :  1 1, i"\nr .... <..J 

N l,jl'l 'fj 1.: R C) . 1:::' ?j " ." I B $5 p1 1;: ilj 1, <::j 

Ivl t::, (:l e .; :: , 1, 13 t:: ril !, 1. i:: 

c: in 

F i g u r e  8 .  



l e n g t h  i n  December, t h u s  i n d i c a t i n g  an a v e r a g e  growth o f  8 cm i n  9 i 
months.  J u v e n i l e  f i s h  i n  t h e  range  o f  7-12 cm a r e  observed  i n  December. 

These a r e  n o t  y e t  r e c r u i t e d  t o  t h e  m a i n  s t o c k  n e a r  t h e  s h e l f  edge 

o f f  Masira Bank, Fu t  form s e p a r a t e  a g g r e g a t i o n s  i n  s h a l l o w e r  wa. ters  
I 

on Masi ra  Bank and a  l i t t l e  e a s t  o f  S a l a l a h .  A l l  specimens b i g g e r  

t h a n  30 cm were caugh t  nea.r Ras a l  Nadraka. The l e n g t h  f r e q u e n c y  i 
d i s t r i b u t i o n  o f  Deca- te rus  was obse rved  w i t h  two modes 

i n  March; 1 3  and 17cm, and t h e s e  have i n c r e a s e d  t o  19 and 25cm 1 
r e s p e c t i v e l y  i n  t h e  l a s t  s u r v e y ,  g i v i n g  an a v e r a g e  prowth of  6 

and 8cm r e s ~ e c t i v e 1 . y .  A s  t h e  peaks  i n  t h e  l e n g t b  d i s t r i b u t i o n  do 1 l 

n o t  seem t o  i n d i c a t e  any l o c a t i o n  dependent  prowth ,  two a n n u a l  

spawning p e r i o d s  cou ld  be s u g g e s t e d .  Longer t i m e  p e r i o d s  
l I 

of  d a t a  v i l l  r e v e a l  t h i s  p a t t e r n  n o r e  c l e a r l y ,  apd i n  a d d i t i o n  
I 

t o  t h e  data g a t h e r e d  from t h e  F r i d t j o f  Nansen s u r v e y s  t h e  a n a l y s i s  

on growth and epawning p e r i o d s  o f  would F e n e f i t  from s i m p l e  l e n g t h  1 
f r eqvency  aeasu remen t s  o f  samples  t a k e n  l o c a l l y  on a  monthly b a s i s .  

bre c o n s i d e r  t h i s  e s p e c i a l l y  i m p o r t a n t  f o r  t h e  dornina,ting s h o r t  l i v i n g  

small p e l a g i c  s p e c i e s .  
l I 

l 



MESOPELAGIC FISE 

The Oman p o r t i o n  of t h e  Gulf  of Oman w a s  su rveyed  f rom t h e  

UAE b o r d e r  t o  Ras a l  Hadd between November 9-19, 1983. 

The mesope lag ic  f i s h  a r e  found o f f  t h e  c o n t i n e n t a l  s h e l f  

i n  w a t e r s  deepe r  t h a n  100 m .  Dur ine  p r e v i o u s  

s u r v e y s  i n  t h e  Gulf of Oman two s o u n d - s c a t t e r i n g  l a y e r s  

were u s u a l l y  observed  d u r i n g  b o t h  dayt ime and n i g h t t i m e ,  w i t h  

a t y p i c a l  dep th  d i s t r i b u t i o n  as p r e s e n t e d  i n  Tab le  6 .  

Table  60 Depth d i s t r i b u t i o n  of t h e  ~ e s o p e l a g i c  f i s h  l a y e r s  i n  

The Gulf  of Oman. 

V e r t i c a l  

Time Lager  Depth e x t e n s i o n  

Night  N I  50 70 

N I  I 2 25 70 

During  t h e  p r e s e n t  s u r v e y  D I ,  D I 1  and N I ,  N I 1  were o n l y  observed  

i n  a few a r e a s  c l o s e  t o  t h e  c o n t i n e n t a l  s l o p e  i n  t h e  i n n e r  p a r t  of 

t h e  Gulf  and n o r t h  of Kusca t  ( s e e  F i g .  9 ) .  T h e  adverage i n t e g r a t o r  

d e f l e c t i o n  of t h e  D I  l a y e r  was 136 mm/n.mile and o n l y  7 mm/n.mile 

f o r  N I 1  l a y e r  i n  a r e a s  where t h e s e  l a y e r s  were ohse rved .  However, 

i n  t h e  main p a r t  of t h e  su rveyed  a r e a  o n l y  one l a y e r  was found 

and was i d e n t i f i e d  as D I 1  at  dayt ime and N I  at  n i g h t .  The d i s t r i b u t i o n  

of t h e  mesope lag ic  f i s h  i n  t h e s e  l a y e r s  is p r e s e n t e d  i n  F i p  9 .  

To e s t i m a t e  t h e  amount of  mesope lag ic  f i s h  i n  t h e  upper  mixed 

l a y e r ,  t h e  r e c o r d i n g s  of p l a n k t o n  d u r i n g  dayt ime i n  t h e  same o r  a 

nea rhy  a r e a  were s u b t r a c t e d .  The a v e r a g e  echo abundances  a r e  shown 

i n  Tab le  7 where t h e y  a.re compared t o  t h e  r e s u l t s  of t h e  s u r v e y s  

i n  P e b r u a r y  and March 1983. 



Table  7. Echo abundance ( m m  i n t e g r a t o r  d e i 1 e c t i o n ) i n  t h e  Gulf  of  

Oman from t h e  p r e s e n t  s u r v e y  compared t o  t h e  s u r v e y s  I n  F e b r u a r y  

and March 1983. 

IT0 . OII No. NI 

Survey f i v e  n .  f i v e  n .  

m i l e s  mean SD rriles mean SD 

Feb. W 58 E 25 232 145 40 94 73 
E 58 E 50 135 151 25 113 9 1 

Mar. W 58 E 26 119 88 3 1 1 O0 40 
E 58 E 36 67 J 1 25 6 1 40 

Nov. W 58  E 27 272 222 3 1 89 37 
E 58 E 34 104 70 19 66 19 

P i g u r e  9. Distri b u t i o n  o f  mesope lag ic  fisk. E c h o  i n t e n s i t y  

by 1 .eve ls  of  i n t e g r a - t o r  def l . ec t io r i .  



The echo abundance wa.s c o n v e r t e d  t o  b i o ~ a s s  u s i n g  t h e  equ-at ion 

where B is biomass i n  t o n n e s ,  C is t h e  c o n v e r s i o n  f a c t o r  e s t i v a t e d  

f o r  sma.11 pela.pj-c f i s h e s  as 0.6L arid L is s t a n d a r ?  l e n g t h  i n  cm 

( h e r e  a  f i s h  l e n g t h  o f  3.5 cm was u s e d ) .  M is t h e  a v e r a p e  i n t e g r a t o r  

d e f l e c t i o n  i n  mm/n. mi l e  and A is t h e  a r e a  i n  sq-uare n .  m i l e s .  

The a r e a  o f  t h e  i n n e r  p a r t  o f  t h e  Gulf  ( W  o f  58  E 

7000 s q .  n .  p i l e s  a,nd t h e  o u t e r  p a r t  ( E  of 58 E )  t o  15000 s q .  

n .  p i l e s .  The r e s u l t s  a r e  compared t o  t h o s e  from Februa ry  and 

March 1983 and a r e  p r e s e n t e d  i n  Tab le  8 .  

Takle  8 .  Estima, ted biomase of  mesope lag ic  f i s h  i n  t h e  Gu1.f o f  

Oman i n  F e b r u a r y ,  March and November 1983 ( m i l l - i o n  t o n n e s ) .  

DAY N I G H T  AVERAGE 

Feb. ?y6 

Mar . 5 ~ 6  

NOV,. 5 r 8  2 97 4 73 

G j ø s z t e r  and T i l s e t h  ( 1983 )  proposed  t h a t  t h e  a v e r a g e  v a l u e  o f  

6,4  m i l l e t o n n e s  p r o b a b l y  gave t h e  b e s t  e s t i m a t e  o f  t h e  t o t a l  

biomass i n  t h e  Gulf o f  Oman i n  February-Narch 1983. They based 

t h e i r  c a l c u l a t i o n s  on t h e  assumpt ion  t h a t  t h e  c r u i s e  t r a c k s  

provided  a r e p r e s e n t z t i v e  cove rage  of  t h e  whole Gulf i n c l u d i n g  t h e  

I r a n i a n  w a t e r s .  Dur ing  t h e  p r e s e n t  s u r v e y  t h e  same c r u i s e  t r a c k s  

were r e p e a t e d  and t h e  bioma.ss ca l cu la . t ed  a c c o r d i n g  t o  G j ø s ~ t e r  

and T i l s e t h  ( 1 3 8 3 ) .  The v a r i a n c e  o f  t h e  e s t i m a t e s  from t h e  

p r e s e n t  s u r v e y  was a t  aFout  t h e  same l e v e l  as t h a t  frorr t h e  s u r v e y s  

i n  F e b r u a r y  and Rarch .  The a v e r a g e  s t a n d a r d  l e n g t h  of  t h e  f i s h ,  

bowever, was o n l y  2 ,8  cm c o ~ p e r e d  t o  3 , 5  cm i n  F e b r u a r y  - March 

which g i v e s  2 , l  m i l l . t o n n e s  lower ove rape  Piomass f o r  Novevber.  



From a f i s h e r i e s  p o i n t  of v iew,  a n e a r l y  a b s e n t  D I  l a y e r  d u r i n g  

t h e  p r e s e n t  s u r v e y  would i n d i c a t e  a s e a s  of  lower c a t c h  t h a n  i n  
l 

February-March a s  f i s h i n g  t r i . a , l s  gave t h e  b e s t  r e s u l t s  i n  t h e  

p r e s e n c e  o f  t h i s  l a y e r  ( S c h a r f e ,  1 9 8 3 ) .  i 

During  p r e v i o u s  c r u i s e s  c a r r i e d  o u t  i n  1981 by Aglen e t  a l .  (1901)  
i 
l 

and 1983 by G j ø s ~ t e r  and T i l s e t h  (1983)  day r e c o r d i n g s  were h i g h e r  

I t h a n  n i g h t  r e c o r d i n g s ,  a s  w a s  t h e  c a s e  ? u r i n g  t h e  p r e s e n t  1 
l s u r v e y  ( s e e  T a b l e 8  ) .  This  could be caused l-y some o f  t h e  f i s h  

l y i n g  c l o s e  enough t o  t h e  s u r f a c e  t o  e s c a p e  d e t e c t i o n .  1 ' 

The f i s b  became more c o n c e n t r a t e d  d u r i n g  f u l l  moon, c o n f i r m i n g  p r e v i o u s  , 
o b s e r v a t i o n s .  Und.er such  c o n d i t i o n s  and w i t h  t h e  a d d i t i o n  of  l 

l a r t i f i c i a l  l i g b t s  good c a t c h e s  of  mesope lag ic  f i s h  could be made 
l I 

( G  j e s z t e r  and T i l s e t h ,  1 9 8 3 ) .  

1 During  t h e  p r e s e n t  s u r v e y  Juday n e t  (80 cm i n  diam, 375 um mesh s i e e )  1 1  
l 

I h a u l s  were t a k e n  t o  i d e n t i f y  t h e  spawning a r e a s  o f  mesope lag ic  f i s h  1 
l 
l ( ~ e n t h o s o m a  p t e r o t u m ) .  Eggs were ,  however,  o n l y  found i n  one h a u 1  

( s e e  F i g .  1 0 )  and a t  e x t r e m e l y  low d e n s i t y .  The d e n s i t y  o f  l a r v a e  i n  
i 

t h e  a r e a  wzs a l s o  s i g n i f  i c a n t  l y  lower t h a n  i n  February-Karch and l l 
consequent1.y t h e  month o f  November does  n o t  seem t o  be an i ~ p o r t a n t  I l  

"DR.FRIDTJOF NANSEN" 

AREAS OF MESOPELPGK 

SPAWNING SITE X 

F i g u r e  10. D i s t r i b u t i o n  of  t h e  D I  and N I 1  l a y e r s .  



G e a r  codes: BT = Rottorn t r a w L ,  PT - Lelagi; t r a w l  APL'END2.X i 

-- 08.11 117 UT il 71 fl?; 44' E051 $0' 131?,0 2&?4,6 Opraptir t is  ~ ~ . ~ i e l I i  1i]3b,$!1! y ! , #  i 
Jpjrarna piii :! :a~i ae 4!ji,iiO ] & , j '  

Sa:ir i d 2  :!coii!iqudiri 5 iC&,!.Ej 3,. 
+,rqi;"gp- ipi!ii.[e?- 7<ja(li) 7!5 

1 
1 09.11 1045 121 BT 57 57 N24 12' E057 07' i O B , Q  21b,0 Syj raena pu tnaa iae  40,110 18!5 

Carangaj dec malaharicus 12:i!,5ij 57,2 
CEFI I R E  l .. r -, d .  b , :  

I tde~lipier.tis su. Jl, ! j0 5 * ( !  

09.11 1248 f 2 3  20 3 N24 $8' E(:!5b 58' 2 4 3 , l  486,2 I?Yt i r lB&TiWBE r 7 - 
J,goi la,u 

I 

Drepane lnng~nana F;?,&ij ll!z 
tilagrarrsa pirta + I l l t U  '7, i 
ie i i i r - ing;  -p ,  :?g1q$ 



TIME STW GEAR -~IUt-~Ml- --~ll~~~l~~-- -----------d- CATCH !K61 MEIGTH (kli! 
DATE START No. TYPE BOTTOM GEAR LITIT. LONGIT. TOTAL PR HR DOMINANT SPECIEC PE HR 1 
............................................................................................................... 

10.11 0000 127 PT 310 50 N24 50' E056 50' 80,O ib0,O MfCTOPHiDAE l51,20 9$!5 
Tr ich iurus  !epturus q 8 2  5,s 

10.11 0920 128 PT 5500 300 N24 47' E057 09' 22,2 44,4 MYCTOPHIDAE 
Tr ich iurus  lep turus  
LOLIG!NIDGE 
Decapterus r u s s e l l i  

10.11 1300 129 PT 372 260 N24 34' E057 03' 20,8 41,6 Tr ich iurus  lep turus  
CALPS 
LULIliINIDAE 
MYCTOPHIDAE 

10.11 1515 130PT 292 125 N2405 'E0570OY bO,0 120,O MYCTOPHIDAE 

10.11 1935 131 PT 300 50 N24 27' E057 02' 125,O 250,0 MYCTOPHIDAE 

11.11 0453 133 PT 275 50 N24 21' E057 03' 330,0 b50,Q HYCTOPHIDAE 

11.11 1005 134 PT 28? 250 N24 27' E056 59' 41,0 82,0 MYCTUPHIBAE 

11.11 1125 135 PT 292 175 N24 27' E056 59' 902,0 1604,Q MYCTOPHIDAE 

11.11 2215 137 PT )500 40 N24 49' E057 54' 55,0 110,0 HYCTOPHIDAE 

12.11 0145 138 PT 1500 20 N24 54' E057 51' 16,O 52,0 MYCTOPHIDAE 
Sel ar crurrienophthalmus 
JELLYFISH 
Tr ich iurus  lep turus  

12.11 0455 139 PT ,500 25 N24 35' E057 52' 15,4 30,6 Celar crumenophthalmus 
C u b i f ~ p s  5p. 

Card ine l la  longiceps 
SCOi15RIDAE 

12.11 0825 140 PT j500 340 N24 11' E057 43' 10,8 21,6 MYCTOPHIDAE 
Sel ar crumenophthalmus 
Sardinel l a  lanqiceps 
Lest id ium sp. 

4!0f:i ? ,b  
i ,00 2,4 

'50 l,? 
3v,i!o ab,5 



TINE STN GEAR -QE_F''H-~ij~- - - & l $ ~ I ~ ~ N - -  - CATCH - - - - -. - (R61 - - - - - . N E I G i H  - - - - - - - - tkGi  - - - - 
DATE START ND. TYPE EUTTUEZ %E% LATI?'. L0161T. i'DT41. Ff! HR j,aHI$.&T ~PECIEC Pi? HR 

12.11 1535 142 BT 18 18 N23 46' E058 00' 181,4 312,6 Saurida tumbI1 
Gert-es ia l amentasus 
Gnatha!i~dori sper1 csus 
? B Y S  

15.11 0200 146 PT 3 0 0  225 N23 48' E058 32' 19.8 34,6 MUCTOPHIDAE 
I r ichi i l rus  iepturus  
Irzctiinocephaiiis sp. 
Cubic~pc sp. 

16.11 0430 147 PT ,500 25 N22 37' E059 51' 34,3 &,b MYCTOPHIfiAE 
Cubiceps sp. 
Ca!.irida tumbi i 
Selar cru!ner~riphthilcius 

20.11 Obl5 140 B7 49 4 1  N22 55' E057 $1 '  534,2 114814 t e th r inus  e!cnqatus 
Argyrups sp in i f e r  
Sphvraena af r icana  
t e t h r ~ n i s  nebulac.li;j 

20.11 0945 i50 BT 39 39 N22 14' E059 50' 823,3 I&$b,b Argyropå sp in i ib r  
Cyhyraena af r icana  
Car anqoldes chrysaphrys 
Enathanndon sper iosus  

20.11 1420 151 ET 52 52 W21 55' E059 45' b39,4 i278,8 Argyrap; sp in i f e r  
Triehiurur 1ept.uruc 
l e th r inus  nebulosus 
Pomadaiy; s t r i dens  



TIME STI GEAR -iVV~-~Hi- --fOILILOC-- ----------v-- CATLH (KG1 -------------- #EiGTH ( K G )  
DATE START No. TYPE BOTTO# GEAR LATIT. LONGIT. TOTAL PR HR DOKINANT CPECIES PR HR X 

20.11 1940 153 PT 110 65 N21 43' E059 41' 132,b 265,2 Decapterus russel l i  

21.11 0620 154 BT 61 b l  N21 29' E059 32' 757,l 1514,2 Argyrops spinifer 
Trachurus indicus 
Decapterus russell i 
Nemipterus japrinicus 

21.11 0845 155 ET 51 51 N21 24' E059 26' 20,3 40,b Argyrops spinifer 
Nemipterus japonicus 
Pomadasys s t r idens 
Pagellus a f f i n i s  

21.11 ,1045 156 BT 53 53 N21 21' E059 23' 3 4 4  b6,0 Argyrrips spinifer 
Trachurus indicus 
Garangoides chrysophrys 
Megalaspis cordyl a 

21.11 1325 157 BT b4 66 N21 14' E059 25' 254,8 509,b Argyrops spinifer 
Fagellus a f f i n i s  
Trachurus indicus 
Dec apterus russel l i 

21.11 1545 158 ET 24 24 N21 16' E059 13' 174,8 349,b Arius tenuispinis 
Pomadasys opercularis 
Grgyrops spinifer 
Lepidotrigla bentuviai 

21.11 1725 159 BT 61 b1 N21 09' E059 19' 109,b 219,2 Trachurus indicus 
Pomadasys s t r idens 
Nemipterus japonicus 
Arius tenuispinis 

21.11 2125 IbOPT 72 b2 N2103'E05917'1020,0 2040,O Trachurusindicus 

22.11 0210 161 PT 65 40 N20 55' E059 10' 1199,7 2399,4 Pomadasys stridefis 
Trachurus indicus 
Decapterus russel l i 

22.11 Obl5 162 BT 104 104 N20 49' E059 21' 02,4 lb4,8 Decapterus russel l i  
Sauri da undosquani s 
Pagellus a f f i n i s  
Nemi pterus japonicus 

22.11 0855 l63 PT 114 100 N20 40' E059 16' 2, b 5,2 Trachurus indicus 

22.11 1115 164 ET 70 70 N20 44' E059 05' 454,: 500,b Ne~ipterus japonicus 
Trachurus indicus 



TIRE 5% GEAR -KF'~EF'-i~~- --~ij%I~II_N-- ------------- CATCH !K61 WCjGTH [#G) ". 
DATE CTIZRT Mo. TYFE EOTTOH GEAR LATIT. LONGIT. TCiTA1. P!? ;+R ij;!kj~j~wr C P E ~ ~ E ~  PF! HR X 

90, 2 JELLYF I C N  
Urgyrops sp in i f e r  
Arius tha lass inus  
Pagliibui a f f i n i s  

22.li 1600 106 F'T fl2 58 

22.11 1735 1 6 7 E T  9% 98 

1b57,8$ ?1,4 
594,i)(! 25,& 

b4,80 L,? 

302,4 Weaipterus japoriicus 
Decapterus russe l  l i  
Lepidotrigla nmanencis 
Sauri da uadosquanic 

1440,C RYCTOPNIDAE 

Neaipterus japonicur 

3.33, b i !  99.1 

130?,0 Lepidotrigla benturlai  
Chtrimerlus nufar 
Caranggides chry5uphrys 
Epinephelus diacanthus 
RHIWOBATli)fiE 

716,b RHIHOEATIDAE 
Ccomberoi des co~mersoni anus 
Arius thalassicius 
Carangoldes rhrysophrys 

bJb!O Cardinel la gibbosa 
Sardinel l a longi ceps 
negalaspis cordylz 
iilepes vari  

9754?8 Argyrososus ho1olepidotus 
Scomberai des comeersoni anus 
flrius tha lass inus  

CE19u5 698, h $ r iu s  thala,; 
CIZRCHARHINI DfiE 
Triacznthus h iac l i Iea t i !~  
irachurus indicus 

14$,60 27!3 
105,00 ?b,4 

69, bi! ?,9 
bO,Q!> 8,5 

120 fil' E 0 5 i  53' 2,4 



TIHE STN GEAR -illUH-iMi- --~~K!~~lCj4-- CATCH ( K G )  -------------- UEIETH (KG) 
DATE START No. TYPE BOTTOM GEAR LATIT. LOMGIT. TOTM PR HR DOMIfiAHT SPECIES PR HR :i 

24.11 1450 177 BT 21 21 N19 49' E057 58' 722,b 1445,f Ar ius  thalassinus 
R A Y S  

Alepes v a r i  
Argyrops s p i n i f e r  

24.11 2140 178 PT 40 30 N19 50' E058 20' 505,b 1011,2 Trachurus i nd i cus  
Decapterus r u s s e l l i  
Carangoides na labar i  cus 
Lep ido t r i g l a  sp 

25.11 0230 179 PT 40 22 N19 44' E050 17' 3976,3 7952,6 T rachu ru~  ind icus  
Cphyraena a f r icana 

25.11 0705 100 BT 27 27 N19 41' E050 08' 4,4 b,% Arius t enu i sp in i s  

25.11 0920 101 BT 22 22 M19 43' E027 27' 140,4 200,0 Ar ius  t enu i sp in i s  
Ar ius  thalassinus 
Al epes v a r i  
MOBUL I DAE 

25.11 1220 102 ET 21 21 N19 37' E057 51' 40,0 00,Q Sepia sp 
Ar ius  sp 

25.11 1455 103 ET 22 22 N19 34' E058 03' 159,s 319,9 Diagram~a p i c t a  
Lethr inus  nebul osus 
Argyrops s p i n i f e r  
Cheimerius nuf ar 

25.11 2110 184 PT 26 l N20 00qE058 05' 394,s 608,9 Spyraena putnaniae 
Sardinel l a  g i  bbosa 
Trachurus i nd i cus  
CARCHARH I M I  DAE 

26.11 9420 185 PT 113 60 N19 51' E058 33' ,O ,O N O  C A T C H  

26.11 1425 106BT 55 55 N1926 'E05806 '  ,O ,O N O  C A T C H  

26.11 lb45 107 B i  20 20 N19 29' E057 54' 919,l 1030,2 Lethr inus  nebulosus 
R A Y S  
Diagrasna p i c t a  
Scolopsis taen ia tus  

2!.11 0715 188 BT 57 57 M19 19' E057 59' 40,O BO!O Sarda o r i e n t a i i s  
Cepia sp 
Carangoi des chrysophrys 
Cookeolus boops 



TIME CTFl GEAR -EJIHJii- --PCjC~U€j4-- - - CATCH - - - - - - !KG) .- - - - - MEIGTH - - - - .. - - iitlil - - - - 
DATE START N'. TYPE BDTTQI GEAR LATIT, LONGIT. TOTAL PR HR DO#iNAMT CPECIEC PR tiR 4 

? 27.11 1605 190 BT 65 b5 M19 07' E057 57' 1820,7 3641,4 Trarhurus i nd i cus  3641,40 100,G 

27.11 2115 191 PT 87 40 N18 58' E057 57'10000,O 20000,0 Trachurus ind ieus  2(1000,00 !00"0 

28.11 0755 192 BT 43 43 N18 50' E057 31' 292,b 585,2 Cheimerics nufar lh1,80 27,b 
l 

Cepia sp 149?00 25,4 
Lethr inus  nebularus 127,UQ 22,l  
Argyrops Ci l aoentosus 7 9 ; '  . . ,bt l  6 7  ,, 

28.11 1030 193 BT 87 87 N18 38' E058 38' 1,b 3,2 Champsodon sp. 80 2 5 , ~  
P i e r i d o t r i g l a  hen i s t i ca ta  , nil Ur. 2 5 , ~  
Cookenlus boops ,5O 15,b 
CEPI iDAE ,40 12,s 
Sphyraena abtusata ,li0 12 , s  

28.11 lb00 194 PT j500 35 N18 13' E057 39' 3,0 t , $  CRABC 6,110 100,ii 
I 

29.11 0425 195PT >500 50 N1802 'E05735 '  3 ,3  6,b MYCTDPHIDAE 3,0(:! 45!4 
I Etrurneus t e res  !,Oil 15 , l  
! 

Sardinel  l a  Iongiceps ,80 12 , i  
Syriodus sp. ,E0 1?!1 

29.11 0950 19b PT E 0 0  49 N17 54' E057 31' 1,B 3,b Etrueeus t e rea  !,q0 33,8 
Trachurus i n d i r u s  ,?O 25,0 

l 

i Sardinel  l a  longiceps ,b0 16,b 
Decapterus russe l  l i ,b(! lb ,b  

29. lf 1730 197 FT 84 84 N18 20' E957 13' 30?7,8 6155.6 Decapterus ruasel1 i b080,00 97,4 
Saurida Iindosquaai s 84,110 1,5 

29.11 2335 198 PT 20 l N18 27' E056 56' 128,4 256,8 Sard ine l l a  longiceps 118.60 4b11 
Triacanthus b iacu lea tus  b0,0(! 23,3 
R B Y 5  40.00 1:?5 

I A r ius  tha lass inus  l8,5O 7,2 

30.11 0525 i?? PT 245 45 N17 49' E057 18' 209,l 936,4 APQGO!+IJAE 
Echeneis naut ru tes  

30.11 0720 200 B i  356 355 MIT 45' E057 22' ?83,4 5bb,8 Champsodon sp. 
OFHIDI IDAE 
Psenopsis cyanea 
P t e r i d o t r i y i a  hernist icata 

30.11 1300 i O !  ET 74 74 Ni7 56' E057 03' 123,9 247,- Cheimerius nufar 
Arayr-eps f i l  am~ntssus 
Epinephelus d iacanthu i  
f a r  angoi de3 equul i$ 
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TInE STN GEAR -iJEPIP-ilI- --&$X[@N-- -----e--.----- CATCH [ K C i  UEIGTIf (KEI  --- 
DATE START No. TYPE EOTTOH GEAR LATiT. LONGIT. TOTAL PR HR DUHI3A#T CPECIES PR HR % 

09.12 0855 213 PT 95 85 N19 19' E058 10' 1063,0 1063,O Trachurus indicus 1Qb3,QO 100,O 

10.12 0000 214 PT 98 90 N19 43' E058 25' 495,O 84b,$ Trachurus indicus fl46,4J lOO!O 





A P P E N D I X  I1 

Length frequency distributions of some important species. 

CARANGI  DAE 

Decapterus russelli 
STATION NO. 1 1 7  MEAN LENGTH 17,9cm N= 1 1 2  

L 

Decapter~ts russel l i 
STATION NO. l 6 2  MEAN LENGTH = 2 1 .  l c m  N= 1 0 0  

Decapterus russelli 
STATION NO. 1 5 3  MEAN LENGTH - 19,Acm N-= 1 0 1  

Decapterus russel l i 
STATION NO. 144  MEAN LENGTH = 22,  l c m  N= 4 9  

L :o j 

Decapterus russelli 
STATION NO. 154  MEAN LENGTH = 14,3cm N- 1 0 2  

Decapterus russel l i 
STATION NO. 1 5 7  MEAN LENGTH = 19,9cm N= 7 7  

L 
5 0 

40 

I>ecapteri.is r ~ . i - , % s = ? l . l . x  
' r I i i T l ~ J t ~ l  NO. 161 ME&N Lt.Nl;lll :. 19.Lcm N= 17 

Dccapterus russel l i 
S l A T I O N  NO. 1 4 7  MEAN LENGTH = 24,9cm N- 5 1  

L 
5 0  

4 0  

Decapeerus russel l i 
STATION NO. 1 7 8  MEAN LENGTH = 20,Zcm N= 110 

D e c a p t e r ~ i c ,  r -~ . is=;<-J .  l i 
STAIILIN IN[i. 197 IIEHN LFNGTI-I - Z : . .  ? c m  N= l,q! 



/. 
5 0  

4,:t 

3 0  

"C, 

Trach~-<rus  I n d i  c u s  
STATION NO. 1 5 4  MEAN LENGTH = ZZ.9cm 

Trac t>~ i rus  i n d i  cus 
STATION NO. 1 5 7  MEAN LENGTH = Z5.Zcm N= 1 1 8  

Trachur~cs  i nd icus  
STATION NO. 1 7 3  MEAN LENGTH = 10,8cm N= 6,:) 

/. 
5,:) 

4 0  

Trachurus i "d i  cus  
S T A T I O N  NO. 1 5 9  MEAN LEN9TH - 18,3cm N= 1 0 0  

l 

Trachurus i n d i  cus 
STATION NO. 1 6 0  NEFIN LENGTH = 1B,5cm N= 9 6  

Trachurus imdicues 
STATION NO. 1 7 8  MEAN LENGTH - ZZ,3cm N= 1 0 0  

Trachurus i n d i  cus 
STATION NO. 1 7 9  MEAN LENGTH = Z 4 , l c m  N= 83 

Trach~ircis  i " d i  cLls 
STATION NO. 1 8 4  MEAN LENGT14 = l 0 , b c m  N= 9 5  

L 

Trachurus i r7dic~ts 
STATlCJN NO. l b b  MEAN LENGTH = 1i3.7cni N= 1 5  I - r a c l k i c t r ~ i - .  ~ n d i  reis 

J J .  1 9  IMEAN LENGTH = 22.2cm N= 77 



Trachurus i ndi  cus 
STATION NO. 1 9 0  MEAN LENGTH = 25 ,7cm N= 1 1 0  

Trachur~t% i ndi  c u s  
S T A T I O N  NO. 21: MEAN LENGTH - 25 .5cm N= BO /. 

Trachurus i ndi  cus 
S T A T I O N  NO. 2 1 4  MEAN LENGTH = 21 .4cm N= 8 4  

Trachurus i ndi  cus 
S T A T I O N  NO. 1 9 1  MEAN LENOTH = 24,Scm N= 1 0 0  CLUPEIDAE 

Trachurus i ndi  cua 
S T A T I O N  NO. 2 1 0  MEAN LENGTH ri 7 ,4cm N- 9 5  

/. 

Trachurus i n d i  cus 
S T A T I O N  NO. 2 1 1  MEAN LENGTH = 24 ,3cm N= 36 

Trach~trLis i n d i  c ~ i s  
S T A T I O N  NO. 2 1 2  MEAN LENGTH = 2 2 . 6 c m  N= 6 9  

Cardinel  l a  gibboaa 
S T A T I O N  NO. 1 7 3  MEAN LENGTH = 16,Zcm N= 97 

L 

Sard ine l  l a  gibbosa 
S T A T I O N  NO. 1 8 4  MEAN LENGTH = 1 4 . 6 c m  N= 9 9  

S a r d i n e l l a  gibbosa 
S T A T I O N  NO. Z l L i  MEAN LENGTH = 14 . i i cm N= 9 8  



Sardi nel l a l ongireps 
STATION NO. 17: MEAN LENGTH = 14,9cm N= 99 

L 

Sardinrl l a  lomgicep5 
STATION NO. 184 MEAN LENGTH = 13,lcm N= 105 

L 
50 q 

Sardinel l a  longiceps 
STATION NO. 198 MEAN LENGTH - li,8crn N= 108 

Sardinel l n langiceps 
CTATION NO. 203 NEAN LENGTH = 10,4cm N= 105 

/. 

1 

Sardlnel l a  longiceps 
S l A T I U N  HO. 208 PiEAN LENGlH = I l . i i c m  N= 127 

Sardinel l a  longiceps 
STATION NO. 210 MEAN LENGTH = 13,7cm N= 125 


