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1  .l Background and o b j e c t i v e s  

Since t h e  I n t e r n a t i o n a l  I n d i a n  Ocean E x p e d i t i o n  ( I IOE, 1959-65), which 

produced abundant da ta  on t h e  oceanographic and b i o l o g i c a l  environment, t h e  

se as o f f  t h e  coas ts  o f  Oman have been known t o  be long t o  t h e  h i g h  

p roduc t i ve  areas o f  t h e  wo r l d  i n  terms o f  p r imary  and secondary p roduc t ion .  

Even though d i r e c t  da ta  on f i s h  resources were miss ing,  i t  was assumed t h a t  

t h e  area cou ld  h o l d  cons iderab le  f i s h  resources. 

Based on t he  f i n d i n g s  from IIOE, a j o i n t  programme between t h e  Norwegian 

Agency f o r  I n t e r n a t i o n a l  Development (NORAD) and t h e  Food and A g r i c u l t u r e  

Organ isa t ion  o f  t h e  Un i t ed  Nat ions  (FAO) was s e t  up t o  i n v e s t i g a t e  t h e  

f i s h  resources o f  t h e  Arabian Sea. I n  t h e  p e r i o d  from January 1975 t o  

November 1976 t h e  R/V "Dr. F r i d t j o f  Nansen" c a r r i e d  ou t  f i v e  coverages o f  

t h e  c o a s t a l  waters from Pak i s tan  t o  Somalia, i n c l u d i n g  Oman. Based on t h e  

acous t i c  da ta  c o l l e c t e d  d u r i n g  these surveys, t h e  f i s h  resources o f  Oman 

were es t imated  t o  t h e  average l e v e l  o f  600 thousand tonnes f o r  t h e  s m a l l  

p e l a g i c  f i s h  and 120 thousand tonnes f o r  demersal f i s h ,  making i t  one o f  

t h e  most p r o d u c t i v e  areas i n  t h e  I n d i a n  Ocean. 

Under t he  UNDP/FAO programme GL0/82/001 "Survey and i d e n t i f i c a t i o n  o f  World 

Mar ine Resources" i t  was agreed w i t h  t h e  M i n i s t r y  o f  A g r i c u l t u r e  and 

F i s h e r i e s  o f  Oman, t o  c a r r y  ou t  f ou r  a d d i t i o n a l  surveys i n  Oman waters i n  

t h e  p e r i o d  A p r i l  1983 t o  October 1984. 

The main o b j e c t i v e s  o f  these surveys were t o  update t h e  p rev ious  f i n d i n g s  

and p r o v i d e  more d e t a i l e d  i n f o r m a t i o n  on t h e  s t a t e  o f  t he  resources w i t h  a  

more i n t e n s i v e  sampl ing programme than d u r i n g  t h e  e a r l i e r  surveys. 

1.2 P lan  

The l e v e l  o f  t h e  sma l l  p e l a g i c  resources was t o  be assessed by acous t i c  

surveys, w h i l e  t h e  demersal resources were t o  be est imated by concur ren t  

t r a w l  surveys. I n  a d d i t i o n ,  a  few hydrograph ica l  sec t i ons  were t o  be worked 

ou t  a long t he  coast  i n  o rder  t o  eva lua te  t h e  s t r e n g t h  o f  t h e  u p w e l l i n g  

system. The acous t i c  data,  combined w i t h  t h e  t r a w l  sampling programme, 

would a l s o  p rov ide  i n fo rma t i on  on spec ies d i s t r i b u t i o n  and composi t ion of 



t h e  f i s h  community i n  Oman waters. 

The t i m i n g  o f  t h e  surveys was planned as f o l l ows :  

I March 1983 (pre-monsoon c o n d i t i o n s )  

I I November-December 1983 (NE-monsoon c o n d i t i o n s )  

I I1 A p r i l -  May 1984 (immediate pre-monsoon c o n d i t i o n s )  

I V September 1984 ( immediate post-monsoon c o n d i t i o n s )  

Due t o  a major engine breakdown i n  September 1984,the f o u r t h  survey had t o  

be cancel led.  Thus,an u n f o r t u n a t e  gap i n  t h e  s tudy o f  t h e  year c y c l e  became 

i n e v i t a b l e .  

I n  t h e  survey p lan ,  t h e  emphasis was p u t  on cove r i ng  i n t e n s i v e l y  t h e  s h e l f  

area from Ras a l  Hadd southward t o  Sa la l ah  because o f  t h e  h i g h  

b i o p r o d u c t i v i t y  o f  t h i s  reg ion .  The s h e l f  n o r t h  o f  Ras a l  Hadd i s  narrow 

and w i t h  much lower  l e v e l  o f  p roduc t ion .  Th i s  area was no t  covered i n  t h e  

f i r s t  survey . 

The f i r s t  survey was p a r t i a l l y  ove r l app ing  w i t h  a s p e c i a l  survey on t h e  

mesopelagic resources i n  t h e  G u l f  o f  Oman, w h i l e  t h e  second survey i n c l u d e d  

an acous t i c  coverage o f  t h e  mesopelagic f i s h  i n  t h e  same area. The r e s u l t s  

from t h e  i n v e s t i g a t i o n s  on mesopelagic f i s h  have been r e p o r t e d  elsewhere 

(Gjøsæter and T i l s e t h  1983, Strømme and T i l s e t h  1983, Schar fe  1984) and 

w i l l  n o t  be d e a l t  w i t h  i n  t h e  p resen t  r e p o r t .  

P re l im ina ry  c r u i s e  r e p o r t s  have been i ssued  s h o r t l y  a f t e r  each o f  t h e  t h r e e  

surveys which took p l ace  accord ing t o  t h e  o r i g i n a l  p lan .  The p resen t  r e p o r t  

i s  a f i n a l  summary r e p o r t ,  based on t h e  r e s u l t s  from these t h r e e  surveys 

and on knowledge from p rev ious  work. 

The p a r t i c i p a t i n g  s t a f f  i s  l i s t e d  i n  Annex I and i n f o r m a t i o n  on t h e  R/V 

"Dr. F r i d t j o f  Nansen", ins t ruments  and gear used, a re  g i ven  i n  Annex 11. 

1.3 The survey coverages 

F igu res  3 show t h e  c r u i s e  t r a c k s  and s t a t i o n s  worked on t he  t h r e e  

surveys. The o p e r a t i o n a l  c h a r a c t e r i s t i c s  o f  t h e  surveys a re  summarized i n  

Table 1. 

The d i s tance  between t h e  main acous t i c  t r a n s e c t s  was 10 nm and t h e  s h e l f  

was u s u a l l y  surveyed perpend icu la r  t o  t h e  coas t  from 15m ou t  t o  t h e  200m 



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  d u r i n g  t h e  f i r s t  s u r v e y ,  1-19 

March 1983.  

d e p t h  l i m i t ,  which was w e l l  i n t o  t h e  c o n t i n e n t a l  s l o p e .  Areas  o f  less  t h a n  

15m d e p t h  r e p r e s e n t  a  v e r y  s m a l l  f r a c t i o n  o f  t h e  s h e l f ,  and a p a r t  from a  

smalil a r e a  s o u t h - w e s t  o f  Masi rah  i s l a n d ,  t h e  s u r v e y  g r i d  p r a c t i c a l l y  

c o v e r e d  t h e  whole s h e l f .  

E s t i m a t e s  o f  s u r v e y  i n t e n s i t y  a r e  a l s o  shown i n  T a b l e  1 ,  g i v e n  a s  r a t i o s  

between n a u t i c a l  miles s teamed and 100 nrn c o v e r e d  d u r i n g  t h e  t h r e e  

s u r v e y s .  Survey  i n t e n s i t i e s  f o r  t h e  R / V  "Dr. F r i d t j o f  Nansen" u s u a l l y  r a n g e  



OMAN 

F igu re  2. Cru ise  t r a c k  and s t a t i o n s  d u r i n g  t h e  second survey, 5 

November - 11 December 1883. 

L 
between 5-40 nm/nm The l a t e s t  coverages i n  Oman thus  belong t o  t h e  

, ! k '  
more i n t e n s i v e  worked ou t  so f a r .  



OMAN 

F i g u r e  3 C r u i s e  t r a c k  and s t a t i o n s  d u r i n g  t h e  t h i r d  s u r v e y ,  29 A p r i l  

- 17  May 1984.  



Table 1 Operational features of the surveys. 

Survey Dates Region Days Distance Curvey Number of Number of 
at travelled intensity fishing hydrographic 
sea in survey nm stations stations 

area (nm) /l00 nm2 

I 1983 North of 1 260 12.1 3 4 
1-19 Ras al Hadd 
March 

RI:; :#l  II:IcIII- 2 770 l ') . <) '1 [I 

Masirah lsl. 

Masirah Id.- 3 575 19.2 19 O 
Ras al Madraka 

Ras al Madraka- 7 1390 23.2 25 9 
Ras Marbat 

West of 1 200 30.9 2 O 
Ras Marbat 

I I 1983 North of 2 370 17.2 13 20 
5 Nov- Ras al Hadd 
11 Dec 

Ras al Hadd- 3 520 22.3 20 4 
Masirah Isl. 

Masirah Id.- 7 1090 36.3 26 O 
Ras al Madraka 

Ras al Madraka- 6 1190 19.8 17 9 
Ras Marbat 

West of 1 190 29.7 2 4 
Ras Marbat 

111 1984 North of 2 370 17.2 4 15 
29 Apr- Ras al Hadd 
17 May 

Ras al Hadd- 2 390 16.7 7 4 
Masirah Isl. 

Masirah-Isl. 3 51 5 17.2 12 O 
Ras al Madraka 

Ras al Madraka- 5 1080 18.0 16 9 
Ras Marbat 

West of 1 185 28.9 1 4 
Ras Marbat 

Corrected for port calls, calibration stops and deep sea (rnesopelagic) surveys 

RESULTS FROM THE ACOUSTIC SURVEYS. 

Acous t i c  s u r v e y s  combined w i t h  t r a w l i n g  f o r  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  

r e g i s t r a t i o n s  p r o v i d e  d a t a  on d i s t r i b u t i o n ,  abundance and s p e c i e s  

composi t ion o f  t h e  s m a l l  p e l a g i c  r e s o u r c e s .  For t h e  s u r v e y s  i n  Oman, it  is 

assumed t h a t  t h e  su rvey  g r i d  t o t a l l y  encompasses t h e  p e l a g i c  s t o c k s  i n  t h e  

a r e a .  Fur thermore ,  no s e r i o u s  l o s s  o f  a c o u s t i c  d a t a  due t o  poor weather  

c o n d i t i o n s  h a s  o c c u r r e d .  However, a l though  t h e  frame c o n d i t i o n s  were most 

f a v o u r a b l e  f o r  a c o u s t i c  s u r v e y s ,  t h e  e s t i m a t e s  a r e  s t i l l  v u l n e r a b l e  t o  

sampl ing e r r o r s  and random s t a t i s t i c  v a r i a n c e .  

Acous t i c  s u r v e y s  a r e  l e s s  s u i t a b l e  f o r  t h e  e v a l u a t i o n  of  demersal  s p e c i e s  . 
This  is mainly because  t h e  d e n s i t y  l e v e l  o f  t h e  demersal  s t o c k s  is much 



lower  than  t h e  sma l l  p e l a g i c  s tocks,  making t h e  r e l a t i v e  sampl ing e r r o r  and 

var iance  much h i ghe r .  Therefore,  l e s s  emphasis i s  p u t  on t h e  acous t i c  

r e s u l t s  concern ing demersal s tocks.  They w i l l  be more thorough ly  covered i n  

t h e  t raw l -su rvey  sec t i on .  

2.1 The acous t i c  method and i t s  l i m i t a t i o n s .  

Acous t i c  abundance e s t i m a t i o n  o f  f i s h  i s  based on t h e  p r i n c i p l e  t h a t  t h e  

i n t e n s i t y  o f  t h e  echoes r e f l e c t e d  from t h e  f i s h  i n  t h e  sea i s  l i n e a r l y  

p r o p o r t i o n a l  t o  t h e  d e n s i t y  o f  f i s h  -- i n  s i t u .  By an e l e c t r o n i c  ins t rument ,  

c a l l e d  echo i n t e g r a t o r ,  t h e  echoes rece i ved  over  f i x e d  i n t e r v a l s  o f  t h e  

vesse ls  survey t r a c k  a re  made r e p r e s e n t a t i v e  f o r  i n d i c e s  o f  f i s h  abundance 

w i t h i n  these i n t e r v a l s .  Apar t  from be ing  d e n s i t y  dependent, these  i n d i c i s  

a re  a l s o  dependent o f  t h e  t ype  o f  spec ies  and t h e  s i z e  o f  t h e  f i s h .  To 

conver t  these i n d i c e s  o f  d e n s i t y  i n k o  abso lu te  d e n s i t i e s  one has t h e r e f o r e  

t o  app ly  b o t h  spec ies dependent and s i z e  dependent c o r r e c t i o n  f a c t o r s .  

I n f o r m a t i o n  on these f a c t o r s  i s  u s u a l l y  aqu i r ed  th rough  c a l i b r a t i o n  

procedures on f i s h  -- i n  s i t u  o r  from exper imenta l  setups w i t h  f i s h  i n  cages. 

Absolu te  d e n s i t i e s  a re  conver ted  i n t o  abso lu te  abundances by m u l t i p l y i n g  

t h e  d e n s i t i e s  o f  f i s h  by t h e  area o f  t h e  f i s h  d i s t r i b u t i o n .  

I n  s p i t e  o f  i t s  r e l a t i v e l y  s imp le  bas i c  p r i n c i p l e s , t h e  acous t i c  method has 

s e v e r a l  l i m i t a t i o n s  which always shou ld  be k e p t  i n  mind when i n t e r p r e t i n g  

t h e  r e s u l t s  from acous t i c  surveys and app l y i ng  them f o r  f i s h e r y  development 

purposes. O f  t h e  l i m i t i n g  f a c t o r s  t h e  main are:  

a)  Under represen ta t ion  o f  bot tom d w e l l i n g  f i s h e s .  F i s h  t h a t  s t a y  c l o s e  t o  

t h e  bottom, e s p e c i a l l y  r a y s  and f l a t  f i shes ,  a re  de tec ted  as p a r t  o f  t h e  

bot tom and w i l l  n o t  be d i s t i n g u i s h e d  by t h e  echo i n t e g r a t o r .  I n  a d d i t i o n ,  

due t o  a  so c a l l e d  dead-zone, t h e  f i s h  immediate ly  o f f  t h e  bottom a re  n o t  

f u l l y  rep resen ted  i n  t h e  es t imates .  A l l  t h i s  l eads  t o  a c e r t a i n  

unde r rep resen ta t i on  o f  demersal f i s h ,  e s p e c i a l l y  those l i v i n g  ve ry  c l o s e  t o  

t h e  bottom. 

b )  Screening e f f e c t  from p lank ton .  P lank ton  . i s  a l s o  d'etected by t h e  

acous t i c  system, and i t  i s  t h e  t ask  o f  t h e  s c i e n t i s t  on b a s i s  o f  t h e  

cha rac te r s  o f  t h e  echo-traces and compos i t i on  i n  t h e  t r a w l  catches t o  

separate  t h e  d e n s i t y  i n d i c e s  i n t o  p l ank ton  and f i s h .  Var ious methods a r e  

a v a i l a b l e ,  bo th  s p e c i a l  a c o u s t i c / e l e c t r o n i c  setups and procedures f o r  

r ead ing  t h e  echo-traces But  i n  areas with dense concen t ra t i ons  b f  p l a n k t o n  l 
combined w i t h  s c a t t e r e d  and low d e n s i t i e s  o f  f i s h ,  a  c o r r e c t  s e p a r a t i o n  o f  

t h e  echo- ind ices i n t o  f i s h  and p l ank ton  i s  d i f f i c u l t .  I n  such cases t h e  



p lank ton  can represen t  up t o  seve ra l  hundred t imes t he  amount o f  f i s h  

record ings ,  and assessing t h e  f i s h  abundance has more t h e  charac te r  o f  

q u a l i f i e d  guesses than  est imates.  Th is  f a c t o r  does n o t  s e r i o u s l y  a f f e c t  t he  

t o t a l  es t imates  i f  i t  concerns sma l l  areas on ly ,  b u t  i t  might  be 

s i g n i f i c a n t  i n  those  reg ions  where l ow-dens i t i es  a r e  found over l a r g e  

areas and w i l l  t hus  sum up t o  cons iderab le  t o t a l  abundances. 

c )  D i s p r o p o r t i o n a l  sampl ing i n  mu l t i spec ies  f i s h  communities. I d e a l l y ,  when 

s e v e r a l  spec ies a re  p resen t  i n  t he  same area one should d i s t r i b u t e  t h e  

i n d i c e s  o f  t o t a l  d e n s i t y  recorded by t h e  acous t i c ,sys tem i n t o  i n d i c e s  o f  

spec ies d e n s i t i e s  and conve r t  these i n d i c e s  i n t o  abso lu te  abundance 

es t imates  by app l y i ng  spec ies and s i z e  dependent convers ion f a c t o r s  on t h e  

i n d i c e s .  When t h e  behav iou ra l  p a t t e r n  o f  t h e  m ix i ng  spec ies ( i . e .  schoo l i ng  

p a t t e r n ,  depth preferences,  day/n ight  behaviour e tc . )  a r e  q u i t e  s i r n i l a r ,  i t  

i s  an ardous, i f  n o t  imposs ib l e  t ask  t o  separate t h e  spec ies on b a s i s  o f  

t h e  echo t races .  The spec ies composi t ion i n  t he  t r a w l  catches a re  used as 

ass is tance  i n  s p l i t t i n g  t h e  t o t a l  es t imates  down t o  spec ies o r  spec ies 

group l e v e l s .  But t h e  c a t c h a b i l i t y  of t he  t r a w l  i s  h i g h l y  species and s i z e  

dependent, and t h e  d i s t r i b u t i o n  i n  t h e  catches a r e  n o t  d i r e c t e l y  

r e p r e s e n t a t i v e  o f  t h e  d i s t r i b u t i o n  i n  s i t u .  I n  areas where t he  f i s h  biomass -- 
i s  ma in ly  made up of some few dominat ing spec ies o r  spec ies groups, t h e  

e s t i m a t i o n  o f  abundance i s  l e s s  compl icated than  i n  cases where a  m u l t i t u d e  

o f  spec ies c o n t r i b u t e  t o  t h e  t o t a l  abundance. I n  t h e  l a s t  case t h e  

es t imates  s u f f e r  from low p r e c i s i o n ,  b o t h  on t h e  t o t a l  and on t h e  group/ 

spec ies l e v e l .  

I n  acous t i c  surveys, separate est imates o f  p e l a g i c  and demersal f i s h  a re  

u s u a l l y  made t o  p rov ide  u s e f u l  i n f o r m a t i o n  t o  two d i f f e r e n t  f i s h e r i e s ,  t h e  

demersal and t h e  s m a l l  p e l a g i c  f i s h e r y .  A t o t a l  es t imate  i s  l e s s  u s e f u l .  

The sepa ra t i on  i n t o  these two ca tego r i es  i s  u s u a l l y  r e l a t i v e l y  easy, based 

on t h e  echotraces and t h e  i n f o r m a t i o n  from t h e  t r a w l  catches. The s m a l l -  

p e l a g i c  f i s h  u s u a l l y  form d i s t i n c t  aggregat ions which can be e a s i l y  

separated. A t  t imes,  however, t h e  same spec ies can be present  i n  h i g h  

abundances bo th  i n  t h e  p e l a g i c  and i n  t he  demersal community. I n  such cases 

even t h e  sepa ra t i on  i n t o  p e l a g i c  and dernersal becomes d i f f i c u l t .  

d )  Lack o f  i n f o r m a t i o n  on t he  acous t i c  p r o p e r t i e s  o f  t r o p i c a l  f i s h  species.  

l As a l ready  mentioned, t h e  convers ion f ac to r  a p p l i e d  on t h e  i n d i c e s  o f  

l abundance, t o  conve r t  thern i n t o  abso lu te  abundances,are spec ies dependent. 

A q u i s i t i o n  d f  t h e  bas i c  i n f o r m a t i o n  l e a d i n g  t o  these f a c t o r s  i s  an ardous 



task, and f o r  most t r o p i c a l  species t h i s  work i s  a t  present  i n  i t s  most 

i n i t i a l  phase o r  no t  r e a l l y  s t a r t e d  a t  a l l .  I n  l a c k  o f  d e t a i l e d  i n fo rma t ion  

on the  dominating species,one o f t e n  has t o  apply values from s i m i l a r  and 

b e t t e r  known species from temperate waters. I n  add i t ion ,  when dea l i ng  w i t h  

mul t i spec ies  occurrences o f  f i s h ,  i t  i s  almost impossib le t o  c a l c u l a t e  the  

var ious  conversion f a c t o r s  t o  use i n  the  est imates and a rough e f f e c t i v e  

o v e r a l l  f a c t o r  has t o  be appl ied. 

A l l  these l i m i t a t i o n  fac to rs ,  when app l icab le ,  lower the  p r e c i s i o n  o f  t he  

acoust ic  est imate. 

The s u i t a b i l i t v  o f  Omani waters f o r  acoust ic  surveys. 

The pe lag i c  f i s h  community i n  Omani waters i s  made up o f  r e l a t i v e l y  few 

species main ly  concentrated i n  h igh  dens i t i es .  The demersal community i s  

charac ter ized by a m u l t i t u d e  o f  species. The demersal biomass has a 

sca t te red  d i s t r i b u t i o n ,  w i t h  on ly  very few dense patches. The occurrence o f  

p lank ton  d i d  n o t  c o n s t i t u t e  a ser ious problem . As a general conclusion, 

acoust ic  research can e a s i l y  be app l ied  t o  the  stocks o f  smal l  pe lag i c  f i s h  

found i n  Omani waters, b u t  t h i s  method does no t  s u i t e  as w e l l  the  demersal 

s tocks . 

2.2 The Small Pe lag ic  F i s h  Resources. 

The smal l  pe lag i c  resources i n  Oman waters cons i s t  mainly of Trachurus 

i nd i cus ,  S a r d i n e l l a  longiceps and Sard ine l l a  gibbosa. Less dominating, bu t  

important ,  a re  Stolephorus p u n c t i f e r ,  Dussumieria acuta, Decapterus. 

r u s s e l l i ,  R a s t r e l l i g e r  kanagurta, Selar  chrumenophthalmus and Etrumeus 

te res .  While the stocks o f  Sa rd ine l l a  longiceps,  occur r ing  i n  shal lower 

waters, have been e x p l o i t e d  by the  beach-seine f i she ry ,  t h e  presence o f  

much b igger  s tocks o f  Trachurus ind icus ,  f a r t h e r  of fshore,  has been 

l e s s  known. 

2.2.1 D i s t r i b u t i o n  and r e l a t i v e  abundance du r ing  the  1983-84 surveys, by 

regions. 

F igures  4-6 show the  d i s t r i b u t i o n s  o f  smal l  pe lag i c  f i s h  from the th ree  

surveys. The d i s t r i b u t i o n s  are g iven i n  four  dens i ty  l eve l s :  scat tered,  

gathered, dense and very dense, which roughly correspond t o  14- 140 



tonnes/nm2, 140-280 t/nm2, 280-1 400 t/nm2 and > 1400 t/nm2 r e s p e c t i v e l y  . 

The dominant spec ies i n  t h e  d i f f e r e n t  l o c a t i o n s  were i d e n t i f i e d  by 

t r a w l i n g .  

F i g u r e  4. D i s t r i b u t i o n  o f  sma l l  p e l a g i c  f i s h  d u r i n g  t h e  f i r s t  survey, 

based on acous t i c  r e g i s t r a t i o n s .  

A. No r th  o f  Ras a l  Hadd 

I n  t h i s  area, sma l l  p e l a g i c  f i s h  i s  n e a r l y  absent. Du r i ng  t h e  two coverages 

made i n  t h i s  reg ion ,  o n l y  very  few s c a t t e r e d  occurrences were l oca ted .  

These were ma in ly  o f  Dussumier ia acuta.  Th is  spec ies was p resen t  i n  6 ou t  



OMAN 

Figure 5. Distribution of small pelagic fish during the second survey, 

based on acoustic registrations. 

of 17 hauls, with an average catch of 115 kg/hour, all hauls included, 

representing 20 76 of all fish caught' in the area. 
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Figure 6. Distribution of small pelagic fish during the third survey, 

based on acoustic registrations. 

B. Ras al Hadd - Masirah Island 

In A h e  Ras al Hadd - Masirah Island area, scattered to dense occurrences 

6 f  small pelagic fish were found during all three coverages. The main 



s p e c i e s  were Trachurus  i n d i c u s ,  Decap te rus  r u s s e l l i ,  and S a r d i n e l l a  g ibbosa  

i n  o r d e r  o f  importance .  Also p r e s e n t ,  b u t  i n  lesser q u a n t i t i e s ,  were 

Dussumier ia  a c u t a ,  S t o l e p h o r u s  s p .  and Etrumeus teres. In fo rmat ion  on t h e  

r e l a t i v e  abundance o f  t h e  most impor tan t  p e l a g i c  s p e c i e s  i n  t h e  c a t c h e s  is 

g i v e n  below : 

Bottom t r a w l  P e l a g i c  t r a w l  

5'6 o f  /o o f  /o o f  R o f  

S p e c i e s  p e l .  f i s h  a l l  f i s h  p e l .  f i s h  a l l  f i s h  

T .  i n d i c u s  - 
D. r u s s e l l i  - 
C .  gibbosa  - 
D.  a c u t a  -- 
S t o l e p h o r u s  spp.  

E .  t e r e s  -- 
Other  p e l a g i c  

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

Number o f  h a u l s  28 

Mean p e l a g i c  ca tch /hour  280 

The main purpose  of  t h e  t r a w l i n g  is 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 r a t i o n s .  

I n  a d d i t i o n ,  many o f  t h e  bottom h a u l s  a r e  c a r r i e d  o u t  i n  a  semi random 

t r a w l  survey programme. The average  c a t c h e s  t h u s  do n o t  r e f l e c t  t h e  c a t c h e s  

t o  be expec ted  i n  a  commercial f i s h e r y ,  b u t  can  be  used a s  a  rough 

i n d i c a t i o n  o f  t h e  l e v e l  o f  t h e  r e s o u r c e s  i n  and between r e g i o n s .  Expected 

commercial c a t c h  r a t e s  w i l l  be d i s c u s s e d  i n  s e c t i o n  3.3. 

C .  Masirah Bank 

From t h e  s o u t h e r n  t i p  o f  Masirah I s l a n d  t o  Ras a l  Madraka, a l s o  r e f e r r e d  t o  

a s  t h e  Masirah Bank r e g i o n ,  t h e  smal l  p e l a g i c  r e s o u r c e s  c o n s i s t e d  mainly o f  

Trachurus  i n d i c u s ,  S a r d i n e l l a  g ibbosa ,  S a r d i n e l l a  l o n g i c e p s  and Decap te rus  

r u s s e l l i ,  w i t h  very  s m a l l  f r a c t i o n s  o f  anchov ies  (Thryssa  s p .  and 

S t o l e p h o r u s  s p . ) .  The p e l a g i c  f i s h  d i s t r i b u t i o n  i n  t h e  c a t c h e s  was a s  

fo l lows :  



Bottom t r a w l  

% o f  % o f  

pe l .  a l l  

Trachurus i nd i cus  9 3 60 

Sard ine l l a  aibbosa - 
Sard ine l l a  longiceps - - 
Decapterus r u s s e l l i  7 4 

To ta l  pe lag ic  26 100 

Number o f  hauls 34 

Mean pe lag ic  catch/hour 1728 Kg 

Pelagic t r a w l  

O; o f  m o f  

pe l .  a l l  

Trachurus i nd i cus  ( t h e  I n d i a n  horse mackerel) has i t s  d i s t r i b u t i o n a l  

center  o f  g r a v i t y  i n  t h i s  area. The greates t  concentrat ions were found 

c lose  t o  the  s h e l f  edge du r ing  a l l  th ree surveys,with mean lengths o f  

16cm, 24cm and 24cm respec t i ve l y .  During t h e  second survey (November), 

younger specimens, around 10 cm mean leng th  were located c loser  t o  the  

shore, a t  around 20-25 m depth. These probably r e c r u i t e d  t o  the main stock 

1 a t  t he  s h e l f  edge i n  the  fo l l ow ing  spr ing,  thus lower ing i t s  average 

length.  

Dur ing the  two surveys i n  sp r ing  (survey I and 111) the  h ighest  catches o f  

I nd ian  horse mackerel were obtained i n  the  90-100 m bottom depth zone. 90% 

o f  the  t o t a l  catch o f  Trachurus i nd i cus  came from t h i s  area. I n  November 

(survey 11) the  maximum catches were obtained i n  the  130-140m bottom depth 

zone. 

Sard ine l l a  gibbosa and C. longiceps have t h e i r  cent re  o f  d i s t r i b u t i o n  on 

the  Masirah Bank,in the  shal low waters between 20 and 30 m bottom depth, C .  

gibbosa a lso  occur r ing  i n  shal lower waters, t o  14 m bottom depth. The mean 

leng th  from the sarnples va r ies  between 14 and 'i7 cm t o t a l  l eng th  ( T L ) ,  w i t h  

no c l e a r  seasonal v a r i a t i o n .  The h ighest  catches were obtained where the  

two species co-occurred, - C. gibbosa being s l i g h t l y  dominating. 

Decapterus r u s s e l l i  ' i s  d i s t r i b u t e d  from 14 t o  100 m bottom depth. The 

h ighest  catches occurred from 20 t o  50 m bottom dur ing  the  f i r s t  two 

surveys, wh i le  dur ing  the  t h i r d  survey t h i s  species seemed t o  concentrate 

between 75 and 100 m depth. The mean l e n t h  from the samples c o l l e c t e d  i n  

t h e  course o f  the th ree surveys i s  17 cm TL. 



D.  S a u a u a r a  r e a i o n  

The r e g i o n  from Ras a l  Madraka t o  Ras Marbat ,  i n c l u d i n g  Sauqua ra  Bank and  

t h e  s h e l f  n o r t h  o f  K u r i a  Mur ia  I s l a n d s ,  is i n  t h i s  r e p o r t  r e f e r r e d  t o  a s  

t h e  Sauqua ra  r e g i o n .  The s m a l l  p e l a g i c  r e s o u r c e s  i n  t h i s  a r e a  c o n s i s t e d  o f  

T r a c h u r u s  - i n d i c u s ,  S a r d i n e l l a  -P- l o n g i c e p s ,  E t rumeus  -- t e r e s  and D e c a p t e r u s  

r u s s e l l i .  The p e l a g i c  f i s h  d i s t r i b u t i o n  i n  t h e  c a t c h e s  is g i v e n  below: 
-p- 

Bottom t r a w l  P e l a g i c  t r a w l  

?L o f  p e l  76 of  a l l  % o f  p e l  76 o f  a l l  

T r a c h u r u s  i n d i c u s  7 3 58 

S a r d i n e l l a  l o n g i c e p s  1 6  13 

D e c a p t e r u s  r u s s e l l i  11 9 

Et rumeus  t e r e s  - - 

T o t a l  p e l a g i c  1 O0 8 O 

T r a c h u r u s  i n d i c u s  was l o c a t e d  i n  s c a t t e r e d  o c c u r r e n c e s  i n  a  band o f f  t h e  - -- 
s h e l f  edge  (150 m bottorn d e p t h )  and s l i g h t l y  ou twards .  Dur ing  t h e  s e c o n d  

c o v e r a g e ,  t h e  I n d i a n  h o r s e  rnackerel  was a l m o s t  a b s e n t ,  t h e  few c a t c h e s  

below 3 kg/hour .  Dur ing  t h e  t h i r d  s u r v e y  (May 1984) ,  good . c a t c h e s  o f  t h i s  

s p e c i e s  were o b t a i n e d  from t h e  50-80 m bo t tom d e p t h  zone .  The mean l e n g t h s  

found i n  t h i s  r e g i o n  a r e  t h e  same a s  i n  t h e  Masi rah  Bank. 

S a r d i n e l l a  l o n g i c e p s  was l o c a t e d  from a b o u t  20 m bo t tom d e p t h  t o  beyond t h e  

c o n t i n e n t a l  s l o p e ,  w i t h  h i g h e s t  c o n c e n t r a t i o n s  i n  bo t tom d e p t h s  l e s s  t h a n  

60 m .  S c a t t e r e d ,  o f f - s h e l f  o c c u r r e n c e s  were o b s e r v e d  d u r i n g  t h e  f i r s t  two 

sc i rveys  and c o n s i s t e d  o f  l a r g e r  f i s h  ( r a n g e  20-24 cm) t h a n  i n  t h e  s h a l l o w  

w a t e r s  ( r a n g e  14-17 cm). Dur ing  t h e  t h i r d  s u r v e y ,  a l l  s a r d i n e l l a  c a u g h t  was 

w i t h i n  t h e  20-24 cm s i z e  r a n g e .  

D e c a p t e r u s  r u s s e l l i  was l o c a t e d  from 70 m bo t tom d e p t h  t o  beyond t h e  s h e l f  
--p- 

edge .  Best c a t c h e s  were  o b t a i n e d  between 70 and 120 m bo t tom d e p t h  d u r i n g  

t h e  f i rs t  two s u r v e y s .  Dur ing  t h e  t h i r d  s u r v e y ,  t h i s  s p e c i e s  was v i r t u a l l y  

a b s e n t ,  w i t h  few and s m a l l  c a t c h e s  c l o s e  t o  t h e  s h o r e .  S i z e  r a n g e d  between 

1 2  and 19 cm T L  d u r i n g  ' t h e  f i r s t  s u r v e y ,  and between 19 and 30 d u r i n g  t h e  

s e c o n d  s u r v e y .  

Et rumeus  t e r e s  was c a u g h t  from 20 m bo t tom d e p t h  t o  beyond t h e  s h e l f  edge  



( p e l a g i c ) .  Young s p e c i m e n s  i n  t h e  7-14 cm r a n g e  were  Po~ind i n  t h e  s h a l l o w  

waters, w h i l e  from 70 m and o u t w a r d s  t h e  r a n g e  was 15-20 cm. The c a t c h e s  

were n o t  s u b s t a n t i a l  and o f  t h e  8 c a t c h e s  o n l y  one  exceeded  100 kg /hour ,  

The o f f - s h e l f  c a t c h e s  were on s c a t t e r e d  r e g i s t r a t i o n s  and were l e s s  t h a n  3 

kg/hour  . 

A s p e c i a l  phenomenon i n  t h i s  a r e a  i s  t h e  c o - o c c u r r e n c e  o f  T rachuaus  

i n d i c u s ,  S a r d i n e l l a  - - l o n g i c e p s  and Etrumeuc P- teres I n  Lhe p e l a g i c  waters 

i m m e d i a t e l y  o f f  t h e  s h e l f  edge .  These  s p e c i e s  formed a  s c a t t e r e d  

l o n g i t u d i n a l  band o f  s e g i s t r a t i o n s  a l o n g  t h e  c o n t i n e n t a l  s l o p e  d u r i n g  t h e  

f i r s t  two s u r v e y s .  T h i s  i n d i c a t e s  t h a t  t h e  h y d r o g r a p h i c  c o n d i t i o n a  o f  t h i s  

a r e a  c o u l d  f a v o u r  p l a n k t o n  p r o d u c t i o n  above  t h e  a v e r a g e .  I t  would b e  

i n t e r e s t i n g  t o  i n v e s t i g a t e ,  i n  t h e  c o u r s e  o f  f u t u r e  r e s e a r c h ,  t h e  m i g r a t i o n  

o f  t h i s  f i s h  i n  r e l a t i o n  t o  t h e  s t r e n g t h  o f  t h e  u p w e l l i n g .  Our d a t a  a r e  

u n f o r t u n a t e l y  t o o  l i m i t e d  t o  a l l o w  s u c h  a  s t u d y .  

E .  C a l a l a h  r e a i o n  

The r e g i o n  from Ras y a r b a t  and e a s t w a r d  t o  t h e  PDR-Yemen.border, is 

r e f e r r e d  t o ,  i n  t h i s  r e p o r t ,  a s  t h e  S a l a l a h  r e g i o n .  T h i s  a r e a  l i e s  i n  t h e  

o u t s k i r t s  o f  t h e  u p w e l l i n g  zone  and t h i s  i s  r e f l e c t e d  b o t h  i n  t h e  l o w e r  

p r i m a r y  p r o d u c t i o n  a s  w e l l  a s  i n  t h e  l ower  f i s h  d e n s i t i e s .  0 n l y  5 t r a w l  

h a u l s  were c a r r i e d  o u t  i n  t h i s  r e g i o n  and s m a l l  p e l a g i c  s p e c i e s  were 

c a u g h t  o n l y  once .  Among t h e s e ,  S a r d i n e l l a  g i b b o s a ,  - C .  l o n g i c e p s ,  T r a c h u r u s  

i n d i c u s  and  D e c a p t e r u s  r u s s e l l i .  Only -- C .  g i b b o s a  exceeded  100 kg/hour .  The 

a r e a  is t h u s  n o t  c o n s i d e r e d  a s  p r o m i s i n g  f o r  cummerc ia l  p e l a q i c  f i s h e r i e s  

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

2 .2 .2  Biornass E s t i m a t e s  - Smal l  P e l a g i c  Fish 

T a b l e  2 shows t h e  p r o v i s i o n a l  b iomass  e s t i m a t e s  o f  s m a l l  p e l a g i c  f i s h  from 

t h e  s u r v e y  r e p o r t s .  Through a  s econd  c r i t i c a l  e v a l u a t i o n  o f  t h e  s o u r c e  

d a t a ,  some o f  t h e  b iomass  f i g u r e s  have  been r e v i s e d ,  T h i s  main ly  b e c a u s e  

t h e  a v e r a g e  f i s h  s i z e ,  i n  a r e a s  o f  v e r y  h igh  f i s h  d e n s i t i e s ,  was found t o  

b e  l o w e r  t h a n  t h e  a v e r a g e  f o r  t h e  r e g i o n .  A s  t h e  c a l i b r a t i o n  c o e f f i c i e n t  

a p p l i e d  i n  t h e  b iomass  c a l c u l a t i o n s  i s  f i s h - s i z e  d e p e n d e n t ,  t h i s  a f f e c t s  

t h e  e s t i m a t e s .  F u r t h e r m o r e ,  t h e  s i z e  o f  t h e  a r e a s  s e p r e s e n t e d  by h i g h  

d e n s i t i e s  have  been s l i g h t l y  m o d i f i e d ,  T a b l e  3 shows t h e  r e v i s e d  and f i n a l  

e s t i m a t e s  o f  t h e  s m a l l  p e l a g i c  f i s h  i n  Oman w a t e r s .  The same r e s u l t s  a r e  

v i s u a l i z e d  i n  F i g u r e  7. 
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F i g u r e  7 .  The e s t i m a t e s  o f  s m a l l  p e l a g i c  f i s h ,  and t h e i r  r e g i o n a l  

d i s t r i b u t i o n .  

The e s t i m a t e s  o f  t h e  t o t a l  biomass of  s m a l l  p e l a g i c  f i s h  from t h e  t h r e e  

s u r v e y s  r a n g e s  between 1 and 1.3 m i l l i o n  t o n n e s  ( a v .  1 . 2  m i l l i o n  t o n n e s ) .  

The f i r s t  su rvey  was c a r r i e d  o u t  wi th  a n a l o g  i n t e g r a t o r s  wi th  some 

s a t u r a t i o n  problems on very  h igh  f i s h  d e n s i t i e s .  T h i s  does  no t  a p p l y  f o r  

t h e  second and t h i r d  s u r v e y s  where new d i g i t a l  i n t e g r a t o r s  were used.  

P r o b a b l y , t h e  lower d e n s i t y  l e v e l s  r ecorded  d u r i n g  t h e  f i r s t  survey can be  

e x p l a i n e d  wi th  t h e  l o s s  o f  i n f o r m a t i o n  due  t o  t h e  above mentioned 

s a t u r a t i o n  problem o f  t h e  ana log  i n t e g r a t o r .  T h e r e f o r e ,  we do no t  c o n s i d e r  



t he  d i f f e r e n c e  i n  t o t a l  biomass obtained from the  surveys as evidence o f  

Table 2 Provisional' biomass estimates from the survey reports. Small pelagic f ish.  
Rounded figures,thousand tonnes. 

Region SURVEY I SURVEY I1 SURVEY I11 
Mar-Apr '83 Nov-Oec '83 May '84 

A North o f  Ras a l  Hadd N.S. 10 O 
B Ras a l  Hadd - Masira 150 1 O0 75 
C Masira Bank 600 850 1100 
O Sauquara & Kuria Muria Banks 250 400 500 
E 'Salalah region O 50 5 

Total 1000 1400 1680 
w' 

NS = not surveyed 

any r e a l  d i f fe rence.  We consider 1.2 m i l l i o n  tonnes as a reasonable f i g u r e  

t o  r e f l e c t  the  s i z e  o f  the  standing stock o f  smal l  pe lag ic  f i s h  i n  Oman 

waters, p r a c t i c a l l y  a l l  o f  which i s  found between Ras a l  Hadd and Ras a l  

Marbat. The main resources are  found on the  Masirah Bank, average 600 

thousand tonnes and 60% o f  the  t o t a l .  O f  the  remaining 40 7 ,  10% i s  

a l l oca ted  t o  the  reg ion Ras a l  Hadd - Masirah and 30% t o  the  Sauquara Bank. 

The seasonal f l u c t u a t i o n s  i n  biomass w i t h i n  regions are mainly caused by 

m ig ra t i on  between regions. The Ras a l  Hadd - Masirah I s l a n d  reg ion i s  

r e l a t i v e l y  s tab le  i n  terms o f  f i s h  resources. Come migra t ion  o f  Trachurus 

i nd i cus  between t h i s  reg ion  and Masirah bank can be i n f e r r e d  from the  catch 

records. The main reg iona l  f l u c t u a t i o n s  are caused .by m ig ra t i on  of 

Trachurus t recae and, p a r t l y ,  Sa rd ine l l a  gibbosa and - S. longiceps between 

Masirah and Sauquara Bank. 

The est imated average dens i ty  o f  the  standing stock o f  smal l  pe lag ic  f i s h  

i s  shown i n  Table 4. The Masirah Bank ( A )  holds 225 tonnes o f  f i s h  per nm 2 

on an average year ly  basis, wh i l e  i n  the  nearby regions (B and D) t h i s  

drops t o  55-60 tonnes/nm2. The main upwel l ing  i n  Oman takes p lace 

between Ras a l  Hadd and Ras a l  Madraka , and the  average dens i ty  f o r  t h i s  

super-region i s  100 tonnes/nm2. 

Table 3 Revised biomass estimates. Small pelagic f ish.  Rounded figures, thousand tonnes 

Region SURVEY I SURVEY I1  SURVEY I11 AVERAGE AVERAGE 
Mar-Apr 'B3 Nov-Oec '83 May '84 REGIONAL 

DISTR. (7;) 

 north o f  Ras a l  Hadd N.S. 10 O O O 
8 Ras a l  Hadd - Masira 150 1 O0 120 125 10 
C Masira Bank 600 750 700 680 60 
D Sauquara & Kuria Muria Banks 250 400 400 350 30 
E Salalah region D 50 5 - - 

Total 1 O00 1300 1225 1175 1 O0 

MAXIMUM 
FLUCTUATION 

NS = not surveyed 



Table 4 Average s m 2 l l  p e l a g i c  f i s h  d e n s i t i e s  i n  the  v a r i o u s  r e g i o n s .  
(tonnes/nm ) 

A North o r  Ras a l  Hadd O 
B Ras a l  liadd - Masira  5 5 
C Masira  Bank 225 
D Sauquara & Kur ia  Murin Banks 60 
E S a l a l a h  r e g i o n  O 
B-D Ras a l  Hadd - Ras a l  Marbat 100 

The f o l l o w i n g  list g i v e s ,  f o r  compar i son ,  d e n s i t i e s  from o t h e r  r e g i o n s  

s u r v e y e d  by t h e  R / V  Dr. F e  Nansen w i t h  t h e  same methodo 

t/nm 2 

100  - 110  : West S a h a r a ,  S e n e g a l ,  Guinea  

9 O N o r t h e a s t  Soma l i a  

7 5  M a u r i t a n i a  

6 0  - 80 I v o r y  C o a s t ,  Ghana 

3 0 - 4 0  E T a n z a n i a ,  Mozambique 

2 5  Burma, Bang ladesh  

1 8  Kenya, T h a i l a n d ,  M a l a y s i a  

The s h e l f  s o u t h  o f  Ras a l  Hadd, and e s p e c i a l l y  t h e  Masi rah  Bank, t h u s  

s t a n d s  o u t  a s  one  o f  t h e  w o r l d s  r i c h e s t  i n  terrns o f  f i s h  d e n s i t i e s .  

However, f i s h  d e n s i t i e s  do n o t  d i r e c t l y  r e f l e c t  t h e  p r o d u c t i o n  l e v e l  and 

e x p e c t e d  y i e l d  from an a r e a .  T h e r e f o r e ,  compar i son  between th; above  a r e a s  

and Oman s h o u l d  t a k e  i n t o  a c c o u n t  t h a t  most  o f  t h o s e  a r e a s  a r e  h e a v i l y  

e x p l o i t e d - w h i l e  Oman w a t e r s  are v i r t u a l l y  v i r g i n .  
i 

As an  example o f  h i g h  d e n s i t i e s  o f  f i s h  t h a t  c a n  b e  met i n  Oman w a t e r s  we 

w i l l  r e f e r  t o  an i n t e n s i v e  min i - su rvey  c a r r i e d  o u t  on an  ex t re rne  d e n s e  

a g g r e g a t i o n  o f  T r a c h u r u s  i n d i c u s  a t  t h e  s h e l f  edge  o f  Masi rah  Bank a t  t h e  
P- 

end o f  t h e  s econd  s u r v e y .  The a g g r e g a t i o n  formed a  band a l o n g  t h e  s h e l f  

e d g e ,  60nm l o n g  and a b o u t  4 nm wide.  The e s t i m a t e d  abundance  o f  t h i s  

a g g r e g a t i o n  was 205 t h o u s a n d  t o n n e s ,  w i t h  t h e  e x t r e m e l y  h i g h  a v e r a g e  
C )  

d e n s i t y  o f  3100 t o n n e s  p e r  nmb. 

The d e n s l t y  d i s t r i b u t i o n  p a t t e r n  o f  t h e  s m a l l  p e l a g i c  f i s h  is shown i n  

T a b l e  5 .  Only a b o u t ' l 5  t o  25 N o f  t h e  t o t a l  i s  found i n  " s c a t t e r e d "  t o  

" c l i q h t l y  g a t h e r e d "  c o n c e n t r a t i o n s .  C o n s e q u e n t l y ,  75  t o  8 5  76 i s c - l o c a t e d  i n  

"dense"  t o  " v e r y  dense"  a g g r e g a t i o n s ,  v e r y  v u l n e r a b l e  t o  cornrnercial 



Table 5 D i s t r i b u t i o n  o f  biomass on dens i ty  l e v e l s  (?L o f  t o t a l  biomass) 

Densi ty Equivalent SURVEY I SURVCY I1 SURVEY 111 AVERAGE 

Ccattered 3-1 50 20 14 22 18 
S l i g h t l y  gathered 150-300 3 3 5 4 
Dense 300-1 500 64 54 28 49 
Very dense >l 500 13 29 45 29 

f i s h i n g  . 
T a b l e  6  shows t h e  t e n t a t i v e  s p e c i e s  d i s t r i b u t i o n  i n  t h e  a g g r e g a t i o n s  o f  

s m a l l  p e l a g i c  f i s h ,  by r e g i o n  and by s u r v e y .  T r a c h u r u s  i n d i c u s  d o m i n a t e s  

t h e  Mas i r ah  Bank d u r i n g  a l l  s u r v e y s ,  t h e  Ras a l  Hadd - Mas i r ah  I s l a n d  

r e g i o n  d u r i n g  t h e  two l a s t  s u r v e y s  and t h e  Sauqua ra  Bank d u r i n g  t h e  l a s t  

s u r v e y  o n l y .  Second i n  i rnpo r t ance  is D e c a p t e r u s  r u s s e l l i ,  c l o s e l y  f o l l o w e d  

by S a r d i n e l l a  g i b b o s a  and S .  l o n g i c e p s .  A s  a v e r a g e  f o r  a l l  r e g i o n s  and a l l  

s u r v e y s  t h e  a n a l y s i s  i n d i c a t e s  t h a t  T r a c h u r u s  i n d i c u s  makes up 48% o f  t h e  

b iomass ,  D e c a p t e r a u s  r u s s e l l i  24%, S a r d i n e l l a  l o n g i c e p s  14% and S a r d i n e l l a  

a i b b o s a  11%'. 

Table 6 Tentat ive species composit ion i n  dense and very dense r e g i s t r a t i o n s  
o f  smal l  p e l a g i c ' f i s h ,  expressed as X o f  the est imated biomass 

B C D B - D 
Sauquara & Ras a l  Hadd - 

Ras a l  Hadd-Masita Masira Bank Ku r i a  Muria Banks Ras a l  Marbat 
Su rvey>  1 1 1 1 1 1  Av. I I 1  I11 Av. I I 1  I11 Av. Av. 

Species 

Trachurus i nd i cus  O 75 70 48 50 60 SD 53 20 10 85 38 . 48 
Sard ine l l a  gibbosa 25 O O 8 2 0 1 5 1 5  17 0 5 O 2 '  . I l  
Sard ine l l a  longiceps 5 O O 2 10 10 15 12 25 35 10 23 14 
Decaptgrus r u s s e l l i  25 25 30 27 20 15 15 17 55 50 5 37 24 
Others 45 O O 15 0 0 5  2 O 0 0  O 3 

* Dussumieria acuta, Etrumeus te res  etc.  

2 . 2 . 3  Resi1li;s from E a r l i e r  S u r v e y s  Dr. F r i d t j o f  Nansen. 

The 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  5 a c o u s t i c  s u r v e y s  i n  Oman 

w a t e r s  i n  t h e  p e r i o d  1975-76. The biornass e s t i r n a t e s  o f  s m a l l  p e l a g i c  f i s h  

f o r  t h e  s u p e r - r e g i o n  Ras a l  Hadd t o  Ras a l  Marbat  (B-D) were  a s  f o l l o w s  

( t h o u s a n d  t a n n e s )  : 



Cruise 1 and 2 Apr-May '75 : 8 0 

Cruise 3 Oct-Nov '75 : 820 

Cruise 4 Feb-Mar '76 : 570 

Cruise 5 May-Jun '76 : 480 

Cruise 6 Aug-Sep '76 : 530 

The mean from a l l  surveys i s  500 thousand tonnes and the  mean o f  the four  

most cons is ten t  est imates i s  600 thousand tonnes. 

The r e s u l t s  from the Arabian Sea Survey Programme (1975-76) s u f f e r  from 

l i m i t a t i o n s  due t o  the  very extensive programme which envisaged a survey o f  

t h e  whole reg ion  from Pakistan t o  Somalia i n  f i v e  coverages. Sampling 

i n t e n s i t y ,  both a c o u c t i c a l l y  and i n  terms o f  f i s h i n g  s ta t ions ,  had t o  be 

s a c r i f i e d  t o  the  wide area coverage. The average sampling i n t e n s i t y  dur ing  

t h e  f i v e  coverages i n  Oman was 11.8 nm/100nm, compared t o  the  20.2 

nm/100nm2 for the  1983-83 surveys. I f  we consider the  Masirah Bank 

area, the  most important  f o r  Trachurus indicus,  t he  d i f f e rences  become even 
2 2 

greater :  10 nm/100 n m  , t o  the  recent 24.2 nm/100nm average 

i n t e n s i t y  from the l a t e s t  surveys. 

Due t o  the  open sampling t r a c k  i n  the  1975-76 surveys, which was l a i d  out 

be fore  the  r e a l  importance o f  t he  reg ion i n  terms o f  f i she ry  resources was 

known, i t  i s  poss ib le  t h a t  aggregations which are l i m i t e d  i n  extent,  bu t  

s t rong i n  density,  have been missed by the  sampling t rack .  This i s  

espec ia l l y  app l icab le  f o r  t he  stocks o f  Trachurus i nd i cus  i n  Oman, as t h i s  

species f requent ly  forms such schools i n  the  area. The biomass i n  the  

Masirah Bank area may the re fo re  have been underestimated dur ing  the  

1975-76 surveys. 

However, i t  i s  s t r i k i n g  t h a t  no major catches o f  Trachurus i nd i cus  were 

made i n  the  Masirah Bank area i n  1975-76. O f  the  22 f i s h i n g  s t a t i o n s  

c a r r i e d  out i n  the  Masirah bank dur ing  those surveys, Trachurus i nd i cus  was 

present i n  5 hauls and only i n  very smal l  f r a c t i o n s  o f  the t o t a l  catches. 

These f i nd ings  i n d i c a t e  t h a t  a major eco log ica l  s h i f t  might have occurred 

i n  the  reg ion  between the  per iods  1975-76 and 1983-84. Unfor tunate ly ,  

a v a i l a b l e  data cannot form the bas is  f o r  t he  ana lys is  o f  the  above 

hypothesis. I f  major concehtrat ions have not  cons is ten t l y  escaped de tec t i on  

due t o  the  r e l a t i v e l y  open sampling t rack  i n  1975-76, our data p o i n t  t o  a 

major increase i n  the  t o t a l  biomass and t o  the  r e l a t i v e  importance o f  

Trachurus i nd i cus  i n  t h e  area. I f  co, considerable F luc tuat ions  i n  t o t a l  



biomass i n  the reg ion might a l so  take p lace i n  the  fu ture .  U n t i l  more data 

become ava i lab le ,  we consider t h i s  as the  most reasonable and safe 

conclusion. 

2.2.4 Estimates o f  Y i e l d  o f  the  Small Pelagic Resources. 

Est imates o f  t he  maximum susta inable y i e l d  (MSY) have usua l l y  

been ca lcu la ted  according t o  the  simple formula: 
I 

MSY = 1/2 MBo 

where M i s  the  n a t u r a l  m o r t a l i t y  and Bo i s  the  unexplo i ted v i r g i n  

biomass. Recent i n v e s t i g a t i o n s  have shown t h a t  i n  a d d i t i o n  t o  the  n a t u r a l  

m o r t a l i t y  t h e  age a t  recru i tment  t o  the  f i she ry ,  t he  age a t  f i r s t  ma tu r i t y  

and the  f i s h ' s  growth r a t e  are important  parameters when assessing the  MSY. 

The equation above can l e a d  t o  ser ious overestimates i f  a species i s  

long- l ived,  o r  r e c r u i t s  e a r l y  t o  the  f i she ry  (Beddington & Cooke, 1983). 

For a f i r s t  assessment o f  t he  y i e l d  from the resources i n  Oman waters we 

w i l l  use the  func t ions  developed by Beddington & Cooke. L i t t l e  i s  known 

about the  b io logy  o f  smal l  pe lag ic  f i shes  i n  Oman waters and the  parameters 

f o r  t he  func t ions  have t o  be taken from neighbouring regions, from s i m i l a r  

species o r  j u s t  general assumptions have t o  be made. I n  l a c k  o f  p rec i se  

data the  assessed MSY i s  rough. 

I n v e s t i g a t i o n s  from other  areas o f  t he  Ind ian  Ocean provide the  

f o l l o w i n g  K values (Pauly, 1978) : 

Sard ine l l a  lonqiceps 0.4 - 0.6 

Sard ine l l a  qibbosa 1 .l 

Decapterus r u s s e l l i  1.1 

K values f o r  Trachurus i nd i cus  are not  found i n  the  l i t e r a t u r e ,  bu t  rough 

c a l c u l a t i o n s  from the changes i n  modal l eng th  observed dur ing  t h e  survey 

per iod,  i n d i c a t e  a K value o f  about 0.7 i n  the  SW monsoon and immediate 

pos t  monsoon periods, dropping t o  0.3 dur ing  the  NE monsoon and up t o  the  

a r r i v a l  o f  t he  new SW monsoon. The same growth p a t t e r n  i s  be l ieved t o  apply 

t o  the  other  pe lag ic  species: h i g h  growth i n  the  pe r iod  May-November and 

low growth i n  the  pe r iod  November-May. A rough, a l l - yea r  growth c o e f f i c i e n t  

fo r  a l l  pe lag ic  species cou ld  the re fo re  be 0.5. The small  pe lag ic  species 
l 

i n  Oman waters are r e l a t i v e l y  sho r t  l i v e d  , w i t h  a l ongev i t y  o f  about 4-5 



y e a r s .  The n a t u r a l  m o r t a l i t y  c o e f f i c i e n t  f o r  f i s h e s  o f  s u c h  a  l i f e  s p a n  is 

u s u a l l y  w i t h i n  t h e  r a n g e  0 . 8  t o  1 . 0  i n  u n e x p l o i t e d  p o p u l a t i o n s  (Hoenig ,  

1 9 8 4 ) .  Most o f  t h e  young f i s h  seems t o  r e c r u i t  t o  t h e  p a r e n t  s t o c k  w i t h i n  

o n e  y e a r .  F o r  a  f i r s t  rough a s s e s s m e n t  o f  t h e  y i e l d  we t h e r e f o r e  u s e  M 

0 .8 ,  K = 0 . 5  and r e c r u i t m e n t  a g e  i 1  y e a r  f o r  t h e  p e l a g i c  s t o c k s  i n  Oman. 

App ly ing  t h i s  t o  t h e  f u n c t i o n s  d e v e l o p e d  by Bedd ing ton  and Cooke we come t o  

a n  e x p l o i t a t i o n  r a t e  o f  23% o f  t h e  i n i t i a l  t o t a l  b iomass  which is a l s o ,  

well be low t h e  c r i t i c a l  v a l u e  f o r  r e c r u i t m e n t  (Bedd ing ton  and.Cooke, 1983) .  

App ly ing  t h i s  e x p l o i t a t i o n  l e v e l  t o  o u r  b iomass  e s t i m a t e s ,  we o b t a i n  t h e  

f o l l o w i n g  y i e l d - e s t i m a t e s  ( t h o u s a n d  t o n n e s ) :  

T o t a l  y i e l d  2 70 

By s p e c i e s :  

T r a c h u r u s  i n d i c u s  

S a r d i n e l l a  a i b b o s a  3  0  

S a r d i n e l l a  l o n g i c e p s  4 0  

D e c a p t e r u s  r u s s e l l i  6 O 

O t h e r s  1  O 

The y i e l d  by s p e c i e s  is o b t a i n e d  by u s i n g  d a t a  i n  T a b l e  3 ,  and s h o u l d  o n l y  

b e  c o n s i d e r e d  a s  t e n t a t i v e .  

The above  y i e l d s  are b a s e d  on t h e  p r o d u c t i o n  l e v e l  o f  1983-84 and a r e  v a l i d  

o n l y  i f  t h e  s t o c k s  m a i n t a i n  s u c h  p r o d u c t i o n  l e v e l .  V a r i a t i o n s  i n  t h e  

e c o l o g i c a l  sy s t em may i n d u c e  l o n g  term c h a n g e s  i n  t h e  f i s h  p r o d u c t i o n  and  

s p e c i e s  c o m p o s i t i o n .  A s  a l r e a d y  men t ioned ,  t h e  r e l a t i v e l y  low e s t i m a t e s  

from t h e  1975-76 s u r v e y s  and  t h e  minor  i m p o r t a n c e  o f  T r a c h u r u s  i n d i c u s  

migh t  c o i n c i d e  w i t h  a  low l e v e l  i n  t h e  n a t u r a l  f l u c t u a t i o n s  i n  t h e  f i s h  

community. I t  is t h e r e f o r e  o f  v i t a l  i m p o r t a n c e  t h a t  t h e  l e v e l  o f  t h e  

p e l a g i c  s t o c k s  is m o n i t o r e d  when unde r  e x p l o i t a t i o n  t o  e n s u r e  t h a t  t h e  

f i s h e r i e s  a r e  r e g u l a t e d  i n  a c c o r d a n c e  w i t h  t h e  l ong - t e rm n a t u r a l  

f l u c t u a t i o n s  i n  t h e  b i o p r o d u c t i v i t y  o f  t h e  s t o c k s .  Given  t h e  p r o d u c t i o n  

l e v e l  o f  1983-84, t h e  above  t o t a l  y i e l d  s h o u l d  be  w i t h i n  t h e  s a f e  l i m i t  t o  

e n s u r e  r e c r u i t m e n t .  

2 .2 .5  Nursery  A r e a s  

Mas i r ah  Bank seems t o  b e  t h e  main n u r s e r y  a r e a  on t h e  b a s i s  o f  t h e  l e n g t h  



d i s t r i b u t i o n s .  The s h a l l o w  waters o f  less t h a n  50m bot tom d e p t h  were found 

t o  b e  an  i m p o r t a n t  n u r s e r y  ground f o r  immature  T r a c h u r u s  i n d i c u s ,  

S a r d i n e l l a  g i b b o s a  and C .  l o n g i c e p s .  T h i s  a r e a  is  p r o b a b l y  o f  v i t a l  

i m p o r t a n c e  f o r  t h e  r e g e n e r a t i o n  o f  t h e  s m a l l  p e l a g i c  f i s h  s t o c k s ,  and  

s h o u l d  n o t  been g i v e n  a c c e s s  t o  by any i n d u s t r i a l  f i s h e r i e s .  F o r  t h e  same 

r e a c o n ,  t h e  s m a l l  s c a l e  a r t i s a n a l  b e a c h - s e i n e  f i s h e r i e s  i n  t h e  Masi rah  

r e g i o n  c h o u l d  p r e f e r a b l y  b e  r e g u l a t e d  i n  o r d e r  t o  a v o i d  f i s h i n g  on t h e  

immature  p a r t s  o f  t h e  s t o c k .  J u v e n i l e  s p e c i m e n s  o f  t h e  s m a l l  p e l a g i c  f i s h  

were a l s o  c a u g h t  i n  t h e  v e r y  s h a l l o w  w a t e r s  be tween Ras a l  Madrak and  

S a l a l a h .  

2 .3 .  A c o u s t i c  e s t i r n a t e s  o f  t h e  d e m e r s a l  r e s o u r c e s  d u r i n g  t h e  1983-84 

s u r v e y s  

The e s t i m a t e s  o f  t h e  d e m e r s a l  s t o c k s ,  b a s e d  on t h e  i n f o r m a t i o n  from t h e  

a c o u s t i c  s y s t e m ,  a r e  g i v e n  i n  T a b l e  7 ,  and  F i g u r e s  8-10 show t h e  

d i s t r i b u t i o n  o f  d e m e r s a l  f i s h  from t h e  r e g i s t r a t i o n c  by t h e  same s y s t e m .  

I n  g e n e r a l ,  a c o u s t i c  methods  t e n d  t o  u n d e r e s t i m a t e  t h e  abundance  o f  t h e  

d e m e r s a l  r e s o u r c e s .  

Table 7 Acoustic biornass estimates o f  the  dernersal 
f igures,thousand tonnes. 

SURVEY I SURVEY I1 
Mar-Apr '83 Nov-Oec '83 

A North o f  Ras a l  Hadd N.5. 15 
8 Ras a l  Hadd - Masira 50 10 
C Masira Bank 2 5 10 
D Sauquara & Kur ia  Muria Banks 160 25 
E Salalah reg ion O O 

Tota l  235 60 

resources. Rounded 

SURVEY 111 
May '84 

N.5.: Not surveyed 

I n  t h e  c o u r s e  o f  t h e  l a t e s t  Oman s u r v e y s ,  t h e  d e m e r s a l  r e s o u r c e s  were  

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

d i s t r i b u t i o n s .  A t  such  l e v e l s , t h e  a c c u r a c y  o f  t h e  e s t i m a t e s  is  g e n e r a l l y  

low,  as  r e g i s t r a t i o n s  e a s i l y  f a l l  below t h e  t h r e s h o l d  o f  t h e  s y s t e m .  The 

p r e c i s i o n  a l s o  s u f f e r s  o f  bad r e s o l u t i o n  o f  t h e  s y s t e m  a t  low d e n s i t i e s .  A s  

a  consequence  o f  t h e s e  d rawbacks ,  less  emphas i s  h a s  been  p u t  on t h e  

a c o u s t i c  e s t i m a t e s  c o n c e r n i n g  d e m e r s a l  r e s o u r c e s ,  w h i l e  t r a w l  d a t a  have  

been  u s e d  a s  t h e  p r e v a i l i n g  s o u r c e  f o r  t h e s e  b iomass  e s t i m a t e s  

3. RESULTS FROM THE TRAWL SURVEYS 1983-84 

3.1 The e s t i m a t e s  o f  t h e  d e m e r s a l  r e s o u r c e s  

Biomass e s t i m a t e s  from t h e  t r a w l  s u r v e y  programme a r e  shown i n  T a b l e  8 .  

These  e s t i m a t e s  c o n c e r n  d e m e r s a l  f i s h  o n l y ,  a s  s m a l l  p e l a g i c  f i s h  h a s  been  
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ASP ARGYROPS SPINIFER 

CNU cnEinERius NUFAR 

LLE LETHAINUS LENTJAN 
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NJA NEUIPTERUS JAPONICUS 

PAF PAGELLUS AFFIHIS 

RST RHONCISCUS STRIDENS 

SAU SAURIDA SP. 

Kuria M u r a  Islands 

F i g u r e  8. The d i s t r i b u t i o n  o f  demersal  f i s h  d u r i n g  t h e  f i r s t  survey 

based on r e g i s t r a t i o n s  by t h e  a c o u s t i c  system. 

exc luded  from t h e  c a l c u l a t i o n s  when p r e s e n t  i n  t h e  c a t c h e s .  The e s t i m a t e s  

from t h e  f i r s t  s u r v e y s ,  g i v e n  I n  t h e  c r u i s e  r e p o r t s ,  have been r e v i s e d ,  a s  

some n i g h t  h a u l s  had e r r o n e o u s l y  been i n c l u d e d  i n  t h e  c a l c u l a t i o n s .  

The p r e c i s i o n  o f  t h e  r e g i o n a l  e s t i m a t e s  from s i n g l e  s u r v e y s  is low as few 

h a u l s  have been c a r r i e d  o u t  i n  each r e g i o n  i n  t h e  c o u r s e  o f  each  s u r v e y ,  

which g i v e s  a  h i g h  s t a n d a r d  e r r o r  i n  t h e  d a t a .  A random very h igh  o r  low 

c a t c h  c a n  s e v e r e l y  b i a s  t h e  e s t i m a t e s  when t h e  h a u l s  a r e  few. T h i s  e f f e c t  

is s m a l l e r  i n  t h e  t o t a l  e s t i m a t e s  a s  n e g a t i v e  and p o s i t i v e  sampl ing e r r o r s  

t e n d  t o  b a l a n c e  w i t h  a  h i g h e r  number o f  samples.  T h e r e f o r e  t o t a l  e s t i m a t e s  

g i v e  h i g h e r  p r e c i s i o n  and a r e  t h u s  more r e l i a b l e  t h a n  t h e  r e g i o n a l  ones .  l 

\ 
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Figure  9. The d i s t r i b u t i o n  o f  demersal f i s h  dur ing  the  second survey 

based on r e g i s t r a t i o n s  by the  acoust ic  system. 

The t o t a l  est imates from the  two sp r ing  surveys are  corresponding, bo th  

335 thousand tonnes, wh i l e  the Nov-Dec survey g ives an est imate about 20% 

lower, i . e .  260 thousand tonnes. As discussed below, t h i s  drop cou ld  

i n d i c a t e  more a sampling e r r o r  than ar1 ac tua l  dec l i ne  i n  the l e v e l  o f  t he  
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F i g u r e  10.  The d i s t r i b u t i o n  o f  dernersa l  f i s h  d u r i n g  t h e  t h i r d  s u r v e y  

based  on r e g i s t r a t i o n s  by t h e  a c o u s t i c  s y s t e m .  

b iomass .  

T a b l e  9 shows t h e  a v e r a g e  c a t c h e s  o f  d e m e r s a l  f i s h  from a l l  random 

h a u l s  grouped  by f o u r  d e p t h  z o n e s  and by t h e  t h r e e  s u r v e y s .  These  a v e r a g e s  



Table 8 Trawl survey biomass estimates o f  demersal f i s h .  Rounded f i gu res  
thousand tonnes. 

SURVEY I SURVEY I1 SURVEY I11 AVERAGE 
Mer-Apr '83 Nov-Dec ' 8 3  May '84 

A North o f  Ras a l  Hadd N.S. N.S. 75 (75) 
B Ras a l  Hadd - Masira 125 60 85 90 
C Masira Bank 50 125 115 95 
D Sauquara & Kur ia  Muria Banks 160 75 135 125 
E Salalah reg ion N.5 N.S N.S 

To ta l  south o f  Ras a l  Hadd 335 260 335 31 0 

ADJUSTED ALL SURVEYS 
AVERAGE TREATED AS ONE 

l N.S.= Not surveyed 

can represent  indexes o f  t he  est imated f i s h  dens i t i es  i n  the  zenes. 

Table 9 Average catches o f  demersal f i sh ,  by depth s t r a t a  and surveys. 
Random t rawl ing ,  kg/hour. Number o f  hauls i n  br-ackets. 

Survey Per iod 10-30111 31-60m 61-100m 101-150m 

I Mar-Apr '83 600(4) 710(14) 560(8) 2270(2) 
i1 Nov-Dec '83 630(9) 690(14) 236(11) 45(2) 

I 1 1  Apr-May '83 843(8) 630(10) 900(16) 625(2) 
1-111 705(21) 6a1(38) 613(35) 980(6) 

A d r a s t i c  drop i n  the  average catches i n  the  deeper zones was observed 

dur ing  the  Nov-Dec survey. This dsop should be seen i n  connect ion w i t h  t h e  

presence o f  sxygen-depleted waters on t h e  che l f .  Dur ing t h i s  survey,the 1 

m l / l  oxyc l ine  was located a t  around 50 m bottom depth on Masirah and 

1 Cauquara banks, wh i le  i n  the  spr ing  surveys the  same oxyc l ine  was found 
l 

lower than 100 m i n  March 83 and from 75 t o  100 m i n  May 84 The appearance 

o f  oxygen-depleted waters on the  s h e l f  i s  connecfed t o  the  

C.W.-monsoon-induced upwel l ing, l i k e l y  t o  be a t  i t s  strengest a t  ' the  peak 

and a t  the  end o f  the  moncoon period. Unfor tunate ly  we have no data f o r  

t h i s  period. 

The lower catches i n  the  deeper mones dur ing  t h e  second survey are 

the re fo re  l i k e l y  due t o  lower dens i ty  o f  f i s h  i n  t h i s  area as t h e  f i s h  have 

escaped i n t o  shallower and oxygen-rich waters. This i s  a l s0  re ' f lec ted i n  

t h e  h igher  average catches i n  the  shal low watess i n  the  same pe r iod  (Table i 

Because o f  t h i s  seasonal m ig ra t i on  pat te rn ,  i t  i s  important  t h a t  sampling 

i s  done a t  a l l  depth s t r a t a .  As the  m ig ra t i on  i n t o  very shal low waters was 
/ 

brought t o  l i g h t  sn ly  i n  l a t e r  analys is ,  the  sampling programme had no t  

been l a i d  out t o  study t h i s  phenomenon. 



Only on the  Masirah Bank, which cons is t s  o f  extensive areas o f  shal low 

waters, t he re  has been adequate sampling o f  t h i s  depth stratum. I n  the  

o ther  two regions, Ras a l  Hadd - Masirah and Sauquara & Kur ia  Muria banks, 

where the  shal low water aceas are  l i m i t e d ,  b u t  with seasonally -h igh Pish 

dens i t ies ,  t h e  sampling programme does no t  a l l o ?  t o  quan t i f y  the  biomass 

and evaluate i t s  c o n t r i b u t i o n  t o  the  t o t a l  biomass. 

L i k e l y ,  t h e  biomass est imates i n  the  regions Ras a l  Hadd - Masirah and 

Sauquara & Kur ia  Muria banks have been underestimated dur ing  the  Nov-Dec 

survey due t o  undersampling i n  t h e  shal lower waters. The h igher est imates 

from t h e  two other  surveys are considered more representa t ive  o f  t he  t r u e  

biomass l e v e l .  

To conclude, t h e  biomass f i g u r e s  g iven i n  Table 7 are  no t  be l ieved tb 

r e f l e c t  any seasonal v a r i a t i o n ,  n e i t h e r  w i t h i n  regions, nor i n  the  t o t a l  

est imate. The v a r i a t i o n s  shown are  expected t o  be due t o  h i g h  standard 

e r r o r  i n  the  sampling and t o  undersampling i n  shal low waters where f i s h  

concentrate i n  the  h i g h  and post  monsoon per iod.  

Revised est imates f o r  t he  regions Ras a l  Hadd-Masirah and Sauquara & Kur ia  

Mur ia banks , based on ly  on the  f i gu res  from the spr ing  surveys, a re  105 

and 145 thousand tonnes. A t o t a l  rev i sed  est imate f o r  a l l  Oman would then 

be ( i n  thousand tonnes): 

B C D B - E  

Ras a l  Hadd- Masirah Sauquara & Kur ia  T o t a l  south o f  

Masirah Ba-ik Muria Banks Ras a l  Hadd 

A t o t a l  est imate w i t h  confidence l i m i t s  f o r  the  whole s h e l f  Ras a l  Hadd t o  

Ras a l  Marbat has a lso  been ca lcu la ted  d i r e c t l y  t r e a t i n g  a l l  random day 

hau ls  from the whole survey programme as a s i n g l e  se r ies  o f  data ( t o t a l  105 

hau ls ) .  This g ives an est imate o f  315 thousand tonnes w i t h  a p r e c i s i o n  o f  + 
20% w i t h i n  95% confidence l i m i t .  However, t h i s  est imate a l so  s u f f e r s  from 

undersampling i n  shal low waters and i s  the re fo re  probably s l i g h t l y  

nega t i ve l y  biased. 

Est imated mean dens i t i es  o f  demersal f i s h  w i t h i n  regions, based on the  

t r a w l  survey data are (thousand tonnes): 



A B  C D  B - D  

North o f  Ras a l  Hadd Masirah Sauquara and Ras a l  Hadd- 

Ras a l  Hadd Masirah Bank Kur ia  Muria Banks Ras a l  Marbat 

3.2 Comparisons w i t h  other  est imates o f  the  demersal resources. 

The acoust ic  est imates o f  the  demersal stocks from the 1975-76 "Dr F i d t j o f  

Nansen" surveys are as fo l l ows  (thousand tonnes) : 

Survey 1 & 2 Apr-May '75 113 

Survey 3 Oct '75 115 

Survey 4 Feb '76 40 

Survey 5 Apr-May '76 124 

Survey 6 Sep '76 127 

From Kesteven e t  al . ,  1980 

The low l e v e l  o f  f i s h  abundance recorded dur ing  the  f o u r t h  survey i s  

l i k e l y  due t o  sampling e r r o r s  or  problems i n  c l a s s i f i c a t i o n  o f  the  acoust ic  

t a r g e t s  i n t o  the  demersal and pe lag ic  categor ies.  The other est imates are 

i n  c lose  agreement w i t h  each other, l i e  between 113 and 127 thousand 

tonnes and represent about 35% o f  our estimate. No seasonal f l u c t u a t i o n  can 

be observed from these data. 

By comparing the  acoust ic  and t r a w l  est imates on demersal resources from 

t h e  l a t e c t  se r ies  o f  surveys no c o v a r i a t i o n  i n  the  estimates can be found 

( thousand tonnes) : 

SURVEY I SURVEY I1 SURVEY I11 

Trawl 3 35 260 335 

Acoust ic 2 35 60 70 

While the  th ree t r a w l  surveys g i ve  f a i r l y  cons is ten t  estimates, the  d r a s t i c  

drop from the f i r s t  t o  the  second acoust ic  est imate can only be ascribed t o  

l i m i t a t i o n s  i n  the  acoust ic  me thod . i t se l f .  When the  f i s h  are dispersed i n  a 

very scat te red pat te rn ,  t he  r e s o l u t i o n  i n  the  acoust ic  system i s  very low, 



and r e g i s t r a t i o n s  f a l l  p a r t i a l l y  below t h e  t h r e s h o l d  o f  t h e  system. Th is  

tends t o  g i v e  unprec ise  and n e g a t i v e l y  b iased  est imates.  

The 1975-76 surveys o f  t h e  R.V. "Dr; F.Nansenl' have a l ready  been c r i t i c a l l y  

eva lua ted  i n  connect ion w i t h  t h e  es t imates  o f  s m a l l  p e l a g i c  f i s h  i n  t h e  

p rev ious  chapter .  The g e n e r a l l y  low sampl ing i n t e n s i t y  d u r i n g  these surveys 

a p p l i e s  e s p e c i a l l y  t o  t h e  sha l low waters which probably  h o l d  cons iderab le  

resources d u r i n g  t h e  peak and a t  t h e  end o f  t h e  SW-monsoon. Th i s  w i l l  add 

t o  t h e  genera l  tendency o f  acous t i c  es t imates  t o  underest imate demersal 

resources. 

Du r i ng  t h e  d i scuss ion  on t h e  es t imates  o f  t he  sma l l  p e l a g i c  f i s h ,  i t  was 

suggested t h a t  t h e  d i f f e r e n c e s  between t he  p e l a g i c  es t imates  between t h e  

1975-76 surveys and t h e  ones i n  1983-84, might  i n d i c a t e  a major e c o l o g i c a l  

s h i f t  i n  t h e  ecosystem, g i v i n g  a h i ghe r  c a r r y i n g  capac i t y  f o r  t h e  p e l a g i c  

f i s h  resources. I f  so, t h i s  would a l s o  p a r t i a l l y  e x p l a i n  t h e  i nc rease  i n  

t h e  l a t e s t  es t imates  o f  t h e  demersal resources as compared t o  t h e  e a r l i e r  

ones. However, our  da ta  a r e  n o t  s u f f i c i e n t  t o  c o n f i r m  t h i s  hypothes is .  

I n  a s tudy on t he  f i s h e r y  resources o f  Oman, Vidal-Junemann (1981) 

have es t imated  t h e  demersal f i s h  resources i n  t he  r e g i o n  Ras a l  Hadd t o  Ras 

a l  Marbat t o  260 thousand tonnes. Th is  f i g u r e  i s  ob ta ined  by l i n k i n g  

t oge the r  i n f o r m a t i o n  from a sha l low water t r a w l  survey ( <  40m bottom 

dep th ) ,  w i t h  ca tch  da ta  from commercial t r a w l e r s  on t h e  bes t  f i s h i n g  

grounds and w i t h  t h e  acous t i c  es t imates  o f  demersal f i s h  by t h e  1975-76 

R/V  Dr. F r i d t j o f  Nansen" surveys. I f  one keeps i n  mind t h a t  t h e  acous t i c  

es t imates  o f  demersal f i s h  p robab ly  a re  underest imated, and t h a t  r epo r ted  

catches from the  commercial f i s h e r y  ma in ly  concerns marketab le  species,  

t h i s  es t ima te  does n o t  seem t o  c o n f l i c t  w i t h  t h e  345 thousand tonnes 

es t imated  from our surveys. The l a s t  es t ima te  i n c l u d e s  a l l  demersal f i s h  

and i s  co r rec ted  f o r  t h e  seasonal drop i n  average d e n s i t y  due t o  m i g r a t i o n  

i n t o  sha l low waters d u r i n g  t h e  p e r i o d  o f  upwe l l i ng .  

We do t h e r e f o r e  n o t  cons ider  our  es t imate  o f  345 thousand tonnes t o  be 

i n  c o n t r a d i c t i o n  w i t h  e a r l i e r  est imates.  

Absolute est imates from t r a w l  surveys a re  dependent upon t h e  gear 's 

c a t c h a b i l i t y  c o e f f i c i e n t  ( q ) , a p p l i e d  i n  t h e  c a l c u l a t i o n s .  Wti i le we have 

used q = l  i n  our c a l c u l a t i o n s ,  va lues  i n  t h e  range 0.5 - 1.0 can be found 

from o t h e r  s tud ies .  The abso lu te  es t imates  a r e  i n v e r s e l y  r e l a t e d  t o  t h e  



s i z e  o f  q , and app ly ing  q=0.5 i n  our est imates w i l l  increase them t o  the 

double. I n  l ack  o f  d e t a i l e d  knowledge about the  ca tch  p r o p e r t i e s  o f  the  

bottom t r a w l  we have used a c a t c h a b i l i t y  c o e f f i c i e n t  which g ives est imates 

t h a t  f a l l s  i n  the lower s ide  o f  the  range l i k e l y  poss ib le .  I n  o ther  words, 

our f i g u r e s  may underestimate the  recources, b u t  w i l l  then represent 

minimum assesments from which safe management ac t ions  can be taken. 

3.3 The catches o f  demersal f i s h .  

F igure  11 shows the  d i s t r i b u t i o n  o f  the  catches grouped i n  approximate 

l o g a r i t m i c  i nc reas ing  classes. The d i s t r i b u t i o n  i s  based on 106 random 

t r a w l  s ta t i ons .  

The random hauls g i v e  an average ca tch  o f  784 kg/hour i n  a t r a w l  w i t h  

approximately 20m between the wings ( f o r  more d e t a i l s  about gear, see 

Appendix I l ) .  F igure  11 shows t h a t  39 % (41 hauls)  f a l l  between 300 and 

1000 kg/hour and 80 % (85 hauls)  between 100 and 3000 kg/hour. Only 3% (3  

hau ls )  exceed 3 tonnes/hour. Catches from commercial t r aw le rs  w i t h  aimed 

t r a w l i n g  and concentrated e f f o r t  i n  areas o f  h igh  dens i t i es  would l i k e l y  

g i ve  a d i s t r i b u t i o n  s h i f t e d  t o  the  r i g h t  i n  F igure  11. 

CATCH DISTRIBUTION BY CLASSES 
RANDOM HAULS BOTTOM TRAWL 

SMALL PELAGIC FISH EXCLUDED. 

Catch class 
N= 106; C= 784 Kg/hour 

F igure  11. Catch d i s t r i b u t i o n  o f  demersal f i s h  i n  the  random bottom 

t r a w l  hauls. 



Tables  10-13 show t h e  c a t c h  d i s t r i b u t i o n  and importance  i n  t h e  c a t c h e s  o f  

t h e  dominat ing demersal  s p e c i e s  i n  f o u r  r e g i o k :  1 )  North o f  Ras a l  Hadd 2)  

Ras a l  Hadd - Masirah I s l a n d ,  3 )  Masirah Bank and 4) Sauquara  and Kuria 

Muria Banks r e s p e c t i v e l y .  Table  1 4  shows a s i m i l a r  a n a l y s i s  f o r  a l l  h a u l s  

c a r r i e d  o u t  i n  Oman. From o u r  o b s e r v a t i o n s ,  t h e  dominat ing s p e c i e s  seem t o  

be Nemipterus j a p o n i c u s ,  c l o s e l y  fo l lowed  by Argyrosomus h o l o l e p i d o t u s ,  

A r i u s  t h a l a s s i n u s  and Argyrops s p i n i f e r .  The importance  o f  Argyrosomus 

h o l o l e p i d o t u s  may have been o v e r e s t i m a t e d  a s  i t s  rank i n  t h e  t a b l e  is based 

on one  extrernely h igh  and i n c i d e n t a l  c a t c h  i n  very  sha l low w a t e r s  (9200 

kg/hour,  st .  174) .  

Tab les  10-14 i n c l u d e  a l l  s p e c i e s  c o n t r i b u t i n g  down t o  2 7; each o f  t h e  t o t a l  

c a t c h .  The remaining s p e c i e s ,  grouped a s  o t h e r  f i s h  a r e  t h o s e  c o n t r i b u t i n g  

1 76 o r  l e s s  each t o  t h e  t o t a l  c a t c h .  

Cetch distribution by demersal species in bottom trawl. Region A, North of Ras al Hadd, all surveys. 
R$ndorn trawling. Total number of hauls: 17. 

Number of catches in catch groups 7; of total Mean 
catch 
Species 1-9 kg/h 10-49 kg/h 50-199 kg/h 200-499 kg/h >500 kg/h 

(kg/hour) 

Saurida turnbil 
Upeneus sulphureus 
Sphyraena barracuda 
Nemipterus japonicus 
Leiognathus Fasciatus 
Carangoides malabaricus 
Argyrops spini Fer 
Gnathanodon speciosus 
Sepia sp. 
Trichiurus lepturus 
Nemipterus sp. 
Sharks 
Carcharhinidae 
Lutjanus malabaricus 
Psettodes erumei 

Table 11 Catch distribution by demersal species in bottom trawl. Region B,  Ras al Hadd 
surveys. 

Random trawling. Total number of hauls : 28 

Number of catches in catch groups 
catch 
Species 1-9 kg/h 10-49 kg/h 50-199 kg/h 200-499 kg/h >500 kg/h 

(kg/hour) 

Argyrops spinifer O 
Nemipterus japonicus 4 
Pomadasys stridens 2 
Saurida sp. O 
Arius cp. 1 
Pagellus affinis 5 
Arius thalassinus 3 
Cheimerius nufar 3 
Lethrinus elongatus O 
Trichiurus lepturus 1 
Carangoides chrysophrys 2 
Saurida undosquamis 3 
Lethrinus nebulosus 1 

Masira Island, all 

% of total Mean 



Table 12 Catch distribution by demersal species in bottom trawl. Region C Masira Bank , 
all surveys. 

Random trawling. Total number of hauls : 34 

% of total Mean Number of catches in catch groups 
catch 
Species kg/h 10-49 kg/h 50-199 kg/h 200-499 kg/h >500 kg/h 

(kg/hour 1 

Argyrosomus hololepidotus 
Arius thalaainus 
Pomadaays stridens 
Nemipterua japonicus 
Lethrinus nebulosus 
Lepidotrigla betuviae 
Cheimerius nufar 
Rhinobathidae 
Rays 

Table 13 Catch distribution by demersal species in bottom trawl. Region D, Sauquara and Kuria Muria Banks, all 
surveys. 

Random trawling. Total number of hauls : 39 

Number of catches in catch groups ?A of total Mean 
catch 
Species 1-9 kg/h 10-49 kg/h 50-199 kg/h 200-499 kg/h >500 kg/h 

(kg/hour) 

Nemipterus japonicus 
Lethrinus nebulosus 
Pagellus affinis 
Cheimerius nufar 
Lepidotrigla bentuviae 
Charybdis edwardsi 
Saurida sp. 
Saurida undosquamia 
Epinephelus sp. 
Sepia ap. 
Carengoidea chrysophrys 

Table 14 Catch bistribution by demersal speciea in pottom trawl All Oman, all surveys. 
Random trawling. Total number of hauls : 123 

?A of total Mean 
catch 
Species 

(kg/hour 1 

Number of catches in catch groupa 

Nemipterus japonicus 
Argyrosomus hololepidotus 
Arius thslasinus 
Argyrops spinifer 
Lethrinus neb~ilosus 
I'oiiiotlutlyti s l r i d c i  is 
Cheimeriua nufar 
Pagellus affinis 
Lepidotrigla bentuviae 
Saurida sp. 
Saurida undosquamis 
Saurida tumbil 
Charybdis edwardsi 

3.3.1 D i s t r i b u t i o n  o f  abundances by spec ies based on ca t ch  data.  

D i s t r i b u t i o n  o f  t h e  t o t a l  es t imated  biomass o f  demersal spec ies ' can  

t e n t a t i v e l y  be assessed by app l y i ng  t h e  r e l a t i v e  d i s t r i b u t i o n  o f  t h e  

spec ies i n  t h e  catches ( t h e  6 d i s t r i b u t i o n  i n  Table 14) t o  t h e  t o t a l  

est imate.  Tabie 15 shows these est imates.  



Table 15. Distribution of total estimated demersal biomass by species. 

Species % in catch 

Nemipterus 
Argyrosomus hololepidotus 
Arii~s thalassinus 
Argyrops spinifer 
Caurida 
Lethrinus nebuloaus 
Pomadadys stridens 
Cheimerius nufar 
Pagellus affinis 
Lepidotrigla bentuviae 
Other fish, not more than 
Total 

11 
10 
9 
8 
7 
6 
5 
4 
4 
3 

1% each 33 
1 00 

Biomass 
thousand tonnes 

38 
35 
J1 
28 
24 
21 
17 
14 
14 
10 

113 
345 

3.4 D i s t r i b u t i o n  o f  c a t c h  and biomass by commercial v a l u e .  

I n  o r d e r  t o  have an i d e a  o f  how t h e  demersal  r e s o u r c e s  a r e  d i s t r i b u t e d  

a c c o r d i n g  t o  economic g roup ings ,  t h e  c a t c h e s  from t h e  bottom t r a w l  have 

been d i s t r i b u t e d  i n t o  f o u r  economic c l a s s e s  a c c o r d i n g  t o  t h e  s p e c i e s  market  

v a l u e  ( s e e  l ist  below).  As b a s i s  f o r  t h i s  g roup ings ,  f i s h  market  p r i c e s  i n  

t h e  Uni ted  Arab E m i r a t e s , f o r  t h e  p e r i o d  May-June 1978, have been used (FAO 

1981 ) . 

Division of the most common species into classes according to their market value. 
Based on fish market prices UAE May-June 1978 (From FAO 1981). Species in brackets 
have been added hy similarity to the existing groups. 

Class 1 , (<5 Dirham/Kg) : 
Megalaspis, Arius, Thunnus, Lutjanus sanguineus (Trachurus, sharks, rays, Ariomma) 

Class 2 (5-9 Dirham/Kg): 
Sardinella, Plectorhynchus, Scolopsis, Epinephelus, Rhabdosargus, Rachycentrum, Scarus, 
Chirocentrus, Scomberoides, Sphyraena, Euthynnus, Chanos, Sciaenidae, Selar, Decapterus, 
Caranx, Argyrops, Pomadasys, Scomberomorus (Drepane, Atule, Mullidae) 

Class 3 (10-15 Dirham/Kg): 
Apolectus, Carangoides, Sillaginidae, Acanthopagrus, Trachinotus, Sparidae, Elops, 
crabs, Seriola, Seriolina, Alepes, Pampus, Gnathanodon, Nemipterua, Mugil, Lethrinus, 
Siganus, Rastrelliger 

Class 4 (>l5 Dirham/Kg): 
Sigsnus, shrimp, Sepia, Loligo. 

Table  1 6  shows t h e  d i s t r i b u t i o n  o f  t h e  t o t a l  c a t c h  a c c o r d i n g  t o  commercial 

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

one f o r  demersal  s p e c i e s  o n l y ,  and one i n c l u d i n g  t h e  s m a l l  p e l a g i c  f i s h .  



Table 16 C l a s s i f i c a t i o n  i n  economical c l a s s e s  of  c a t c h e s  from bottom 
t r a w l i n g  (% of t o t a l  c a t c h ) .  

C l a s s  1 ( < 5  Dirham/Kg) 
C l a s s  2 (5-9 Dirham/Kg) 
Class  3 (10-15 Dirham/Kg) 
C l a s s  4 ( > l 5  Oirham/Kg) 

Demersal Small p e l a g i c  
f i s h  only f i s h  inc luded  

01 *T O 

30 61 
3 5 26 
33 12 

2 0.8 

By d i s t r i b u t i n g  t h e  est imated t o t a l  demersal biomass accord ing  t o  the  

commercial composi t ion o f  t h e  t o t a l  catch,  a rough abso lu te  es t ima te  o f  t he  

q u a l i t y  composi t ion o f  t h e  demersal f i s h  resources o f  Oman can be made. 

Th is  i s  shown i n  Table 17. The most va luab le  c l a s s  ( 4 )  i s  es t imated  t o  on l y  

7 thousand tonnes, w h i l e  t he  remain ing t h r e e  c lasses  c o n s t i t u t e  rough ly  

equal  amaunts c f  t h e  remain ing biomass, 104, 120 and 120 thousand tonnes i n  

Class 1, 2 and 3 r e s p e c t i v e l y .  

Table 17 C l a s s i f i c a t i o n  i n  economical c l a s s e s  of  es t imated  biomass 
based on s p e c i e s  composit ion i n  t h e  c a t c h e s  and t h e i r  
rnarket va lue .  

Thousand tonnes 
Class  1 ( < 5  Dirham/Kg) 104 
Glass  2 (5-9 Dirham/Kg) 120 
C l a s s  3 (10-15 Dirham/Kg) 114 
C l a s s  4 ( > l 5  Dirham/Kg) 7 
Tota l  345 

3.5 Est imates o f  Y i e l d  o f  t h e  Demersal Resources 

The method o f  Beddington and Cooke a p p l i e d  i n  2.3.3 t o  assess t h e  y i e l d  o f  

t h e  sma l l  p e l a g i c  f i shes ,  cannot e a s i l y  be a p p l i e d  t o  t h e  demersal s tock .  

The demersal biomass i s  composed o f  a v a r i e t y  o f  spec ies w i t h  d i f f e r e n t  

s i zes ,  growth pa t t e rns ,  n a t u r a l  m o r t a l i t i e s  and ages a t  rec ru i t rnen t .  

Never the less,  as t he  much used Gul land 's  formula (Y-0.5M Bo) seems t o  

overes t imate  t h e  y i e l d  i n  most ins tances ,  t h e  i n f l u e n c e  o f  t h e  growth and 

rec ru i tmen t  parameters should be taken i n t o  account, even though o n l y  rough 

genera l  es t imates  o f  these parameters a re  a v a i l a b l e .  



Vida l -  Junemann (1981) c l a s s i f i e d  the  demersal f i shes  o f  Oman i n  th ree  main 

groupings; a )  smal l  demersal f i shes ,  i n c l u d i n g  breams,porgies,grunts, 

goat f ishes,  l i z a r d f i s h e s ,  f l a t  f i shes  and p a r r o t f i s h e s  - a l l  f i s h  genera l l y  

l e s s  than 50 cm maximum length,  and b )  l a r g e r  demersal f i s h  i n c l u d i n g  

scavengers, croakers, groupers, barracudas and sharks - f i s h  w i t h  a  

maximum s i z e  genera l l y  exceeding 50 cm. For the  smal l  f i s h  he suggested a  

n a t u r a l  m o r t a l i t y  (M) w i t h i n  the  range 0.4-0.8 and f o r  the  l a r g e r  species 

Mz0.2-0.4. 

Pauly (1980) has l i s t e d  growth parameters and n a t u r a l  m o r t a l i t i e s  f o r  175 

f i s h  species. O f  these,34 species are  from waters w i t h  a  h igher  temperature 

than 2 0 ' ~  and represent  f a m i l i e s  which are common i n  Omani waters. 

Table 18 shows the  range and the  mean o f  the  n a t u r a l  m o r t a l i t y  (M) o f  these 

species grouped i n t o  two classes; a) l e s s  than 50cm maximum length,  and b) 

more than 50 cm maximum length.  The means o f  the  M a re  1.18 and 0.74 

respec t i ve l y ,  and t h i s  i s  considerably h igher  than the  f i g u r e s  used by 

Vidal-Junemann. The lower l i m i t  used by him seems more t o  apply t o  f i shes  

i n  temperate waters, w h i l e  the  upper l i m i t  seems more appropr ia te  f o r  

perhaps a  conservat ive est imate o f  M i n  t r o p i c a l  waters. We the re fo re  

suggest M=0.8 f o r  t he  smal l  f i s h  and M=0.4 f o r  t he  b i g  f i s h  as a  f i r s t  

approximation o f  the  n a t u r a l  m o r t a l i t y  i n  Oman waters. 

Table 18. Ranges and means of  natural mortalit ies of s e l ec t ed  f i s h  species .  
(Raw data taken from Pauly 1980). 

No of  species  Range o f  M Mean o f  M 
Big demersal f i sh  
>50cm max length 

Serranidae 
Lutjanidae 17 0.1 - 2.24 0.74 
Sciaenidae 
Lethrinidae 

Small demersal f i sh  
<50cm max length 

Serranidae 
Nemipteridae 
Sciaenidae 
Mullidae 

Cushing ( i n  press) supports the  c r i t i c s  t o  the equat ion Y=0.5MB0 and 

agrees t h a t  i t  tends t o  overest imate the  y i e l d .  He suggests -the 

constant  0.5 be reduced t o  0.4 f o r  demersal f i s h  and t o  0.3 f o r  smal l  

pe lag ics .  I n  l ack  o f  t hk  necessary i n fo rma t ion  t o  use the  Beddington and 

Cooke's method, we adopt Cushing's procedure and apply i t  t o  our 

ca l cu la t i ons .  The y i e l d  equat ion used on the  demersal stock i s  there fore :  



The estimated yields by species are given i n  Table 19. The t o t a l  estimated 

y ie ld  i s  77 thousand tonnes, i.e. 22% d f  the i n i t i a l  biomass. 

Table 19. Estimate of yield by species and by total biomass or demersal 
fish in Oman waters. 

Cpecies 

Nemipterus 
Argyrosomus 
Ariua 
Argyrops 
Caurida 
'Lethrinus 
Pomadasys 
Cheimerius 
Pagellus 
Lepidotrigla 
Other fish (not more than 

each species) 
Total 

Estimated Best guess Equivalent 
biomass of M estimated 
(1000 t) yield 

(1000 t) 

As we have not been able t o  get information on the present l e v e l  o f  f i sh ing  

on the demersal stocks, the above calculations are made on the assumption 

that  we are working on a biomass with a very low f ish ing mortel i ty.  

l 

1 4. ASPECTS OF THE BIOLOGY OF COME DOMINATING SPECIES I N  OMAN WATERS. 

The data gathered by the t rawl  sampling,combined with the data frem the 

acoustic system,can provide useful  information such as geographical 

d is t r ibu t ion ,  migration, s ize d is t r ibut ion,  aggregation patterns, behaviour 

and catch rates fo r  the d i f f e ren t  species . I n  instances where a time 

series o f  data has been collected, growth parameters can be estimated from 

the length samples. A l l  b io log ica l  data from the surveys are shown i n  annex 

I11 t o  V I I .  Annex 111 shows a chronological record of. a l l  f i sk ing  

operations. Annex I V  shows the length measurements (average and range) , 
while Annex V shows the raw data from the same samplee ( i n  beth cases the 

ser t ing i s  by species). The main catch data,sorted by species,are presentsd 

i n  Annex V I  and f i n a l l y  Annex V I 1  shows histograms o f  peoled length 

d is t r ibu t ions  o f  the most common small pelagic fishes. A map, e t  the end 

o f  the report, gives the posi t ion o f  a l l  t rawl  hauls. 

Below, more detai led information i s  given fo r  the most cemmon species. 



Trachurus i nd i cus  (Arabian scad) 

F igure  12 shows the  d i s t r i b u t i o n  o f  the  Arabian scad based on i t s  

occurrence i n  the  t r a w l  catches dur ing  the  th ree coverages. The species i s  

d i s t r i b u t e d  between Ras a l  Hadd and Ras Ash Sharbatat and the  main p a r t  o f  

t h e  stock seems t o  be r e s t r i c t e d  t o  t h i s  area the  year around. The f o c a l  

p o i n t  o f  d i s t r i b u t i o n  i s  on the  Masirah Bank where the  h ighest  dens i t i es  

were found dur ing  a l l  th ree coverages. I t  might be a l i t t l e  ea r l y  t o  t r y  t o  

dep ic t  m ig ra t i on  pa t te rns  from three coverages only, bu t  i t  seems q u i t e  

poss ib le  t h a t  the  species concentrates on the Masirah Bank f o r  spawning i n  

t h e  e a r l y  pre-monsoon pe r iod  (February- March) . This i s  supported by the 

presence i n  May ( t h i r d  coverage) o f  j u v e n i l e  specimens (5-7cm) i n  t h i s  

area( the  only t ime and p lace where such young f i s h  were observed). The 

b iggest  specimens caught f a l l  i n  the  c lass  37-37.9cm, somewhat b igger than 

t h e  maximum s i t e  reported, 35cm ( i n  F ischer and Bianchi,  eds. 1984). From 

the  pooled leng th  d i s t r i b u t i o n s  o f  the  scad (Annex V I I ) ,  attempts have been 

made t o  l ook  a t  t he  growth o f  t he  species. Length cohorts i n  the  samples 

have been used as represent ing yearclasses i n  the  stock. The r e s u l t s  a re  

shown i n  F igure  1'3. The species has been reported t o  reach matu r i t y  a t  age 

one year and approximately I lcm (Fischer and Bianchi,  eds. 1984). This 

f i t s  w e l l  w i t h  the  t e n t a t i v e  growth curve g iven i n  F igure  13. According 

t o  t h i s  curve, t h i s  species seems t o  have a l i f e s p a n  o f  4-5 years. 

The ca tch  records f o r  t he  species can be found i n  Annex V I .  The best  catch 

was 40 tonnes/hour and the  mean o f  the  5 b iggest  hauls was 26.2 tonnes/ 

hour. The f i s h  could easely be caught a t  a t r a w l i n g  speed o f  th ree knots, 

except the  f i s h  b igger than 30 cm, which seemed t o  be able t o  escape the  

t raw l .  59% o f  the  t o t a l  catch o f  t h i s  species was caught between 60 and 

90m bottom depth, w i t h  an a d d i t i o n a l  10% down t o  110m depth. 27% was caught 

between 40 and 50m bottom depth. The l a s t  were smal ler  f i s h ,  a l l  l e s s  than 

20cm, caught on the Masirah Bank. The b igger f i s h  tended t o  concentrate a t  

t h e  s h e l f  edge between 60 and 90m bottom.depth. 

Sa rd ine l l a  gibbosa, Golds t r i ped  s a r d i n e l l a  (F igure  14) 

Except from a smal l  concentrat ion near Salalah dur ing  the  f i r s t  coverage, 

t h e  go lds t r i ped  s a r d i n e l l a  was found only between Ras a l  Hadd and Ras a l  

Madrika. The main p a r t  o f  the  stock was concentrated on the  shal lower areas 

o f  t he  Masirah bank dur ing  a l 1  th ree surveys. Our data do not  seem t o  

i n d i c a t e  any migrat ion.  The s i z e  ranged from 8.5 t o  18.5 cm length.  The 

catches were general ly  small ,  the  h ighest  being 440 kg/hour, t h e  mean o f  

t h e  f i v e  best  catches 390 kg/hour. 93% o f  the  t o t a l  catch o f  t h i s  species 

came from depths l e s s  than 20 meters, and p r a c t i c a l l y  100 !?h o f  the  catch 



F i g u r e  12. D i s t r i b u t i o n  o f  a r a b i a n  s c a d ,  Trachurus  i n d i c u s  based on o c c u r r e n c e  i n  t h e  t r a w l  c a t c h e s .  



d a t e  

Figure 13. Tentative growth curve of Arabian scad (Trachurus 

indicus),.based on length samples. Arrow shows possible 

length at first maturity. L,between 35 and 40 cm. 

was from l e s s  than 30 meters depth. The on ly  occurrences of t he  speeies i n  

deeper water5 were i n  t he  reg ion  Ras a l  Hadd - Masirah Island,where same 

sca t te red  r e g i s t r a t i o n s  were found around 70. bottom depth bu t  w i t h  catches 

l e s s  than 19 kg/hour. 

S a r d i n e l l a  longiceps, I n d i a n  o i l - s a r d i n e l l a  (F igure  15) 

This  species was q u i t e  widespread, b u t  t he  main concentrat ions were loca ted 

between Ras a l  Hadd and Ras Ash Sharbatat.  The l eng th  ranged from 7.5 t o  

24cm, t h e  smal ler  specimens ( l e s s  than 1Ocm) occu r r i ng  between Ras ash 

Sharbatat and Sala lah ( second coverage, Nov-Dec). The f i s h  on the  Masirah 

Bank,; had the  l owes t * l eng th  about 2-3cm higher  than the  f i s h  more south, i n  

t h e  same per iod.  This  i s  probably due t o  a more favourable growth i n  the  

Masirah Bank area. No spawning area cou ld  be detected. The species i s  known 

t o  have i t s  main spawning j u s t  a f t e r  t h e  peak o f  the  S-W monsoon, i n  

August- September (F ischer  and Bianchi ,  eds.1984). The catches were 





Figure 15. Distribution of indian oil-sardinella, Sardinella longiceps, 

based on occurrence in the trawl-catches. 



gene ra l l y  low, t h e  b e s t  be ing  15.7 tonnes/hour, w h i l e  t he  second h ighes t  

was o n l y  450 kg/hour. 98% o f  t h e  t o t a l  c a t c h  was taken between 20 and 80 

,mainly i n  t h e  sha l lower  waters.  Th i s  spec ies was a l s o  l o c a t e d  o f f  t h e  

s h e l f ,  i n  t h e  su r f ace  waters o f f  t h e  Sauquara bank, d u r i n g  t h e  two f i r s t  

surveys. The catches never exceeded 5 kg/hour i n  t h i s  area. S a r d i n e l l a  

l ong i ceps  i s  coocu r r i ng  w i t h  S. gibbosa on t h e  c e n t r a l  p a r t s  o f  t h e  Masirah 

Bank, b u t  t h e  f i r s t  a l s o  goes more sha l low than t h e  l a t t e r .  

Argyrops s p i n i f e r  and - A. f i l amentosus  ( F i g u r e  16) 

The so ld ierbreams was found a l l  a long t h e  coast ,  w i t h  h i ghes t  d e n s i t i e s  

from Ras a l  Hadd t o  Masirah I s l a n d .  The f i s h  ranged from 22 t o  64cm t o t a l  

l eng th .  The bes t  c a t c h  i n  t h e  bo t t omt raw l  was 1440 kg/hour w h i l e  t h e  

average o f  t he  f i v e  bes t  catches was 866 kg/hour. The t o t a l  ca t ch  from a l l  

surveys was caught between 10 and 90m. The spec ies seemed t o  concen t ra te  

e s p e c i a l l y  i n  t h e  zone 20-50m. 

L e t h r i n u s  e longatus and - L. nebulosus ( F i g u r e  17) 

The emperors have a l s o  t h e i r  d i s t r i b u t i o n  a long  a l l  Oman coast .  But  they 

seem more abundant between Ras Marbat and Ras a l  Madraka and from Ras a l  

Hadd t o  Masirah I s l and .  I n  t he  samples taken,the s i z e  o f  t he  f i s h  ranged 

from 33 t o  61cm. The bes t  ca tch  ob ta ined  was 1050 kg/hour w h i l e  t he  mean o f  

t h e  f i v e  h i g h e s t  catches was 550 kg/hour. A l l  f i s h  were caught i n  depths 

l e s s  than  50m. 

Other spec ies 

Decapterus r u s s e l l i ,  t h e  I n d i a n  scad ( F i g u r e  18) ,  i s  a sma l l  p e l a g i c  

spec ies occur ing  a long t h e  whole Oman coast ,  w i t h  h i ghes t  concen t ra t i ons  

from Ras a l  Hadd t o  Masirah I s l a n d  and a t  Masirah and Sauquara banks. The 

s i z e d  i n  t h e  samples ranged from 6.5 t o  30cm . No spawning area c o u l d  be 

loca ted .  The b e s t  ca t ch  was 6 tonnes/hour and t h e  mean o f  t h e  f i v e  higliet;k 

was 3.2 tonnes/hour. This species occufs on t h e  bottom, a t  depthS l e s s  than  

120m, b u t  t h e  main abundance i s  between 50 and 120m bottom depth. 

Dussumier ia acuta, rainbow sa rd ine  ( F i g u r e  19) ,  occurs i n  t h e  p e l a g i c  

community south 

o f  Ras a l  Hadd. I t  i s  a sma l l  species,  measured between 8 and 23 cm i n  t h e  

samples. The h i g h e s t  c a t c h  was 485 kg/hour. The spec ies w i l l  n o t  l i k e l y  

make any impor tan t  c o n t r i b u t i o n  t o  a p e l a g i c  f i s h e r y .  



F i g u r e  16. D i s t r i b u t i o n  of  Argyrops s p i n i f e r  and A .  f i l a m e n t o s u s ,  based - 
on o c c u r r e n c e  i n  t h e  t r a w l  c a t c h e s .  





F i g u r e  18. D i s t r i b u t i o n  o f  i n d i a n  s c a d ,  D e c a p t e r u s  r u s s e l l i ,  b a s e d  on 

o c c u r r e n c e  i n  t h e  trawl c a t c h e s .  



f i g u r e  19. Distribution of rainbow sardine, Dussumieria acuta, based on 

occurrence i n  the trawl catches. 



5 SUMMARY AND MAIN CONCLUSIONS 

The R/V D r . F r i d t j o f  Nansen has c a r r i e d  ou t  t h r e e  surveys d u r i n g  t h e  years 

1983 and 1984. The f i r s t  survey was c a r r i e d  ou t  i n  t h e  SW pre-monsoon 

season, i n  March 1983, t h e  second a t  t h e  onset o f  t h e  NE monsoon, i n  

November 1983,and t h e  t h i r d  a t  t h e  onset o f  t h e  SW- monsoon, i n  May 1984. A 

f o u r t h  survey,which was planned f o r  September 1984, a t  t h e  end oT t h e  SW- 

monsoon,had t o  be cance l l ed  due t o  t e c h n i c a l  problems. 

The main survey work was c a r r i e d  ou t  i n  t h e  r e g i o n  from Ras a l  Hadd t o  

Sa la la ,  w h i l e  t h e  s h e l f  f u r t h e r  n o r t h  was covered b r i e f l y  d u r i n g  two o f  t h e  

surveys. 

The communit ies o f  sma l l  p e l a g i c  f i s h  were s tud ied  w i t h  t h e  acous t i c  method 

combined w i t h  i n t e n s i v e  t r a w l i n g ,  t o  sample t h e  acous t i c  r e g i s t r a t i o n s .  The 

c o n d i t i o n s  were favourab le  f o r  acous t i c  research on p e l a g i c  f i s h .  The 

demersal f i s h  were t o o  s c a t t e r e d  t o  be es t imated  by t h e  acous t i c  method. 

Ins tead ,  random bottom t r a w l  s t a t i o n s  were s e t  ou t  a long  t h e  c r u i s e  t r a c k  

i n  o rder  t o  assess t h e  biomass by t h e  swept area method. 

Pe lag i c  f i s h  

The sma l l  p e l a g i c  f i s h  cons i s ted  ma in ly  o f  t h e  Arabian scad (Trachurus 

i n d i c u s ) ,  g o l d s t r i p e d  s a r d i n e l l a  ( C a r d i n e l l a  gibbosa),  I n d i a n  

o i l - s a r d i n e l l a  ( S a r d i n e l l a  l ong i ceps ) ,  and t h e  I n d i a n  scad (Decapterus 

r u s s e l l i ) .  O f  l e s s e r  importance were t h e  rainbow sa rd ine  (Dussumier ia 

acu ta )  and round h e r r i n g  (Etrumeus t e r e s ) .  

The t o t a l  biomass o f  sma l l  p e l a g i c  f i s h  was est imated t o  1.0, 1.3 and 1.2 

m i l l i o n  tonnes d u r i n g  t h e  f i r s t ,  second and t h i r d  survey r e s p e c t i v e l y .  The 

average es t imate  i s  1.2 m i l l i o n  tonnes. The r e g i o n  n o r t h  o f  Ras a l  Hadd and 

t h e  r e g i o n  eas t  o f  Ras Marbat were almost w i t hou t  any p e l a g i c  f i s h  d u r i n g  

t h e  t ime  o f  t h e  surveys. As an average , t h e  r e g i o n  from Ras a l  Hadd t o  

Masirah I s l a n d  had 10% o f  t he  p e l a g i c  f i s h ,  t h e  Masirah Bank 60% and t h e  

r e g i o n  from Ras Mabber t o  Ras Marbat, 30%. 

The spec ies composi t ion i n  t h e  catches combined w i t h  t h e  acous t i c  

r e g i s t r a t i o n s  can p rov ide  i n f o r m a t i o n  f o r  a  rough es t ima te  o f  t h e  

abundance o f  t h e  main spec ies.  About 50% o f  t h e  biomass was c o n s t i t u t e d  by 



Trachurus i nd i cus ,  25% by Decapterus r u s s e l l i ,  15% S a r d i n e l l a  l ong i ceps  and 

10% by S a r d i n e l l a  gibbosa. 

About 30% o f  t h e  p e l a g i c  biomass was found i n  aggregat ions c l a s s i f i e d  as 

"Very dense" and about 50% i n  "Dense". 'These should b o t h  represen t  

s u f f i c i e n t  h i g h  l e v e l s  f o r  commercial f i s h i n g .  

The d e n s i t y  o f  f i s h  i n  t h e  h i g h  p r o d u c t i v e  zone Ras a l  Hadd - Ras Marbat 

has been cornpared w i t h  o t h e r  c o a s t a l  areas o f  t h e  wo r l d  i t  rep resen ts  one 

o f  t h e  r i c h e s t  i n  terms o f  dens i t y .  

The biomass es t imates  from t h e  t h r e e  surveys a re  a l l  h i ghe r  than  es t imates  

from f i v e  s i m i l a r ,  b u t  l e s s  i n t e n s i v e  surveys c a r r i e d  ou t  i n  Oman i n  t h e  

years 197'5-76. I t  rnight be p o s s i b l e  t h a t  t h i s  p o i n t s  t o  a  major i nc rease  i n  

t h e  t o t a l  p r o d u c t i v i t y  o f  t h e  r e g i o n  due t o  an e c o l o g i c a l  s h i f t  between 

t h e  two survey per iods .  I f  so, f u t u r e  f l u c t u a t i o n s  i n  t h e  p r o d u c t i v i t y  

shou ld  a l s o  be expected. 

To assess t h e  y i e l d  f rom from a  biomass c e r t a i n  b i o l o g i c a l  parameters on 

t h e  spec ies a re  necessary and these a r e  l a c k i n g  f o r  most o f  t h e  spec ies i n  

Oman, which a f f e c t s  t h e  p r e c i s i o n  o f  t h e  assessments. Based on our  

knowledge and f i nd ings ,  an e x p l o i t a t i o n  l e v e l  o f  2 3  o f  t h e  i n i t i a l  

biomass seems j u s t i f i a b l e .  I n  abso lu te  f i g u r e s ,  a  y i e l d  o f  270 thousand 

tonnes o f  p e l a g i c  f i s h  per  year seems reasonable i f  t h e  t o t a l  ecosystem 

ma in ta i ns  t h e  p roduc t i on  l e v e l  o f  1983-1984. It i s  o f  v i t a l  impor tance t h a t  

t h e  l e v e l s  o f  t h e  f i s h  s tocks  and t h e  l e v e l  o f  t h e  p r o d u c t i o n  o f  t h e  

ecosystem a r e  moni tored when i n t e n s i v e  e x p l o i t a t i o n  i s  c a r r i e d  out .  

The sha l low waters  o f  t h e  Masirah bank have been found t o  be t he  most 

impo r tan t  nursery  ground f o r  t h e  j u v e n i l e  s tages o f  t h e  main sma l l  p e l a g i c  

spec ies.  Th i s  area i s  probably  o f  v i t a l  importance f o r  t h e  regene ra t i on  o f  

t h e  s m a l l  p e l a g i c  f i s h  s tocks  and should n o t  be g i ven  access t o  by 

any i n d u s t r i a l  f i s h e r i e s .  

Demersal f i s h  

The t o t a l  biornass o f  dernersal f i s h  d u r i n g  t h e  t h r e e  surveys was es t imated  

t o  335, 260 and 335 thousand tonnes r e s p e c t i v e l y .  An ad jus ted  average 

es t ima te  i s  345 thousand tonnes. The demersal f i s h  community i s  made up o f  



a mu l t i t ude  o f  species. Dominating i n  the  catches were the  l o n g f i n  breams 

(Nemipterus) 1176, seabreams (Sparidae) 1276, c a t f i s h  (A r i i dae )  976, croakers 

(Sciaenidae) lo%, grunts  (Pomadasyidae) 976, emperors (Le th r in idae )  6X, a l l '  

expressed as percent o f  the  t o t a l  catch. 

Data a v a i l a b l e  on the  f i s h  market p r i c e s  i n  the  Un i ted  Arab Emirates i n  

1978 have been used t o  c l a s s i f y  the  t o t a l  demersal catch i n t o  commercial 

groupings. 276 o f  the  catch was c l a s s i f i e d  t o  a value greater  than 15 

Dirham/kg, 3376 t o  10-15 Dirham/kg, 3576 t o  5-9 Dirham/kg and 3076 t o  l e s s  

than 5 Dirham/kg. 

Based on rough assumptions, the  y i e l d  has been est imated t o  2276 o f  the  

biomass, represent ing 77 thousand tonnes. Tenta t ive  y i e l d s  by species are 

a l so  g iven i n  t h i s  report ( t h e  ca l cu la ted  y i e l d  o f  demersal f i s h  by species 

should be adjusted when catch data become ava i lab le) .  
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ANNEX I. S c i e n t i f i c  s t a f f  
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From the M i n i s t r y  o f  A g r i c u l t u r e  and Fisher ies,  Muscat: 

Nasser Murbak Salim A l  Makheni 

Cruise I1 7 November - 11 December 

Tore Strømme ( c r u i s e  leader )  

Snorre T i l s e t h  

Karsten Hansen 

K a r i n  Pi t tman 

Asbjørn Roald ( inst rument  c h i e f )  

Tore Mørk 

From FAO, Rome: 

Gabr ie l l a  Bianchi  

From the  M i n i s t r y  o f  A g r i c u l t u r e  and F isher ies ,  Muscat: 

A l i  Saleh Harassy 

Cruise 111 29 A p r i l  - 17 May 1984 

Tore Strømme ( c r u i s e  leader )  

K j e l l  Strømsnes 

K a r i n  Pi t tman 

Helge Abrahamsen ( instrument ' ch ie f )  

Tore Mørk 

From the M i n i s t r y  o f  A g r i c u l t u r e  and F isher ies ,  Muscat: 

Nasser Murbak Salim A l  Makheni 





ANNEX I1 

INSTRUMENTS AND FISHING GEAR USED 

Acoustic instruments 

SIMRAD sounders coupled t o  QM in tegra to rs  were used f o r  est imating f i s h  

densi t y : 

EK 38 KHz (1s t  and 2nd surveys) : basic range 0-100 m+lOOm;Transmitter Ext 

2.5 Kw; Bandwidth and pulse length 3 KHz, 0.6 ms; TVG and GAIN 20 l o g  R-20 

dB; Recorder gain 7; Transducer ceramic 9x8 degr.square 

QM in tegrator :  Gain 20 dB x 10, Threshold 0.8 

SL+VR = 137.9 dB (Cal ibra t ion 22 Nov 1982 on standard sphere) 

137.9 dB (Cal ibra t ion 4 Dec 1983) 

EK 400/38 KHz (3rd survey): Basic range 0-100 + 100 m; Transmitter 4.813 Kw 

Bandwidth and pulse length 3.3 KHz, 1.0 ms; TVG 20 l o g  R; Attenuator -20 dB; 

Recorder gain 7; Transducer ceramic 9x8 degr. square 

SL+VR 140.7 dB (Cal ibra t ion 17 May 1984 on standard sphere) 

GID in tegra to r  (3rd survey): Gain 30 dB, Threshold 17 mV. 

EK 400/120 Khz: Basic range 0-100m; Transmitter High, Bandwidth and pulse 

length 3.3 KHz, 1.Oms; TVG and GAIN 20 l o g  R-8 dB 

Recorder Gain 4; Transducer ceramic 10 degr. c i r c u l a r  

QM in tegrator :  Gain 10x10 Threshold O 

SL+VR = 112.2 d6 (Cal ibra t ion 31 Aug 1982 on standard sphere) 

Hidroqraphy 

Temperature, s a l i n i t y  and oxygen content were sampled a t  standard depths 

w i t h  Nansen bot t les .  Oxygen was measured w i t h  Winkler method and s a l i n i t y  

determined with induct ive salinometer. Surface temperature was recorded a t  4 

m depth w i th  thermograph. 

F ish ing gear 

Bottom trawl: High opening shrimp and f i s h  t raw l  w i th  rubber bobbins gear. 

Headline 31 m, assumed e f f ec t i ve  width 18.5 m; height  during t raw l ing  abt 6 

m. 

Pelagic trawls: Type "Harstadtrawl", meshsize codend 21 mm, width abt 30 m, 

v e r t i c a l  opening abt 15 m; Type modified "KrilJ.trawlN width abt 50 m, 

v e r t i c a l  opening abt 30 m, codend meshsize 9 mm. 





Annex 111. Records o f  f i s h i n g  operat ions FIRST SURVEY 

BT=Bottom t r a w l  PT=Pelagic t r a w l  ..................................................................................................... --- 

T I E  STN GEAR -E!I!-(!L --!!$!!l!!-- --C!IbH-!&G)- WEIGTH (K61 
DATE START No. TYPE BDTTOH 6EAR NORTH EAST TBTAL PR HR DOHINANT SPECIES PR HR X 

01.03 1805 59 ET 20 20 23 48' 057 53' 993,0 1986,O Lutjanus lu t janus 438,20 22,0 
Stolephorus indicus 255,20 12,8 
Leiognathus f asciatus 228,80 11,5 
Scorberoaorus conrersoni 264,OO 13,2 

04.03 1520 60 ET 60 b0 23 21' 058 57' 138,7 277,4 Lethrinus l e n t  jan 67,40 24,2 
Lethrinus microdon 24,40 8,7 
Argyrops sp in i fe r  104,40 37,b 
F i s t u l a r i a  petinba 15,OO 5,4 

05.03 0555 b l E T  51 45 2 2 3 5 ' 0 5 9 4 1 '  1414,O 28?8,0 Le th r inus len t jan  884,00 31,2 
Alutera monoceros 450,OO 15,9 
Le th r i  nus microdon 285,OO 10,O 
Argyrops sp in i  fe r  172,OO 6,O 

65.03 1050 62 ET 53 53 22 14' 059 51' 301,O b02,0 Argyrops sp. 332,OO 55,l 
Carangoides chrysophrys 80,00 l4,b 
Arius sp 40,20 b,6 
Decapterus russel l i 36,OO 5,9 

05.03 1400 b3 ET 53 47 21 55' 059 4 5 V 1 9 , O  657,O Cheimerius nufar 153,OO 23,2 
Lethrinus microdon 152,lO 23,1 
Argyrops sp in i fe r  47,40 7,2 
Lethrinus nebulosus 45,30 6,8 

05.03 1749 t 4  PT 22 12 21 40' 059 30' 435,5 871,O Dussumiera sp. 485,40 55,7 
Stol  ephorus punct i  f i er 225,20 25,8 
Sardinel l a  g i  bbosa 140,60 1b,1 
Decapterus russel li 19,60 2,2 

06.03 6150 b5 PT ?? 13 21 25' 054 24' 417,2 1251,b Sardinel la gibbosa 369,60 29,5 
Etruneus teres 189,bO 15,l 
Tr ichiurus sp. 139,50 11,l 
Decapterus r u s s e l l i  128,70 10,2 
Dussumieri a acuta 126,30 10,O 

Ob.03 0550 66 ET 52 46 21 32' 059 32' b41,0 1282,G Argyrops sp in i fe r  432,OO 33,6 
Albula vulpes 300,00 73,4 
Pagellus a f f i n i s  34,OO 2,b 
Chei mer i us nuf ar 20,4O 1,5 
Gerres f i lanentosus 152,bO 11,9 

06.03 0930 67 ET 50 50 21 15' 059 17' 471,O 1884,O Arius sp 872,OO 46,2 
Rhonciscus str idens 306,OO 16,2 
Trichiurus sp. 169,20 8,9 
Nemipterus japonicus 108,OO 5,7 

06.03 1235 6B ET b9 63 21 00' 059 14' 135,O 405,O Spyraena putnai iae 128,lO 31,b 
Pagellus a f f i n i s  f23,90 30,s 
Argyrops sp in i fe r  b7,20 16,5 
Rhizo~rionodon a c u t ~ ~ ~  77 -rn L 7 



TINE STN 6EAR OEP'TH-!!!.- --!QSIILQN-- --!21~H-!Kb!.- !!E_L61tl-!K61--- 
DATE START No. TYPE BOTTOH 6EAR NORTH EAST TOTAL PR HR DOHINANT S V C I E S  PR HR X 

06.03 1545 69 BT 92 83 20 49' 059 16' 735,0 1470,0 Saurida sp. 1088,00 74,0 
Rhonci scus stridens 113,80 7,7 
Nemi pterus japoni cus 107,bO 7,3 
Trachurus indicus 70,00 4,7 

06.03 2000 70 BT b2 62 20 45' 059 05' 327,7 655,4 Rhonciscus stridens 480,OO 73,2 
Lepidotriyla sp 67,20 10,2 
6erres fil aientosus 36,OO 5,4 
Saurida turbil 32,40 4'9 

07.03 1000 71 OT 16 16 20 10' 058 28' 19,5 Lethrinus nebulosus 15,bO 80,0 
Lethri nus nebul osus 2,20 11,2 
Arius sp 1,00 5,1 
Plectorhynchus schotaf $50 2,5 

07.03 1645 72 ET 50 50 20 02' 058 31' 349,0 837,b Decapterus russelli 529,20 b3,1 
Cheiserius nuf ar 76,32 9,l 
Carangoides chrysophrys 72,OO 8,s 
LOLIGINIDAE 70,20 8,3 

1920 73 OT b5 b5 19 57' 058 31' 18,9 HURAENIDBE 
Lethr inus nebulosus 
Rhonciscus stridens 
Arius sp 

2020 74 PT 31 9 20 00' 058 27' 500,O 1000,Q Trachurus indicus 

2320 75 PT 14 1 20 05' 058 17' 677,5 1355,0 Decapterus russelli 
Trachurus indicus 
Sardinella gibbosa 
Scolopsis biiaculatus 

1200 ?b ET 98 92 19 45' 058 24' 234,3 400,b Rhizoprionodon acutus 
Trachurus indicus 
Nemi pterus japonicus 
Trichiurus sp. 

1650 77 PT 23 17 19 43' 057 58' 28,9 57,8 Lepidotrigla sp 
Sepia sp 
TETRBODONTIDCIE 
Saurida sp. 

1925 78 PT 22 1 19 42' 057 48' 390,5 781,0 Sardinella gibbosa 
Decapterus russel l i 
Dussumieri a acuta 
Trachurus indicus 

2315 790T 20 20 1927'05801' 21,4 Lethrinus nebulosus 
Epinephelus sp 
Lethrinus eahsena 
Lethrinus lent jan 

i i 



TIME STN GEAR -REoIH-!!!- --!gCITl!!!-- -CAICH..!K6!- WElSIH-IiSs!-,- 
DATE START No. TYPE BOTTOii 6EAR NORTH EiiST TOTIIL PR HR DOMINANT SPEEIES PR HR Z 
............................................................................................................... 
09.03 0245 80 BT 90 84 19 16' 058 08' 2100,O 4200,O Trachurus indicus 4050,OO 96,4 

Rhizoprionodon acutus 60,OO 1,4 

09.03 0430 81 PT 84 20. 19 17' 058 46' 139,5 558,O Sardinella longiceps 453,bO 81,2 
Trachurus indicus 90,OO 16,l 
Decapterus russel li 8,12 1,4 
Sel ar crurenophthalrus 6,28 1,l 

09.03 0830 82 ET 21 21 19 34' 057 51' 132,6 265,2 Cheiserius nufar 70,20 2b,4 
Lethri nus nebulosus 44,80 16,B 
Alectis indicus 28,OO 10,5 
Carangoides chrysophrys 14,60 5,5 

09.03 1230 83 BT 21 17 19 42' 057 58' 1140,6 2281,2 Rhonciscus stridens 1193,20 52,3 
Decapterus russel l i 357,ZO 15,6 
Arius sp 45,60 1,9 
~rachurus indicus 72,20 3,l 

09.03 l605 84 BT 21 * 15 20 06' 058 02' 39,2 156,8 Arius sp 98,OO 62,s 
Dasyatis jenkinsii 26!80 17,O 
TRIACBNTHODIDBE 14,BO 9,4 
Psettodes erurei 11,20 7,l 

09.03 2230 85 PT 32 10 19 46' 058 14' 300,O 600,O Traehurus indicus 3S8,bO 59,7 
Sardinella gi bbosa 153,40 25,5 
Alepes d jeddaba 57,40 9,s 
Sardi ne1 l a l ongiceps 13,40 2,2 

10.03 0555 86 ET 09 89 19 14' 058 06' 173,l 346,2 Trachurus indicus 183,OO 52,8 
Pagellus affinis b1,OO 17,b 
Rhizoprionodon acutus 44,40 12,8 
LOLIGINIDAE 19,50 5,b 

10.03 0745 87 PT 93 85 19 14' 058 07' 3120,O 12480,O Trachurus indicus 

10.03 l010 88 BT 44 44 19 13' 057 54' 87,9 175,B Carangoides equula 
Albula vulpes 
enathanodon speciosu5 
Rhizsprionodon acutus 

10.03 1250 09 PT Tb 50 18 58' 057 58' 107,4 257,7 Trachurus indicus 
Decapterus russelli 
Sphyraena obtusata 

10.03 l645 90 BT b0 54 18 49' 057 45' 63,8 127,b Spyraena putnamiae 
Carangoi des chrysophrys 
Rhizoprionodon acutus 
Gastrophysus lunar is 



TIHE CTN GEAR -~kE!-!nL- --!!$El&.- --E!a-!!@L- bk@!!-!EE--- 
DATE START No. TYPE BOTTOH 6EAR .HORT# EAST TOTAL PR HR DOHINANT SPECIES PR HR X 

11.03 0405 91 PT i12 30 l$ 30' 057 31' 4,6 b,9 Etruieus teres 
Trichiurus sp. 

11.03 0705 92BT 143 140 lB19'05727' 2500,O 5000,O Nemipterusjaponicus 2360,OO 47,2 
Nemi pterus japonicus 83,bO 1,6 
Charybdis ednardsi 1392,OO 27,8 
Pagelfus affinis 1092,OO 21,8 

11.03 1205 93 BT 15 15 l8 45' 053 03' 114,O 228,O PLDTOSIDAE 40,OO 17,5 
Stephanolepis recti frons 39,60 17,s 
Plectorhynchus schotaf 25,OO 10,9 
Lethrinus lentjan 20,40 8,9 

11.03 1615 94 BT 80 76 18 22' 057 10' 586,b 1173,2 Decapterus russelli 
Pagellus aff inis 
Gastrophysus lunaris 
Loligo sp 

12.03 0555 95 BT 72 66 17 58' 057 02' 319,9 639,8 Cheiierius nufar 
Etrumeus teres 
Lethr inus nebulosus 
Rhizoprionodon acutus 

12.03 1220 97 BT 67 61 17 46' 056 59' 365,b 731,2 Lethrinus nebulosus 510,OO 69,7 
Cheiaerius nuf ar l69,80 23,2 
Epinephelus aerolatus 23,10 3,l 
Car angoi des chr y sophr y s 12,20 1,b 

12.03 1105 96 BT 57 57 13 49' 056 55' 253,l 506,2 Lethrinus nebulosus 289,30 57,l 
Chei aer i us nuf ar 80,OO 15,8 
Epinephelus sp 48,OO 9,4 
ilegalaspis cordyla 14,50 2,8 

13.03 0645 98 BT 52 52 17 40' 056 06' 76,5 153,O Lethrinus nebulosus 62,OO 40,5 
Cheirerius nuf ar 35,40 23,l 
Carangoides chrysophrys 26,OO 16,9 
Gastrophysus sceleratus 7,bO 4,9 

l 

13.03 1025 99 BT 56 56 17 44' 055 56' 32,6 65,2 Rachycentron canadus 29,20 44,7 
Car angoi des chr y sophr y s 19,OO 29,l 
Seriolina nigrofasciata 7,70 11,8 
Lethrinus nebulosua 7300 10,7 

13.03 1310 100bT 41 37 1753'05543' 140,5 281,O Cheiieriusnufar 106,24 37,8 
Lethrinus nebulosus 66940 23,b 
Carangai des chrysophrys 62,70 22,3 
Trichiurus sp. lb,40 5,8 



CATCH [KG) TIflE STN 6EAR -!RlH-ln,- --!fl5LIl!!-- ------------- WE16IH-!K6i--- 
DATE START No. TYPE BOTTUH 6EAR NORTH EAST TOTAL PR HR DOfll NANT SPECIES PR HR i! 

13.03 1525 101 BT b0 54 17 39' 055 50' 274,7 549,4 Lethrinus nebulosus 344,40 62, 6 
Cheiwerius nuf ar 80,BO 14,7 
Dasyatis uarnak 60,OO 10,9 
Lut  janus coccineus lb,20 2,9 

13.03 1740 102 ET 74 68 17 31' 055 47' 272,O 544,O Carcharhinus obscurus 11,20 2,O 
Chei ner i us nuf ar 11,20 2,O 
Argyrops s p i n i f  er 25,20 4,6 
Epinephelus sp 25,20 4,b 

14.03 1345 103 BT 65 b5 17 00' 054 20' 37,4 112,2 Carangoides chrysophrys 76,80 68,4 
Rachycentron canadus 11,55 10,2 
Rhizoprionodon acutus b,75 6,O 
Lagocephalus sceleratus 6,60 5,8 

14.03 1555 104 PT 40 34 16 55' 054 13' 159,l 318,2 Le th r inu i  nebuiosus 98,OO 30,7 
Cheirerius nuf ar 84,bO 26,5 
Lethrinus nahsena 41,74 13,l 
Lrgyrops sp in i fe r  22,10 6, 9 

13.03 0440 105 PT 36 10 17 39' 055 27' 30,0 60,0 FICH LARVAE 
Lol igo sp 

16-03 0555 106 BT 32 32 17 37' 035 26' 134,8 R08,8 Lethrinus nebulosus 
Epinephelus aerol atus 
SGIAENIDAE 
Chei nerius nuf ar 

16.03 1300 107 UT 32 32 17 53' 056 19' 28,? Lethrinus nebulosus 
Epinephelus sp 
Epinephe!us aerolatus 

16.63 1420 108 BT 48 48 17 53' 056 32' 76,5 306,0 Lethrinus nebulosus 
Epinephelus sp 
Cheiaerius nuf ar 
Epinephelui sp 

16.93 1645 109 UT 43 43 18 08' Q56 41' 19,6 Lethrinus nebulosus 
Lethrinus len t jan  
ANGUILLIFOR!EC 
Epinephelus aerolatus 

16.03 1835 110 UT 19 l9 18 22' 056 5 1 V 6 , b  Epinephelus aeroiatus 
Lethrinus len t jan  
Lethrinus nebul usus 
Lethrinus sp. 

16.03 2355 111 BT 22 22 18 29' 056 57' 237,4 474,R Lethrinus len t jan  
APOGONIDAE 
Lethrinus nebuiosus 
Siganus sp 



CATCH M! TIHE STN -OE_PTH-iH!.- --!!SLI!QN-- ------------- !!CL!l!-!KEL--- 
DATE START No. TYPE BOTTOH GEAR NORTH EAST TOTAL PR HR DOHINANT SPECIES PR HR X 

17.03 0620 112 BT 114 114 18 05' 057 14' 3000,O 6000,0 ~ i c ~ ~ t e r u s  r u s s e l l i  
Saurida sp. 
Pagel l u s  af f i n i s  
Nenipterus japonicus 

17.03 1030 113 PT 400 60 17 46' 057 24' 7,O 7,O Charybdis edwardsi 

17.03 1045 115 PT 382 15 18 17' 057 36' 22,9 45,0 Trachurus indicus 
Ciiaapsodon sp. 
~r ' i  1 1 
Selar cruaenophthalmus 

18.03 0255 116 PT >500 ZG 17 39' 057 24' b,9 13,8 Selar crumenophtkalaus 
Sar'dinell a langiceps 
K r i  1 l 
Charybdis edwardsi 



G e a r  codes: BT = B o t t o m  t r a w l ,  P T  = P e l a g i c  t r a w l  
SECOND SURVEY 

TIHE STN GEAR -!K!jH-jUl), --EOSlllObl-- --CBICii-IKG1- --UE161kIK61- 
DATE START No. TYPE EOTTOti 6EAR LATIT. LONEIT. TOTAL PR HR DONINANT SPECIES PR HR X 

08.11 1715 117 ET 71 71 N23 44' E058 30' 1347,O 2694,0 Decapterus r u s s e l l i  1936,OO 71,8 
Spyraena putnaaiae 452,OO 16,7 
Saurida undosquawis 106,00 3,9 
4rgyrops s p i n i f e r  70,OO 2,5 

08.11 2020 118 ET 59 59 N28 49' E058 13' 282,7 565,4 Saurida t u i b i l  176,26 31,l 
Ne i ip terus japoni cus 07,38 15,4 

SEPIIDIE 52,50 9,2 
Neaipterus b leeker i  43,50 7,6 

09.11 0110 119 ET 44 44 N23 54' E057 42' 639,9 1279,8 Saurida tumbi l  812,00 63,4 
Nei ip terus sp. 147,OO 11,4 
SEPIIDAE 53,90 4,2 
Upeneus sulphureus 36,40 2,8 

09.11 0550 120 ET 39 39 N24 02' E057 25' ll6,O 232,O Saurida t u a b i l  59,40 25,6 
SEPIIDAE 39,OO 16,B 
Leiognathus fasc ia tus  33,00 14,2 
Lut janus l u t  janus 18,OO 7,7 

09.11 0800 121 ET 34 34 N24 00' E057 14' 81,b 163,Z Saurida t u e b i l  52,OO 31,8 
Drepane punct a t  a 44,20 27,O 
Argyrops f i laaentosus 8,70 $3 
Plectorhynchus sp. 8,00 4,9 
Psettodes eruwei 24,00 14,7 

09.11 1045 122 ET 57 57 N24 12' E057 07' 108,O 21.6,0 Spyraena putna i iae 40,00 18,5 
Carangoides i a l a b a r i  r us  123,60 57,2 
SEPI IDAE 13,80 6,3 
Nemipterus sp. 11,OO 5,O 

09.11 1240 123 ET 20 20 N24 08' E056 58' 243,l 4 8 6 , ~  HYLIOBATINAE 57,60 11,8 
Drepane longmana 54,bO 11,2 
Diagramma p i e t a  44,40 9, l  
Lethr inus sp. 38,40 ?,8 

09.11 1540 124 ET 46 46 N24 26' E056 51' 97,2 194,4 Spyraena putnamiae 39,60 20,3 
Ras t re l l i ge r  kanagurta 28,OO 14!4 
Arioama ind i ca  24,OO 12,3 
Carangoides mal abari cus 23,20 11,9 

09.11 1715 125 ET 33 33 N24 29' E056 45' 187,O 448,8 Argyrops s p i n i f e r  60,48 13,4 
Diagramma p i c t a  56,16 12,5 
Lutjanus l u t j anus  76,08 16,9 
Lethr inus a in ia tus  25,68 5,7 

09.11 2010 126 ET 100 100 N24 45' E056 40' 109,b 219,2 Neaipterus japonicus 66,OO 30,l 
SCI AENIDAE 35,OO 15,9 
Parupeneus sp. 16,80 7,6 
SEPI IDAE 15,OO 6,8 



TIHE STN GEAR -illiiii- --~QP~IM-- CATCH (KG) WEIGTH (K6) 
DATE START No. TYPE BOTTOH GEAR LATIT. LONGIT. TOTAL PR HR DOHINANT SPECIES PR HR X 

10.11 0000 127 PT 310 50 N24 50' E056 50' 80,0 160,O HYCTOPHIDAE 
Trichiurus lepturus 

10.11 0920 128 PT )500 300 N24 47' E057 09' 22,2 44,4 HYCTOPHIDAE 
Trichiurus lepturus 
LOLIGINIDAE 
Decapterus russel l i 

10.11 1300 129 BT 372 260 N24 34' E057 03' 20,8 41,6 Trichiurus lepturus 
S!LPS 
LOLIGINIDAE 
HYCTOPHIDAE 

10.11 1515 130PT 292 125 N2405'E05700' 60,O 120,0 HYCTOPHIDAE 

10.11 1935 131PT 300 50 N2427'E05702' 125,0 250,0 HYCTOPHIDAE 

10.11 2350 132 PT 292 40 N24 27' E056 59' 360,O 720,0 HYCTOPHIDAE 

11.11 1005 134 PT 287 250 N24 27' E056 59' 41,0 82,0 NYCTOPHIDAE 

11,fl 1125 135 PT 292 175 N24 27' E056 59' 902,0 1804,Q HYCTOPHIDAE 

11.11 1850 136 PT 1500 45 N24 22' E057 23' 66,0 132,0 HYCTOPHIDAE 

11.11 2215 137 PT 1500 40 N24 49' E057 M' 55,0 110.0 HYCTOPHIDAE 

12.11 0145 138PT >500 20 N2454'E05751J 16,0 32,0 HYCTOPHIDAE 
Selar crumenophthal sus 
JELLYFISH 
Trichiurus lepturus 

N24 35' E057 52' 15,4 30,8 Selar crumenophthalour 
Cubiceps sp. 
Sardinel la longiceps 
SCOHBRIDAE 

N241IJE05743' 10,e 21,6 HYCTOPHIDAE 
Sel ar cru~enophthalmus 
Sardinel la lonqi ceps 
Lestidium sp. 



TIHE STN GERR -iilfii-ii!l- POSIll~!-- -----m------- CATGH (KG) WEIGTH (KG) 
DATE START ND. TYPE BOTTOR GEAR LATIT. LONGIT. TOTAL PR HR DOMIWkNT TECIES PR HR W 
............................................................................................................... 

12.11 1305 141 PT 22 1 N23 48' E050 01' 1,O 2,0 JELLYFISH 2,0Q 10i1,0 

12.11 1535 142 BT 18 18 N23 $6' E058 00' 181,4 362,E Saurida tuwb i l  
Gerres ii lamentrisus 
Enathariodon speciosus 
R A Y S  

13.11 1015 143 PT 370 280 N23 56' E050 05' 21,; 42,b MYCTOPHIDAE 
LOLIGIIIDAE 
Tr ich iurus  lep turus  

14.11 1840 144 PT E 0 0  30 N24 22' E050 32' 233,0 466,0 MYCTOPHIDRE 
Cubiceps sp. 

14.11 2245 145 PT 410 225 N23 54' E058 23' 15,Q 56,0 MYCTOPHIDAE 50,110 100,C 

15.11 0200 146 PT j500 225 N23 48' E050 32' 19,B 39.6 HYCTUPHIDAE 1,411 ;,5 
Tr ich iurus  lep turus  23,40 59,C 
Trachinocephaius sp. 11,9b 30,O 
Cubiceps sp. ,00 2,Ci 

16.11 0430 147 PT j500 25 N22 37' E059 51' 34,; 60,b PIYCTOPHIDAE 44,06 64, l 
Cubiceps sp. 9,60 13,9 
Saurida tumbi l  9,bii 13,9 
Sel ar crumenophthal~us 3,8Q 5,s 

16.11 1315 148PT ?500 290 N 2 3 1 7 ' E 0 6 0 1 1 '  9,b 19,2 MYCTOPHIDAE 
Cubiceps sp. 
C E P H t 7 L O P O D A  
Sphyriena obtusata 

20.11 0615 l 4 9  ET 49 49 N22 35' E059 41' 5?4,2 1148,4 L ~ t h r i n u s  elongatus 
Argyrops s p i n i f e r  
Sphyraeaa a f r icana 
Le th r i  nus nebulosus 

20.11 0945 150 ET 39 39 N22 14' E059 50' 823,3 1646, b k g y r o p s  s p i n i f e r  
Cphyraena a f r icana 
Carangoides chrysophrys 
Gnathanodon speci osus 

20.11 1 4 3  151 ET 52 52 N21 55' E059 45' 639, J 1278,8 Argyrops s p i n i f e r  
Tr ich iurus  l ep tu rus  
Lethr inus  nebulosus 
Pofiadasys s t r i  dens 

20. 11 1735 152 BT 35 75 N21 49' E059 38' 744,b 1489,2 Puoadasys s t r i dens  377,40 25,; 
Ar ius  tha lass inus 8;2,3il 55,B 
Tr ich iurus  lep turus  27.00 5,8 
Argyrops s p ~ n l f e r  i i 7 , 20  7,8 



T I !4E STN GEAR -EWIii-(i)- --f"'S'H'~N-- CATCH (KG)  HEIGTH (KG) 
DAiE START No. TYPE EOTTOH GEAR LATIT.  IONGIT. TDTAL PR HR DOHINANT CPECIES PR HR X 

20.11 1940 153 PT 110 65 H21 43' E059 41' 132,b 265,2 Derapterus russelli 2bSJ0 100,O 

21.11 0620 154 ET b l  61 N21 29' E059 32' 757,l 1514,2 Argyrops spinifer 445,40 29,4 
Trachurus indicus 385,40 25,4 
Decapterus russelli 206,OO 13,6 
Neripterus japonicus 130,20 8,5 

21.11 0845 !55 B7 51 5! N21 24' E059 26' 20,s 40,b Argyrops spinifer 25,b0 63,O 
Nenipterus japonicus b,80 1b,7 
Ponadasys stridens 4,OO 9,B 
Pagel l us af f i ni s 2,7@ 6,b 

21.11 1045 156 BT 53 53 N21 21' E057 23' 33,4 6 4 8  kgyrops spinif er 31,OO 46,4 
Trachurus indicus 11,2@ 16,7 
Carangoides chrysophrys 9,40 14,0 
flegalaspis rordyla 5,40 8,0 

21.11 1325 157 ET $6 bb N21 14' E059 25' 254,ti 509,b Argyrops spinifer 158,bO 31,l 
Pagel lus af f  inis 121,80 23,9 
Trachurus indicus 105,00 20,7 
Decapterus russel l i 34,50 b,7 

21.11 1545 150 ET 24 24 N21 16' E059 13' 1?4,8 349,6 Arius tenuispinis 155,OO 44,3 
Poaadasys opercularis 90,OO 25,7 
Argyrops spinifer 35,20 10,O 
Lepidotrigla bentuviaj 30,OO 8,5 

21.11 1725 159 BT 61 b i  N21 u9' E059 19' 109, b 219,2 Trachurus indicus 118,BO 54,i 
Pomadasys stridens B5,2ii 38,8 
Neaipterus japonicus 3,bO l,6 
Ariuc tenuispinis 9,bir 4,3 

21.11 2125 160 P i  72 62 N21 03' E059 17' 1020,0 2040,0 Trachurus indicus 2040,00 100,O 

22.11 0210 161 PT 65 40 N20 55' E059 10' 1199,7 2397,4 Powadasys stridens 1586,00 bb, l 
Trachurus indicus 677,20 28,2 
Decapterus russell i 116,OO 4,8 

22.11 Oh15 162 ET 194 104 r420 49' E05? 21' 82,4 !b4,8 Decapterus russelli 84,bO 51,3 
Saurida undosquawi s 39,20 23,7 
Pagellus affinis 19,HO 12,O 
Neiipterus japonicus 11,bO 7,O 

22.11 0855 163 PT 114 100 N20 40' E059 16' 2,b 5,? Trachurus indicus 5,20 100,O 

22.11 1115 154 ET ?Q 70 W20 44' Et159 05' 454,3 908,b Neaipterus japonicus 803,OO 88,3 
Trachurus indicus 105,60 l l , b  



TIHE STN GEAR _ ~ I H - ~ ~ ! -  - - ~ L ~ ~ o N - -  CATCH (KG) WEIGTH (K61 
DATE START No. TYPE BOTTOH GEAR LATIT. LONGIT. TOTAL PR HR DOHINANT SPECIES PR HR X 

54 54 N20 38' E059 01' 45,l 90,2 JELLYFISH 
Argyrops sp in i fe r  
Arius thalassinus 
Pagellus a f f i n i s  

82 58 N20 36' E059 05' 1159,7 2319,4 Trachurus ind icus 
Dec apt erus russel l i 
Neripterus japonicus 

98 98 N20 35' E059 09' 151,2 302,4 Nemipterus japonicus 
Decapterus russel l i 
Lepidot r i  g la  omanensis 
Sauri da undosquani s 

)500 18 N20 23' E059 08' 7?0,0 1440,O IYCTOPHIDAE 

72 50 N20 15' E058 50' 60,O 120,O Nemipterus japonicus 

78 78 N20 05' E058 40' 91,7 366,8 Neoipterus japonicus 

42 42 N20 02' E050 30' b53,5 1307,O Lepidot r ig la  bentuviai  
Chei r e r  i us nuf ar 
Carangoi des chrysophrys 
Epinephelus d i  acanthus 
RHINOBATIDAE 

18 18 N20 03' E058 21' 358,3 716, b RHINOBATIDAE 
Scomberoides commersoni anus 
Arius thalassinus 
Carangoides chrysophrys 

24 1 N20 02' E058 10' 323,O b4b,O Sardinel la gibbosa 
Sardinel l a lonqi  ceps 
ilegalaspis cordyla 
Alepes va r i  

17 17 N20 19' E058 07' 4877,4 9754,8 Argyrosorus hololepidotus 
Scomberoides confiersonianus 
Arius thalassinus 

15 15 N20 12' E058 01' 349,3 b98,b Arius thalassinus 
CARCHARHINIDAE 
Tri acanthur biaculeatus 
Trachurus ind icus 

20 20 N20 01' E057 53' 2,4 ?0,5 Trachurus ind icus 
Alepes v a r i  
Pomadasys maculatus 
Pomadasys s t r i  dens 



TI NE STN GEAR -tEfIe-O!- --ffl#.I[@-- CATCH (K61 WEIGTH (K61 
DATE START No. TYPE EOTTOH GEAR LATIT. LONGIT. TOTAL PR HR DOMINANT SPEClES PR HR X 

24.11 1450 177 ET 21 21 N19 49' E057 58' 722,b 1445,2 Arius thalassinus 951,bO 65,8 
R A Y S  400,OO 27,b 
Alepes vari 52,OO 3,5 
Argyrops spinifer  30,80 2,l  

24.11 2140 178 PT 40 30 N19 50' E058 20' 505,b 1011,2 Trachurus indicus 672,20 66,4 
Decapterus russel l i 169,OO 16,7 
Carangoides tdalabaricus 49,40 4,8 
Lepidotrigla sp 48,20 4,7 

25.11 0230 179 PT 40 22 N19 44' E058 17' 3976,3 7952,b Trachurus indicus b852,bO 86,l 
Sphyraena af r i  tana 1100,OO 13,8 

25.11 0705 180 BT 27 27 N19 41' E058 08' 4,4 8 ,8  Arius tenuispinis 8,BO 100,O 

25.11 0920 181 BT 22 22 N19 43' E027 27' 140,4 280,8 k i u s  tenuispinis 182,40 64,9 
Arius thalassinus 45,bO 16,2 
Alepes vari 44,80 15,9 
HOBULI DAE 8,OO 2,8 

25.11 1220 182 BT 21 21 N19 37' E057 51' 40,O 80,O Sepia sp 
Arius sp 

I 25.11 1455 103 ET 22 22 N19 34' E058 03' 159,5 319,O Diagranna picta  
Lethrinus nebul osus 
Argyrops spinifer  
Cheiierius nuf ar 

j 
25.11 2110 184 PT 26 1 N20 00' E050 03' 304,5 608,9 Spyraena putnaiiae 

Sardinel l a  gi bbosa , 
Trachurus indicus 

l 

l CARCHARH I NI DAE 

26.11 0420 185PT 113 60 N1951'E05833' , O  , O  N O  C A T C H  ,O0 , O  

26.11 l645 187 BT 20 20 N19 29' E057 54' 919,l 1838,2 Lethrinus nebulosus 1046,bO 56,9 
R A Y S  200,OO 10,B 
Diagramma picta  147,bO 8,O 
Scolopsis taeniatus  69,OQ 3,7 

27.11 0725 188 BT 57 57 N19 19' E057 59' 40,O 80,O Sarda o r i e n t a l i s  31,OO 38,7 
Sepia sp 16,80 21,O 
Carangoides chrysophrys 9,OO 11,2 
Cookeolus boops 4,80 6,O 



TIME STN GEAR -iIEf'Iti-~fii, --~o~?,~@!j-- ------------- CATCH (KG1 UEIGTH (K61 
DATE START No. TYPE BUTTOfl GEAR LATIT. LONGIT. TOTAL PR HR DOHINANT SPECIES PR HR X 

27.11 1155 189 BT 105 105 N19 12' E050 00' 1447,s 2894,b Trachurus indicus 2890,OO 99,8 

27.11 l605 190 BT 65 65 N19 07' E057 57' 1820,7 3641,4 Trachurus indicus 3641,40 100,O 

27.11 2115 191 PT 87 40 N18 58' E057 57'10400,O 20000,0 Trachurus indicus 20000,OO i 00, O 

28.1 1 0755 192 BT 43 43 N18 50' E057 31' 292,6 585,2 Cheimerius nufar 161,80 27,b 
Sepia sp 149,OO 25,4 
Let hri nus nebul osus 129,bO 22,l 
Argyrops f i l  alentosus 39,bO b,7 

28.11 1030 193 BT 87 87 N18 38' Eg50 38' 1,b 3,2 Charpsodon sp. ,B0 25,O 
Pteridotrigla henisticata ,E0 25,0 
Cookeolus boops ,50 15,6 
SEPIIDAE ,40 12,5 
Sphyraena obtusata ,40 12,5 

28.11 I600 194 PT )500 55 H10 13' E057 39' 3,0 6,O CRABS 6,OO 100,O 

50 N18 02' E057 35' 3,3 6,b NYCTOPHI5AE 
Etrureus t e res  
Sardinel l a  longiceps 
Synodus sp. 

40 N17 54' E057 31' 1,B 3,6 Etrurneus te res  
Trachurus indicus 
Sardinel l a  longiceps 
Decapterus russel l i 

29.11 1730 197 BT 84 84 N18 20' E057 13' 30??,8 6155, 6 Decapterus russe l l i  
Sauri da undosquamis 

29.11 2335 198 PT 20 1 N18 27'-E056 56' 128?5 256,8 Sardinella longiceps 
Triacanthus biaculeatus 
R A Y S  
Arius thalassinus 

30.11 0525 199 PT 245 45 N17 49' E057 18' 209,l 936,4 APO6ONI5AE 
Echeneis naucrates 

30.11 0720 200 BT 356 356 N17 45' E057 22' 283,4 566,8 Charpsodon sp. 
OPHIDIIDAE 
Psenopris cyanea 
Pteridotrigla heris t icata  

30.11 1300 201 BT 74 74 N17 56' E057 03' 123,9 247,B Cheirerius nufar 02, b0 33,3 
Argyrops filamentosus 46,OO 18,5 
Epinephelus diacanthus 33,20 13,3 
Carangoides equul a 24,OO 9,6 



TIHE STN 6EAR -EFEFN-!iii- POSITIDf4-- CATCH (K61 WEIGTH (6) 
DATE START No. TYPE BOTTDH GEAR LITIT. LONGIT. TOTAL PR HR DOHINANT SPECIES PR HR i! 

30.11 1545 202 BT 32 32 N18 07' E056 56' 113,4 453,6 Lethrinus nebuiosus 72,OO 15,8 
Cheimer i us nuf ar 55,bO 12,2 
Parascol opsi s eri omma 46,80 10,3 
Epinephelus sp 40,OO 0,0 

01.12 2330 203PT 48 10 N1753'E05613' 46,7 93,4 R A Y S  40,OO 42,0 
Sardinel la longiceps 24,OO 25,6 
Arius thalassinus '17,20 18,4 
Etrumeus teres 5,40 5,7 

02.12 0625 204 BT 55 55 H17 44' E056 03' 206,2 412,4 Lethrinus nebulosus 259,OO 62,0 
Cheimeri us nuf ar 90,20 21,8 
Lut janus coccineus 16,00 3,8 
Epinepheius sp 14,OO 3,3 

02.12 1115 206 BT 54 54 N17 44' E055 52' 168,9 1013,4 Lethrinus nebulosus 35'2,40 38,7 
Cheimeri us nuf ar 300,bO 29,6 
Epinephelus sp 125,40 12,3 
Epinephelus chlorostigma 74,40 7,3 

02.12 1740 2 0 7 ~ ~ ~  49 49 Nil 419E05534' 101,8 363,b Carangoidrschrysophrys 132,OO 36,3 
Lethrinus nebulosus 78,40 21,5 

l Arius thalassinus 48,20 13,2 
l 
l 
I Flectorhynchus schotaf 39,20 lo,? 

03.12 0005 200 170 20 N17 24' E055 19' 101,O 202,0 Sardinella longiceps 153,OO 75,7 
Etrumeus teres 32,110 16,O 
Arius thalassinus 13,40 b,6 

04.12 1615 209 BT 54 54 N17 00' E054 35' 494,9 989,8 Cheiierius nufar 474,bO 47,9 
Argyrops spinifer 121,40 12,Z 
Epinephelus di acanthus bb,80 b,7 
Arius thalassinus 58,40 5,9 

04.12 1835 210 PT 24 1 N17 00' E054 22' 258,O 51b,0 Sardinella gibbosa 310,00 bO,O 
Sardinella longiceps 90,OO l7,4 
Sphyraena obtusata 62,OO 12,0 
Trachurus indicus 20,OO 3,8 

00.12 1150 211 PT l18 80 N19 07' E058 Ob' 16,b 7,3 Scoiber japonicus 
Trachurus indicus 

08.12 1925 212 PT 137 120 N19 11' E058 09' b08,O 2432,0 Trachurus indicus 2368,UO 97 ,3  
Lepidotrigla bentuviai 25,bO 1,O 
Pteridotriyla heiisticata 38,40 1,5 



TIHE STN GEAR -Q~~lH-!fll-  fl^^^@-- CATCH (KG) UEIGTH (K61 
DATE START No. TYPE BOTTOH GEAR LATIT, LONGIT. TOTAL PR HR DOHINANT SPECIES PR HR X 
............................................................................................................... 
09.12 0855 213 PT 95 85 N19 19' E058 10' 1063,O 1063,O Trachurus ind icus 1063,OO 100,O 

10.12 0000 214 PT 90 90 N19 43' E058 25' 495,O 846,4 Trachurus indicus 046,45 100,O 



THIRD SURVEY 

TIHE STN GEAR -~_EE~HHJ4j- -~T~S_I]j~N_- CATCH (K61 IIEIGTH (KG) 
DATE START No. TYPE BOTTOH GEAR LATIT. LONGIT, TOTAL PR HR DOHINANT SPECIES PR HR X 

-30.04 0845 215 BT 40 40 Nlb 54' E054 07' 223,5 447,0 Lethrinus nebulosus 271,00 b0, b 
Cheimerius nuf ar bl,bO .13,7 
SHARK 34,OO 7,6 
Parupeneus f raterculus 17,30 3,8 

01.05 0400 21bPT E 0 0  20 N172by E05335' b015,5 12031,O HYCTOPHIDAE 12000,00 99,7 

01.05 1335 217 BT 57 57 N17 37' E055 54' 37,4 74,8 Lut janus coccineus 17,00 22,7 
Loxodon iac ro rh i  nus lb,OO 21,3 
Lethrinus nebulosus 13,bO 18,l 
Chelonodon sp. 13,20 17,b 
Cheioerius nufar 12,00 1b,O 

01.05 l615 218 ET 64 64 N17 54' E056 02' 3b9,b 739,2 Saurida undosquamis 540,00 ?3,0 
Nei ipterus japoni cus 55,20 7,4 
Lol igo sp 45,60 b, l  
Lutjanus sp 36,00 4,8 

02.05 1315 219 BT 20 20 N18 18"EOb 49' 8b0,O 1720,0 Lethrinus nebulosus 3b0,00 20,9 
Chei ier ius nuf ar 120,00 b,9 
Yiectorhynchus p ic tus 240,OO 13,9 
Plectorhynchus chubbi 120,00 b,9 
Epinephelus malabar icus 3b0,00 20,9 

02.05 1540 220 BT 35 35 N18 06' E056 57' 69b,9 1393,8 Epinephelus sp 240,bO 17,2 
Lethrinus nebulosus 228,OO 16,3 
Cheiaerius nuf ar 1i'b,20 14,O 
Lethrinus opercul a r i s  155,80 lill 

02.05 2125 222 ET 118 118 M17 47' E057 06' 3599,7 7199,4 Trachurus indicus 5538,OO 7b,9 
Lepidot r ig l  a bentuviai 1132,80 15,7 
Nemipterus japonicus 377,bO 5,2 
Apogon sp 151,00 2,U 

03.05 0545 223 ET 80 80 N18 Ily E057 04' 280,0 560,0 Saurida undosquamis 285,80 51,0 
Cepia sp 93,b0 1b,7 
Lepidot r ig la  bentuvi a i  49,78 8,8 
Nei ipterus japonicus 39,40 7,u 

03.05 0735 224 BT 50 50 N10 19' E057 02'17998,O 53994,0 Trachurus indicus 382b5,OO 70,8 
Sardinel l a longiceps 15729,OO 29,l 

03.05 1420 225 BT 19 19 N18 29' E056 54' 37,9 75,8 Apogon sp 22,00 29,O 
Suf f l amen fraenatus l6,OO 21,l 
d r ius  thalassinus B,00 10,s 
Sepi a sp 4,OO 5,2 
DASY ATIDAE 18,OO 23,? 



TIME ST# GEAR -i)oIH-ifi,- --~fl$~f 'oN-- ------------- CATCH (KG) UEIGTH (KG1 
DATE START No. TYPE BOTTOM GEAR LATIT .  LOMGIT. TOTAL PR HR DOMINAIJT CPECIES PR HR X 

04.05 0420 226 PT 95 95 N18 26' E057 27' ?565,0 5130,0 Trachurus indicus 4250,OO 82,8 
Nemipterus japonicus 410,OO 7,9 
Lep ido t r i  g l a  bentuv ia i  470,OO 9,l 

04.05 1030 227 BT 82 82 N18 35' E057 25' 1128,b 2257,2 Trachurus indicus 1314,80 58,2 
Neeipterus japonicus 391,40 17,3 
Pagel lus a f  f i n i s  285,00 12,b 
Sepia sp 140,60 6,2 

04.05 1350 228 PT 126 60 N18 29' E057 31' 1,4 $ 9  Trachurus indicus ,92 102,2 

04.05 2105 229 FT 79 79 N18 41' E057 37' 1499,8 2999,b Trachurus indicus 2869,40 95, b 
Pagel lus  sp. 104,20 3,4 

5.U5 0115 230 ST 80 80 Ml8 42' EU57 42'10900,8 20001,6 Trachurus ind icus 19846,OO 99,2 

05.05 0855 231 ET !? 17 N18 56' E057 4 4 7 2 2 4 , b  449,2 Trichiurus lepturus 
Carangoi des mal abaricus 
Rhabdosargus haf f ara 
Trachurus i nd i cus  

06.05 O906 232 BT l l N19 $6' E058 04' 150$,0 3fi$fi,0 Trachurus ind i rus  
tjeeipterus japonicus 

Qb.05 1125 233 BT 32 32 N14 10' E057 50' 34,8 b9,b Sepia sp 
Carangoides chrvsophrys 
Arius thalassinus 
Loxodon sp. 

06.05 1410 234 BT b1 b l  N19 13' E057 59' 305,4 610,8 Carangoides equula 
Cheinerius nuiar 
CARCHARHINIDAE 
Sepia sp 

Ob.05 1825 235 ST 72 i ?  N19 20' E05E 02' 1585,3 3172,6 Poeadasys str idens 
Lep ido t r i g l  a bentuv ia i  
Trachurus indicus 
Arius thalassinus 

- A 

g6.05 2210 236 PT 24 !O ti19 28' L057 51' 83,Q 167,6 Trachurus indicus 
Pecapterus russel l  i 
Trachinotus b l c c h i i  
Plectorhynchus p i c t u s  

07.05 07CO 237 ET l 5  15 ti19 45' E057 49' 1639.: 4917,9 Ancharius b rev iba rb i s  
Arguroso~rus hololepi dotus 
Argyrops su in i fe r  
Plectorhynchus sp. 



TIHE STN GEAR -DEPIH-!lj~- --QCl!@N-- CATCH (KG)  
DATE START No. TYPE BOTTOH GEAR LATIT. LONGIT. TOTAL PR HR DOHINANT SPECIES 

07.05 1040 238 BT 100 100 N19 30' E058 19'22740,2 45496,4 Trachurus indicus 
Decapterus russell i 
Nemipterus japonicus 

07.05 1540 239 $T 33 33 N19 49' E058 40' 100,0 217,b Pagellus natalensis 
Loligo sp 
Plectorhynchus pictus 
Lagocephalus spadiceus 

07.05 2140 240 PT 25 10 N20 01' E050 07' 575,l 1150,? Trachurus indicus 
Alepes vari 
Sardinel l a  lonqiceps 
Satdinelia gibbosa 

08.05 0050 241 PT 18 1 N20 11' E058 02' 515,9 1037,8 Trachurus indicus 

." . " 
HIYC 
I r i u s  thalassinus 
Sphyraena sp. 

08.05 0445 242 BT 21 21 N20 12' E058 06' 139,B 279,b Trachurus indicus 
Arius thalassinus 
Carangoides f er dau 
Yardinei la Iongiceps 

08.05 1155 243 ET 52 52 N20 02' E05B 32' 199,! 597,3 Cheinerius nufar 
Arqyrops spinifer 
Lethrinus nebul osus 
Arius thalassinus 

09.05 0430 244 ET 114 114 NZO 39' E059 15' 1999.9 3999,0 Trachurus indirus 
Nemipterus japonicus 
Scomber japonicus 
Pteridotriqla heinisticata 

09,05 0950 245 PT 23 23 N21 02' E059 01' 96,7 193,4 Argyrops spinifer  
Loligo sp 
Leiagnathus berbi s 
CfiRCHBRHINIDAE 

09.05 1315 246 BT 75 75 NI1 03' E059 17' 4t!,P 935, 6 Celar crumenophthalmus 
Trachurus indicus 
Decapterus russell i 
Sepia sp 

09.05 lb45 247 $T 72 72 N21 09' E059 24' 4i1,6 ?43,2 Pagelius a f f i n i s  
Selar crumenophthaimus 
Saur i da undosquami s 
Nemipterus japonicus 

HEIGTH ( K G )  
PR HR Y, 



TInE STN GEAR -DEPTH (Mi- - - ~ @ L ~ L ~ N _ -  CATCH (KG) WEI6TH (KG) 
DATE START No. TYPE BOTTOH GEAR LATIT. LONGIT. TOTAL PR HR DOtlIMANT SPEE JES PR HR X 

10.05 0700 248 BT 41 41 ,N02 20' E059 45' 702,5 1405,0 Argyrops sp in i fe r  721,60 51,3 
Carangoides chrysophrys 233,40 16,6 
Pagellus a f f i n i s  145,OO 10,3 
Lethrinus nebulosus 90,00 6,4 

10.05 0855 249 BT 89 89 N22 03' E059 48' 1499,8 4499,4 Decapterus r u s s e l l i  1487,lO 33,O 
Argyrops sp in i fe r  1258,50 27,9 
Neripterus japonicus 1220,lO 27,l 
Sauri da undosquaai s 175,50 3,9 

10.05 1140 250 %T 74 74 N22 15' E059 51' 835,7 lb71,4 Selar crurenophthalaus 560,00 33,s 
Argyrops sp in i fe r  464,OO 27,7 
Chei r e r i  us nuf ar 319,OO 19,O 
Pomadasys str idens 130,50 7,8 

14.05 0315 251 PT >500 250 N23 55' E058 27' 10,9 21,0 Harpadon sp. 15,40 70,6 
HISCELLANEDUS 3,00 13,7 
Trachipterus sp. 2,20 10,0 
Cubiceps sp. 1,20 5,5 

14.05 0440 252 PT 3 0 0  40 N23 55' E058 27' 13,l 26,2 NYCTOPHIDAE 21,00 80,l 
Cubiceps sp. 2,80 10,b 
Harpadon sp. 1,00 3,8 
Neoepinnul a or ienta l  i s  ,b0 2,2 

14.05 0805 253 BT 50 50 N23 49' E058 12' 901,l 1802,2 Upeneus sulphureus 906,40 50,2 
Leiognathus f asciatus 330,00 18,3 
Nemipterus japanicus 239,80 13,3 
SHARY. 149,bO 8,3 

14.05 1340 254 ST 30 30 N23 53' E057 43' 110,l 220,2 Gnathanodon speciosus 140,OO 63,s 
Nesipterus per oni lb,00 7,2 
Psettodes erurnei 11,bO 5,2 
Carangoides chrysophrys 10,00 4,5 

14.05 1505 255 B? 20 20 N23 52' E057 39' 150,4 330,9 Lutjanus malabaricus b0,bO 18,3 
Lethrinus elongatus 37,20 11,2 
Lethrinus nebulosus 28,00 8,4 
Gnathanodon spetiosus 24,80 7,4 

15.05 0050 256 PT 305 245 N24 28' E057 00' 22,5 45,O HYCTOPHIDAE 40,00 88,8 
Trichiurus lepturus 3,00 6,6 
HURAENIDAE 2,00 4,4 

15.05 0200 257 PT 320 40, N24 29' E057 00' 10590 21070 HYCTOPHIDAE 210,00 100,O 

15.05 0725 258 BT b0 b0 l424 34' E056 44' 218,4 436,8 Neripterus japonicus 72,80 1b,6 
Upeneus sulphureus 53,bO 12,2 
Carangoides malabaricus 41,60 9,5 
CARCHARHINIDAE 38,40 8,7 



T I HE STN 6EAR -B[QH-(n)- --mIIl@-- CATCH (K61 WEIGTH (K61 
DATE START No. TYPE BOTTOH 6EAR LATIT. LON6IT. TOTAL PR HR DOflINAtiT SPECIES PR HR X 

15.05 l630 259 BT 64 64 N25 03' E056 29' 82,s 198,O Trichiurus lepturus 96,OO 48,4 
Lethrinus opercularis 36,OO 18,l 
Lut janus bengalensis 8,64 4,3 
SHARK 8,lb 4,l 

16.05 0840 260 ET 81 81 N25 43' E056 31' 170,l 340,2 Ariomaa i n d i c a  69,bO 20,4 
Proaicrops lanceolatus 37,bO 11,O 
Argyrops s p i n i f  er 31,20 9,1 
Carangoides malabaricus 29,60 8,7 

16.05 1130 261 ET b1 61 N25 52' E056 27' 63,2 189,b Carangoides aalabaricus 34,50 18,l 
CARCHARHINIDAE 22,50 11,8 
Lut janus malabaricus 19,50 10,Z 
brgyrops s p i n i f e r  19,20 lo,! 



ANNEX IV 

Resu l t s  f rom t h e  l e n g t h  measurements. 

STATION LENGTHS I N  SANPLE 
LOWEST HIGHEST EÆAN ST. Dm. N 

FAIULY/SPECIES 

Trachunis indicus  

LENGTHS IN SANTLE 
HIGHEST tEAN ST. DEV. 

ARIIDAE 
Arius tenuispin is  

CAUmG IDAE 
Caran&oides sp. 

CLUPEIDAE 
Dussudor in  acuta  

Caraneoidos caeruleopinnatus 

Caraneiodes equi la  

Sardiliella sy. 

Sordinel la '  gibbosa 

Sardinel la  longieepe 

DRXPANIDAE 
Drepane punctata 

Dreynno langinmm 

ENGRAULIDAE 
Stoleplhorus sp. Scouberoidea eoiuneraonianus 

Tracliunis indicus  Stolepliorus puoetif i e r  

Thryssa v i t r i r o s t r i s  

LUTJANIDAE 
Lutjanus l u t j a n u s  

Lutjsnus e r y t h m p t e r u e  

Lutjanus benwlens is  



LENCTHS IN S W L E  STATION 

6 2  

LENGTHS IN SAELPLE 
LOWEST IIIGIIEST HEN ST. DEV. N 

27.0 45 .0  33.3 4.7 68 

.OWEST HIGHEST PIEAN ST. DEV. N 
SPAHIDAE 

Argyrops ap. 

Argyrops syini fer  

Aryyropa f ilamentosua 

Cheimriue nufar 

NEMIPTEILIDAE 
Nemipterus ap. 
Nemipterus jeyonicus 

Parascolopais eri<wsul 

No&!zIDAB 
Cubiceps SP. Polystebanua coeruleopunct 

SPHYRAENIDAE 
Sphyraena sp. 

SCIAENIDAE 
Argyrosomus halolepidotue 



ANNEX V 

Length frequency d i s t r i b u t i o n s  (raw da ta ) .  

STATION Lowes t S tey F R E Q U E N C Y  I N  L E N G T H  G R O U P  
lenstl i  l enbth  1 2 3 4 5 6 7 8 9 10 11 12 13 14 I5 16 17 I8 19 20 21 22 23 24 25 26 27 28 29 30. 

ARIIDAE 
Arius tenuisp in is  158 30.0 

CARANG IDAE 
carariboidr?s s y  
Caranyoideu inelabaricus 

Catarigoides cliry sopttry s 

Carangoides caer<ileoyinnatus 
Caranyoides equula 

Docapterus r u s s c l l i  

Decayterua t a l l  
Sclar  cruitenophthaliuus 

Scomberoides colmoersanianus 
Trbchunis ind icus  



STATION L a r e s t  S t e y  F R E Q U E N C Y  I N  L E N C T H  G R O U P  
l e n g t h  l e n g t h  1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

Uraspis  secunda 

CLUPEIDAE 
Dussumierla e c u t a  

S a r d i n e l l a  sp. 
S a r d i n e l l a  gibbosa 

Snrdi i ie l ln  lung iceps  

DREPANIUAF, 
Dreyane yunctntn 
Dreprne lonbmana 

ENCRAULIDAE 
S to leyhorus  s y  
SLolephorus punct if  i e r  
Thryssa v i t r i r o s t r i b  

HOLOCENTRIDAE 
Adiuryx bhsentus 

LEIOGNATHIDAE 
Leiognatlius e longa tus  

LETHRINIDAE 
L e t h r i n u s  l e n t j a t i  

Lethri i ius  ne tu losus  

L e t h r i n u r  e longa tus  

Le th r inus  mahsena 

LUTJ ANIDAE 
Lut i anus  l u t j a n u s  
Lu t j anus  e r y t h r u y t e r u s  
Lut janua benyrlei is is  



FAMILY/SPECIES STATION Lowest 
l e n g t h  

S tep  F R E Q U E N C Y  I N  L E N C T H  C R O U P  
l e n y t h  1 2 3 4 5 6 7 8 Y 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

138 
140 
143 
144 
145 
146 
147 
148 

NEMIPTERIDAE 
Nemipterus sp.  119 
Nemipterus japonicus 76 

92 
126 
167 
170 

Nemipterus ye ron i  164 
Parasco lops i s  eriomma 20 2 

NOHEIDAE 
Cubiceps sp.  

POMADASY IDAE ,HAEEULIDAE 
Diayrarmta p i c t a  183 35.0 

59 40.0 
6 1  35.0 

Pomadasys o p t r c u l a r i s  158 50.0 
Poiuedasys s t r i d e n s  151 10.0 

152 10.0 

SCIAENIDAE 
Aryyroaomus ho lo ley ido tus  174 80.0 

SCOEIBRIDAE 
Ras t r e l l i ~ e r  kanagur ta  124 20.0 
Scomber japonicus 149 30.0 

211 30.0 
Scomberoniorus c o m e r s o n i  59 49.0 

SPARIDAE 
Argyrops sp. 62 
Argyrops s y i n i t e r  60 

149 
150 
15 1 
154 
157 
158 

Arfyrops f i lanientosus 192 
20 1 

Clieiiuerius n u f a r  63 
98 

100 
171 
192 
20 1 
20 2 
204 
206 
209 
215 
234 

P a s e l l u s  af  f i n i s  92 
112 
154 
157 
162 

Polysteganus coe ru leoyunc ta tus  94 

SPIiYRAENILSAE 
Spliyraenn sy. 
Sphyraena o t t u s a t a  
Syhyraena af r i e a n a  
Spy raena yu tnaø iae  

SYNODONTIDAE 
Saurida ap. 
Saurida tumbi l  





ANNEX VI 

L i s t  o f  species caught i n  s h e l f  waters o f f  Oman 1983-84, w i t h  re fe rence t o  
s t a t i o n  numbers where caught and t o  catch/hour ( i n  b racke ts ) .  When ca tch  i s  
g iven  as 0.0, species i s  present  b u t  w i t h  l e s s  than 0.1 kg/hour i n  catch. 

ACANTHURIDAE 
Ctenochaetus s t r i gosus  61( 7.0), 63( 6.8)s 

ALBULIDAE 
Albula sp. 
Albula vulpes 

ANGUILLIPORNES 
Leptocephalus 

ARIIDAE 
Ancharius brevibarbis  231( 14.5),237( 
Arius sp 59( 22.8), 62( 

67( 872.0) 71( 
77( 4.9), 79( 
86( 2.4)s 88( 

182( 40 .O), 
Arius tha lass inus  61( 50.0) ,149( 

165( 14.2) ,171( 
177( 951.6),181( 
207( 48.2);208( 
239( 13.8),241( 
255( 13 - 4 )  ,261( 

Arius maculatus 142( 35.8), 
Arius t enu i sp in i s  158( 155.0) ,159( 

ARIOPIMIDAE 
Ariomma indica  

BALISTIDAE 
Sufflamen f raenatus  104( 5.3) ,183( 5.8) ,187( 30.6) ,202( 19.2) ,209( 1.9) ,215( 14 -21% 

219( .O) ,220( 39.8),225( 16.0), 
Sufflamen c a p i s t r a t u s  93( 1.3), 97( l - 3 ) ,  

BOTHIDAF, l i a (  9.8),119( 2.8),124( . 2 ) ,  
Pseudorliombus a r s i u s  218( 12 .O) ,234( 1.4) , 

CAESIONIDAE 
Caesio sp. 

CALLIONYMIDAE 60( - l ) ,  

CARANG IDAE 
Alec t i s  indicus  

A lec t i s  c i l i a r i s  

Alepes sp. 
Alepes d jeddata 
Alepes v a r i  

Atule mate 
Carangoides sp  

Carangoides ferdau 
Carangoides malabaricus 

Carangoides fu lvogut ta tus  
Carangoides chrysophrys 



Caranyoides armatus 
Cararigoides caeru leopinna tus  
Carangoides equula 

Cararigoides d i n e m  
Decapterus r u s s e l l i  

Decapterus t a b 1  
Gnathanodon spec iosus  

Megalaspis cordy l a  

Naucrates sp.  
Naucrates d u c t o r  
Parastromateus n i g e r  
Pseudocaranx sp.  
S e l a r  crurnenophthalmus 

Scouiberoides t o 1  
Scouiberoides c o m e r s o n i a n u s  
S e r i o l a  sp. 
S e r i o l a  r i v o l i a n a  
S e r i ~ l i n a  n i g r o f a s c i a t a  
Se la ro ides  l e p  t o l e p i s  
Trachinotus b l o c h i i  

Trachurus sp .  
Trachurus i n d i c u s  

Uraspis  sp.  
Uraupis secunda 

CENTROLOPHIDAE 
Psenopsis  cyanea 195( -2) ,200( 67 -2) 

CHAETODONTIDAE 63( 3.0) ,187( 1.2) ,202( 6.8) ,204( l.O), 
Chaetodon sp. 60( .4), 93( 5.5), 98( .5),215( 1.6),219( .0),220( 7.0). 
Chaetodon leucopleura  104( .2), 
Heniochus acuminatus 61( 32.0) ,149( .2),255( 5.6), 

CHAMP SODONTIDAE 
Ciitirnpsodon sy.  

CHIKOCENTRIDAE 
Chi rocent rus  dorab  67( 39.6),142( 2.0), 

CITHARIDAE 77( -613 

CLUPEIDAE 
Dussumiera sp. 64( 
Dussumieria a c u t a  6% 

231( 
Etrumeus t e r e s  65( 

196( 
l lerklosicl i thy s quadrimaculatus2 10( 
H i l s a  k e l e e  138( 
s a r d i n e l l a  sp. 72( 
S a r d i n e l l a  g ibbosa  64( 

157( 
198( 
242( 



S a r d i n e l l a  longiceps  

CRABS 

PORTUNIDAE 
Charybdis edwardsi  

CINOGLOSSIDAE 
Cynoglossus c a r p e n t e r i  

DACTYLOPTERIDAE 
Dactyloptena s p  
Dacty lopte rus  o r i e n t a l i s  

DIODONTIDAE 
Chilomy c t e r u s  af  f i n i s  
Chilomycterus e c h i n a t u s  
Chilomycterus o r b i c u l a r i s  
Diodon sp. 

DREPANIDAE 
Drepane puncta ta  
Drepane longmana 

EQIENEIDAE 
Echeneis sp. 
Echeneis n a u c r a t e s  

ENGRAULIDAE 
Stolepliorus s p  
Stolepiiorus i n d i c u s  
S to lephorus  p u n c t i f i e r  
Tliryssa s p  
Thryssa v i t r i r o s t r i s  

FISTULARIIDAE 
F i s t u l a r i a  s p  

F i s t u l a r i a  petimba 

FISH LARVAE 

GEMPYLIDAE 
Neoepinnula o r i e n t a l i s  

GERREIDAE 
Gerres f i l a u e n t  osus 

Pentap r i o n  longimanus 

HAiiPADONTIDAE 
Harpadoit sp. 

HOLOCENTRIDAE 
Adioryx h a s t a t u o  

JWENILE FISHES i n d e t .  

LEICGNATHIDAE 
Leiognathus s p  
Leiognathus elorigatus 
Leiogtiathus f a s c i a t u s  
Leiognatlius bindus 
Leiognathus b e r b i s  

LE'L'HRINIDAE 
Lett ir inus sp .  
L e t h r i n u s  l e n t j a n  



Lethr inus  nebulosus 59( 
72( 
93( 

100( 
109 ( 
152( 
202( 
217( 
243( 

Le thr inus  min ia tus  59( 
Le thr inus  o p e r c u l a r i s  219( 

260( 
Letl i r inus e longa tus  60( 
Lethrir ius mahsena 79( 

L O B S T E R S  123( 

SCYLLARIDAE 125( 
Thenus o r i e n t a l i s  59( 

LUTJANIDAE 
Lut janus  s p  96( 
Lut janus  j o h n i i  125( 
Lut janus cocc ineus  101( 
Lut jarius l u t  janus 59( 

202( 
Lut janus  malabar icus  125( 
LUL jarius f u l v i f  lanuuus 63( 
Lut janus  e r y t h r o p t e r u s  59( 
Lut jarius kabmira 61( 
Lut janus  c o e r u l e o l i n e a t u s  102( 

220( 
Lut janus  r u s s e l l i  106( 
Lut janus bengalens i s  118( 

259( 
P r i s  tipomoides mul t idens  63( 

252( 

MONACANTHIDAE 
Alutera  monoceros 

Paramoriacanthus sy .  
S tephanolep is  sp .  
Stephanolepis  a u r a t u s  
Stephanolepis  r e c t i f  rons 
S tephanolep is  d i a s p r o s  
Tliainnaconus sy.  

MULLIDAE 
Mulloides sp. 
Parupeneus sp.  

Parupeneus cl iryserydros 
Parupeneus f r a t e r c u l u s  

Parupeneus rubescens 
Parupeneus b i a u r i t u s  
Upeneus s p  
Uperieus sulpt iureus 
Upeneus t r a g u l a  

INCTOPMIDAE 127( 
133( 
140( 
148( 
256( 

NEMIPTERIDAE 
Nemipterus sp.  
Nemipterus metopias 
Nemipterus japonicus 



Nemipterus b l e e k e r i  
Nemipterus peroni  
Paroscoloys is  sp.  
Parasco loys is  erionura 

Parasco lops is  a s p i n o s a  
Scolops is  bimaculatus 
Scolops is  vosmeri 
Scolops is  t a e n i a t u s  

Scolops is  b i l i n e a t u s  

NEM1 CHTHY IDAE 146( 

NOME IDAE 
Cubiceps sp .  

OPMIDIIDAE 200( 

OSTRACIONTIDAE 75( 

L a c t o r i a  cornuta  61( 
Tetrosomus g ibbosus  60( 

202( 

PARALEP I D  IDAE 
Lestidium sp.  

Platycepiialus sy. 66( 
121( 
218( 

P l a t y  cephalus s c a b e r  83( 

PLEURONECTIPORMES 88( 

POLY NEMIDAE 
Polynenius s e x t a r i u s  67( 

PLOTOSIDAE: 72( 
P lo tosus  l imbatus  187( 

POMADASY IDAE ,HAEMULIDAE 75( 
Diagranirna p i c t a  59 ( 

i l l (  
220 ( 

Plectorhynchus sp. 75( 
Plectorhynchus f l a v o m c u l a t u s  61( 
Plectorhynchus schotaf  7 l (  
Plectorhynchus g a t e r i n u s  82( 
Plectorhynchus f a n g i  100( 

209( 
P l e c t  orhynchus chubbi i l l (  
Plectorliynctius p i c t u s  209( 
Pomadasys sp.  123( 
Pomadasys ioaculatus 83( 
Pomadasys has t a  219( 
Pomadasys o p e r c u l a r i s  59( 
Pomadasys i r ic i sus  83( 
Pomadasys s t r i d e n s  59( 

76( 
155( 

PRIACANTHIDAE 
Cookeolus booys 
Pr iacanthus  s p  . 
Pr iacanthus  hamrur 
Priacaritirus b l o c h i i  

P SETTODIDAII 
Pse t todes  erunrei 

RACHY CENTRIDAE 
Rachycentron canadus 



R A Y  S 

DASYATIDAE 
Das y a t  is j e n k i n s i i  
Dasy a t i s  uarnak 

GYMNURIDAE 
Gymnura sp .  

MOBULIDAE 
Mobula d i a b o l u s  

MYLIOBATIDAE 

RHINOBATIDAE 
Rhynchobatus d jeddens is  
Rliinobatus sp. 
Torpedo marmorata 

SCARIDAE 
Scarus a r a b i c u s  

SCIAENIDAE 
Argyrosomus sp. 
Argyrosonius l io lo lep idotus  
Argy rosoinus h e i n i i  
At rac toec ion  aequidens 
O t o l i t h e s  ruber  
Uinbrinu. s i n u a t a  

SCOMBRIDAE 
R a s t r e l l i g e r  sp. 
R a s t r e l l i g e r  kanagur ta  
Sarda o r i e n t a l i s  
Scombrr japonicus  

Scomberomorus commerson 

Scomberomorus g u t t a t u s  
Thunnus obesus 

SCORPAENIDAE 
P t e r o i s  s p  

SERRANIDAE 
Epinephelus s p  

Epinephelus f a s c i a t u s  
Epinephelus tauvina  
Epineyhrlus n r e o l a t u s  

Epinephelus malabaricus 
Epinephelus a r e o l a t u s  
Epinephelus d iacanthus  

Epinephelus s u m a n a  
Epineptielus c h l o r o s  tignia 
Epirieyhelus r a d i a t u s  
Epinephelus l a t i f  a s c i a t u s  
Proniicrops l a n c e o l a t u s  

SHARK 

CARCBARHINIDAE 

Carcharhinus obscurus 
Loxodon s p .  
Rhizoprionodori a c u t u s  

Loxodon macrorhinus 

Rhizoprionodon o l i g o l i n  
Galeocerdo c u v i e r  
Heterodontus sp. 
Er idacnis  r a d c l i f f e i  
Sphy rna  l e w i n i  
Mustelus s p  
Mustelus mosis 



SHRIMP S 
Shrinips. small .  non conim. 
Parapenaeus sp. 

SIGANIDAE 
Siganus s p  

Siganus s u t o r  

SPARIDAE 
Acanthopagrus b i f a s c i a t u s  
Argyrops sp. 
Argyrops s p i n i f  e r  

Argyrops f i l amentosus  

Cheimerius n u f a r  

Diylodus c a r v i n u s  
Sparida omanensis 
P a g e l l u s  sp. 
Page l lus  n a t a l e n s i s  
Page l lus  af  f ini.6 

Rhabdosargus s a r b a  
Rhabdosargus ha£ f a r a  

SPHY RAENIDAE 
Sphy raena sp .  
Sphyraena f o r s t e r i  
Sphyraena barracuda 
Sphy raena o b t u s a t a  

Spliy raaria j e l l o  
Sphyraena af  r icana  

Spy raena putnamiae 

C E P H A L O P O D A  

LOLIGINIDAE 

Loligo s p  



SEP IIDAE 

Sep ia  s p  

SYNODONTIDAE 
Saur ida  sp .  59 ( 

92( 
66( 

121( 
142( 
243( 
117( 
167( 
218( 
245 ( 

Saur ida  m i c r o p e c t o r a l i s  103( 
Synodus sp.  195( 
Trach inocepha lus  sp.  146( 
Trach inocepha lus  myops 95( 

Saur ida  t u n b i l  

Saur ida  unuosquamis 

TETRAODONTIDAE 

Chel onodon ni>. 
Lagoceplialus s p  

Lagocephalus s c e l e r a t u s  
Lagocephalus s p a d i c e u s  

THERAPONIDAE 
P e l a t e s  q u a d r i l i n e a t u s  
Therapon ja rbua  

TRIGLIDAE 
L e p i d o t r i g l a  s y  

L e p i d o t r i g l a  b e n t u v i a i  

L e p i d o t r i g l a  omanensis 
P t e r i d o t r i g l a  h e m i s t i c a t a  

TRICHIURIDAE 
T r i c h i u r u s  sp.  195( 
T r i c h i u r u s  l e p t u r u s  65( 

g l (  
121( 
129( 
143( 
235( 

T r i c h i u r u s  a u r i g a  200( 

TRIACANTHIDAE 
P s e u d o t r i a c a n t h u s  s t r i g i l i f e r  254( 
T r i a c a n t h u s  b i a c u l e a t u s  175( 

TRIACANTIIODIDAE 84( 

VELIFERIDAE 
V e l i f  e r  a f  r i ca r ius  90( 



Annex VI1 Processed ca t ch  da ta  by r eg ions  and by gear, spec ies and 
bot tom depth zones. 

Table A la. Summary of catches in bottom trawl from all work north of Ras al Hadd. 

7; incidenceMean c. 7; of MEAN CATCH IN BOTTOM DEPTM CTRATA 
in tot.no. of c. total 
of hauls >Ikg catch 

FAMILY C A T C H  G R O U P C  (kg/h) 
GEAR:OEMERSAL 

1-29 30-99 100-299 300-999 >l000 <50m 50-100111 100-180m >l 80m 

Carangidae 4 4 2 O 1 1 O0 218.3 32 41.8 689.1 .O .O 
Cynodontidae 5 3 1 1 O 91 115.1 16 127.9 42.7 .O .O 
Cphyraenidae 6 3 1 1 O 100 79.1 12 47.1 164.5 .O .O 
Lethrinldae 2 2 O 1 O 46 137.4 Y 82.2 9.7 .O .O 
Cparidae 5 2 1 O O 73 49.6 5 38.8 28.9 .O .O 
Nemipteridae 5 1 1 O O 64 46.1 4 26.6 36.6 .O .O 
Lutjanldae 2 1 1 O O 36 51.8 3 25.7 .7 .O .O 
Pomadasyidae 3 2 1 O O 55 38.9 3 25.4 10.0 .O .O 
Squids 8 2 O O O 91 18.9 3 19.1 12.3 .O .O 
Drepanidae 1 2 O O O 27 36.2 2 13.6 .O .O .O 
Rnys 1 2 fl O O 27 37.6 2 14.1 .O .O .fl 
Ariidae 2 1 O U U 27 17.9 1 6.1 1.6 .U .U 
Gerridae 3 1 O O O 36 15.8 1 7.9 .O .O .O 
Leiognathidae 2 1 O O O 27 24.0 1 9.0 .O .O .O 
Monacanthidae 3 1 O O O 36 15.8 1 7.3 1.6 .O .O 
Mullldae 4 1 O O O 46 16.3 1 5.6 12.3 .O .O 
Plathyceph. 4 1 O O O 46 10.2 1 4.9 3.9 .O .O 
Psettodidae 5 O O O O 46 13.8 1 8.6 .O .O .O 
Sciaenldae O 1 O O O 9 35.0 1 .O 11.7 .O .O 
Scombridae 4 O O O O 36 11.7 1 5.7 . 3  .O .O 
Charks 4 O O O O 36 12.7 1 3.8 6.7 .O .O 
Other fish 16.2 2 

MEAN OF TOTAL CATCHEC 676.8 539.4 1043.1 .O .O 

NO OF HAULC: 11 TOTAL 8 3 O O 

Table A Ib Summary of catches in pelagic trawl from all work north of Ras al Hadd. 

7; incidenceMean c. 7; of MEAN CATCH IN BOTTOM DEPTH CTRATA 
in tot.no. of c. total 
of hauls >Ikg catch 

GEAR:PELAGIC 
FAMILY C A T C H  G R O U P S  (kg/h) 

1-29 30-99 100-299 300-999 >l000 <50m 50-100m 100-180m >180m 

Myctophidae 4 6 5 3 1 9 1 246.6 96 .O .O .O 234.3 
Nomeidae 5 1 O O O 29 14.7 2 .O .O .O 4.4 
Carangidae 4 O O O O 19 5.9 1 .O .O .o 1.2 
Trichiuridae 6 O O O O 29 6.9 1 .O .O .o 2.1 
Other fish 2.7 1 

MEAN OF TOTAL CATCHEC 233.2 2. O .O .O 244.7 

NO OF HAULC: 21 TOTAL 1 O O 20 



Table A 2a. Summary o f  a l l  catches i n  bottom t r a w l  between Ras a l  Hadd and Masirah Is land.  

?i incidenceMean c. X o f  MEAN CATCH IN  BOTTOM DEPTH STRATA 
i n  tot.no. o f  c. t o t a l  
o f  hau ls  > I kg  ca tch 

GEAR:DEMERCAL 
FAMILY C A T C H  G R O U P C  (kg/h) 

1-29 30-99 100-299 300-999 >l000 <50m 50-100m 100-1 80m >l 80m 

Carangidae 7 7 5 4 2 96 342.3 31 46.4 269.6 3604.2 .O 
Sparidae 4 5 5 6 2 85 325.5 26 288.0 285.7 .O .O 
Nemipteridae 8 3 5 1 1 69 160.1 10 14.8 154.2 141.4 .O 
A r i i dae  7 2 1 2 O 46 170.0 7 238.0 8.0 .O .O 
Pomadasyidae 5 3 3 3 O 54 135.0 7 121.8 53.9 .O .O 
Synodontidae 8 4 2 O 1 58 114.3 6 14.4 94.1 .O .O 
Cquids 1 6 1 O O 31 62.1 2 16.6 21.4 .O .O 
T r i ch iu r i dae  2 2 2 O O 23 95.0 2 62.9 3.9 .O .O 
A lbu l idae 1 O O 1 O 8 162.9 1 .O 19.2 .O .O 
Apogonidae 1 O 1 O O 8 82.2 1 .O 9.7 .O .O 
Gerridae 2 2 1 O O 19 47.6 1 5.2 11.6 .O .O 
Lethr in idae 2 2 1 O O 19 66.8 1 6.2 16.7 .O .O 
Scombridae 2 O 1 O O 12 51.7 1 1.7 .O 141.4 .O 
Serranidae 6 1 O O O 27 17.9 1 2.9 6.0 .O .O 
Sharks 4 2 O O O 23 28.3 1 10.6 5.0 .O .O 
Sphyraenidae 2 1 1 O O 15 54.7 1 10.0 8.2 .O .O 
T r i g l i d a e  6 3 1 O O 39 29.4 1 4.2 8.7 112.8 .O 
Other f i s h  16.9 1 

MCAN 01- [UTAL CAICIICC 1068.4 874.8 987.1 3999.8 .O 

NO OF HAULS: 26 TOTAL 8 17 1 O 

Table A 2b. Summary o f  a l l  catches i n  pe lag i c  t r a w l  between Ras a l  Hadd and Masirah Is land.  

!; incidenceMean c. W o f  MEAN CATCH IN  BOTTOM DEPTH CTRATA 
i n  tot .no.  o f  c. t o t a l  
o f  hauls > I k g  catch 

GEAR:PELAGIC 
FAMILY C A T C H  G R O U P S  (kg/h) 

1-29 30-99 100-299 300-999 >l000 <50m 50-100m 100-180111 >180m 

Carangidae 
Pomadasyidae 
Clupeidae 
Myctophidae 
Engrail l idae 
NeiiiipLeridac 
Sharks 
T r i ch iu r i dae  
Other f i s h  

MEAN OF TOTAL 

NO OF HAULS: 

CATCHEC 

9 TOTAL 



Table A 3a. Summary on a l l  catches i n  bottom t r a w l  from the  Masira Bank. 

!i incidenceMean c. 7; o f  MEAN CATCH IN  BOTTOM OEPTH STRATA 
i n  to t .no .  o f  c.  t o t a l  
o f  hauls > i k o  catch 

GEAR:OEMERSAL 
FAMILY C A T C H  G R O U P S  (kq/h) 

Carangidae 
Sciaenidae 
A r i i dae  
Pomadasyidae 
Nemipteridae 
Lethr in idae 
Rays 
Sparidae 
Sharks 
Squids 
T r i g l i d a e  
Other f i s h  

MEAN OF TOTAL 

NO OF HAULS: 

CATCHES 

33 TOTAL 

Table A 3b. Summary on a l l  ca t ches ' i n  pe lag ic  t r a w l  from the Masirah Bank. 

76 incidenqeMean c.  :i o f  MEAN CATCH I N  BOTTOM DEPTH STRATA 
i n  tot .no.  o f  c. t o t a l  
o f  hauls > I k g  catch 

GEAR:PELAGIC 
FAMILY C A T C H  G R O U P S  (kg/h) 

1-29 30-99 100-299 300-999 >l000 <50m 50-100m 100-180m >180m 

Carangidae 1 2 3 5 6 94 1703.2 86 523.7 6479.0 856.0 .O 
Clupeidae 1 2 3 3 O 50 239.9 6 170.5 151.2 .O .O 
Sphyraenidae 4 O 2 O 1 39 194.3 4 26.0 366.7 .O .O 
A r i i dae  1 1 1 O O 17 57.3 1 17.2 .O .O .O 
Rays O O 1 O O 6 150.0 1 15.0 .O .O .O 
Sharks 1 O 1 O O 11 124.7 1 24.9 .O .O .O 
Other f i s h  36.3 1 

MEAN OF TOTAL CATCHES 1872.1 835.8 6996.9 869.7 .O 

NO OF HAULS: 18 TOTAL 1 O 3 5 O 



Figure A 4a. Summary o f  a l l  catches i n  bottom t r a w l  between Ras a l  Madraka and Ras Marbat. 

:A incidenceMean c. 7; o f  MEAN CATCH IN  BOTTOM DEPTH STRATA 
i n  tot .no.  o f  c. t o t a l  
o f  hauls > I k g  catch 

GLAR :DCMt RCAI 
FAMILY C A I C t1 G R O U P 5 (kg/h) 

1-29 30-99 100-299 300-999 >l000 <50m 50-100m 100-180m >180m 

Carangidae 
Clupeidae 
Sparidae 
Le th r i n i dae  
Nernipteridae 
Cynodontidae 
T r i g l i d a e  
Crabs 
Pomadasyidae 
Cerranidae 
Cquids 
Other f i s h  

MEAN OF TOTAL CATCHEC 3329.0 

NO OF HAULC: 37 TOTAL 

Table A 4b. Cummary on a l l  catches i n  pe lag ic  t r a w l  between Ras a l  Madraka and Ras Marbat. 

:A incidenceMean c. % o f  MEAN CATCH IN  BOTTOM DEPTH CTRATA 
i n  tot .no.  o f  c. t o t a l  
o f  hau ls  > I k g  catch 

GEAR:PELAGIC 
FAMILY C A T C H  G R O U P C  (kg/h) 

1-29 30-99 100-299 300-999 >l000 <50m 50-100m 100-180m >180m 

Carangidae 7 O 1 O 1 53 2253.6 93 3.4 10123.8 .4 2.8 
Apogonidae O O O 1 O 6 824.0 4 .O .O .O 103.0 
Clupeidae 5 O 2 O O 41 50.3 2 51.5 .O 47.7 .9 
Other f i s h  20.0 1 

MEAN OF TOTAL CATCHEC 1282.3 136.7 10128.8 52.4 115.1 

NO OF HAULC: 17 TOTAL 3 2 4 8 

l 



Annex VI11 Histograms o f  pooled l eng th  d i s t r i b u t i o n s  o f  the  most common 
pe lag i c  f i shes .  

T r a c h u r u s  i n d i c u s  ( p o o l e d  d a t a )  

Ras al Hadd - Masira Isl. Surv.1 
REAN LEHGTH = 21, bcm N= 309 
nodes : , 20cn, 24co 
NURBER OF SUBSAMPLES : 5 
SRIPLES FROM ST.NO.: 244 UNTIL CT.NO.: 250 

LOWEST STATION : 215 HIGHEST STRTION : 250 

T r a c h u r u s  i n d i c u s  ( p o o l  e d  d a t a )  

Masira Bank, Survey I 
HEIN LEHGTH = 15,9cm N= 835 
Hodes : , 15c1 
NUHBEH 9F SUBSANPLES : 10 
SRMPLES mon 51.~0.: 71  UNTIL ST.NO.: 89 

LOWEST STATION : 13 HIGHEST STATION : I l b  

T r a c h u r u s  i n d i c u s  ( p o o l e d  d a t a )  

Ras al Hadd - Masira Isl. Surv.11 
IEAN LENGTH = 21,Oc i  N= 486 
t i o d e s :  , Ibcn,  1 8 ~ 0 ,  24cs  
NUflBER OF SUBCRflPLES : 5 
SRIIPLES FROI ST-NO.: 154 UNTIL ST.NO.: 168 

LOIIECT STATION : 117 HIGHEST STRTION : 214 

T r a c h u r u s  i n d i c u s  ( p o o l e d  d a t a )  

Masira Bank, Survey I1 
REAN LENGTH = 22,Zcm N= 1668 
Hodes : , I l c n ,  22cm, 31cn 
NUHBEH OF SUBSRIPLES : l 0  
SAIPLES FROM ST.NO.: 174 UNTIL ST.NO.: 214 
EXCLUDING FHON ST.#O. : 192 UNTIL ST.NO. : 210 
LOIIECT STATION : 117 HIGHEST STATIOH : 214 

T. i n d i c u s  ( p o o l e d  d a t a )  

Masira Bank, Survey 111 
HER# LENGTH : 17,8c i  N= 707 
Hodes : , 7ca, I 4 o ,  2 3 c i  
NUMBER OF SUBSIIHPLEC : 8 
SAHPLES FROH ST.NO.: 232 UNTIL ST.I(O.: 242 

LOWESI STATION : 215 HIGHEST STATION : 250 



T. indicus (pooled data) 

Sauquara  Bank, Survey I 
NEAN LEEGTH = I b , 4 c n  11' 119 
t iodes : , I b c a  
NUIBER OF SUBSRMPLEC : I 
SANPLES FROH ST.IO.: 9 1  UNTIL ST.NO.: I l 6  

LOUEST STRTION : 1 3  HIGHEST CTATIOII : 1 1 6  

T. indicus (pooled data) 

Sauquara  Bank, Curvey I11  
HERN LENGTH = 22,5cai N= 769 
n o d e s :  , 14cn, 19cu, 2 3 c s  
NUHBER OF CUBSAMPLES : 7 
SARPLEC FROR CT.NO.: 219  UNTIL ST-NO.: 2 3 1  

LOWECT CTRTION : 215 HIGHECT STATION : 250 

S. gibbosa (pooled data) 

Ras a l  Hadd - Maaira I s l .  Surv .1  
HER# LENGTH = 11,Ocm N= 85  
Hodes : , l l c a  
NUNBER OF SUBSANPLES : l 
SR~PLEC mon ST.NO.: 62  UNTIL ST.NO.: 70 

LOWEST CTATION : 1 3  HIGHEST CTRTION : I l 6  

C. gibbosa OM I (pooled data) 

a l  Hadd - Masi ra  I s l .  5 u r v . I  
HERN LENGTH = 1 5 , 7 t a  N= 154 
i lodes  : , 14cm, 1 7 c n  
NUNBER OF SUBSANPLES : 2 
SANPLES mon ST.NO.: 71  UNTIL ST.NO.: BY  

LOUECT CTATION : 1 3  HIGHEST CTRTION : I l 6  

S. gibbosa ipooled data) 

Ras a l  Hadd - Masi ra  I s l .  Surv .11  

HERN LENGTH = 15 ,bcu  N= 196 
i iodes  : , 17cm 
NUNBER OF SUBSIUPLES : 2 
SAHPLEC FRON ST.NO.: 170  UNTIL ST.NO.: 191  

LOWEST STRTION : 117 HIGHEST STRTION : 214 

S .  gibbosa (pooled data) 

Ras a l  Hadd - Masi ra  I s l .  Surv.111 
IEAN LENGTH = 14,3c@ N = '  l 0 3  
Hodes : , IOcn, 1 5 c i  
NUHBER OF SUBSAUPLEC : 3 
SANPLES FROH ST.NO.: 232 UNTIL ST.NO.: 243  

LOMEST CTATION : 2 1 5  HIGHEST STRTION : 250 



C. longiceps ipooled data) 

All Oman Coast, Survey I 
IIEAN LENGTH = 14,8ce N= 265 
node5 : , 9cr, Ibcai, 22cs  
NURBER OF SUBSAIPLES : 4 

LOWEST STATION : 1 3  HIGHEST STATION : 116 

C. longiceps (pooled data) 

Masira Bank, Survey I1 
HEAN LENGTH = 14,2cm N= 204 
Modes : , 14ci1, 17cn 
NUHBER OF SUBSAIPLES : 2 
SARPLES FRDH ST.NO.: 169 UNTIL ST.NO.: 191 

LOWEST STATION : 13 HIGHEST STATION : 214 

S .  longiceps OM 1 1 1  (pooled data) 

Masira Bank, Survey I11 
WEAN LENGTH = 17,bc i  N= 109 
Hode5 : , 1 7 ~ 8 ,  Z l c n  
NUHBER OF SUBSRHPLES : 3 
SAIPLES FROH ST.NO.: 2 3 2  UNTIL ST.NO.: 243 

LOUEST STATION : 215 HIGHEST STRTION : 250 

Dussumieria acuta (pooled data) 

Masira Bank, Survey I 
IEAN LENGIH = 16,4cm N= b 0  
i iodes : , I b c i  
NURBER OF SUBSRHPLES : 2 
SAHPLES FROH ST.NO.: 71  UNTIL ST.NO. : B9 

LOUEST STIITION : 13 HIGHEST STAIION : I l 6  

Duss. acuta (pooled data) 

Masira Bank, Survey 111 
HERN LENGTH = 12,9cn N= 143 
R o d e i  : , Bci ,  13c i ,  1 5 c i  
NURBER OF SUBSAIPLES : 3 
SARPLES FROH ST.NO.: 232 UNTIL ST.NO.: 2 4 1  

LOWEST SIATION : 215 HIGHEST STATION : 250 



D. russelli ipooled data) 

Ras al Hadd - Masira Isl. Surv.1 
HEAN LENGTH i l 0 , 9c i  N= 201 
iiodes : , l l c e ,  1 3 c i  
NUHBER OF SUBSAHPLES : 2 
SAHPLES FROH ST.NO.: b l  UNTIL ST.NO.: 70 

LOYEST STRTION : 13 HIGHEST STRTION : I l 6  

D. rusaelli (pooled data) 

Ras al Hadd - Masira Isl. Surv.11 
HERN LENGTH = 20,Oci N= 497 
Hodes: , 17cr, 2 0 ~ 8 ,  26 th  
NUNBER OF SUBSRHPLES : 7 
SAHPLES FRON CT.NO.: 150 UNTIL ST.NO.: 160 

LOUEST STRTION : 117 HIGHEST STRTION ; 214 

D. russelli ipooled data) 

Ras al Hadd - Masira Isl. Surv.111 
HEAN LENGTH = I 9 , 4 c i  N= 302 
Hodes : , 19cn 
NUHBER OF SUBSRHPLES : 3 
CRNPLES FRON ST.NO.: 244 UNIIL ST.NO.: 250 

LOWEST STATION : 215 HIGHEST STRTION : 250 

D. russelli ipooled data) 

Masira Bank, Survey I 
BERN LENGTH = IS,bc i  N= 444 
Hodes : , 12ca, 17cr  
NUHBER OF SUBSANPLES I 5 
SIIHPLES FRON ST.NO.8 71 UNTIL ST.NO.: B9 

LOWEST STAIION : 13 HIGHEST STITION : I l 6  

D. russelli ipooled data) 

Masira Bank, sur ve^ 11 
BERN LENGTH = 20,Zcn N= 110 
Hodes : , 1 9 ~ 0 ,  27ci, 31cr  
NUHBER OF SUBSIHPLES I 1 
SAHPLES rnon ST.IIO.: 169 UIITIL ST.IIO.: 171 

LOHEST STATION : 117 HIGHECT STATION : 214 

D. russelli ipooled d a t a )  

Masira Bank, Survey 111 
HERN LENGTH = lb,7cs N= 172 n 

iiodes : , 7ce, 12rr ,  20ca 
NUBBER OF SUBSAHPLES : 3 
SRHPLES FROH ST.NO.: 232 UNTIL ST.NO.: 243 

LOWEST STRTION : 215 HIGHEST STRTION : 250 



D .  russelli ( p o o l e d  d a t a )  

Sauquara Bank, Curvey 1 
IEAN LENGTH = l b , l c n  H= 460 
Modss: , 1 3 ~ 0 ,  18cr ,  26cm, 3bcn 
NUIBER OF SUBSANPLES : 3 
SAHPLES FROM ST.NO.: 70 UN~IL ST.NO.: 115  

LOWEST STATIOII : 13 HIGHECT SIATION : I l 6  

D .  russelli ( p o o l e d  d a t a )  

North o f  Ras a l  Hadd, Survey 11 

NERN L E ~ I H  = 17,9ca N= 112 
Modes : , I B c s  
NURBER OF SUBSRNPLEC : l 
SAMPLES FROti ST.NO.: 117  UNTIL ST-NO.: 149 

LOWESI STAIION : 117 HIGHEST STATIOII r 214 



W o r k s h e e t  w i t h  p o s i t i o n s  of a l l  trawl h a u l s  d u r i n g  t h e  Oman 1983-84 s u r v e y s .  
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