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Pre face 

This docnment is a further analysis of the results of the 

Pelagic Fish Assessment Survey North Arabian Sea by the 
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have been issued for each of the five coverings of the 

region by the vessel. A preliminary final report was issued 

in August 1977. 
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INTRODUCTION 

In accordance w i t h  the contract between the Food and Agriculture Organization 
of the United Nations ( F A O )  and the Inst i  tu te  of Marine Research, Bergen, the 
fishery resources of the western part  of the north Arabian Sea were surveyed 
w i t h  the research vessel "Dr. Fridtjof Nansen" in the period 1 4  February 1975 
to  24 November 1976. 

Whilst the work i s  adequately described by the general term "resources 
survey", the objectives more specifical ly  were: 

a )  to  contribute to the knowledge of the composition of the "fishery" fauna 
of the region, directing attention primarily on species of present 
economic importance b u t  taking due note of other species ( f o r  example, 
the mesopel agi c )  and of other fauni s t i c  el ements ( for exampl e ,  
zoopl an k ton) ; 

b )  to  add to  knowledge of the d i s t r i  bution of the more important species of 
f i sh  of the region and especially show the variations in dis t r ibut ion 
from season to season; 

c )  to  measure the si  ze of the stocks of each species, in the region 
generally and in d i s t inc t  parts of the region; 

d )  to obtain some estimate of the magnitude of the catch that  m i g h t  be I 

avail able from each stock, w i t h  some indication of appropriate f i  shi ng 

seasons, grounds and catch rates;  

e )  to ascertain,  by fishing t r i a l s  and from observations of the behaviour of 
each speci es  ( school i n g  habi t ,  vertical  mi grations e t c ) ,  the gears and 
methods tha t  might be employed i n  the f i sher ies  of each part  of the 
regi on. 

The survey operations were designed to achieve these objectives, as se t  o u t  
i n  the plan prepared by the Ins t i tu te  in August 1972 and submitted to FAO. 

The survey was effected through 6 cruises i n  which work was carried out in 
every month of the year except July, and thus covered both monsoon periods. 
(See Figure 1) .  



The reg ion  covered i n  t h i s  survey inc luded the Pak is tan  coast  b u t  s ince a 

spec ia l  survey was subsequently made o f  t h a t  coast, and the r e s u l t s  from t h i s  

survey were ass im i l  a ted  t o  t h a t  other ,  no reference i s  made i n  t h i  s  r e p o r t  t o  

the  r e s u l t s  from t h a t  coast.  Same data obta ined from observat ions on the I 

Nor th Kenya Banks, made d u r i n g  Cruises 1, 3, 4 and 6, have a l so  been excluded. 

Bata on mesopel agie f i shes ,  p l  ankton and l arge pe l  agie f i s h e s  have n o t  been I 
considered i n  t he  analyses f o r  t h i s  r e p o r t  s ince they  have been, o r  w i l l  be l 

1 

deal t w i t h  e l  sewhere, a l  though some re ference t o  main resu l  t s  from those o the r  

s tud ies  i s  made where appropr ia te .  l 

- 

A r e p o r t  was made o f  each c ru i se ,  s h o r t l y  a f t e r  i t s  complet ion, and submit ted 

t o  FAO (Cru i  ses 1 and 2 were repo r ted  on toge the r )  ; a pre1 i m i  nary f i n a l  

r e p o r t  was prepared i n  August 1977, and submitted t o  FAO, i t was subcequently 

discussed a t  the  FAO/Norway Workshop "on the f i s h e r y  resources o f  the n o r t h  

Arabian Sea" which took p lace i n  Karachi,  Pakistan, i n  January 1978. From 

these and o the r  d iscussions i t became c l e a r  t h a t  the  data obta ined from t h i s  

survey cou ld  y i e l d  somewhat more i n fo rma t ion  and t h a t  perhaps more accurate 

est imates cou ld  be made o f  biomass. Preparat ion o f  the present  r e p o r t  was 

the re fo re  undertaken, t o  make use o f  a d i f f e r e n t  t reatment  o f  the acoust ic  

data ( e s p e c i a l l y  t o  c a l c u l a t e  the var iance o f  the record ings o f  each sec tor  

and t o  c a l c u l a t e  conf idence l i m i t s  f o r  est imates o f  biomass) and f u l l e r  use of 

the b i o l  og i ca l  in fo rmat ion .  

The opera t iona l  c h a r a c t e r i s t i c s  o f  the  survey are summari zed i n  Table 1 and 

a re  represented i n  F igures  2 t o  6. It w911 be seen t h a t  the c o n t i n e n t a l - s h e l f  

space was t rave rsed  several t imes, and oceanic space beyond the s h e l f  were 

a l so  v i s i t e d .  I n  the  course o f  tkese t raverses,  acoust ic  observat ions were 

made u n i n t e r r u p t e d l y ,  sur face observat ions were recorded, f i s h i n g  was c a r r i e d  

s u t  f r e q u e n t l y  (578 s t a t i o n s )  a l  though i n s u f f i c i e n t l y ,  as i t groved (see 

below), and oceanographic observat ions were made even more f requen t l y  (939 

s t a t i o n s ) .  The r e s u l t  o f  t h i s  work was a very eonsiderable q u a n t i t y  o f  data 

which, upon ana lys is ,  y i e l d  much evidence on the  f i s h e r y  resources o f  the 

region,  o f  relevance t o  the  several ob jec t i ves  s e t  f o r  the survey. 



1. CONDUCT OF THE SURVEY 

1.1 N a r r a t i  ve 

I n  general,  the  survey was c a r r i e d  o u t  accord ing t o  p lan  and w i thou t  untoward 

event, save f o r  an unexpected ca11 i n t o  Muscat, on 27-30 May 1976, as a r e s u l t  

o f  which the  coverage o f  Masira Bay was re1 a t i v e l y  poor on t h a t  c ru i se ,  and 

f o r  a damaged purse seine net.  The SW Monsoon p e r s i s t e d  along the  Somali 

coas t  a t  the  end o f  August and beginning o f  September, 1975 (Cru ise  3) ,  w i t h  

winds reaching f o r c e  8-9 beaufor t ,  and t o  a c e r t a i n  degree prevented f i s h i n g  

operat ions.  Dur ing  Cru ise  5, i n  June 1976, the onset o f  the SW Monsoon, w i t h  

w ind force  5-6 beaufor t ,  again t o  come ex ten t  prevented f i s h i n g  and re1 i a b l e  

echo i n t e g r a t i o n ,  o f f  Pakis tan and I ran .  

I n  e a r l y  March 1975 (Cru ise  1) the  vessel was a d r i f t  south o f  Socotra w h i l e  

l t he  e n t i r e  crew was engaged i n  r e p a i r i n g  the  purse seine which had been 

l damaged i n  a s e t  some days e a r l i e r .  Dur ing  Cruise 2 the vessel spent 8 days, 

I i n  May, a t  Dubai f o r  r e p a i r  o f  the s a t e l l  i t e  nav iga t i on  system. 

1 I n  Cruise 3, the  p lank ton  samples i n  t h e  Gu l f  o f  Oman and o f f  t h e  Pakis tan 

I coas t  were taken w i t h  a 20 cm Bongo net ,  because the  60 cm diameter Bongo ne t  

1 had been l o s t  o f f  t h e  Oman coast.  

Upon complet ion o f  Cruise 2, and i n  the  course o f  a voyage t o  Mombasa, the 

1 vessel c a l l e d  i n  a t  Cochin f o r  i n t e r c a l  i b r a t i o n  o f  i t s  acoust ic  equipment w i t h  

the  equipment o f  R/V " R a s t r e l l i g e r " .  This  work prov ided bas ic  date f o r  

s e t t i n g  a value f o r  the conversion constant,  C. Dur ing  Cruise 3, on 14-15 

November, 1975, t h e  acoust ic  equipment o f  the research vessel was 

i n t e r c a l  i bra ted  w i  t h  the  equi  pment o f  t he  Japanese research vessel 

" Shoyo-Moru" . 

A f t e r  Cru ise  3 the dens i t y  o f  the  survey g r i d  was v a r i e d  i n  accordance w i t h  

the  r e s u l t s  o f  prev ious c ru ises ,  so as t o  g i ve  bes t  coverage of those areas i n  

which impor tan t  resources had been located.  



1.2 Plan, Equipment and Methods 

The work was executed genera l l y  i n  accordance w i t h  the p l  an submitted t o  FAO 

I n  1972 i n  which the survey was conceived as a  systematic programme o f  c r u i s e s  

i n  which the  reg ion  would be t rave rsed  tw ice  i n  each year .  Essent ia l  l y  t he  

work was t~ be an acoust ic  survey supplemented by f i s h i n g  opera t ions  f o r  the 

i d e n t i f i c a t i o n  o f  a c o u s t i c a l l y  observed organisms and f o r  the c o l l e c t i o n  o f  

ma te r i a l  f o r  b i o l  og i ca l  ana lys i  s y  and by oceanographic work ( hydrographic 

s t a t i o n s  and p lank ton  c o l l e c t i o n s )  by which t o  make an eco log i ca l  

c h a r a c t e r i z a t i o n  o f  each p a r t  o f  the  surveyed region.  

I n  t he  work-plan i t was acsumed t h a t  " t he  o f f -shore  ex ten t  o f  the survey w i l l  

be l imi  t e d  t o  abt .  300 n a u t i c a l  m i l  es" b u t  i n  t he  event most o f  the  work was 

c a r r i e d  o u t  i n  a coas ta l  zone o f  which the  average w id th  waa about 12.5 nm. 

Moreover, t he  e a s t e r l y  l i m i t  t o  the  survey was se t  a t  t h e  P a k i s t a n I I n d i a  

border,  thus exc lud ing  t h e  coas t  o f  I nd ia .  With t h i s  reduc t i on  o f  t he  t o t a l  

area t o  be surveyed i t  was poss ib le  t o  c a r r y  o u t  the work w i t h  one vessel,  

r a t h e r  than w i t h  two as contempl a ted  i n  the  work-pl an. 

Vessel and gear 

The R I V  " D r .  F r i d t j o f  Nansen" i s  150 f e e t  long, a  combined s te rn  t r a w l e r  and 

purse se i  ner.  A main engi ne o f  1500 horsepower g ives a  maximum speed o f  13 

knsts.  There i s  aecommodation f o r  28 men. A l  l winches are hydraul i c .  The 

vessel c a r r i e s  two pe lag i c  t rawls ,  one bottom t raw l  and one purse seine, some 

g i l l n e t s ,  bottom l i n e s  and hand l i n e s .  F ig .  7 shows the main deck 

arrangement. Al1 gears were ready f o r  use on s h o r t  no t i ce .  The d e t a i l s  o f  

t he  f i s h i n g  gears are g iven i n  F ig .  8  and F ig .  9. 

A sa te l  l i t e  nav iga to r  i s  i nc l  uded i n  the navi  ga t i on  equipment, a l  l owi ng very 

p r e c i s e  de terminat ion  o f  p o s i t i o n .  

Aeoust ics 

The acoust ic  equipment cons i s t s  o f  3  s c i e n t i f i c  sounders (120, 50 and 38 kHz), 

2  echo i nteg ra to rs ,  1 searchl i g h t  sonar (18 kHz) and 1 netsonde (50  kHz). 



The two echo i n t eg ra to r s  were coupled t o  the  50 kHz s c i e n t i f i c  sounder, 
in tegra t ing  the depth s l i c e s  8-50, 50-100, 100-150 or 100-250, 150-350 or  

250-450 m.  The s e t t i n g s  of the sounder were as  follow: Basic range: 0-100 or  
0-250 m - Transmitter 10 kW - Pulselength and bandwidth 0.6 msec, 1 kHz - 
Receiver T V G  and gain 20 logR-20 dB - Recorder gain 6 or  7. The gain on the 

echo i n t eg ra to r s  was mainly s e t  t o  30 dB, and the threshold s e t t i n g  was 1. 

Echo in tegra to r  values were read f o r  eack nautical mile s a i l ed  and average 

values f o r  each 5 nautical  mile were calcula ted and logged. Al1 logged echo 
in tegra to r  values were referred t o  30 dB gain on the in tegra to rs  and the 

above-mentioned s e t t i ngs  on the sounder. The 120 kHz and 40 kHz echo sounders 

were used f o r  a "c loser  look" a t  i n t e r e s t i ng  recordings. The sonar was 
operated continuously, mainly on range 0-2000 m. 

Continuous watch was kept on the acoustic instruments, and f i  shing operations 

f o r  i denti f i c a t i  on purposes were ca r r i  ed out  whenever the ec ho sounder 
recording changed i t s  character i  s t i c s .  The acoustic data were sc ru t i  n i  zed 

once each day . Echoes and i n tegrator  contr ibut ions  from fa l  se bottom, wakes 

e t c .  were dele ted,  and the in tegra to r  readings were grouped in four 
ca tegor ies :  small pel agic  f i  sh ,  mesopel agic f i  sh,  demersal f i  sh ,  O-group f i sh  
and pl ankton. 

The sonar counting techni que described ,by Smith (1971) was used i n  local i t i e s  

where small near-surface schools were found. The sonar was then used on basic 
range 0-500 m. The transducer was kept constantly t r a ined  a t  700 t o  the 
starboard or por t  s ide ,  and the schools appearing on the recording paper 
between 100 and 500 m were counted. 

Since the 10 kw t r ansmi t t e r  f o r  the 38 kHz echo sounder f a i l ed  fo r  a pa r t  of 
c ru i se  2, the  inves t iga t ions  i n  t h e  Gulf of Oman and par t s  of the coast  of 
Pakistan during t h a t  c ru i s e  were ca r r i ed  out  w i t h  the 1 kW t ransmi t t e r  and the 

receiver s e t t i n g  20 logR - O dB. Later the two t ransmi t t e r s  were 
i ntercal  i brated and the fol l  owi ng re1 a t i  on was found: 

11.7 . M1 = M2 

where M1 i s  the  in tegra to r  output using the  normal s e t t i n g  and M2 i s  the 
in tegra to r  output  a t  1 kW t ransmit ter  and 20 logR O dB receiver .  

The vessel ' s acoust ic  equipment was ca1 ibra ted w i  t h  t h a t  of other vessel s so 

t h a t  w i t h  co r r ec t l y  measured fac to rs  the echo-integrator output of the one 



could be converted to  comparable values of the other. During the 

intercal ibration r u n  of R / V  "Rastrell iger" and R / V  "Dr. Fridtjof Nansen" the 
two vessel s sai l  ed 24 nautical mil es ,  one closely fol lowing the other b u t  

avoiding the wake. The l og counterlreset faci l  i t i e s  on the two vessel s were 

synchronized before s t a r t .  Recordings of singl e f ish and ccattering layers 
were f a i r l y  good during the run. 

The resul t of a l e a s t  mean square analysis of the observed integrator outputs 

was: 
Ras ($20 kHz) = F.N. (120 kHz) 4.9 - 13 
Ras (120 kHz) = F.N. ( 38 kHz) 1.1 - 11 

The correl ation coeff ic ien ts  were both O. 95. 

Fish biolosv 

The fol lowing guide1 ines were foll  owed i n  the biolsgical work: 

A. GENERAL:  

- Large f ish (each specimen) : Length - Nei ght - Sex - Maturi t y  stage - Gonad 

weight - Vol ume of total  stomach contents - Sample material for age 

determinations - Observations and colleetions of ecto- and endo-parasites. 

- Small f ish:  Weight of en t i r e  sample - Length o f  each individual - Weight of 

each length category - Number in each length category - Five (or  more) f i sh  

in each length category were examined as above - Mean weight was computed. 

B. LENGTH MEASUREMENTS: 

- Bony f ish:  Fork length (LF1) measured from the t i p  of the snout (mouth 

closed) to the posterior t i p  of the central ( shor tes t )  caudal fin ray, 

Small species were measured to the 0.5 cm below the measurement and large 

specles to  1 cm below the meacurement. For Trichiurus total  length ( L T 1 )  

was measured to the 1 cm below. 

Sharks: Total length ( L T 2 )  measured from the t i p  of the snout to the 

posterior t i p  of the upper caudal lobe. 



- Lobsters: Carapace length ( C L 1 )  measured from the t i p  of the rostrum to  

the poster ior  edge of the cephalothorax. 

- Crabs: Carapace w i d t h  (W1) measured across the widest point of the 

carapace, inc1 udi ng spi nes. 

C .  BIOLOGICAL CONDITION: 

W 
The ponderal index or condit ion fac to r  ( K )  was calcula ted from: K = p 100 

where W i s  the mean weight f o r  each length group. The c r i t e r i a  fo r  the 

observation of maturi ty s tages  were as follows: 

Maturi t y  s t a t e  Stage No. 

Immature I 

Mature unri pe I I 
Mature ri peni ng I I I 

Mature nearly r i pe  I I v 
Mature r ipe  (Non spawning) V 

Mature r ipe  r u n n i  ng ( spawni ng) V I 

Mature spent VI I 

Stomachs were denoted f u l l  (8) ,  about ha l f - fu l l  ( 4 )  and empty or nearly so ( 2 )  

by v i  sua1 est imates.  

Fatness was determined by visual observation of al imentary f a t  deposi t s  as 

f o l l  ows: 

1 : lean - no t r a ce  of f a t  on d iges t ive  t r a c t .  

2 : fa t t en ing  - f a t  s t rands  few, l e s s  than about 2 mm thickness on 
d i  ges t i  ve t r a c t .  

3 : f a t  - f a t  s t rands  of more than 2 mm thickness on d iges t ive  
t r a c t  b u t  not obscuring viscera .  

4 : very f a t  - f a t  deposits  e n t i r e l y  obscuring viscera i n  body 
cavi ty .  



Plankton 

Plankton samples were taken a t  the hydrographic s t a t i ons  from oblique tows 

w i t h  a 60 cm diameter Bongo net  of 300 mesh s ize .  The net  was lowered t o  

50 m depth and then hauled a t  a vessel speed of 1.5-2 knots. Dicplacement 

volumes of the  samples were measured on board. 

Hydrography 

The vessel i s  equipped w i t h  20 Nansen water bo t t l e s  fo r  hydrographic work. 

Termperature readings and seawater samples fo r  s a l i n i t y  determinations were 
col lected a t  hydrographic s t a t i ons  a t  standard depths: 10 - 20 - 30 - 50 - 75 

- 100 - 125 - 150 - 200 - 250 - 300 - 400 - 500 m. S a l i n i t i e s  were determined 

on board using an inductive sal  inometer. Samples fo r  oxygen t i t r a t i o n  were 

taken a t  10 - 30 - 50 - 100 - 150 - 200 - 250 - 300 meters and oxygen content 

was determined by the Winkl e r  method. On each hydrographic s ta t ion  and on 

most of the  f i sh ing  s t a t i ons  continuous temperature/depth curves were obtained 
w i  t h  the bathythermograph. A thermograph recorded the temperature 
continuously a t  4 m depth. 

1.3 Execution of the Work 

The region surveyed, and i t s  d ivis ions ,  are  geographical l y  descri bed in 

Vable 2. The to ta l  coas t l ine  i s  approximately 3,530 nm. The to ta l  d is tance 
t ravel1  ed i n  the  course of the  survey was approximately 33,500 nm of which 

approximately half was devoted to the in tensive  survey wsrk over the 
continental  shelf  and some irnmediately adjacent oceanic waters. The remainder 
of the m i  l  eage was devoted to speci al , w i  der-rangi ng oceanic t raverses ,  
especia l ly  across the Gulfs of Aden and Oman, to f i sh ing  operations and to 
service  t ravel  . 

The to t a l  shel f area i s  approximately 44,000 nm2. Since in some sec tors ,  
during some crui  ses ,  the acoustical  ly-observed stocks occupi ed waters both 

over and beysnd the continental  she l f ,  the surveyed cpace i n  7 cases i n  Table 

3 i s  shown as having been of area more than 100% of the area of the she l f ;  
subst ract ing the  "extra" areas from the to ta l  surveyed area (Col. 9 of Table 
3 )  leaves a t o t a l  of 32,384 nm2 which cons t i tu tes  73.6% of the area of the 

shel f .  



In order to  avoid ambiguities in reporting the analysis of survey resul t s  i t  

i s  necessary to  name and define a number of different  kinds of "areas", b u t  in 

the f i r s t  place we must point out tha t  we endeavour (and hope to have 
succeeded) to  avoid usi ng the word "area" other than in the specif ic  sense of 
"superficial  extent",  as in "the area of the continental shel f of Sector 1 i s  
9,340 nm2". 

By "sector" we refer  to a defined part  of the ocean space over which the 
vessel moved in the course of th i s  survey ; we have defined 7 such sectors i n  

Tab1 e 2. Each sector compri ses  continental shel f space and oceanic space, the 
division between which i s  marked by the 100 fm contour. The total  area 
surveyed i s  thus the number of square nautical mil es of ocean space over which 
the vessel moved whil s t  survey work was being done; i t  inc1 udes a 

considerable amount of oceanic space of which i t  i s  diff icul  t to measure the 

area. The area of the continental shel f can be measured. by vi rtue of the 

bounding l ines  (coast ,  100-fathom and the inter-sectorial  l ines  drawn for  the 

survey) , and insofar as the vessel traversed the whole or part  of th i s  space, 

the survey area can easi ly  be measured, and the density of survey can be 

given; in the case of oceanic survey however, determination of the distance on 
each side of the vessel ' s  track to which i t s  observations can be held to be 

representative presents some d i f f icu l ty .  thus "total  area surveyed" must be a 
somewhat uncertain figure. 

Thi s report ,  however, re1 a tes  mai nly to  work over the continental shel f the 

space of which has been marked, variously in to  3 types: "patches", occupied 

space and unoccupied space; the f i r s t  of these terms refers  to the individual 

pieces of shelf space i n  which positive recordings were made and which are 
marked off by estimator boundary l ines  as i n  Figures 10-21; the sum of the 

areas of these patches w i t h i n  a sector,  as observed i n  the course of a cruise,  

i s  the occupied space of the sector ;  the difference between the area of the 
continental shelf of a sector and the observed occupied space i s  unoccupied 
space in which only zero recordings have been made. 

In the acoustic work, 3.9 recordings* were made per 100 nm2, on the average 
over a l l  cruises;  t h i s  s igni f ies  19.5 nm of acoustic track per 10-mile 

square, which in turn s igni f ies  that  each u n i t  area was traversed twice on 
each cruise.  The intensity of survey, as measured by th i s  index, varied from 

* The word "recording" i s  hereafter used, throughout the t ex t ,  to signi fy the 
5-mi l e-average i ntegrator recording. 
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c r u i s e  t o  c ru i se ,  be ing  g rea tes t  on the  f i r s t  two c ru i ses  (4.1) and l e a s t  on 

Cruise 5 (2.5).  The i n t e n s i t y  v a r i e d  a l  so between sectors du r ing  each c r u i s e ,  

t he  v a r i a t i o n  be ing  g rea tes t  on Cruises 1 & 2 ( t h e  g rea tes t  i n t e n s i t y  be ing  

nea r l y  4  t imes the  l e a s t )  and smal les t  on Cruise 3  ( w i t h  r a t i o  l e s s  than 2 ) .  

More d e t a i l e d  i n fo rma t ion  on survey i n t e n a i t y  i s  t o  be found i n  Table 3. 

F i s h i n g  was c a r r i e d  o u t  on 570 occasions o f  which 451 occurred i n  the reg ion  

w i t h  which t h i s  r e p o r t  i s  concerned, the  remaining 119 having been c a r r i e d  ou t  

c h i e f l y  i n  Pak i s tan i  waters. The b i o l o g i c a l  t reatment  o f  the samples taken 

from these catches prov ided i n fo rma t ion  on n o t  l e s s  than 305 species o f  

f ishes, crustacea and j e l  l y - f i  sh. 

Oceanographie s t a t i o n s  were occupied on 939 occasions and 225 p lank ton  samples 

were taken. 
l 

From t h i s  summary, and the  re1 evant tab1 es, i t  w i l  l be seen t h a t  the survey 

work was c a r r i e d  o u t  du ly  according t o  plan. A bas i s  f o r  an eva lua t i on  o f  the 

work o f  t h i s  survey can be found i n  data from acoust ic  survey work i n  the 

Barents Sea i n  which the  number o f  record ings  per  100 nm2 was 8.7 i n  1977 

and 8 i n  1978. Consider ing t h a t  the  Barents Sea work was d i r e c t e d  upon a  we l l  

de f i ned  reg ion  and stocks o f  which much i s  known, i n  c o n t r a s t  w i t h  the 

exp lo ra to ry  na ture  o f  t he  work i n  t he  Arabian Sea, and cons ider ing  the g rea te r  

s i z e  o f  t he  vesse9 w i t h  which the Barents Sea work was c a r r i e d  ou t  as we l l  as 

opera t iona l  d i f f e r e n c e s  i n  t he  wsrk o f  the  two area, the survey i n t e n s i t y  o f  

3.9 record ings  per  100 nm2 obta ined w i t h  R/V " D r .  F r i d t j o f  Nansen" must be 

regarded as qu i  t e  s a t i  s fac to ry .  

1.4 Treatment o f  Bata 

The data w i t h  regard  t o  f i s h e s  taken i n  the catches were t rea ted ,  i n  the  f i r s t  

i nstance, by the  usual b i o l  og i  ca1 methods, o f  p resen ta t i on  i n h i  stograms and 

ca leu l  a t i o n  o f  mean l e n g t h  (and i t s  standard dev ia t i on )  and mean weight. 

Specfes-composit ion tab les ,  by c r u i s e  and by area, were a l  co prepared. 

For t he  es t ima t ion  o f  the  conversion constant ,  C, mean l e n g t h  o f  the 

acous t i ca l  l y  observed f i s h e s  had t o  be ca l cu la ted ;  t h i s  was done by t h e  

f o l l o w i n g  procedure. A reca rd  having been made o f  the number o f  i n d i v l d u a l s  



of each species i n  each catch, and of the i r  total  weight, the mean weight of 
the captured i n d i v i  dual s of each species coul d be ca1 cul ated. A correpondi ng 

mean length was then calculated from the formul a: 

This formula i s  derived from the familiar weightllength relation W = a~~ 
w i t h  values of the constants for  Caranx carangus given by Franqueville and 
Freon (1976). T h i s  species was chosen, from among 28 species for which 
Franqueville and Freon give W/L formul ae, as an "average f ish".  Thus, val ues 
of T and N ( number of captured individual s )  were avail abl e for each species i n  

each catch. A l ength frequency tab1 e ,  of 20 size-c1 asses, was then prepared 
for each sector by assigning the number of individuals of each species of each 
catch t o  the size-c1 ass corresponding to the i of those individual s .  A sector 
mean length of al l species was then calcul ated from th i s  tab1 e. 

In  the pre1 iminary final report  the recordings were averaged for each l o  
square and biomass was estimated from these mean values. This treatment, 
however, made inadequate and perhaps inaccurate use of the information 
obtained during the survey: i t  abandoned the measure of variation i n  the 
data, and bl urred the indications of distributional patterns. A n  al ternat ive 
treatment was therefore appl i ed. 

The recordings, separately of demersal and pel agic f i shes ,  were wri t ten onto 
maps on which the survey track had been traced. The two values a t  each 
observation point were added and "contour" l ines were drawn, by eye, around 
groups of values of more or less  the same magnitude. These groups constituted 
patches whose area could be measured by planimeter and for which mean and 
variance could be calculated. The patches were then c1 assif ied in s t r a t a ,  
w i t h  mean val ues from O to  9.9 (I), from 10 to 29.9 (11) and greater than 30 

(111). For each sector a mean and variance was calculated for each stratum, 
for demersal and pelagic separately and for  the sum of the two; overall 
sector means and variances were then obtained by weighting the stratum values 
by the area of the "patches" of each stratum. Confidence l imits were then 
calculated and these became the values from which an estimate of biomass, 



demersal and pel  agic ,  was t o  be made. Each val ue was then mul ti p l  i e d  by the 

area o f  the  sec tor  t o  which i t r e l a t e d  t o  g i ve  a sec tor  t o t a l  i n t e g r a t o r  

value, and the  f i n a l  s tep was t o  mul t i p l y  each such val ue by an appropr ia te  

value o f  the  conversion constant,  C. 

A value of the  cons tant  C (we igh t  o f  the biomass o f  1 square n a u t i c a l  m i l e  

t h a t  g ives an i n t e g r a t o r  value o f  1 mm; see, f o r  example Forbes and Nakken, 

1 9  ) had been obta ined from the  i n te r - ca1  i b r a t i o n  work w i t h  the R I V  

" R a s t r e l l  i g e r " .  Th is  va lue was 18 t lnm2 f o r  a f i s h  o f  l eng th  17 cm. Since 

experimental  work (see, f o r  example, Nakken and Olsen) had shown t h a t  f o r  a 

p a r t i c u l a r  species the  value o f  C i s  d i r e c t l y  p ropo r t i ona l  t o  length ,  it was 

assumed t h a t  as a f i r s t  approximation the value o f  C f o r  a sec tor  cou ld  be 

c a l c u l  a ted  from the  formul a: 

i n  which i i s  the mean l e n g t h  of the  f i s h e s  present  i n  the area i n  which the  

i n t e g r a t o r  record ing  had been obtained. A mean value f o r  l e n g t h  o f  a l l  

f i s h e s  o f  i n t e r e s t  i n  each o f  the  sectors was obta ined as descr ibed above. 

The c e n t r a l  and l a r g e s t  body o f  data i s  the se t  o f  echo- in tegra ts r  recard ings.  

As descr ibed above, these were s c r u i t i n z e d  once each day; t h e  s c r u t i n y  was a 

team consul t a t i o n  du r ing  which, a f t e r  del  e t i o n  o f  non -b io t i c  c o n t r i b u t i o n s ,  

t h e  record ings  were grouped and p a r t i t i o n e d  i n t o  the f o u r  ca tegor ies  o f  b i o t a ;  

t he  data w i t h  which t h i s  r e p o r t  i s  concerned are the values assigned t o  the  

ca tego r ies  small pe lag i c  and demersal. The grouping and p a r t i t i o n i n g  was 

e f f e c t e d  by reference t o  evidence a v a i l a b l e  i n  the c h a r a c t e r i s t i c s  o f  the echo 

t races,  and t o  o the r  evidence from f i s h i n g  and from sur face observat ionc;  i t  ' 

was sub jec t  t o  a r b i t r a r y  c r i t e r i a  as t o  the category t o  which each species o r  

k i n d  o f  f i s k  o r  o the r  b i o t a  was t o  be assigned and t o  the  a b i l  i t y  o f  the  

observer t o  assoc ia te  p a r t i c u l a r  k inds  of t races  w i t h  p a r t i c u l a r  species o r  

k inds .  Qf course, t he  c r i t i c a l  con f i rma to ry  evidence was t o  have come from 

f i s h i n g ,  b u t  i f ,  a t  any t ime and f o r  whatever reason, t h i s  were inadequate the  

i d e n t i f  i c a t i o n  and hence the  grouping and p a r t i  t i o n i n g  woul d be f a u l  t y .  Th i s  

indeed was the case w j t h  the  work i n  t h e  Gul f  of Oman du r ing  the  f i n a l  c ru i se ;  

t h e  record ings on t h a t  occasisn were i d e n t i f i e d  as caused by smal1 pe lag i c  

f i s h ,  b u t  subsequent examinat ion o f  the  t races  and record ings  i n d i c a t e d  t h a t  

t he  bu l k  o f  the  a c o u s t i c a l l y  observed biomass was o f  mesopelagic f i ches ,  they 



t h a t  genus was h e l d  t o  be small pe l  agic ;  subsequent evidence l e d  t o  Synagrops 

being counted as mesopelagic b u t  by t h a t  t ime i t was too l a t e  t o  make a  

- 

- 

r e v i  sed ass i  gnment t o  smal l pel  agic.  

do n o t  however p rov ide  evidence from which t o  decide upon the  f r a c t i o n  o f  the  

record ings  t h a t  should have been assigned t o  small pe lag i c  f i s h e s  which, 

undoubtedly, must have been present  i n  come quan t i t y ;  f o r  t h i s  reason a l l  t he  

readings i n  t h e  Gu l f  o f  Oman o f  Cruise 5 have been abandoned. For a  d i f f e r e n t  

reason, namely change o f  c r i t e r i o n ,  another b lock  o f  data, from the southern 

I p a r t  o f  Sector 1 ( o f f  t he  Somal i Coast) , obta ined d u r i n g  Cru ise  4, has been 

abandoned. I n  t h a t  case some l a r g e  concent ra t ions  o f  Synagrops, c o r r e c t l y  

i d e n t i f i e d ,  were assigned t o  the  small pe lag i c  category s ince a t  t h a t  t ime 

2. BACKGROUND INFORMATION WITH REGARD TO THE REGION 1 
l 

The workplan f o r  the  p r o j e c t ,  prepared by the  I n s t i t u t e ,  was based upon a  

rev iew o f  i n fo rma t ion  a v a i l a b l e  w i t h  regard t o  the region,  a  summary o f  which 

was i nc luded  i n  the  workplan. For  the  purposes o f  the  survey the important  

fea tures  o f  the surveyed reg ion  are: 

1. i t s  shar ing  the  Indo -Pac i f i c  fauna, o f  which the l a r g e  number o f  

species, adapted t o  t r o p i c a l  and sub- t rop ica l  h a b i t a t s ,  i s  a  

d i s t i n c t i v e  c h a r a c t e r i s t i c ;  

2. t h e  two-monsoon c1 i m a t i c  regime and the d iverse  phys ica l  , chemical 

and b i o t i c  consequences o f  t h i s  regime; 

3. the  several up-wel l i n g  s i  t ua t i ons ;  and 

4. t he  h igh  l e v e l s  o f  pr imary product ion.  

Obviously these are on l y  separa te ly  s p e c i f i e d  man i fes ta t i ons  o f  the s t r u c t u r e  

and behaviour o f  what i s  a  v a s t l y  complex system; never theless,  

i nterconnected though they must be, they separate ly  had s t rong  s i  gni f icance i n 

the  p lann ing  o f  the  survey operat ions,  as i n  p rogress ive  r e v i s i o n  of those 

plans, and have t o  be k e p t  i n  mind i n  ana lys ing  the r e s u l t s .  



The h i  gher l eve1 s o f  the  b i o t a  were, o f  course, the immediate t a r g e t  o f  the 

work and from fea tu re  1 the  survey planners had t o  prepare f o r  a considerable 

task  of i d e n t i f i c a t i o n  i n  work ing on catches t o  be taken; moreover i t had t o  

be expected t h a t  i n t e r p r e t a t i o n  o f  echo-traces would be made d i f f i c u l  t by the  

d i v e r s i t y  o f  species. It was c1 ear, however, t k a t  many i f  n o t  the ma jo r i  t y  o f  

the  species woul d be o f  l i ttl e importance and t h a t  spec ia l  a t t e n t i o n  shoul d be 

d i r e c t e d  upon a re1 a t i v e l y  s h o r t  l i s t  o f  species which were a l  ready o f  

economic importance i n  t h e  I n d i a n  Ocean; the  species thought  t o  be most 

abundant were the  f o l  low ing:  

Sardines: 

I nd ian  o i l  sard ine:  Sardi  ne1 l a l ongi ceps 

Other sa rd i  nes: Sardinel  l a  s indensis  

Sardinel  l a f i m b r i a t a  

Sardi  ne1 l a dayi  

Rainbow sa rd i  ne: Dussumieria acuta 

'Maekerel s: 

I n d i a n  mackerel : R a s t r e l l i g e r  kanagurta 

Mackerel : Scomber japonicus 

Hor se Mac ke re l  s y  j ac ks 

and scads: 

Scad: 

Jack: Caranx sup. 

Anchovies: S to1 ephorus spp. 

Other species: 

F r i  gate mackerel : Auxi s thazard  

Horse mackerel : Caranx spp. 

Yel l owf in  tuna: Phunnus a l  bacares 

Ski pbjaek: Katsuwonus pe l  ami s 

L i  ttl e tunny: Eutkynnus a f f i n i  s 



Of t h e  s a r d i n e s  t h e  most abundant and most widely d i s t r i b u t e d  spec i e s  is  the  
Indian o i l  s a r d i n e .  In India  t h e  o i l  s a rd ine  i s  caught i n  s u b s t a n t i a l  
q u a n t i t i e s  only between Ratnagi r i  and Cape Comorin, bu t  i t s  d i s t r i b u t i o n  i s  
probably cont inuous from Somalia along t h e  c o a s t  of t he  Arabian peninsula  
and Pakistan.  S a r d i n e l l a  s i n d e n s i s  which i s  caught i r r e g u l a r l y  and i n  small 
q u a n t i t i e s  a long t h e  southwest c o a s t  o f  India ,  near  Cape Comorin, was known t o  
be abundant i n  t h e  Gulf of Oman. Resul ts  of r e c e n t  survey work o f f  t h e  
northern p a r t  of t h e  Arabian peninsula  and the west c o a s t  of Ind ia ,  a s  well a s  

egg and l a r v a e  i n v e s t i g a t i o n s ,  had ind ica t ed  t h a t  anchovies might c o n s t i t u t e  
important  inshore  resources  i n  t h e  a r e a .  Various S to lephorus  spec i e s  had been 
found on the  Arabian c o a s t  and i n  Ind ia .  

The Pndian Mackerel ( R a s t r e l l  i g e r  kanagur ta )  was known t o  be widely 

d i s t r i b u t e d  i n  t h e  Arabian Sea a long  t h e  c o a s t  from Afr ica  t o  I n d i a ,  a l though 
t h e  only s u b s t a n t i a l  f i s h e r y  a t  t h a t  time was on the  southwest c o a s t  o f  India  
(most ly by beach-sei ni ng) . Mackerel school s had been seen ( n o t  f r e q u e n t l y )  a t  
t he  s u r f a c e  o f f  Arabia (Aden-Mukalla). On one occasion t h e  f i s h  had been 
recorded a s  a  s c a t t e r i n g  l  ayer  a t  a  depth of 20-80 fathoms just above the 

bottom f o r  10-15 nau t i ca l  mi les .  The l a r g e s t  schools  had been es t imated  t o  be 
of 10-20 tons .  Horse mackerels had been caught i n  both the  western and 
e a s t e r n  p a r t s  of the ocean. 

A s u b s t a n t i a l  body of information on t h e  biology of t he  important  spec i e s  
l i s t e d  above, and on o t h e r s ,  was a v a i l a b l e  from loca l  r e sea rch ,  publ ished 
e s p e c i a l l y  i n  t he  Indian Journal  of F i s h e r i e s  ( s e e  Weber, 19  ) ,  and i s  being 
drawn upon i n  t h e  c u r r e n t  a n a l y s i s .  

The c1 imat ic  regime w i  t h  i t s  s t rongl  y  c o n t r a s t e d  monsoon per i  ods ( f e a t u r e  2)  
is  a  major determinant  of t he  p e r i o d i c i t y  and i n t e n s i t y  of b i o t i c  processes  i n  
this reg ion ,  and t h e  incidence of s t rong  winds, e s p e c i a l l y  near  t h e  middle of 
t h e  SW Monsoon, had t o  be allowed f o r  i n  dec id ing  upon the  t iming of t h e  
c r u i s e s .  Of immediate relevance t o  t h e  survey was the  probabi l  i t y  t h a t  t h e  
d i s t r i b u t i o n  of spec i e s  of i n t e r e s t  would be found t o  be r e l a t e d  i n  va r ious  
ways t o  t h i s  regime and t h a t ,  i n s o f a r  a s  t he  t iming of each monsoon and the  
i n t e n s i t y  of i t s  winds m i g h t  vary so i t  might be found t h a t  t he  d i s t r i b u t i o n  
of  some s p e c i e s  va r i ed ,  even markedly. These c o n s i d e r a t i o n s  had a  bear ing  on 
search t a c t i c s  and, a s  is  d iscussed  l a t e r  i n  t h i s  r e p o r t ,  have a  bear ing  on an 



i n t e r p r e t a t i o n  o f  the  acoust ic  evidence on the  d i s t r i  b u t i o n  and abundance o f  

the  stocks. 

O f  longer  range importance i s  the  r o l e  o f  the c1 i m a t i c  regime, and o f  

v a r i a t i o n s  i n  t h a t  regime, e s p e c i a l l y  through i t s  generat ion o f  upwel l ing,  i n  

t he  pr imary and secondary product ion  procesces, ( f e a t u r e s  3 and 4 )  and through 

them i n  determin ing the  abundance o f  the species o f  i n t e r e s t ,  both a t  t h e i r  

average l e v e l c  and a t  s t h e r  l e v e l s  they take i n  p a r t i c u l a r  seacons and from 

year  t o  year .  The survey programme cou ld  n o t  i nc lude  an ana lys i s  o f  t he  

r e l a t i o n s h i p  i n  which the  stocks stand t o  t h e i r  h a b i t a t  or ,  more p a r t i c u l a r l y ,  

o f  the r o l e  o f  the  c l i m a t i c  regime, b u t  i n  the i n t e r p r e t a t i o n  o f  r e s u l t s  some 

assurnptions must be made as t o  the r e l a t i o n s  t h a t  p r e v a i l  i n  t h a t  

re1 a t ionsh ip .  

In p a r t i c u l a r ,  i t  was t o  be supposed t h a t  major concent ra t ions  o f  some stocks 

would be found t o  be associated i n  some way w i  t h  the  upwell i n g  s i  tes, and t h a t  

any d i f f e r e n c e s  o f  abundance o f  stocks which might  be found between sec tors  o f  

the surveyed reg ion  would be connected w i  t h  d i f f e r e n c e s  o f  pr imary q 

product ion.  Cushi ng ( 1971) and A l  verson ( 1971, a) discussed the  d i  s t r i  b u t i o n  

o f  p r o d u c t i v i t y  o f  t h e  I n d i a n  Ocean i n  r e l a t i o n  t o  resouree survey p r i o r i t i e s .  

Observat ions o f  p r imary  product ion  from the  Ind ian  Ocean Exped i t ion  had shown 

very h igh  product ion  i n  t he  western p a r t  o f  the  Arabian Sea du r ing  the  

SW Monsoon p e r i o d  extending f a r  ( 500 m i l e s )  seaward. Pronounced upwel l  i n g  

a long the  coasts o f  Somalia and Arabia du r ing  the  SW Monsoon (May through 

September) nour ishes h igh  pr imary  product ion  i n  t h i s  sec tor  and du r ing  the  

NE Moneoon a narrow coasta l  zone o f  f a i r l y  h igh  product ion  i s  mainta ined a lsng 

the  coas t  o f  Kenya, Somalia and i n  the  G u l f  o f  Aden. Unfor tunate ly ,  no 

observat ions o f  bas ic  p roduct ion  i n  the  nor th-eastern p a r t  o f  t he  Arabian Sea 

had been repor ted,  b u t  est imates o f  p lank ton  biomass, from measurement o f  

d i  sp l  acement vo l  ume, had shown h igh  va l  ues o f f  t he  Mal abar coast  and conf  i rmed 

t h a t  p roduct ion  was h igh  f a i r l y  f a r  of fshore i n  the  western Arabian Sea. That 

t e r t i a r y  p roduct ion  i n  general fo l lowed the  same p a t t e r n  had been demsnstrated 

by the  d i s t r i b u t i o n  o f  f i s h  eggs and l a rvae  (Ne l len  1973); again, h i g h  

concent ra t ions  o f  these stages seerned t o  extend f a r  seaward i n  the western 

p a r t  o f  the  ocean, b u t  no i n fo rma t ion  on species d l s t r i b u t i o n  was a v a i l  able. 

It was n o t  un l  i k e l y  t h a t  the d i s t r i b u t i o n  o f  pe lag i c  coasta l  species would be 

found t o  be cont inuous from the  Gul f o f  Oman along the  Pakis tan coast  t o  the  



productive zone off  the Malabar coast ,  and these sec tors  were alco expected to  
harbour consi derable resources of pel agic f i  sh. 

Final l y ,  several pa r t i  cul a r  oceanographi c features  were noted which coul d 

a f f e c t  the acoustic observations and f i  shi ng operations and whose e f f ec t s  had 
perhaps to  be taken i nto account in i n t e rp re t i  ng the  resul t s .  The ent i  r e  area 
i s  tropical  w i  t h  strong heati  ng from radia t ion,  and h i g h  evaporation, 
resul t i n g  i n  h i  gh temperature and hi gh sal in i  t y  in the surface l ayer. There 
i s  a bimodal temperature cycle nearly w i t h i n  the whole area,  w i t h  maxima in 
April-May and in October. The summer decrease i s  explained as a r e s u l t  of 
w i  nd i ntensi ty.  

The surface currents  change w i t h  the monsoon. During the  NE Monsoon there  i s  
a d r i f t ,  mainly westward, b u t  modified by the di rect ion of coast  l i ne s ,  
pa r t i cu la r ly  towards southwest along the  Somali coast .  The current  system i s  
more regular and al so stronger d u r i n g  the  SW Monsoon period, a t  t ha t  time 
forming an eastbound d r i f t  al so modified by the di rect ion of coast  l ines ,  as a 
northeastward ra ther  strong and s tab le  current  along the  Somali and Arabian 
coasts  and a southeastern flow along the  Indian coast .  W i t h i n  the central  
region there  i s  an eastward flow. 

The westward flow du r ing  the NW Monsoon i s  ra ther  weak. I t  i s  s t rongest  along 
the  western coasts  par t i cu la r ly  south of 60N where i t  exceeds 100 cm/s. 
During the  SW Monsoon the currents  are stronger.  The northeast  bound cur ren t  
outs ide  the Somali coast  i s  reported to be between 2 and 5 knots w i t h  maximum 
in July .  In the  Gulf of Aden there i s  a weak flow in to  the  Gulf during t he  NE 

Monsoon and a flow out during the SW Monsoon. Along the Indian coast  there  i s  
a weak and var iable  mostly northward current  during t he  NE Monsoon and a 
stronger southward flow d u r i n g  the SW Monsoon. 

The ver t i ca l  temperature p ro f i l e  show a strong decrease down to about 200 m 
thereunder a much slower decrease w i  t h  depth. Wyrtki (1971) has given come 
ver t i ca l  curves which show temperature decl ines of up to  15-180C from the 
surface down t o  200 metres. 

Of great  importance i s  alco the oxygen minimum a t  intermediate depths with 
values mostly between O and 1 ml/L. As a consequence of t h i s  i t  was expected 
t ha t  f i sh  would be located generally in upper layers .  



3. SURVEY RESULTS 

3.1 Composition o f  t he  Catches 

The bas ic  r u l e  f o r  dec id ing  when and where t o  f i s h ,  l a i d  down i n  the  adopted 

work-pl an, was t h a t  f i s h i n g  should take p l  ace whenever the  charac ter  o f  t h e  

echo-trace changed. fhus  , t h e o r e t i  ca1 l y ,  a l  l t races  , except those from the  

beginning o f  the c r u i s e  u n t i l  the  f i r s t  catch, should be c a t c h - i d e n t i f i e d ,  

and i t  should be reasonable t o  assume t h a t  a91 i n t e g r a t o r  readings recorded 

a f t e r  one catch and u n t i l  the nex t  catch were a measure o f  the biomass o f  

s tocks o f  t he  composit ion revealed by the  f i r s t  catch. The bas ic  r u l e  

impl ies ,  however, t h a t  each s i g n i f i c a n t  change i n  stock composit ion wi19 be 

c l e a r l y  man i fes t  i n  t he  echo-trace and r e a d i l y  de tec tab le  by a t r a i n e d  

observer; bu% i f ,  as i s  most probable, stocks o f  d i f f e r e n t  species can cause 

echo-traces i n d i s t i n g u i s h a b l  e f rom one another, the  bas ic  ru1 e i s  inadequate. 

Adding t o  t h i s  the  humanly i n e v i t a b l e  f a i l u r e  o f  observers a t  t imes, from 

f a t i g u e  o r  f o r  o ther  reasons, t o  d e t e c t  o r  t o  r e a c t  t o  changes i n  echo-traces, 

then i t  must be accepted t h a t  catches taken i n  obedience t o  t h i s  r u l e  cannot 

p rov ide  comprehensive and accurate evidence o f  the  composit ion o f  t he  observed 

stocks. Again, t he  r u l e  may be s u f f i c i e n t  i f  the c r i t e r i o n  o f  s i g n i f i c a n c e  i s  

t h a t  t he  change i n  charac ter  should be on ly  such as t o  r e q u i r e  a change o f  

conversion f a c t o r  and i f  the o b j e c t i v e  o f  the  acoust ic  work i s  s o l e l y  t o  

measure biomass, i r r e s p e c t i v e  o f  composit ion o f  the  stocks. But  i f  the 

composit ion o f  t he  stocks i s  o f  importance, as indeed i t  was i n  t h i s  survey 

the  r u l e  i s  s t i l l  more inadequate. On the  o ther  hand, i t  i s  t o  be borne i n  

mind t h a t  t he  catches were n o t  t he  so le  source o f  evidence o f  stock 

composi ti on: o ther  i n f o r m a t i  on i s  avai 1 abl  e from the  records o f  sur face 

observat ions, such as o f  schoo l ing  behaviour. This  o the r  i n fo rma t ion  has, o f  

course, been taken i n t o  account i n  the ana lys i s  o f  acoust ic  records. 

The survey o b j e c t i v e s  w i t h  regard  t o  stock composi t ion extended beyond speeies 

I d e n t i f i c a t i o n  t o  i nc1  ude, as the work-plan requ i red  (see Sest ion 1 . 2 ) ,  

observat ions o f  l ength, weight, sex, sexual condi t i o n  and stomach contents,  

and sampl es o f  catches were taken f o r  t h i s  purpose. However, i n  t h i s  respect  

too  the resu l  t s  a re  inadequate: the number o f  f u l l y  analysed ca tch  samples i s  

r e l a t i v e l y  small and i t  i s  f o r  t h i s  reason t h a t  mean l e n g t h  o f  i n d i v i d u a l  s o f  



observed stocks ( f o r  de terminat ion  o f  the value o f  the conversion constant)  

had t o  be made i n  the  manner descr ibed i n  Sect ion 1.4. 

Table 4a shows, f o r  each sector ,  the number o f  species which appeared i n  the 

catches o f  o n l y  1 cru ise ,  those t h a t  appeared on 2 c ru i ses  and so on. 

S i m i l a r l y ,  Table 5a shows fo r .each  c r u i s e  the  number o f  species which appeared 

i n  a l  l 5 sectors, those t h a t  appeared i n  4 sectors and so on. It w i l l  be 

observed t h a t  i n  the  two t a b l e s  the d i s t r i b u t i o n s  are no tab ly  s i m i l a r ;  i n  

Table 4a, the means f o r  two sectors f a l 1  ou ts ide  (one below and one above) t he  

95% conf idence l i m i t s  o f  a weighted mean f o r  the  whole tab le .  The data o f  

these tab les  are  combined i n  Table 6 where, the concent ra t ion  i n  the upper 

l e f t - h a n d  sec tor  o f  the  t a b l e  i s  considerable;  few species (3%) occurred i n  

a l l  7  sectors i n  a l l  f i v e  c ru ises ,  and most species occurred i n  1 o r  2 c r u i s e s  

(67%) i n  1 o r  2 sec to rs  (53%).  Table 4a i s  t o  be i n t e r p r e t e d  as g i v i n g  come 

i n d i c a t i o n  o f  seasonal v a r i a b i l  i ty o f  the access ib i l  i t y  and vul  n e r a b i l  i t y  o f  

t he  species o f  which the  b i o t a  i s  composed; Table 5a, on the  o ther  hand, 

g ives an i n d i c a t i o n  o f  u b i q u i t y  compounded w i t h  the  i n d i c a t i o n  o f  v a r i a b i l  i t y  

o f  a c c e s s i b i l  i t y  and vul n e r a b i l  i t y .  I n  add i t i on ,  the  resu l  t s  i n  these tab1 es 

t o  some degree r e f l e c t  s imply the  chanciness o f  the p a r t i c u l a r  f i s h i n g  

opera t ions  by which the  samples were obtained. 

A r e s u l t  somewhat the  same as t h a t  o f  Table 5a i s  presented by t a b u l a t i o n s  o f  

( a )  appearances o f  f a m i l  i e s  i n  the  catches (Tab le  7a) ; 

(b )  c i t a t i o n ,  i n  the  t e x t  o f  the  c r u i s e  repor ts ,  o f  species observed 

(Table 7.b), and was obta ined by Druzh in in  (1973), as the  f o l l o w i n g  

f i g u r e s  show: 

Number o f  c ru i ses  Th is  Survey 
i n  which each (Tab le  5a, 
species appeared co l .  8 )  

% 

Druzhi n i  n  
(Tab le  4) 



A puzzling feature of Table 4a i s  the number of zeros in l ine  5, since i t  i s  

contrary t o  expectation tha t  a ser ies  of fishing operations in these sectors,  

especially,  i n  Sectors 3 and 4, should f a i l  to capture specimens of the 
dominant Clupeoids. This feature might appear from, among a number of 

processes, a fa i lure  to  make correct  identification and there i s  some 
evidence of th is .  For example, the presence of Sardinell a longiceps was 

sometimes nsted only by the general term "oil sardines" and since th i s  i s  a 

generic and not a species t i t l e  i t  could be tha t  for the purpsse of Table 4a 

some actual presences of th i s  species were not credited to i t .  Table 46, 

showing presence of important families was prepared as an attempt to 
circumvent th i s  deficiency. I t  will be seen tha t  the Poisson-1 ike 

dis t r ibut ion of Table 4a does not appear in Pable 4c and that  the val ues 

(frequencies) are more uniform; the mean frequency i s  6.7 and the values have 

a dis t r ibut ion very close t o  normal ; the mean number of appearances per 
family i s  2.6, close t o  the central value of the table.  f h i s  resul t , however, 

goes only some of the way to resol ve the problem of the zeroa in Pable 4a: two 

sectors,  2 and 3, have no families which have been caught a t  a l l  times, and 

al though deal ing w i  t h  famil ies  ensures that  a l l  appearances of a91 species . 
belonging to  a par t icular  family are credited to that  family, i t  does not 
mean that  every species of a family was always present i n  each appearance of 

i t s  family. 

B u t  in Table 7a there i s  evidence of another aspect of th i s  matter. Nst only 

are  the appearances Iow -- i n  pelagic fishing each family appeared on the 

average i n  only 3% of the hau1 s whil s t  in demersal fishing each family 

appeared in 12% of the hauls -- b u t  of the 55 families,  39 appeared in both 

pelagic and bottom trawl s while only 2 families appeared in only pelagic hau1 c 
and 14 families appeared only i n  bottom trawls. I t  i s  ye t  to be ascertained 

whether what hol d s  for  these 39 famil i e s ,  that  i s ,  that  they can be caught 
both i n  surface and bottom waters, holds as well for the species of which they 
are composed, or tha t  i n  each family some species are pelagic and some 
demersal. Nevertheless, the evidence here throws some doubt on the va l id i ty  

of the dis t inct ion between pel agic and demer sal types. The consi derations 
her@ depend largely on the definit ion of pel agie and demersal f ish and on the 

way the trawl s are operated. Often, particul ar ly  in shallow waters, the 
pelagic trawl was hauled on or very close to ( i / n m )  the bottom. 



Druzh in in  (1973) i n  a r e p o r t  on s i m i l a r  work r e l a t i n g  t o  a l a r g e  p a r t  o f  the  

reg ion  t o  which the  present  r e p o r t  r e l a t e s ,  l i s t e d  some 322 species taken i n  

f i s h i n g  operat ions.  For the  present  survey a l i s t  o f  456 species and 128 

f a m i l i e s  was drawn up and coded. The fam i l y  codes (as d i s t i n c t  from species 

codes) are many t imes entered i n  the  ca tch  records w i t h  r e p o r t  o f  q u a n t i t y  

taken. I n  some cases such records r e l a t e d  t o  species f o r  which codes e x i s t e d  

b u t  f i n a l  species i d e n t i f i c a t i o n  was n o t  made; i n  o ther  cases a reco rd  o f  

f a m i l y  code r e l a t e d  t o  specimens t h a t  cou ld  be assigned t o  the f a m i l y  b u t  

which were n o t  o f  the  recognised and coded species. Thus the  t o t a l  number o f  

species was n o t  l e s s  than 456 and might  have been as many as 584 (456 + 128) 

o r  even more. Table 8 presents a summary o f  data on the  number o f  species 

found i n  each shot, o f  sur face pe lag i c  net,  o f  bottom t raw l  and o ther  gears, 

and by a l l  gears. The geometric mean number o f  species i n  a shot, f o r  a l l  

gears, i s  7.4 which means, supposing t h a t  species were caught e n t i r e l y  a t  

random and t h a t  once a species was taken i n  the  course o f  a c r u i s e  i t would 

n o t  be taken again du r ing  t h a t  c ru ise ,  t h a t  f o r  584 species a minimum o f  79 

shots woul d be requ i red  t o  ob ta in  specimens o f  a l  l species; bu t ,  s ince on the 

average, each species made about 2 appearances i n  the course o f  a c ru ise ,  a 

minimum o f  158 shots would be necessary under these u n r e a l i s t i c  cond i t i ons .  

I f  then we modi fy  our  s p e c i f i c a t i o n  o f  cond i t ions ,  and we make them more 

r e a l  i s t i c  by, on the  one hand, reducing the  chance t h a t  a gear w i l l  take 

specimens from a l l  species present  i n  a l o c a l  i t y  a t  the t ime o f  a shot, and, 

on the  o the r  hand, reduc ing  the  f i t  o f  the  d i s t r i b u t i o n ,  abundance and 

behaviour o f  each species t o  the  d i s t r i b u t i o n  i n  t ime and space o f  the  f i s h i n g  

operat ions,  t he  requ i  r e d  number o f  shots i s  consi derably  g reater .  The 

o r i g i n a l ,  u n r e a l i s t i c  cond i t i ons  imply a value o f  1 f o r  the  gear 

catching-power ( ' c a t c h a b i l  i t y '  o f  authors)  whereas a val ue o f  0.5 woul d 

probably be more r e a l i s t i c * .  Those cond i t i ons  a ls0  imply t h a t  every species 

i s  p resent  w i t h i n  each sec tor  i n  one o r  o ther  o f  the f i s h e d  l o c a l  i t i e s  a t  the 

t imes o f  f i s h i n g ,  represented by i n d i v i d u a l  s  o f  a s i z e  and abundance t h a t  

woul d make i t  l i k e l y  t h a t  a gear w i t h  catching-power o f  0.5 woul d take some 

specimens o f  it. Th is  cond i t ion ,  however, i s  h i g h l y  improbable: some species 

are  of such l i m i t e d  d i s t r i b u t i o n  and t h e i r  numbers so small t h a t  they are 

* We h o l d  t h a t  c a t c h a b i l i t y  holds as much between species as i t  does between 
size-groups o f  a species, e s p e c i a l l y  s ince  each species i s  cha rac te r i zed  by 
a mean s ize .  



taken on ly  ext remely r a r e l y ,  even by i n t e n s i v e  f i s h i n g  o f  a l o c a l  i t y ;  t he  

p a t t e r n  o f  d i s t r i b u t i o n  o f  some species i s  so changeable t h a t  t h e i r  presence 

i n  come l o c a l  i t y  m igh t  never synchronise w i  t h  f i s h i n g  opera t ions  there;  

species o f  s h o r t  l i fe -span may be represented a t  t imes by on ly  pos t - la rvae and 

small j u v e n i l e s .  T h e o r e t i c a l l y ,  each species cou ld  be ra ted ,  as t o  i t s  

a v a i l  a b i l  i t y / a c c e s s i b i l  i t y / v u l  n e r a b i l  i t y  (AAV index)  t o  a s p e c i f i e d  net,  on a 

sca le  from O t o  1; a species which i s  always present ,  abundant and catchable, 

would be r a t e d  1, others,  such as those j u s t  c i t e d ,  would be r a t e d  l ess .  The 

average r a t i n g  m igh t  perhaps be 0.5 and i f  t h a t  were the  case the  number o f  

shots requ i red ,  t a k i n g  a l  so i n t o  account the 

1 
f ish ing-power f a c t o r  o f  0.5, would be 632 per c r u i s e  (15.8 x - 1 x -1; 0.5 0.5 

i n  con t ras t ,  the  average number o f  shots per c r u i s e  (count ing  the f i r s t  two 

c r u i s e s  as one) was 90. 

Ne argue t h a t  such a resu l  t was t o  be expected, w i  t h  respect  bo tk  t o  

appearances du r ing  successive c ru i ses  w i t h  each sector ,  and t o  appearances i n  

t he  d i f f e r e n t  sec tors  d u r i n g  each c ru i se ,  consi  d e r i  ng the  number o f  species, 

the  s i z e  o f  t h e  area, and the number o f  f i s h i n g  operat ions.  But  t h i s  i s  a 

resu l  t which r e l a t e s ,  we be l ieve ,  on l y  t o  ca tch ing  and n o t  t o  acoust ic  

observing. It t e l l s  us something about i d e n t i f i c a t i o n  o f  the observed stocks 

b u t  n o t  about biomass dens i ty .  I n s o f a r  as the p a r t i t i o n i n g  o f  echo-trace 

between pe lag i c  and demersal stocks depends on i d e n t i f i c a t i o n  i t cannot, i n  

the  l i g h t  o f  t h i s  evidence, be h e l d  t o  be very  re1 i a b l e .  fhen, i n  view o f  the 

evidence o f  Table 7a the  d i s t i n c t i o n  i s  perhaps n o t  b i o l o g i c a l l y  rea l  and i n  

t h a t  case the  bismass dens i t y  va lue f o r  t he  two types together  ( t h a t  i s ,  t o t a l  

t r a c e  9 ess mesopel agic ,  p lank ton  e tc .  ) i s  probably the most re1 i a b l e  measure. 

The values f o r  t he  types separa te ly  w i l l  then be an i n d i c a t i o n  o f  the 

p r o p o r t i o n  o f  t ime spent by these stocks i n  each o f  the two s t r a t a  r a t h e r  tkan 

a separat ion o f  s tocks according t o  supposed preferences f o r  these s t r a t a ,  

wkich might  be c h a r a c t e r i s t i c  o f  each species. 

3.2 The Asoust ic  Measurement o f  Biomass 

The raw data from the  acoust ic  work are the record ings,  summarised i n  Tables 

10a t o  g, and as a f i r s t  step, we must examine the  s t a t i s t i c a l  c h a r a c t e r i s t i c s  

o f  these data. It wi19 be seen i n  these tab les  t h a t  the variances w i thou t  

exsept ion are  g rea te r  than the  mean and genera l l y  are many t imes greater .  



Thus i t  i s  c l e a r  t h a t  the  observat ions were o f  contag ious ly  d i s t r i b u t e d  

populat ions,  a  f e a t u r e  which was a l  ready obvious i n  the  patchiness shown i n  

F igures  10 t o  21. Moreover, a  s t rong c o r r e l a t i o n  ho lds  between mean and 

variance, as exemp l i f i ed  by F igure  22; the data from which t h i s  f i g u r e  was 

drawn are the  means and variances f o r  c r u i s e  and resource type (demersal and 

p e l a g i c )  o f  Sector 1 i n  Table ga. S i m i l a r  r e s u l t s ,  w i t h  even h igher  

c o r r e l a t i o n s ,  were obta ined f o r  o ther  Sectors, and f o r  patches and s t r a t a  but  

w i t h  lower c o r r e l a t i o n s .  Roughly the r e s u l t  i s :  

Value o f  Mean Val ue o f  Variance 

i < 10 about 7  M 

10 G X < 30 15 X 

X > 30 60 X 

The e f f e c t  o f  t h i  s  cha rac te r i  s t i c  i s  t h a t  some s t a t i  s t i c a l  methods " inc1  uding 

the  t - t e s t  and ana lys i s  o f  var iance,  cannot be appl i e d  w i t h o u t  the r i s k  o f  

considerabl  e  e r r o r s "  (E l  l i o t t ,  1977). The appropr ia te  course o f  ac t ion ,  i n  

t h i s  s i t u a t i o n ,  would be t o  t rans form a l l  the  data, r e p l a c i n g  x  by l o g  ( x  + 1)  

(E l1  i o t t  1.c. ) ;  u n f o r t u n a t e l y  the  complete se t  o f  o r i g i n a l  data was n o t  

r e a d i l y  access ib le  a t  the  t ime o f  p repara t ion  o f  t h i s  r e p o r t  and the re fo re  the  

ana lys i s  has been made a t  the simple leve1 o f  a r i t h m e t i c  means and variances, 

l e a v i n g  u n t i l  come l a t e r  oppor tun i t y  such deeper analyses and more sub t l e  

comparisons as might  be made w i t h  transformed data. 

The mean s e c t o r / c r u i  se record ings  are assembl ed i n  Tables I l a  and b  f o r  ease 

o f  comparison. The d i s t r i b u t i o n  o f  these values i s ,  i n  both cases, h i g h l y  

skewed posi  t i v e l y  and h i g h l y  l e p t o k u r t i c  b u t  a f t e r  t rans format ion  ( rep1 a c i  ng x 

by l o g  ( x  + 1)  each d i s t r i b u t i o n  i s  c lose  t o  normal . The val ues f o r  demersal 

stocks are r e l a t i v e l y  un i fo rm i n  two blocks, Sectors 1 and 2 and Sectors 3 t o  

7; a l  so there  i s  some grouping between c ru ises :  Cruise 4, which was executed 

e n t i r e l y  du r ing  t h e  NE Monsoon, has lowest  mean, Cruises 112 and 5, whose 

execut ion extended from the end o f  the  NE Monsoon through the  t r a n s i t i o n a l  

month A p r i l  i n t o  the  beginning o f  t he  SW Monsoon have the same mean, w h i l e  the  

means o f  Cruises 3 and 6 ( w i t h  converse l o c a t i o n  i n  t ime, f rom end o f  SW 

Monsoon through October i n t o  the beginning o f  t h e  NE Monsoon) are almost t h e  

same and are h igher  than the o ther  two. Analys is  o f  var iance o f  these 

transformed means r e s u l t s  i n  F - t e s t  value a t  5% f o r  comparison o f  the c r u i s e s  

mean square w i t h  res idua l  mean square and a t  between 5% and 1% f o r  comparison 

between sectors and r e s i  dual s. The c o e f f i c i e n t  o f  v a r i a t i o n  ( o f  t ransformed 



values)  f o r  pe lag i c  (40.5%) i s  o n l y  l i t t l e  more than t h a t  f o r  demersal 

(38.7%), and al though ana lys i s  o f  var iance shows comparisons i n  Table I l b  a re  

non -s ign i f i can t ,  they are n o t  w i t h o u t  i n t e r e s t .  As i n  Table I l a ,  t he re  i s  a  

grouping o f  the  sectora, Sectors 2 and 5 being h ighes t ,  Sectors 1 and 2 be ing  

nex t  (and these two p a i r s  are nea r l y  equal) ,  and Sectors 3, 6 and 7  are 

s u b s t a n t i a l  l y  lower than the  others.  The Cruise 4  o v e r a l l  mean i s  i n  t h i s  

case the  h ighes t  and tkose o f  Cruise 112 and 5 are lowest  ( b u t  n o t  equal) 

whereas those o f  Cruises 3  and 5 a re  equal.  This  suggests t h a t  comparisons 

between c ru i ses  might  n o t  be c o r r e c t  and t h a t  these values should i ns tead  be 

grouped by ceasons (cee F igure  ; when t h i s  i s  done s t i l 1  g rea ter  

d i f fe rences appear f o r  pel  ag ic :  the  o v e r a l l  mean f o r  val  ues obta ined i n  the 

NE Monsoon i s  11.6, f o r  t he  SW Monsoon i s  6.4, A p r i l  3.9 and October 7.9. For  

demersal s tocks the  e f f e c t  o f  t h i s  regrouping i s  the opposi te,  the  c o e f f i c i e n t  

o f  v a r i a t i o n  o f  t he  seasonal values i s  h a l f  t h a t  o f  the c r u i s e  va l  ues. Thus, 

i t  may be taken t h a t ,  desp i te  kav ing  come species i n  common, the demersal and 

pe lag i c  b i o t a  show marked d i f f e r e n c e s  o f  acoust ic  dens i t y  bo th  s p a t i a l l y  

(between-sector d i f f e r e n c e s )  and temporari  l y  ( o f  d i f f e r e n c e  o f  seasonal 

response) ; b u t  t he re  are  i n d i  c a t i  ons, even i n  t h i s  anal y s i  s, o f  seetor/season 

i n t e r a c t i o n s  f o r  which we have n o t  y e t  made any a l  lowance. 

I t  i s  t o  be kept  i n  mind t h a t  the data i n  Table 10 are  s imp ly  mean values o f  

record ings  each o f  which has the  same weight  as every o ther ;  t key  the re fo re  

are merely i n d i c e s  o f  acoust ic  dens i t y .  The sets o f  these values, r e l a t i n g  t o  

separate patches, grouped i n  s t r a t a ,  must be weighted each according t o  the  

t o t a l  area o f  the  patches o f  the  st ratum t o  which i t r e f e r s .  This ana lys i s  

has shown, however, an approach t o  the ana lys i s  o f  the  weighted and converted 

data which we take t o  c o n s t i t u t e  measurements o f  biomass. 

The biomass est imates are made from the  stratum-area weighted mean record ings  

f o r  each sec tor  du r ing  each c r u i s e ;  the  successive c a l c u l a t i o n  steps are se% 

o u t  i n  Table 11, and i t  w i l l  be seen t h a t  the conf idence l i m i t s  o f  each mean 

kave been ca1 c u l  ated. 

The sec to r / c ru i se  biomass est imates are  s e t  ou t  i n  Table 12 a  and b.  

I n t e r p r e t a t i o n  o f  these va1 ues, w i  t h  o v e r a l l  range f rom 3,000 t o  1,087,000 

tonnes and cons iderab le  d i f f e r e n c e s  between c ru i ses  and between sectors,  i s  

ssmewhat d i f f i c u l  t, because, i n  the  f i r s t  p l  ace, o f  d i f f e r e n c e s  o f  area o f  the  

sectors,  and, i n  the  seeond p l  ace, o f  the prob l  ems o f  seasonal i t y  d i  scussed 



above. To reduce the  area e f f e c t s  the  f i g u r e s  have been converted i n  Table 13 

a  and b, t o  biomass per  square m i l e  o f  con t i nen ta l  s h e l f ;  these values have 

an o v e r a l l  mean o f  36.1 t lnm2 f o r  pe lag i c  and o f  17.4 t/nm2 f o r  demersal 

t h e  sum o f  which g ives about 17tlkm2 which i s  s i m i l  a r  t o  est imates made f o r  

o the r  reg ions  o f  the no r the rn  I n d i a n  Ocean (Raja, 1980). I n  the t a b l e  o f  

pel ag ic  va l  ues, the low f i  gures f o r  Sectors 6  and 7  may have resu l  t ed  from the  

absence o f  data from the  l a s t  c ru i se ,  otherwise the  Gu l f  o f  Oman appears to  be 

l e s s  produc' t ive o f  pel  agic  stocks than are the o ther  sectors.  

But, w h i l e  t h i s  convers ion o f  the  biomass est imates adds some conf idence t o  

i n t e r - s e c t o r i a l  comparisons, some doubts remain as t o  what i n  f a c t  i s  being 

compared and what the  est imates are o f :  a re  the i n d i v i d u a l  c r u i s e  values t r u l y  

rep resen ta t i ve  o f  the amount o f  biomass o f  some per iod? and, i f  so, o f  what 

pe r iod  i n  each case? among the  i n d i v i d u a l  va l  ues, i s  the g rea tes t  a  measure o f  

the  maximum reached by the  stocks? and are the  mean values a  t r u e  measure o f  

the  average t o  be expected i n  each sector ,  o r  do they measure t h a t  t o  which 

authors r e f e r  w i t h  the  expression "standing stock?" 

I n  the  f i r s t  approach t o  t h i s  ana lys i s  we assumed t h a t  the  biomass of each 

stock must f l  uc tua te  each year  and we f u r t h e r  assumed, w i t h  regard t o  the  

a c o u s t i c a l l y  observable stocks, t h a t  the f l u c t u a t i o n  must be from a  minimum a t  

some t ime s h o r t l y  a f t e r  spawning, when the mature i n d i v i d u a l  s  had l o s t  weight  

from spawning and replenishment  o f  t h e i r  numbers by r e c r u i  tment had no t  y e t  

overtaken the  l o s s  by na tu ra l  m o r t a l i t y ,  t o  a  maximum produced by rec ru i tmen t  

and the r a p i d  growth o f  the r e c r u i t s .  We a lco  expected, though w i t h  l e s s  

confidence, t h a t  the maxima (and, there fore ,  a l  so the  minima) woul d  occur i n  

the same season f o r  such a  p r o p o r t i o n  o f  the stocks t h a t  a  s i m i l a r  annua1 c y c l e  

would appear i n  t he  t o t a l  biomass. A l  though the record ings  i nd i ca te ,  as 

discussed e a r l i e r  i n  t h i s  sect ion,  t h a t  the pe lag ic  s tocks are a t  t h e i r  maximum 

d u r i n g  the  NE Monsoon and a t  t h e i r  minima i n  the t r a n s i t i o n  month A p r i l ,  

F igures 23 a  t o  g g i ve  meagre support t o  our assumptions, and c h i e f l y  i n  the  

case o f  Sector 2 i n  which both demersal and pe lag i c  stocks show something l i k e  

an annua1 cycle.* 

* The i n d i v i d u a l  curves i n  these f i g u r e s  are discussed i n  g reater  d e t a i l  
be l  ow . 



In Sector 2 the pelagic stocks are shown as having a single maximum i n  the 
en t i r e  2-year period and while two maxima appear for demersal stocks some 
doubts must be entertained about the real i t y  of one or the other of them. The 
pelagic stocks of Sector 5 are shown, l ike  those of Seetor 2, w i t k  a 
s ingle  maximum. The r e s t  of the curves are non-descript, to say the best of 
them. 

However, the evidence, although i t  gives only weak support to our assumptions, 
dses not point to  a rejection of those assumptions and even l e s s  does i t  
suggest al ternat i  ve assumpti ons. We return to  these questi ons a f t e r  the 
fo l l  owing examination of evidence w i t h  regard to each of the seven sectors, i n  

turn. 

Sector 1 Somali eas t  coast 20N 46oE to 11oN 51oE* 

Pelaaic Fishes: 

Round herring (Etrumeus t e re s )  was fsund in relat ively small quantit ies in the 
southern part  of th i s  sector during most of the cruises.  During April 1976 
(Cruise 5) t h i s  species was observed in small school s and scattering layers a t  
depths between 50 and 100 m and a t  depths of 120-160 m jus t  off Mogadiscio. 
The recordings of round herring, sardinel l a (Sardinel l a sp. 1 and spotted 
herring (Herk1 otsichthys sp. ) were not so dense as to promi se commercial 
catches w i t h  the gears used by "Dr. Fridtjof Nansen". 

The most important pelagic f i sh  species observed in the northern part  of the 
sector was the mackerel (Scomber sp. ) , which was observed al ong the edge of 
the continental shel f between 50 and 80 N d u r i n g  spring both i n  1975 and 
in 1976. During the day the f ish formed small schools a t  the bottom a t  
300-350 m depth whil e during the n i  g h t  they appeared as a pel agic scattering 
l ayer i n  150-200 m depth. 

In November 1976 (Cruise 6 )  several school s were recorded near t h e  bottom a t  a 
depth of 158 m i n  the area of Mogadiscio. These schools were c lass i f ied  as 
mackerel b u t  the t rue ident i ty  could not be estalished because trawl i n g  

eondi t ions were unsui tab9 e. %f these recordi ngs origi nated from mackerel , the 
observation may serve as an indication of a seasonal s h i f t  of concentration 

* These indlsations are only approximate. 



since i t was made 180-300 nau t i ca l  m i l es  south o f  the area where the f i s h  was 

observed du r ing  the  sp r ing  cru ises.  

Scat tered record ings  o f  anchovy (Engraul i s  sp and Sto lephorus sp. ) and scad 

(Decapterus sp. ) were observed i n  nearshore waters d u r i  ng a l  l c r u i  ses. 

R e l a t i v e l y  h i g h  abundances o f  small pe lag i c  f i s h  were observed i n  the 

northern-most p a r t  o f  t h i s  sec tor  du r ing  a l l  c ru i ses  except f o r  Cru ise  No, 4. 

The record ings  o r i  g ina ted  from Ind ian  o i l  sard ine l  l a (Sard ine l  l a l ongiceps) , 
round h e r r i n g  and scad (Decapterus macrosoma and Decapterus maruadsi) . The 

f i s h  was observed i n  near-surface schools and i n  s c a t t e r i n g  l a y e r s  a t  10-30 m 

depth over t he  s h e l f  area between Ras A s i r  and Ras Hafun. The observat ions 

i n d i c a t e  bo th  h igher  biomass and h igher  a v a i l a b i l i t y  o f  the f i s h  f o r  f i s h i n g  

opera t ions  i n  autumn than i n  spr ing.  During the  sp r ing  surveys the schools 

were observed t o  be small wh i l e  schools o f  more than 100 tonnes were found i n  

autumn 1975. 

Near-surface school s  were aonly p a r t l y  recorded by the echosounder, and 

the re fo re  t h e i r  biomass was est imated from sonar counts o f  the  schools; 

du r ing  the  s p r i n g  surveys t h e i r  biomass amounted t o  on l y  a smal l f r a c t i o n  o f  

the  t o t a l  pe lag i c  biomass, b u t  i n  autumn 1976 (Cru ise  6 )  i t  was found t h a t  

school s  o f  t h i  s  k i  nd w i  t h i  n  t he  area cons t i  t u t e d  about 1 /6 th  o f  the  t o t a l  . 

The observat ions on the  s t a t e  o f  the  gonads o f  the small pe lag i c  f i s h  caught 

i n  t h i s  nor th-eastern l o c a l i t y  are e s p e c i a l l y  i n t e r e s t i n g ,  and are o f  

p a r t i c u l a r  re levance t o  a cons ide ra t i on  o f  the  AAV Index i n  connect ion w i t h  a 

poss ib le  annua1 c y c l e  o f  f l u c t u a t i o n  i n  biomass. I nd ian  o i l  s a r d i n e l l a  and 

l ayang scad were observed t o  be mai n l y  r i p e n i  ng and nea r l y  r i p e ,  du r ing  a l  l 

per iods  o f  observat ion,  w i t h  h igher  percentages o f  nea r l y  r i p e  du r ing  the  

autumn surveys. A s i g n i f i c a n t  p o r t i o n  o f  t h e  Ind ian  o i l  s a r d i n e l l a  stock was 

spawning i n  November 1976. The round h e r r i n g  was r i p e n i n g  du r ing  the  sp r ing  

surveys w h i l e  t he  f i s h  observed i n  October 1975 were r e c e n t l y  spent, the  f i s h  

o f  small s i z e  observed i n  November 1976 were a l  l immature. These observat ions 

i nd ica te  t h a t  the  area i s  a spawni ng l ocal i t y  f o r  a l  l three species. The 

observat ions show t h a t  the  Ind ian  o i l  S a r d i n e l l a  and probably a l so  the  layang 



scad spawn i n l a t e  autumn whi l e the  round h e r r i  ng spawns e a r l  i e r  i n  t he  

autumn. The observat ions o f  r i p e n i n g  stages i n  e a r l y  sp r i ng  i n d i c a t e  a l  so a  

spawning p e r i o d  f o r  a l l  t h ree  species i n  l a t e  spr ing.  This  evidence i s  

r e f e r r e d  t o  again i n  the  sec t ion  below r e l a t i n g  t o  Sector 3. 

The maximum biomass dens i t y  i n  January, shown i n  F igure  23a1, i s  perhaps 

eonsi s ten t ,  w i  t h i n  our assumptions, w i  t h  the evidence o f  autumn (?September) 

spawning, and so then a l s 0  might  be the  1ow value i n  August, b u t  the minimum 

i n  February o f  1975 can scarce ly  be aecepted as a t r u e  measure ~f the  sec tor  

pe lag i c  biomacs du r ing  the  NE Monsoon; but ,  by the  same token the  value f o r  

October 1976 does n o t  correspond we l l  t o  t h e  October 1975 value. Thus, i f  we 

accept the  c e n t r a l  t h ree  val ues (August, January and A p r i l  ) we must hesi  t a t e  

about accept ing t h e  f i r s t  and l a s t  valuec, o r  I f  we accept the  l a t t e r  we must 

doubt the  former. Shor t  o f  a t t r i b u t i n g  t h i s  s i t u a t i o n  t o  techn ica l  e r r o r s  i n  

ope ra t i on  and read ing  o f  equipment and lor  i n  the  a n a l y t i c a l  procedures, we are 

bound t o  make f u r t h e r  acsumptions t o  the  e f f e c t :  

( a )  t h a t  the  stocks tend t o  form i n  l o c a l  i s e d  concent ra t ions  

(b )  t h a t  the  concent ra t ions  s h i f t  about w i t h i n  a  sector ,  and perhaps a t  

t imes move o u t  o f  it; and 

( c )  t h a t  i n  t he  course o f  a  c r u i s e  the  observat ions might  happen t o  be 

c o n s i s t e n t l y  o f  unoccupied space. 

( d )  t h a t  yea r  t o  year  v a r i a t i o n s  i n  stock s i zes  occur. 

These assumpti ons then d i  s t i  ngui  sh the maximum-biomass va l  ues from the  

minimum-biomass val  ues, a t  l eas t  methodol og i ca l  l y .  The former may be 

overest imates by v i r t u e  o f  under-est imat ion o f  the biomass i n  the apparent ly  

unoccupied space, b u t  a t  l e a s t  we have a  f a i r  approximation t o  the  biomass 

value o f  a t  space -- we c a n ' t  go f a r  wrong i n  count ing  i t  zero, s ince any 

e r r o r  i n  t h a t  respec t  woul d  on ly  mean t h a t  our overa l  l est imate was the l e s s  

wrong; f o r  the  minimum, however, we have no i n d i c a t i o n  o f  the value t h a t  

should be assigned t o  those l o c a l i t i e s  t h a t  harbour miss ing  stocks.  

Demersal F i  shes: 

A l a r g e  amount o f  demersal s tock was observed i n  the  northevn p a r t  ~f t h i s  

sec tor  i n  autumn 1975 (Cru ise  3 )  b u t  was n o t  i d e n t i f i e d .  The record ings were 

made a t  depths between 100 and 300m i n  the  l o c a l i t y  i n  which mackerel had been 

observed i n  sp r i ng  (Cru ise  1/2),  b u t  s ince  bad weather cond i t i ons  c rea ted a  

l o t  o f  no ise  on the  echosounder no conclus ions cou ld  be drawn as t o  the  s r i g i n  



o f  t h e  record ings  and s ince such dens i t y  was n o t  observed i n  t h a t  l o c a l i t y  

du r ing  l a t e r  c ru i ses  we can do no more than note the  observat ion. 

Mention must be made here, w i  t h  re1 evance as we l l  t o  resu l  t s  re1 a t i n g  t o  

demersal s tocks o f  a l l  o the r  sectors, t o  the  f a c t  t h a t  the  echosounder had a  

dead zone i n  the  bottom 1-2 m o f  water depending on depth and bottom 

con f i gu ra t i on ,  Pai1 i n g  t o  measure biomass l y i n g  i n  the bottom 3m o f  water.  

A l l  est imates o f  demersal biomass dens i t y  are the re fo re  sub jec t  t o  the  

p o s s i b i l  i t y  t h a t  c i g n i f  i c a n t  quant i  t i e s  o f  biomass l ay, unmeasured i n  t h a t  

bottom stratum. Since the re  i s  good reason t o  suppose (a)  t h a t  whenever 

demersal s tocks are  observed i n  a  l o c a l  i t y  come p r o p o r t i o n  o f  them l i e s  i n  t he  

bottom stratum, ( b )  t h a t  i n  some t imes o f  the day and i n  come seasons the  

concent ra t ion  i n  the  bottom st ratum i s  very high, and ( c )  t h a t  i n  come 

l o c a l  i t i e s  i n  which the  echosounder g ives no i n d i c a t i o n  o f  the presence o f  

demersal stocks there  might  never theless be come stocks i n  the bottom stratum, 

i t  may a l co  be supposed t h a t  a l l  values o f  demersal biomass dens i ty  obta ined 

du r ing  the survey a re  lower than the t r u e  values, except where o ther  causes 

(see p. 38) have r e s u l t e d  i n  an overest imate o f  what has been observed. I n  

1 balance, however, we bel  i e v e  t h a t  the demersal stock, i n  general, has been 

1 underestimated. - 

The two maxima o f  the  curve, i n  F igure  23a2, f o r  demersal stocks o f  t h i s  

sec tor  a t  f i r s t  s i g h t  seem t o  conform t o  the assumption o f  an annual cyc le  b u t  

they  d i f f e r  i m p o r t a n t l y  i n  t im ing ;  there fore ,  except i n  the  event t h a t  a  

3-month s h i f t  had taken p lace o f  one o r  the other ,  one o f  these cannot be a  

measure o f  the  maximum reached i n  i t s  year.  Graph ica l l y ,  as suggested by the  

dashed l i n e  on the  l e f t  o f  the f i gu re ,  i t  seems p l a u s i b l e  t o  suggest t h a t  a  

maximum had been reached i n  A p r i l  1975 when, however, the  vessel was 

e l  sewhere. 
I 
j 

To ta l  Biomass: 

From the evidence a v a i l a b l e  we concl ude t h a t  the  pel ag ic  biomass o f  t h i s  

reg ion  can reach a  maximum o f  116 T 14 t/nm2 and the  demersal biomass a  

maximum o f  65 T 23 t/nm2 which means i n  t o t a l  , w i  t h  con t i nen ta l  shel f area 

o f  9,340 nm, from about 953,000 t o  1,214,000 tonnes o f  pe lag i c  biomass and 

from 392,000 t o  822,000 tonnes o f  demersal biomass. Since the  maxima o f  the 



two types do n o t  co inc ide ,  the  maximum f o r  the  sum, which occurred du r ing  the  

NE Monsoon, was somewhat l ess ,  ranging f rom 1,258,000 t o  1,527,080 tonnes. 

Sector  2  Somali No r th  Coast: 110 41' N 430 28' E t o  120 02'  N 500 02' E 

Pe lag ic  Fishes: 

Smal1 pe l  ag ic  f i s h  were very  sca t te red  i n  t h i s  area du r ing  a l  l surveys and 

ca tch  r a t e s  were a l s 0  q u i t e  low. An impor tan t  observa t ion  was the f i n d i n g  o f  

small scad, 6-11 cm i n  length ,  i n  o f f sho re  waterc i n  September 1975 (Cru ise  3 ) .  I 

O f  t h e  two maxima i n  the  est imates o f  biomasc o f  t h i s  sector ,  the second 

corresponds i n  i t s  t i m i n g  t o  the  maximum f o r  Sector  l b u t  i s  a t  a  somewhat 

lower leve1 o f  p roduct ion .  The f i r s t  i s  p l  aced i n  t h e  NE Monsoon season b u t  

l a t e r  i n  t h a t  season tkan the  second and w i t h  very wide conf idence l i m i t s ,  

a l  though i t s  c e n t r a l  v a l  ue i s  c lose  t o  t h a t  o f  the second. It i s  tempt ing t o  

t h i n k  t h a t  the  observat ions i n  t h i s  sec tor  obta ined a  rough sketch o f  an 

annua1 cyc le  o f  abundance o f  the  pe lag i c  stocks b u t  the  extremely low values 

recorded f o r  t he  l a s t  two c ru i ses  r a t h e r  mar the  p i c t u r e .  

Demersal F i  shes: 

As observed above, t he  curve f o r  demersal f i s h e s  o f  t h i s  sec tor  (F igu re  22b) 

canforms t o  a  concept o f  annua1 cyc le  o f  abundance and i t s  regu l  a r i  t y  suggests 

t h a t  some conf idence cou ld  be p l  aced n o t  on l y  i n  the  maximum b u t  i n  an 

est imate o f  the  average biomass o f  a  twelve-month cyc le .  

To ta l  Biomass: 

Taking t h e  second o f  t he  pe lag i c  maxima as the more r e l i a b l e  est imate the data 

i n d i c a t e  t h a t  i n  t h i s  sec to r  t he  pe lag i c  stocks can reach a  leve1 o f  

95 20 t/nm2, f rom about 128,000 t o  225,000 tonnec and the demersal stocks a  

leve1 o f  42 13 t/nm2, f rom 67,000 'co 128,000 tonnes. The maximum o f  the  

sum a l so  appeared du r ing  the  NE Monsoon p e r i o d  ( o f  1976) and ranged f rom 

194,000 t o  304,000 tonnes. 



Sector 3 Socotra: 

Pel agic F i  shes: 

The f a i lu re  to  traverse th i s  sector d u r i n g  the 4 t h  and 5th cruises leaves the 
evidence w i t h  regard to i t  very scant indeed. However, t h i s  sector and the 
shel f off Ras Asir were the s i t e ,  during the SW Monsoon cruise (No. 3) of 
1975, of an observation of much in teres t .  When the sector was traversed i n 
late-August/early-September only insignificant quantit ies of pelagic f ish were 
observed. The local i t y  was revis i ted a month l a te r  and very good 
concentrations were observed, w i t h  biomass, in only 4 patches, of from about 

230,000 to  320,000 tonnes. Since the pelagic biomass of Sectors 1 and 3 i s  
estimated, from the f i r s t  traverse,  to have been between 340,000 and 480,000 
tonnes, the estimate from the second v i s i t  has much significance, even i f  i t s  
correct  interpretation i s  inaccessibl e. I t  cannot rep1 ace the estimate of the 
f i r s t  traverse since i t  pertains to both Sector 3 and Sector 1, and to only a 
very small proportion of the l a t t e r ,  and i t  may have resul ted from a 
redistribution of stocks which had been observed and measured on the f i r s t  
traverse; on the other hand the concentrations of th i s  second v i s i t  m i g h t  

have come from: 

( a )  l o c a l i t i e s  of these two sectors which, during the f i r s t  traverse,  had 
been judged "unoccupi ed", 

( b )  other sectors,  
( c )  deeper waters. 

Each of these four poss ib i l i t i e s  has i t s  swn, d i s t inc t  implications for the 
analytical procedures and for  the interpretation of resu l t s ,  b u t ,  perhaps of 

most d i rec t  relevance to  the analysis that  can be made a t  t h i s  stage i s  the 
clear  evidence from t h i s  case tha t  major changes of abundance can take place 
relat ively quickly and hence the conclusion tha t  must be drawn from th i s  
evidence that  average abundance over, say, twelve months can be rel iably 
estimated only when the patterns of distribution are well described and the 
cycles of abundance are  well defined. 

The in t e res t  of th i s  second v i s i t  was further enhanced by biological 
observations on f i sh  caught a t  the time, which showed that  the Indian o i l  
sardinella and the layang scad were almost ripe and that  the round herring had 
recently spawned; th i s  leads t o  the idea that  biogeographically th i s  zone, 
from about 110 N on the eas t  Somali coast to about 50° 30' E on i t s  north 



coas t  and i n c l u d i n g  t h e  Socotra sec to r  i s  a spawning l o c a l  i t y  f o r  these, and 

perhaps o t h e r  pe l  ag i c  speci es. 

The biomass d e n s i t y  observed du r i ng  the  second v i s i t  was i n  excess o f  

200 t/nm2, b u t  t h i s  cannot be taken t o  be rep resen ta t i ve  o f  the  e n t i  r e  

sec tor .  The maximum f o r  t h e  sec tor ,  du r i ng  t h e  SW Monsoon ( C r u i s e  6 )  was 

about 38 t/nm2, lower  than the  maxima o f  a l l  o the r  sec to rs  except  6 and 7. 

Demersal F i  shes: 

The evidence w i t h  regard  t o  these stocks i n  t h i s  sec tor  i s  even more' scant 

than t h a t  f o r  p e l a g i c  stocks, b u t  i s  s i m i l a r  i n  showi ng a minimum i n  t h e  SW 

Monsoon and a low maximum, l ess than t h a t  o f  a l  l other  see tors  except  5 .  

T o t a l  Biomass: 

The pe l  ag i c  s tocks can reach a maximum o f  38 7 11 t/nm2, g i v i n g  t o t a l  pe l  ag ic  

biomass between 112,000 and 224,000 tonnes and the  demersal s tocks  20 7 7  

t/nm2, between 55,000 and 115,000 tonnes t o t a l  demersal biomass; t h e  sum 

l i e s  between 190,000 and 315,000 tonnes. 

Sector 4 Yemen Coast 120 30' N 430 30' E t o  160 30'  N 520 30'  E 

Pel ag i c  F i  shes: 

The main species i n  t he  western p a r t  o f  t h i s  sec tor  were s a r d i n e l l  a  and scads, 

except  f o r  du r i ng  the  autumn c r u i s e  i n  1976 (No. 3 )  when t reva1 l y  was found t o  

be the  dominant species. The small pe lag i c  f i s h  were r a r e l y  observed i n  dense 

concent ra t ions ,  most o f t e n  they formed s c a t t e r i  ng l a y e r s  o r  small school s  a t  

v a r y i n g  depths i n  waters shal lower than 70 m. I n  t he  most shal low waters 

pony f i sh  a t  t imes made up a s i g n i f i c a n t  p a r t  o f  the  biomass, and a t  the  same 

t ime  was t h e  dominant species i n  t r a w l  catches. 

Surface schools were spo t ted  near Aden both i n  e a r l y  s p r i n g  1976 and i n  autumn 

o f  t h e  same year .  The school s  were re1 a t i v e l y  smal l and sca t te red ,  and a 

purse seine s e t  f o r  a  t y p i c a l  school i n  February 1976 (C ru l se  4) r e s u l t e d  i n  

1.5 tonnes o f  wh i te  s a r d i n e l l  a. 'Indian s i l  sa rd ine l  l a  c o n s t i t u t e d  o n l y  a 

minor p o r t i o n  o f  t he  catches i n  t he  area. 



I n  the  eastern p a r t  o f  the  sector ,  however, the  species c o n s t i t u t i n g  the  major 

p o r t i o n  o f  these quant i  ti es was Ind ian  o i l  sa rd ine l  l a, a l  though o the r  

s a r d i n e l l  a  species as we l l  as scads and horse-mackerel (Trachurus sp.) were 

present  i n  s i g n i f i c a n t  quant i  t i e s .  I n  the most shal low waters again d i f f e r e n t  

species o f  pony f i sh  made up l a r g e  p o r t i o n s  o f  the catches. 

The f i s h  were observed i n  the  eastern p a r t  both as small sur face schools and 

as school s  and s c a t t e r i  ng l ayers i n  midwater . Dur ing some c r u i  ses a 

re1 a t i v e l y  l arge p o r t i o n  o f  the  small pe lag ic  f i s h  biomass was observed as 

sur face sehools. The f i s h  were then only  p a r t l y  recorded on the echo-sounder 

and hence it i s  l i k e l y  t h a t  the abundance has been underestimated. The c r u i s e  

w i t h  the  l a r g e s t  underest imat ion was i n  autumn 1976 when two areas o f  sur face 

schools were found t o  con ta in  r e s p e c t i v e l y  50,000 and 20,000 tonnes o f  f i s h .  

The most dense concent ra t ions  were found i n  near-shore shal low waters, 10-30 

m, b u t  as a r u l e  w i t h i n  l i m i t e d  l o c a l  i t i e s .  D e t a i l e d  sonar mapping o f  such 

l ocal concent ra t ions  showed t h a t  1,000-10,000 tonnes o f  f i s h  , ma in l y  I nd ian  

o i l  s a r d i n e l l  a, formed these dense patches. As the  extension o f  the patches 

was q u i t e  smal l ,  1-5 n a u t i c a l  mi les,  it i s  poss ib le  t h a t  some o f  them l a y  

ou ts ide  the  survey g r i d .  

The observat ions here have a general re levance t o  the  est imate o f  pel ag ic  

stocks, especia l  l y  o f  t h e  small pe lag i c  f i shes .  I f  an impor tan t  p r o p o r t i o n  o f  

these stocks spent much t ime i n  very  shal low waters, i naccess ib le  t o  the  

research vessel,  and it seems l i k e l y  t h a t  j u v e n i l e  stages h a b i t u a l l y  d i d  co, 

then the  pe lag i c  s tocks biomass w i l l  have been underestimated. 

The curve o f  biomass dens i ty  es t imates  (F igu re  22d) g ives no support t o  an 

assumption o f  annua1 cyc le ;  indeed the l e f t  hand segment o f  the curve, from 

end o f  March t o  mid-February, looks  as though i t might  be the l a t t e r  p a r t  o f  a 

two-year cyc le ,  and the  r igh t -hand segment as though i t  were the f i r s t  quar te r  

o f  such a c y c l e ;  whether o r  n o t  t h i s  i s  the case i s  an issue which a v a i l a b l e  

e v i  dence cannot reso l  ve. 

Demersal F i  shes: 

Ponyf ish, and t o  some e x t e n t  c a t f i s h  and seabream, were f r e q u e n t l y  caught i n  

shal l ow waters 10-30 m, w h i l e  t h r e a d f i n  bream was caught somewhat deeper. 

I n  the  deep water hau1 s, deeper than 150 m, Pal i n u r i c h t h y s  sp. and l i z a r d f i s h  



were caught, a t  t imes i n  good q u a n t i t i e s .  The d i s c r i m i n a t i o n  between small 

pe lag i c  f i s h  and demersal f i s h  was d i f f i c u l t  a t  t imes s ince ponyf ish,  

horsemaekerel and c a t f i s h  were recorded and caught both a t  the  bottom and i n  

mi dwater. Whi l e, r e c o r d i  ngs thought t o  o r i  g i  nate from horsemackerel were 

always c l a s s i f i e d  as small pe lag i c  f i s h  and those o r i g i n a t i n g  from c a t f i s h  as 

demersal f i s h ,  some m ix ing  o f  the two ca tegor ies  took p lace a t  t imes i n  the 

case o f  pony f ish .  

The observat ions above w i t h  regard  t o  the  curve f o r  est imates o f  pe lag i c  

biomass ho ld  more o r  l e s s  equa l l y  f o r  the curve f o r  est imates o f  demersal 

b i  omass. 

To ta l  biomass: l 

The pe lag i c  s tocks mani fested maximum dens i t y  o f  57 3 8  t/nm2, g i v i n g  t o t a l  

biomass between 376,000 and 495,000 tonnes, i n  t he  NE Monsoon and the demersal 

s tocks o f  26 7 4  t/nm2 ( f r o m  164,000 t o  238,000 tonnes) a t  the beginning o f  

t h a t  season. The maximum o f  the  sum o f  the two types was shown i n  the  f i r s t  

c r u i s e  ( f rom 528,000 t o  645,000 tonnes) b u t  was o n l y  s l  i g h t l y  more than the  

maximum shown i n  the  l a s t  c r u i s e  ( f r o m  515,000 t o  613,000 tonnes),  bo th  maxima 

i n  the  NE Monsoon. 

Sector  5 South Oman Coast: 160 30' N 520 30' E t o  220 30'  N 590 40' E 

Pel ag i c  F i  shes: 

The recsrd ings  o f  small pe lag i c  f i s h  i n  the sec tor  were dominated by Ind ian  

o i l  s a r d i n e l l a  and round h e r r i n g  w h i l e  o ther  species o f  s a r d i n e l l a ,  rainbow 

sardine, anchovy and horsemackerel (Trachurus sp. ) a l  so were present  i n  

s i g n i  f i c a n t  quant i  t i e s .  

The most dense concent ra t ions  were found i n  the  G u l f  o f  Masira, south-west o f  

Macira Is land.  Dur ing autumn 1975 (Cry i se  3)  good concent ra t ions  o f  I nd ian  

o i l  s a r d i n e l l a  were found t o  move r a p i d l y  towards the  south-west o f  t h i s  

sec tor .  The f i s h  were recorded as l a r g e  schools du r ing  the day and s c a t t e r i n g  

l a y e r s  du r ing  the  n i  gh t  i n  10-30 m depth. Imrnature f i s h  made up the l a r g e r  

p o r t i o n  o f  the  catches from shal low waters w h i l e  mature specimens dominated 

the  record ings observed between the depth contours 50 and 100 m, 



Dur ing  sp r ing  1976 (Cru ise  4 )  t he  dense concent ra t ions  i n  the G u l f  o f  Masira 

were found i n  waters shal lower than 30 m. The behaviour o f  the  f i s h ,  ma in l y  

I nd ian  o i l  s a r d i n e l l a ,  was as before;  school s, o f  maximum s i ze  o f  20 tonnes, 

du r ing  the  day, and s c a t t e r i n g  l a y e r s  i n  the upper 20 m a t  n i g h t .  

The curve f o r  the  est imates o f  pe lag i c  biomass dens i t y  i n  t h i s  sector  has been 

discussed above; i t  presents specia l  d i f f i c u l  t i e s :  the extremely low va l  ue 

f o r  A p r i l  1975 (Cru ise  112) i s  i n c o n s i s t e n t  w i t h  the val ues obta ined a t  o ther  

t imes, perhaps most p a r t i c u l a r l y  i n  c o n t r a s t  w i t h  the values ob ta ined 10 and 

12 months l a t e r ;  b u t  even supposing t h a t  t o  be a gross underestimate, and 

suggest ing t h a t  the  t r u e  va l  ue might  have been c l o s e r  t o  the leve1 o f  t h e  

values est imated f rom the  data o f  the o ther  c ru ises ,  a t  bes t  the curve would 

suggest a cyc le  o f  16 months o r  more. 

Demersal Fishes: 

The predominant species belonging t o  t h i s  category was the t h r e a d f i n  bream, 

which was recorded i n  q u a n t i t i e s  along the  e n t i r e  coast  between Kur ia  Muria 

Is lands  and Ras a l  Hadd. The most dense concent ra t ions  were found i n  Sauqara 

Bay a t  depths between 75 and 150 m. The f i s h  occurred as small school s  a t  the 

bottom i n  daytime; and du r ing  the n i g h t  as a r a t h e r  weak s c a t t e r i n g  l a y e r  

10-20 m o f f  the  bottom. Many good catches, rang ing  from 5 t o  11 tonnes per  

hour t raw l  ing,  were obta ined when f i s h i n g  the  stocks from which these 

record ings  were obtained, bo th  w i t h  bottom t raw l  i n  daytime and pel ag ic  t raw l  

du r ing  the  n igh t .  Other species were: Ponyfish, c a t f i s h ,  seabreams and 

scavengers, the th ree  l a t t e r  be ing  caught i n  q u a n t i t i e s  i n  bottom t raw l  hauls 

du r ing  s p r i n g  1976 (Tab1 e 8) .  

The est imates o f  demersal s tocks o f  t h i s  sec tor  are lower than those f o r  any 

o the r  sec tor  and are  the  most unchanging. 

To ta l  B i  omass: 

The pe l  ag ic  biomass maximum densi t y  o f  72 T 7 t/nm2 g ives  a t o t a l  pel  ag i c  

biomass o f  730,000 t o  903,000 tonnes; the  demersal f i g u r e s  are 11 T3  t/nm2 

and f rom 98,000 t o  156,000 tonnes. The sum maximum ranges f rom 846,000 t o  

1,017,000 tonnes. 



Sec to r s  6 and 7 Gul f of Oman 220 30 ' N 590 40 ' E to  250 N 620 E w i  t h  

an i l l-defined d i v i d i n g  l i ne  i n  the north-west 
toward Hormuz Strai  t. 

Pelagic Fishes: 

During the four f i r s t  coverages (Cruises 112, 3, 4 and 5 )  the abundance of 
small pelagic f ish was rather low, w i t h  scattered recordings in both aectors,  
b u t  s ignif icant ly higher abundance was observed during the l a s t  cruise. A 

variety of species of carangids was observed. On the Iranian side of the Gulf, 
djeddaba creval l e (Al epes djeddaba) , threadfin treva1 l y  ( A l  e c t i  s indicus) , 
caval a (Carangoi des spp. ) and hai r t a i  l scad (Megal aspi s cordyl a )  were 
frequently caught while bigeye scad (Sel a r  crumenophthalmus) , Mal abar caval l a 
(Carangoi des Mal abarieus) and fri gate mackerel (Auxi s thazard) were observed 
along the Oman side.  The three l a t t e r  speciec were observed al so i n  smal1 

surface school s from the shore to  20 nautical miles offshore. However, as 
expl ained earl i e r ,  the data of the l a s t  cruise ,  w i t h  regard to these two 
sectors,  had to be discarded because of misidentification. 

The curves for  the two sectors  (Figures 22 f and g )  are similar,  insofar as 
they can be compared; the maxima a re .v i r tua l ly  the same and oceur a t  the same 
time. 

Demersal Fishes: 

The curve for  Sector 6 demersal biomass density closely approximates the curve 
for  pelagic biomass; the curve for  Sector 7 demersal biomass density i s  
nondescript and puzzl i n g  w i t h  regard to the very low val ues for  Crui sec 4 and 5 

and tha t  for  Cruise 3 not much higher. 



To ta l  Biomass: 

Fo l l ow ing  the  p a t t e r n  adopted f o r  the  o ther  sectors the  f i g u r e s  are: 

Sec t o r  6  Sec t o r  7  

Pel ag i c  stocks 

max. dens i t y  31 7 2 t/nm2 31 T 6  t/nm2 

t o t a l  biomass 123,000 t o  142,000 tonnes 113,000 t o  161,000 tonnes 

Demersal s tocks 

max. d e n s i t y  12 7 1 t/nm2 28 7 4 t/nm2 

t o t a l  biomass 94,000 t o  108,000 tonnes 106,000 t o  139,000 tonnes 

Both types 150,000 t o  317,000 tonnes 140,000 t o  214,000 tonnes 

Conspectus 

P u t t i n g  the  fo rego ing  est imates together ,  we have the  f o l l  owing resu l  t: 

Sec t o r  

1 
2  
3  
4  
5  
6  
7  

. Demersal 

392 - 822 
67 - 128 
55 - 116 

164 - 238 
98 - 156 
94 - 108 

106 - 139 

Pel ag i c  
thousand tonnes 

953 - 1,214 
128 - 225 
112 - 224 
376 - 495 
730 - 903 
123 - 142 
1 1 3 -  161 

Both 

To ta l  s  976 - 1,707 2,535 - 3,364 3,306 - 4,342 

To repeat,  these are est imates o f  maximum biomass o f  each type o f  resource, 

and o f  t he  two combined, i n  each sec tor  and, as t o t a l  s y  i n  t he  e n t i r e  region.  

Maximum values are  g iven here, r a t h e r  than average o r  o ther  l e v e l ,  f o r  several 

reasons. I n  t he  f i r s t  place, t he re  are  grounds f o r  b e l i e v i n g  t h a t  we can p u t  

more conf idence i n  the  maximum values t h a t  we can p u t  i n  minimum o r  

in te rmed ia te  va l  ues. W i  t h  respec t  t o  a  maximum biomass-densi t y  observed i n  

come l o c a l i t y  we can say, sub jec t  t o  any necessary rese rva t i ons  w i t h  regard t o  

the  p o s s i b i l i t i e s  o f  ins t rumenta l  o r  observer e r r o r s  which, however, h o l d  p a r i  

passu f o r  a l l  values, t h a t  the dens i ty  can be a t  l e a s t  as great  as t h a t  

maximum which then se ts  a  lower bound t o  the phase space w i t h i n  which the  t r u e  

maximum must 1  i e .  Such a  value i s  taken t o  be rep resen ta t i ve  o f  the biomass 

o f  some space, as i s  each o ther  value, bu t ,  whereas a  maximum observed value 

may be something l e s s  than the  t r u e  maximum, each o the r  va lue may be an 

undervaluat ion o f  t he  biomass o f  which i t  i s  thought t o  be rep resen ta t i ve )  by 

the d i f f e r e n c e  between t r u e  maximum and observed maximum p l u s  the d i f f e r e n c e  



between i t  and the  observed maximum. I n  o ther  words, the e r r o r  t o  which a 

maximum value may be sub jec t  must be l e s s  than the e r r o r  poss ib le  f o r  every 

l e s s e r  value. And t h a t  which ho lds  between values observed i n  some s h o r t  

p e r i o d  w i  t h i n  a s p e c i f i e d  I o c a l  i t y  ho l  ds a l  so between va1 uec a t  d i f f e r e n t  

t imes o f  an extended per iod;  a t  l e a s t  the dens i t y  can be as great  as the  

maximum, always bear ing  i n  mind the  necessary techn ica l  reserva t ions ,  whereas 

w i t h  regard  t o  each o f  the  o ther  values we must, i n  the absence o f  o ther  

evidence, have i n  mind the  p o s s i b i l  i t y  t h a t  i t  might  have been greater ,  and 

m igh t  even have been as much as the maximum. 

Th is  i s ,  o f  course a sampl i n g  problem and a mat te r  o f  survey-gr id  design, a 

ma t te r  r e f e r r e d  t o  expressly  above i n  the d iscussion o f  the  r e s u l t s  w i t h  

regard  t o  Sector 4. The issue i s  one o f  representat iveness o f  the "sampl es" 

taken by acouct ic  equipment and i n  p a r t i c u l a r  o f  what may be missed by the  

equipment a t  the t ime o f  observat ion as we l l  as by the successive c ru ises .  I n  

the course o f  t h i s  work f i v e  impor tan t  causes o f  "miss" have been noted: 

(1 )  aggregat ion, such t h a t  a survey path may have passed main ly  between 

concent ra t ions ,  resu l  t i n g  i n  underestimate, o r  mai n l y  through 

concentrat ions,  resu l  t i n g  i n .  overest imate; ( see, f o r  exampl e, 

pp 32-33) ; 

( 2 )  seasonal changes i n  aggregat ion and behaviour, a  coun te rpa r t  i n  

t ime o f  ( l ) ,  such t h a t  a c r u i s e  may have been conducted a t  a t ime  

of h ighes t  chance o f  success o f  observ ing o r  a t  a t ime  o f  lowest  

chance; 

( 3 )  sub-surface aggregat ion, such t h a t  on l y  some p r o p o r t i o n  o f  t he  

biomass was observed by the  equipment, r e s u l t i n g  i n  underest imate; 

(see pp 32-33); 

( 4 )  shel t e r i n g  by the  stock i n  shal low l i t t o r a l  waters which the  vessel 

coul  d n o t  en ter ,  resu l  t i n g  i n  underest imate; (see pp 32-33) ; 

( 5 )  i n a b i l  i t y  o f  the equipment t o  observe demersal s tocks i n  t he  bottom 

1 - 2 metres, resu l  t i n g  i n  underest imate; (see pp. 28-29). 



Whil s t  i t  might  be h e l d  t h a t  the  two poss ib le  outcomes o f  cause ( 1 )  cou ld  

cancel one another out ,  such an expecta t ion  cou ld  n o t  be e n t e r t a i n e d  w i t h  

regard t o  cause ( Z ) ,  hence the a t t e n t i o n  we have given i n  the  preceding 

sec t ions  t o  the  values represented i n  the curves o f  F igures  23 a t o  g, and we 

r e t u r n  t o  t h i  s  mat te r  below. 

Causes (31, ( 4 )  and ( 5 )  a re  o f  d i f f e r e n t  e f f e c t ,  a l l  negat ive;  bu t ,  w h i l e  i t 

i s  probable t h a t  some underest imate from these causes has resu l  t ed  i n  every 

c r u i s e  i n  every sector ,  no measure o f  i t s  magnitude can be made; fur thermore,  

it i s  probable t h a t  the  i n t e n s i t y  o f  these causes va r ies  i n  time, t h a t  o f  

cause (3 )  d i u r n a l l y  and t h a t  o f  causes ( 4 )  and (5) seasonal ly.  I n  sum, i t  i s  

t o  be assumed t h a t  whatever overest imate there  may be from o ther  causes, i n  

every case i t w i  l l be t o  some degree o f f s e t  by an underest imate resu l  t i n g  from 

three causes. 
i 

To the  foregoing causes o f  non-representat iveness o f  p a r t i c u l a r  observat ions 

o f  biomass dens i t y  must be added the more general e f f e c t s ,  i n  broader sense, 

o f  migra t ions .  Two p r i n c i p a l  c lasses o f  e f f e c t s  must be considered: f i r s t ,  

those resu l  t i n g  from i n t e r - s e c t o r i  a l  m igra t ion ,  second those resu l  t i n g  from 

m i g r a t i o n  i n t o  and ou t  o f  the  survey space. Both can a f f e c t  an est imate o f  . 

average t o t a l  biomass: i n t e r - s e c t o r i  a l  m ig ra t i on  coul  d resu l  t i n  a l l  o r  p a r t  

o f  a stock be ing  c r e d i t e d  t o  two sec tors ,  o r  t o  n e i t h e r  o f  them thus causing 

e i t h e r  underest imate o r  overest imate; m i g r a t i o n  between survey-space and 

non-survey space must lower the  biomass average, the degree o f  reduc t i on  

depending upon the  p r o p o r t i o n  o f  each year  spent by the stock i n  non-survey 

space . 

Conversion o f  the  biomass-density data t o  absolute est imates o f  biomass has 

been e f f e c t e d  through the two programme segments descr ibed i n  sec t i on  1.4, o f  

con tou r i  ng t o  demarcate the  patches, and o f  wei g h t i  ng, averaging, and 

m u l t i p l i c a t i o n  by area and by the f a c t o r  C. These are data processing 

opera t ions  which assume the  val i d i  t y  o f  the  data ( w h i l  e  recogni s i n g  t h a t  any 

o r  a l l  o f  the  above causes may have operated t o  v i  t i a t e  some o r  a l l  of them) 

and produce biomass est imates which can be compared w i t h i n  sec tors  (as i n  the 

above s e c t ~ r i a l  sec t i ons )  w i  t h  moderate conf idence, b u t  w i  t h  l ess conf idence 

between sectors.  The n e x t  s tep i s  t o  fo rmula te  arguments f o r  es t ima t ion  of 

t he  e x p l o i t a b l e  biomass and, from t h a t ,  o f  the ca tch  t h a t  might  be a l  lowable. 



We take as s t a r t i n g  p o i n t  t he  formul a  by which FAO, i n  i t s  "F ish Recources o f  

t h e  Ocean" (1971), made come o f  i t s  est imates o f  p roduct ion  p o t e n t i a l s ,  

namel y  : 

Ymax = 0.5 X M X Bo 

i n  which Ymax stands f o r  maximum y i e l d ,  M f o r  na tu ra l  m o r t a l i t y  (equal 

t o  t o t a l  morta l  i ty  i n  the  unexpl o i  t e d  popul a t i o n ) ,  and Bo f o r  the  b i  omass o f  

the  v i r g i n  (unexp lo i t ed )  popu la t ion .  This  equat ion has i t s  o r i g i n s  i n  the 

e x p o s i t i o n  o f  the  "s igmoid curve" theory  developed by H j o r t ,  Sakn and O t tes tad  

(1933) and Graham (1935, 1939); the theory i s  discussed i n  Beverton and H o l t  

(1957) and i t i s  c l e a r  t h a t  i n  t h a t  work Bo stands f o r  "annua1 mean biomass" 

( the  symbol i n  B & H  i s  P )  . Thus, f o r  the purposes o f  approximate 

est imat ion,  va l  ues f o r  maximum biomass shoul d  be transformed, t o  annua1 mean 

values. Whether t r a n s f o r m a t i  on i s  necessary depends on the l i f e  cyc le  o f  the  

f i s h  and the d i s t r i b u t i o n  i n  t ime o f  the  f i s h e r y ;  i f  the biomass i s  produced 

i n  l e s s  than one year  and the  f i s h e r y  takes i t s  share around, f o r  example, t h e  

t ime  o f  maximum biomass, then a  t rans format ion  t o  mean annua1 i s  n o t  

necessary. In t he  present  case we have concluded t h a t  t rans format ion  t o  a  

mean annua1 value i s  des i rab le .  Unfor tunate ly ,  as shown i n  the preceding 

s e c t o r i a l  sect ions,  t h i s  t rans format ion  cannot be made from the present  survey 

resu l  t s .  We t h e r e f o r e  take recourse t o  the  e a s i l y  demonstrable f a c t  t h a t  the  

mean o rd ina te  o f  any curve such as we might  draw t o  t race  the r e g u l a r  

f l u c t u a t i o n  o f  biomass i n  a  twelve-month c y c l e  i s  n o t  l e s s  than 1/2 t h e  

maximum ord ina te .  The p rec i se  value o f  the p r o p o r t i o n  dependc i n  p a r t  on t h e  

du ra t i on  o f  the p e r i o d  o f  replenishment (by  rec ru i tmen t  and r a p i d  growth o f  

juven i  l es) and i n  p a r t ,  b u t  probably more, on the mor ta l  i t y  r a t e  ; the former 

determines, by i t s  excess over m o r t a l i t y ,  the slope o f  the l e f t -hand  ascending 

l imb o f  the curve, the  l a t t e r  determines the slope o f  the r igh t -hand l imb. I n  

cimul a t i o n  exerc ises  the  val ue o f  the p r o p o r t i o n  was found t o  be greater  than 

0.7 f o r  most values o f  M repor ted  f o r  sca le  f i s h e s  and even f o r  the h igh  

m o r t a l i t y  o f  species w i t h  a  1 o r  2-year l i f e - c y c l e  the  p r o p o r t i o n  i s  l i t t l e  

l e s s  than 0.7. O f  course, f o r  a  species whose mean biomass f l u c t u a t e s  g r e a t l y  

from year  t o  year  t he  mean f o r  some twe lve  months n o t  p laced symmetr ica l l y  

about a  maximum may be somewhat l e s s  o r  g rea te r  than the mean f o r  the 

symmetr ica l ly  p l  aced twel ve months. On the  bas is  o f  t h i s  argument we suggest 

t h a t  the mean biomass i n  each sec tor  w i l l  l i e  a t  Seast between the values 

g iven above, each d i v i d e d  by 2, and might  l i e  between l i m i t s  given by d i v i d i n g  

those values by 1.5. I n  our view, the evidence t h a t  causes 4 and 5 were 



operative i s  such tha t  the probabil i t y  of underestimation because of these 
causes outweighs the possibi l i ty  of overestimation because of other causes, 
and we therefore bel ieve tha t  the estimates are conservative. 

The confi dence l imi ts to the weighted mean recordi ngs have been ca1 cul ated 
from the variances of the se ts  of recordings and therefore r e f l ec t  only the 
s t a t i s t i  ca1 properti es of the data, arranged (again, only from a consideration 
of numerical charac ter i s t ics )  as patches and adjusted by reference to areas 
( i n  the weighti ng)  . If administrative or economic considerations shoul d 

indicate the advisabi l i ty  of obtaining more precise estimates of average 
biomass, particular to spaces smaller than those s ignif ied by sectors,  and 
w i t h  narrower confidence l imits from re1 iable estimates of the probabil i t i e s  
of events which are  the outcome of the causes discussed above, i t  will be 

necessary to  obtain more information on the bionomics of the important species 
of in t e re s t  and to carry out further surveys designed to measure more 
accurately the e f fec ts  of those causes. 

3 . 3  B i  onomi c Aspects 

I n  addition to  the extensive material re lat ing to composition of the stocks 

(discussed in Section 3.1) a considerable body of data relat ing t o  the 
l ife-history of many of the species was buil t up d u r i n g  the cruises.  A1 though , 

these data are not such as to support a full  account of the bionomics of any 
one speci es they provi de useful i ndications of d i  stributional and other 
charac ter i s t ics  which play important roles i n  determining the 'd isplay '  of the 
stocks tha t ,  observed acoustically,  consti tutes the fundamental argument of 
our calcul ations.  Since the development of a theoretical picture of th i s  
'd isplay '  occupies such an important place in the formulation of a survey 
strategy and in the algorithm of data processing, we venture to give an 
account of our concept of the 'd isplay '  before proceeding to further 
examination of the items of evidence w i t h  regard to  bionomic aspects. 

By 'display '  we mean, what a species shows of i t s e l f ,  through the dis t r ibut ion 
and behaviour of i t s  individuals and i t s  aggregations, i n  the several parts of 
i t s  biogeographic range and i n  each part  of the year, from which we are able 
t o  deduce those charac ter i s t ics  of the species population, such as average 
annua1 biomass, t ha t  i n t e re s t  us. A 'd isplay '  i s  a pageant, a sequence of 
variable tableaux rather than a singl e set-piece, and each tab1 eau has i t s  own 



properties and i t s  own biot ic  significanee. Preferably the tableaux are to be 

named and described by seasons, rather than by bionomie phases, in order t o  
comgrehend the enti re species popul ation; a spawni ng tab1 eau i s  d i s t i  ncti ve 

enough, b u t  i ts  actors are only the mature i  ndivi dual s.  

We see the operation of processes a t  two d i s t inc t  leve1 s and of different  time 
scale as determinative of the features of each tableau. There are processes 

of extended time scale (extended in terms of species l i f e  span) tha t  determine 

the compesi tion and average s i ze  (during the year) of the population ; and 

The most valuable bionomic data re1 a te  to  s ize composition and gonad condition 

of stocks of pelagie species; the data relat ing to s ize are summarised in 

Table 14. Qn the eastern part  of the Yemen coast (Sector 4) specimens of 
Indian oi l  sardinella shorter than 12-13 cm were as a rule observed to  be 

immature, while larger  individuals were found to be maturing. This i s  i n  

accordance w i t h  the work of the Fisheries Training and Research Centre in Aden 

(Anon 1975) in which i t  was found that  the Indian oil  sardinella becomes 
mature in i t s  f i r s t  year of l i f e  a t  a length of 13 cm. That work als0 showed 

tha t  a wide spread t o  the length frequency distribution of th is  speeies along 

the coast a t  a l l  times. Skrikov (1975) stated that  the sardines in the area 

spawned mainly in May - August. Observations of the Indian oil  sardinella 

during the present survey support Skri kov's findings: Small juvenile f ish 

occur i n  the catches in autumn while maturing f ish dominate during spring. 

there are short-term processes which determine the d i s t r i  b u t i  on of the 
individual of each age a t  each part icular  time and determine the i r  behaviour 
a t  tha t  time. Phese short-term processes, within each organism and in i t s  

environment, determine the day to day and hour to hour changes in dis t r ibut ion 

and behaviour. In our view, the scope and accuracy of the resu l t s  of a survey 
are  l  ikely to  be considerably affected by the extent to which the survey 
strategy i s  designed a t  these two leve1 c, the timing, duration and location of 

each cruise being related primarily to the longer-term proeesses, while the 

f iner  detail  s  of i t inerary ,  location of fishing operations and use of special 

techniques (e.g. with sonar) are related to the short-term processes. Hsw f a r  

t h i s  can be done depends, of course, on the information available,  and in the 
present case the information was rather scanty and therefore- the survey was 

pret ty  much exploratory and i t s  resul t s  will serve as much for the pl anning of 

future work of the kind as for  the planning of industrial  development. 
I 

l 



The occurrence o f  small sard ine i n  May 1976 i n d i c a t e s  t h a t  t h i s  species, 

I however has a spawning season a l  so i n  autumn. 

Sk r i  kov ( l  .c. ) a l  so repo r ted  t h a t  the l i f e  cyc l  e  o f  the sard ines i n  the area 

i s  4-5 years, and t h a t  f i  sh o f  age 2 years o r  more made up more than 50 

I percent  o f  the  samples. Th is  i s  i n  c o n t r a d i c t i o n  t o  resu l  t s  from the Pe lag ic  

l F ishery  p r o j e c t  i n  Cochi n (Anon 1976) which i ndicated t h a t  i n d i v i d u a l  s  o1 der 

1 than 1 yea r  were very scarce i n  the  popul a t i o n  o f  I nd ian  o i l  sard ine l  l a o f f  

l t he  west coas t  o f  I nd ia .  

On the  south-east Omani coast  (Sec tor  5)  i n  October 1975, the  small I n d i a n  o i l  

sa rd i  ne1 l as were immature w h i l e  b i  gger f i  shes were spawni ng: the round 

h e r r i n g  newly spent. I n  May 1976 the I n d i a n  o i l  sard ine l  l a were r i p e n i n g  and 

near ly  r i p e  w h i l e  the a d u l t  round h e r r i n g  had somewhat l e s s  developed gonads. 

If we adopt a growth r a t e  s i m i l a r  t o  t h a t  f o r  I nd ian  o i l  s a r d i n e l l a  i n  Yemen 

waters then the  8-11 cm round h e r r i n g  observed i n  May, may o r i g i n a t e  from a 

spawning i n  July-August the prev ious year,  and the 4-7 cm long  i n d i v i d u a l s  

observed i n  October may o r i g i n a t e  from a spawning i n  June-August. Hence, we 

a r r i v e  a t  a poss ib le  spawning season from June t o  e a r l y  October f o r  the  Ind ian  

o i l  s a r d i n e l l a  and a s i m i l a r  one f o r  round her r ing .  However, the observat ions 

o f  10-14 cm (main ly  immature) I n d i a n  o i l  s a r d i n e l l a  i n  October 1975 i n d i c a t e  

t h a t  the  spawning season f o r  t h i s  species may l a s t  longer  than t o  October. 

l 3.4 Catch Rates and F i s h i n g  Prospects 

The averge ca tch  per  hour o f  species o f  each o f  55 impor tan t  f a m i l i e s  i s  given 

i n  Table 7a. However, i t  i s  unl i k e l y  t h a t  these ra tes  can be taken t o  

i n d i c a t e  the  ca tch  r a t e s  t o  be expected i n  susta ined f i s h i n g  operat ions.  The 

more r e a l  i s t i c  i n d i c a t i o n s  are i n  the  demonstration o f  subs tan t i a l  

concent ra t ions  o f  stocks, i n  sur face waters cons i s ten t l y ,  i n  t h ree  

l o c a l  i t i e s :  

(1) on the  nor th -eas t  Somal i coast,  between Ras Hafun and Ras As i r ;  

( 2 )  on the  eas t  coas t  o f  Yemen, f rom Ras a l  Kalb t o  Quanr Bay; and 

( 3 )  on the  south-east coas t  o f  Oman, i n  the  G u l f  o f  Masira, 

and o f  prospects o f  p r o f i t a b l e  t r a w l  i n g  along the  Yemen and Oman coasts down 

t o  depths o f  300 metres prov ided t h a t  the  species caught w i l l  be marketable. 



More genera l l y ,  an est imate o f  the average annua1 ca tch  t h a t  might  be 

a v a i l  ab le can be made from the formula discussed above on p. 39. 

Y = 0.5 X M X Bo 

For  t h i s  purpose we take a val ue o f  M, equal t o  0.5, as a weighted mean 

na tu ra l  mor ta l  i t y  r a t e  f o r  the observed derma1 f i s h  stockc and a  correspondlng 

val  ue o f  M equal t o  1 .Q f o r  pel  agic  f i s h .  Fu r the r  as discussed on page 40 we 

take  BO t o  be equal t o  0.7 Bmax bo th  f o r  dermsal and pe lag i c  stocks. 

The above formula i s  the  reduced t o  two simple expressisns: 

Y dem 

by which the  average ca tch  o f  demersal, Ydem, and pe lag ic ,  Y p e l  P 

f i s h  can be computed. 

Apply ing these formulae t o  the maximum biomass f i g u r e s  on page 37 we ob ta in  

the  f o l  l ow ing  resu l  t 

Sec t o r  Demer sal  Pel ag ic  Demersal p l  us pel  agie 
Sum D i  r e s t  

(thousand tonnes) 

Tota l  s  176 - 298 888 -1177 1064 -1475 743 -1522 

Where "Sum" co1 ums are obta ined by a d d i t i o n  o f  the preceding co1 umns, the 
" D i r e c t "  columns r e s u l t  f rom a p p l i c a t i o n  o f  the  lower values o f  Bmax 
(combined est imates)  on page 37 i n  t he  expressisn Ydem = 0.175 Bmax, 
and the  h igher  values o f  Bmax on page 37 i n  the  expression 
Y p e l  = 0.35 Bmax. 

The range o f  these est imates i s ,  wide on the  average, the upper val ue i s  1.6 

t imes the  lower and the  values are  somewhat lower than prev ious est lmates.  

Shomura (1971), f o r  example, gave ( i n  h i s  Table H3) est imates f o r  the  reg ion  

repo r ted  on here which t o t a l  l e d  n e a r l y  1.5 m i l l  i o n  tonnes f o r  demersal stocks 

alone, and i n  h i s  Tab1 e  H5 suggested almost as much from pel ag ic  stocks, thus 

suggest ing a  t o t a l  p o t e n t i a l  about 2-4 t imes the est imate g iven here. 



However, subsequent f i s h i n g  experience and research i n  o ther  sec tors  i n d i c a t e  

t h a t  Shomura's est imates were very h igh ;  f o r  example, c u r r e n t  A u s t r a l i a n  

est imates o f  the  p o t e n t i a l  o f  the north-west grounds o f  A u s t r a l i a  are o f  come 

tens o f  thousands r a t h e r  than Shomura's 950,000 tonnec. 

It should be noted t h a t  t he  values f o r  p o t e n t i a l  catches a r r i v e d  a t  here, 

i nc1  ude a l l  species observed regard l  ess o f  t h e i r  commerci a l  v a l  ue. Fu r the r ,  i 

t he  computations o f  y i e l d  do n o t  consider  the f a c t  t h a t  p r o f i t a b l e  f i s h l n g  can 

on ly  be c a r r i e d  o u t  above a  c e r t a i n  lower l i m i t  o f  catch per u n i t  e f f o r t .  For  

these reasons we should expect the  present  est imates o f  p o t e n t i a l  catches t o  

be h igher  than those t o  be experienced through a  r e g u l a r  f i s h e r y .  The 

gossi b i l  i t y  o f  over -es t imat ion  o f  annua1 ca tch  f i  gures f o r  these reasons, 

however, might  be outweighed by the est imates o f  mean annua1 biomass be ing  

conserva t i  ve. 

3.5 Environmental I n fo rma t ion  

The resu l  t s  of t he  oceanographic work c a r r i  ed ou t  du r ing  the  survey have been 

analysed by Sandven (1979). H i  s  concl us ions are as f o l  lows : 

"The water s t r u c t u r e  i s  c h a r a c t e r i  zed by a  we l l  mixed sur face l a y e r ,  

which i s  separated from the  subsurface waters by a  h i g h  s t a b i l i t y  

boundary l a y e r .  This l a y e r  can e a s i l y  be i d e n t i f i e d  i n  the 

temperature f i e l d ,  the dens i t y  f i e l d ,  the  oxygen f i e l d ,  and l e s s  

pronounced i n  the  sal  i n i t y  f i e l d .  I t s  p o s i t i o n  and s t rength  have 

marked seasonal and geographical v a r i  a t i o n s .  It i s  re1 a t i  v e l y  weak 

i n  the  nor thern  area du r ing  t h e  NE-monsoon, w h i l e  it i s  c l e a r l y  

no tab le  a t  about 100m depth i n  the  G u l f  o f  Aden and the Somal i 

region.  Dur ing t h e  SW-monsoon the  boundary l a y e r  r i  ses and 

increases i n  s t reng th  i n  the  whole Arabian Sea, except near the  

equator  where i t  remains a t  about 100m depth throughout the  year .  

The depth o f  the  boundary l a y e r  i s  c l o s e l y  re1 a ted  t o  the  depth 

pene t ra t i on  o f  t he  mixed l a y e r ,  which i n  t u r n  i s  i n f l uenced  by the  

heat  balance and the  wind s t i r r i n g  a t  the  surface. The observat ion 

t h a t  t he  mixed l a y e r  i s  deepest i n  nor thern  w i n t e r  and g radua l l y  

shal lows f rom March t o  August, i s  conf irmed by Wyr t k i r s  a t l a s  

(19711, and has a l  so been repo r ted  by P a t z e r t  (1972) i n  h i s  

i n v e s t i  ga t i on  o f  the  Red Sea. 



"The s u r f a c e  l a y e r  is throughout  the y e a r  c h a r a c t e r i z e d  by warm, 
s a l i n e  water  w i t h  oxygen con ten t  above s a t u r a t i o n  va lues ,  while  the 

subsu r f ace  water  i s  c o o l e r ,  lower i n  s a l  i n i t y  and has extremely low 
oxygen c o n t e n t  (bel ow 0 .5  ml / l  ) . The Somal i c o a s t  i s  an except ion  

because the 1ow oxygen water  i s  absen t  i n  this a r ea .  The outf low of  
warm, high s a l i n i t y  water  from the Red Sea is  e a s i l y  recognized i n  
the Aden Gulf 1 s e c t i o n ,  where i t  s inks  and mixes w i t h  surrounding 
water  masses and p e n e t r a t e s  i n t o  the Arabian Sea a t  700-880 m deptk.  
Ph i s  ou t f low is  consi  derab ly  weaker i n  September-October than i n  
January-February, a s  can be noted i n  the temperature ,  the sa l  i n i t y  
and the oxygen s e c t i o n s .  This  is i n  aecordance w i t h  monthly 
obse rva t ions  of the water  exchange through the s t r a i t  of Bab e1 
Mandeb ( P a t z e r t ,  1972) .  Analogous seasonal v a r i a t i o n s  i n  the 

out f low of  water  from the Pe r s i an  Gulf t o  the Gulf of Oman is n o t  
found i n  the p r e s e n t  da t a  set. Throughout the y e a r  a co re  of warm 
high s a l i n i t y  water  is observed a t  200-300m depth i n  t h e  Gulf of 
Oman, and i t  is most pronounced along the southern s i d e  of the g u l f .  
I t s  f u r t h e r  advec t ion  i s  not  so well known, bu t  s a l  i n i t y  maxima of 
v a r i a b l e  s i g n i f i c a n c e  a r e  noted a t  d i f f e r e n t  p o s i t i o n s  of  the 
nor thern  Apabian Sea a t  200-300111 depth ( a s  is noted by Rochford 
1964).  

"On the Somali Coast and i n  the a rea  north of  Socot ra ,  marked 
seasonal v a r i a t i o n s  i n  the flows and water  masses a r e  i n d i c a t e d  both 
i n  the geos t roph ic  v e l o c i t y  s e c t i o n s  and i n  the sa l  i n i t y  s t r u c t u r e  
i n  the upper 150 m.  During the NE-monsoon a southwestward flow o f  
high s a l  i n i  t y  water  ( S  36.00) c h a r a c t e r i  z e s  the upper 100m of this 

a r e a .  In the per iod of the SW-monsoon a northeastward flow of 
r e l a t i v e l y  low s a l  i n i t y  and oxygen-rich water  from e q u a t o r i a l  
reg ions  is  p r e s e n t  i n  the upper 200m i n  the Somali Basin.  A p a r t  of  
i t  p e n e t r a t e s  p a s t  Cape Guardafui and i n t o  the region nor th  of 
Socotra  and con t inues  along t h e  c o a s t  of  Oman. Coastal  upwell ing i s  
e v i d e n t  i n  this a r ea  i n  April-May, wh i l e  It is  most pronounced i n  
August on t h e  Somal i Coast.  The geos t roph ic  vel oc i  t i es ,  ca1 cul  a t e d  
r e l a t i v e  500m, reveal  an i r r e g u l a r  flow p a t t e r n  i n  t h e  whole 
i n v e s t i g a t e d  a r e a ,  i n d i c a t i n g  the presence of a number of cyc lon ic  
o r  a n t i c y c l o n i c  v o r t i c e s .  This  is  i n  accordance w i t h  maps of 
dynamic topographies  of t h e  sea s u r f a c e ,  p resen ted  by W .  Buing 
(1970) ,  and based on observa t iona l  r e s u l t s  from t h e  I n t e r n a t i o n a l  



Indian Ocean Expedition. A more detailed description of the 
seasonal variation of currents and water masses could be desirable,  
b u t  the present data s e t ,  w i t h  each section occupied maximum f ive  
times i n  a period of two years,  cannot ful f i l 1  th i s  desire. 
However, i t  i s  hoped tha t  t h i s  data presentation should i l l  ustrate  
some major features of the coastal oceanography of the Arabian 
Sea. " 

Essentially th i s  i s  a confirmation of previous accounts and presents nothing 
extraordinary from which i t  m i g h t  be thought that  an explanation could be 
found of par t icular  features of what we report here w i t h  regard to f ish 
stocks. 

4. DISCUSSION 

Perhaps the most important outcome of th is  further examination of the resul ts 
o? the survey has been the l igh t  i t  has th rown  on the numerous technical and 
methodological problems of th i s  k i n d  of work. Even i f  the estimates here of 
biomass and yield potential s are no great improvement on the estimates in the 
Final Report, the i r  presentation wi t h  upper and lower val ues derived from an 
estimate of confidence l imits (even i f  admittedly the calculation of .those 
l imi t s  i s  not very s a t i  sfactory) suggests the bounds w i  t h i n  which pl anni ng 

decisions ought, a t  present, to be se t .  Moreover, the s t ructure of the 
argument l eading to these estimates i s  described so that  as new information 
becomes available the estimates can be adjusted w i t h  respect t o  par t icular  
components of the system; which means that  adjustment of the estimates need 
not await come repetit ion of work such as was done on ths survey b u t  should be 
achieved by systematic tes t ing of the assumptions described i n  t h i s  report and 
by intensive work designed expressly to  measure the e f fec ts  of the causes 
discussed i n  Section 3 .3  and to obtain a bet ter  measure of the conversion 
fac tor  C.  

Given the magnitude of the task undertaken for the survey -- to traverse some 
44,000 nm2 of continental shel f f ive  times in less  than two years,  given 
als0 the large number of species and the re la t ive  scarcity of information w i t h  

regard to  the display of almost a l l  of these, allowing for weather conditions 
which made work impossible i n  a t  l ea s t  one month and brought some d i f f i c u l t i e s  



a t  o the r  t imes, and recogni  s i  ng the  i n e v i  t a b i l  i t y  o f  cont ingenc ies  and o f  

human e r r o r ,  i t  i s  obvious t h a t  the r e s u l t s  would be marked by a number o f  

impor tan t  u n c e r t a i n t i e s .  I n  p a r t i c u l a r  i t  cou ld  be expected t h a t  the r e s u l t s  

would have t o  be w i t h  regard  t o  aggregates o f  species and cou ld  n o t  p rov ide  a 

p r e s i s e  and d e t a i l e d  account o f  any one species. 

On these terms, however, the  survey was a successful  e x p l o r a t i o n  which has 

c h a r a c t e r i  sed the  d i s t r i  b u t i o n  and main composi t isnal  f ea tu res  o f  the  f i s h  

stockc and has prov ided f a i r  approximations t o  the annual mean biomass and 

y i e l  d  p o t e n t i a l  o f  those stocks. Admi t ted ly  those est imates are low i n  

comparison w i t h  o thers  which have been made; indeed, we are convinsed t h a t  

s i g n i f i c a n t  upward r e v i s i o n  o f  them w i l l  be made when the stocks i n  very  

shal l ow waters and i n  t he  1-2 m bottom st ratum can be assessed. The degree t o  

which the  est imates might  be increased a f t e r  such a r e v i s i o n ,  o r  might  have t o  

be increased f o r  o ther  reasons, i s  a mat te r  on which no th ing  can be sa id  a t  

t h i s  stage. However we bel  i e v e  t h a t  i n d u s t r i a l  development based on the  

present  est imates cou ld  be planned s a f e l y  and would soon y i e l d  i n f o r m a t i o n  
l 

i 
1 

f rom which t o  improve t h e  est imates. 1 
i 

5. CONCLUSIONS 

(a)  The work c a r r i e d  o u t  w i t h  the  R I V  " D r  F r i d t j o f  Nansen" i n  the  north-west 

I n d i a n  Ocean i n  1975-1976, o f f  the  coasts o f  Somalia, Yemen, Oman and ~f 

I r a n  i n  t h e  Gu l f  o f  Oman, e f f e c t e d  an i n t e g r a t e d  survey o f  the f i s h  

stocks i n h a b i t i n g  the  con t i nen ta l  s h e l f  o f f  those coacts o f  which the 

p r i  n e i  pal  resu l  t s  were: 

( i  ) a  p r e l  im ina ry  ac'count o f  the  d i s t r i  b u t i o n a l  and composi t i o n a l  

c h a r a c t e r i s t i c s  o f  the species aggregates o f  those waters, 

showing cons iderab le  seasonal v a r i a t i o n  o f  those c h a r a c t e r i s t i c s  

w i  t h i n  each sec tor  and d i  f fe rences between the sectors; 

( i i )  est imates o f  the  annua1 mean biomass o f  the  stocks as a t  l a s t  

50%, and perhaps 67% o r  more o f  the f o l  low ing f i gu res :  



Sec t o r  Demer sa l  Pel a g i  c  Both 
thousand tonnes 

Tota l  s  976 -1,707 2,535 - 3,364 3,306 - 4,342 

( i i  i ) t h e  f o l  l o w i n g  conse rva t i ve  est imates o f  y i e l  d  p o t e n t i a l  s: 

Sec t o r  Demersal Pel ag ic  Demersal p l  us pe l  ag i c  
Sum D i  r e c t  

( thousand tonnes) 

To ta l  s  176 - 298 888 -1177 1064 -1475 743 '-1522 

Where "Sum" colums are  ob ta ined by a d d i t i o n  o f  the preceding co1 umns, the  
" D i r e c t "  co1 umns resu l  t f rom appl i c a t i o n  o f  t he  lower va l  ues o f  Bmax 
(combined es t imates)  on page 37 i n  t he  expression Ydem = 0.175 
Bmax, and t h e  h ighe r  values o f  Bmax on page 37 i n  t he  express ion 
Y p e l  = 0.35 Bmax. 

( i v )  a  demonstrat ion o f  t he  presence o f  subs tan t i a l  concent ra t ions  o f  

s tocks i n  sur face  waters, c o n s i s t e n t l y ,  i n  t h ree  l o c a l  i t i e s :  

( 1 )  on t h e  nor th -eas t  Somal i coast,  between Ras Hafun and Ras Asi r; 

( 2 )  on the  eas t  coas t  o f  Yemen, f rom Ras a l  Kalb t o  Quanr Bay; and 

( 3 )  on t h e  south-east coas t  o f  Oman, i n  t he  G u l f  o f  Masira, 

and o f  prospects o f  p r o f i t a b l e  t raw l  i n g  along t h e  Yemen and Oman 

coasts down t o  depths o f  300 metres p rov ided t h a t  the  species 

caught can be commerci a l y  marketed. 



( b )  The est imates of biomass and y ie ld  are  not only conservative b u t  do not 
inc1 ude a measure of come ctocks lying i n  shallow l i t t o r a l  waters nor of 
o thers  ly ing i n  the deepest 1-2 metres of deeper waters; f o r  this 

reason, i f  f o r  no ~ t h e r ,  the est imates are  l ike ly  to  be revised upwards 

i n  the  fu tu re .  

l 
l 

l 



SUMMARY 

The Ins t i tu t e  of Marine Research, Bergen, operating the Research Vessel 
"Dr Fridtjof Nansen" made a survey in 1975-76 of the fishery resources of 
the North-west Arabian Sea, from near Mogadiscu on the Somali coast, 
through the Gulfs of Aden and Oman, to the Iran/Pakistan border. The 
survey was accompl ished by s ix  cruises which effected 5 complete 
traverses,  or coverages, of the region. 

The work of each cruise was described in a Cruise Report issued soon a f t e r  
compl etion of the cruise  (Crui ses 1 and 2 were reported together),  and a 
final report was made. These documents were transmitted to F A O  and were 
discussed a t  a workshop, in Karachi, Pakistan in January 1978, "on the 
fishery resources of the north Arabian Sea". From those discussions 
emerged agreement tha t  s t i l l  more information could be drawn from the data 
obtained in the course of the survey and that  perhaps a more accurate 
estimate migh t  be made of biomass. Further analysis of the data was 
therefore undertaken and i s  reported here. 

For the sake of completeness, so that  t h i s  document should be quite. 
self-contained, much material has been taken from the previous reports.  

A brief account i s  given of the conduct of the survey. Some notable 
events which affected operations are mentioned. The equipment and methods 
are described. The execution of the work i s  described briefly and a 
tentat ive assessment i s  made of i t s  efficiency. Data processing methods 
are described in de ta i l .  

A brief summary i s  given of meteorological, biological and oceanographic 
information available before the survey which served as background t o  the 
plans for i t .  

The principal resu l t s  of the survey are measurements of biomass observed 
in each of the several sectors of the region and, from these measurements, 
estimates of catches which m i g h t  be expected. These resul ts  are given 
below as l ower and upper val ues. 



Biomass: 

Sec t o r  

1 South Somal i a 
2 North Somal i a 
3 Socotra 
4 South Yemen 
5 South Oman 
6 Nor th Oman 
7 I r a n  

Demer sa l  Pel ag i c  
thousand tonnes 

To ta l  s  976 - 1,707 2,535 - 3,364 3,306 - 4,342 

P rsspec t i ve  Catch: 

Sec t o r  Demer sa l  Pel ag ic  Demersal p l  us pe l  ag i c  
Sum B i  r e c t  

(thousand tonnes.) 

1 South Somalia 69 - 144 333 - 425 402 - 569 385 - 534 
2 Nor th  Somal i a  12 - 22 45 - 79 57 - 101 34 - 107 
3 Socotra 10 - 20 39 - 78 59 - 98 33 - 110 
4 South Yemen 34 - 42 132 - 173 166 - 215 92 - 225 
5 South Oman 17 - 27 256 - 316 273 - 343 148 - 360 
6 Nor th  Oman 15 - 19 43 - 50 58 - 69 26 - l11 
7 I r a n  19 - 24 40 - 56 59 - 80 25 - 75 

To ta l  s  176 - 298 888 -1177 1064 -1475 743 -1522 

Where 'Sum" co1 ums are ob ta ined by a d d i t i o n  o f  t he  preceding co1 umns, the  
" B i r e c t "  columns resu l  t f rom appl i c a t i o n  o f  the lower va lues o f  Bmax 
(combined es t imates)  on page 37 i n  t he  expression ydem = 0.175 
Bmax, and t h e  h ighe r  va lues o f  Bmax on page 37 i n  the  express ion 
Y p e l  = 0.35 Bmax. 

The procedures by which the  biomass values were c a l c u l a t e d  are descr ibed i n  

d e t a i l  w i t h  spec ia l  re fe rence t o  p a r t i c u l a r  c ircumstances o f  t h i s  survey and 

fea tu res  o f  the  s tocks.  Th i s  account o f  the  procedures shows c l e a r l y  the  

na ture  o f  t he  r e s u l t s  ob ta ined and g ives  a bas i s  f o r  j udg ing  the  conf idence 

t h a t  can be p l  aced i n  them. 

Two major d i f f i c u l  t i e s  were encountered i n  a p p l y i  ng these prscedures . The 

f i r s t  concerned the  s e t t i n g  o f  a  va l  ue f o r  t he  f a c t o r  f o r  convers ion o f  a  

u n i t  o f  i n t e g r a t o r  reco rd ing  i n t o  a hiomass value. The value o f  the f a c t o r  

depends, f o r  any s e t  o f  i n t e g r a t o r  record ings,  upon the  s i z e  and o t h e r  



charac ter i s t ics  of the individuals of the target  stocks a t  the time of 
observation; these character is t ics  are primarly particular to each species 
al though the biomass of species simil ar i n  form, s ize and other 
character is t ics  can be estimated from a single factor.  In th is  connection 
the information from fishing and surface observations and from biol ogical 
examination of samples from catches i s  of c r i t i ca l  importance and has been 
discussed in detail  i n  the report. The conclusion must be drawn that  while 
the information as to stock composition obtained by these methods i s  fu l ly  
in conformity w i t h  what was to have been expected from existing knowledge of 
the biota of th i s  region, the frequency of sampling and intensity of 
analysis were not such as to yiel  d good estimates of the conversion factor.  
Conservative values of th i s  factor have therefore been applied and in 
general i t  i s  thought tha t  the estimates are more l ike ly  to be below the 
t rue values than to be above them. 

The other d i f f icu l ty  arose in seeking an estimate of annua1 mean biomass, 
which i s  the stock character is t ic  from which potential yield i s  properly t o  
be calculated. For t h i s  purpose i t  i s  necessary to have a re l iab le  picture G 

of the annua1 cycle of events i n  a stock, w i t h  such increase in abundance as 
there may be from recruitment of juveniles and from the i r  rapid growth  and 
such decl ine i-n abundance as mortal i ty causes. The ef fec t  of these 
processes may be augmented or nu1 l i f  i ed by m i  grat i  on i nto and out of a 
par t icular  area. Some evidence on these matters was obtained i n  the survey 
and i s  discussed i n  the report, b u t  i t  i s  inadequate, and the t i m i n g  of 
observations i n  each sector was such tha t  a true measure of the annua1 cycle 
i s  not avai l abl e ,  and therefore mean annua1 biomass cannot be ca1 cul ated 
from the data. A rough estimate can be made, however, on the principle tha t  
the annua1 mean i s  unl ikely to be less  than 50% of the maximum observed and 
more probably i s  close to  70% of that  maximum. For these reasons the above 
measurements of biomass are the maximum observed values, presented as lower 
and upper values calcul ated from the confidence l imits of the mean 
integrator recording of each sector. 

The estimates of l ikely catch leve1 have been obtained from the measurements 
of biomass by appl ication of the famil i a r  formula: 

C = 0.5 X M X Bmax 

taking two values of M (0 .3  and 0.5) and two values of Bmax (0.5 and 



Perhaps the most important outcome of th i s  further examination of the resu l t s  
of the survey has been the l i g h t  i t  has thrown on the numerous technical and 
methodslogical problems of th i s  k i n d  of work. Even i f  the estimates here of 
biomass and yield potentials are no great improvement on the estimates in the 

Final Report, the i r  presentation w i t h  upper and lower values deri ved from an 
estimate of confi dence l imi t s  (even i f  admi t tedly the ca1 cul ation of %hose 
1 imits i s  not very sat isfactory)  suggests the bounds w i t h i n  which pl anning 
decisions ought, a t  present, to be se t .  Moreover, the structure of the 
argument leading to  these estimates i s  described so that  as new information 
becomes avail abl e the estimates can be adjusted wi t h  respect to particul a r  
components of the system; which means tha t  adjustment of the estimates need 
not await come repetit ion of work such as was done on t h i s  survey b u t  should 
be achieved by systematic tes t ing of the ascumptions described in th i s  report I 

and by intensive work designed expressly to measure the e f fec ts  of the causes 
discussed in Section 3 . 3  and to obtain a bet ter  measure of the conversion l 

l 
I 

fac to r  C. l 

Given the magnitude of the task undertaken for the survey -- to traverse some 
44,000 nm2 of continental shelf f ive  times i n  less  than two years, given 
also the large number of species and the re la t ive  scarci ty  of information w i t h  

regard to  the display of almost a l l  of these, allowing for  weather conditions 
which made work impossible in a t  l eas t  one month and brought some d i f f i c u l t i e s  
a t  other times, and recognising the inevi tab i l i ty  of contingencies and of 
human error ,  i t  i s  obvious tha t  the resul t s  would be marked by a number of 
important uncertainties.  In particular i t  could be expected that  the resul ts  
would have to be w i t h  regard to aggregates of species and could not provide a 
precise and detailed account of any one species. 

On these terms, however, the survey was a successful exploration which has 
characterised the d i s t r i  bution and main composi tional features of the f ish 
stocks and has provided f a i r  approximations to  the annua1 mean biomass and 
yield potential of those stocks. Admittedly those estimates are low in 
camparison w i t h  others which have been made; Sndeed, we are convinced that  
s ignif icant  upward revision of them will be made when the stocks in very 
shallow waters and i n  the 3 m bottom stratum can be assessed. The degree to  
which the estimates m i g h t  be increased a f t e r  such a revision, or m i g h t  have 
to  be increased for  other reasons, i t  i s  a matter on which nothing can be 



s a i d  a t  t h i s  stage. However we be l  i e v e  t h a t  i n d u s t r i a l  development based on 

the present  est imates cou ld  be planned s a f e l y  and would soon y i e l d  

i n fo rma t ion  from which t o  improve the  est imates. 





S-W Monsoon 
p e r i o d  

l + 2  IIIIIIIIIIIIIIIII 3 11111111111111 L IIIIIII~IIIIIII 6 Cruise no. IIIIIIIIIIIIIIIIIIIIIIII 11111111111111111 

W Somal ia  IIIIIIIII II II IIIIIII 

S o c o t r a  I I I 

N. Somal ia  1111 11111 I 1111 

S Yemen 11111 11111 111 1111111 

S. Oman 111111 IIIIII 111111 1111111111111111 1111111 

N.Oman I I I 111 II 

I r a n  I II 111 II 111 

P i g u r e  1. Timing of  the survey  work i n  each sector of t h e  

surveyed  r e g i o n .  



Figure 2a. Survey grid and stations Cruise 1&2, Peb-Mar 

1975, Somalia East Coast - Gulf of Aden. 



Figure 2b. Survey grid and stations Cruise 1 & 2 ,  Apr-Jun 

1975, Oman Coast - Gulf of Oman - Pakistan 
Coast. 



Figure 3a. Survey grid and stations Cruise 3, Wug-Qct 

1975, Somalia East Coast - Gulf of Aden. 



Figure 3b. Survey grid and stations Cruise 3, Oct-Nov 

1975, Oman Coast - Gulf of Oman - Pakistan 
Coast. 
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Figure 4a. Survey grid and stations Cruise 4, Jan- Feb 

1 9 7 6 ,  Somalia East Coast - Gulf of Aden. 
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Figure 4b. Survey grid and stations Cruise 4, Feb-Mar 

1996, Oman Coast -Gulf of Oman - Pakistan 
Coast . 
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Figur@ 5a. Survey g r i d  and stations Cruise 5, Apr-May 

1946, Somalia East Coast - Gulf of Aden. 
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Figure 5b. Survey grid and stations Cruise 5, Apr-Jun 

1 9 7 6 ,  Oman Coast - Gulf of Oman - Pakistan 
Coast. 



Figure 6a. Survey grid and stations Cruise 6, Sep-Nov 

1 9 9 6 ,  Samabia East Coast - Gulf of Aden. 



Figure 6b. Survey grid and stations Cruise 6, Aug-Sep 

1976, Oman Coast - Gulf o f  Oman - Pakistan 
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Figure 4. Maån arrangement of W / V 1 ' B r .  F r i d t j o f  Nansenrs 



F i g u r e  8 .  T h e  p e l a g i c  t r a w l s  o n b o a r d  R/V " D r .  F r i d t j o f  N a n s e n " .  



S I N K S :  2 3 0 0  l # G  L E A D  W E I G H T S  

F i g u r e  9. The bottsm trawl and p u r s e  seine ~nboard W/V "Dr, 
F r i d t j o f  N a n s e n n .  



Figure l0 Distribution of demersal and pelagic fish on the 

Somalia Coast and the Socotra Shelf during Cruise 

l&2,Feb-Mar 1 9 7 5 .  



F i g u r e  l a .  Distribution of demer sa l  and p e l a g i c  fish on 

the Somalia Coast and t h e  Cacotra'~helf d u r i n g  

C r u i s e  3, Aug-Oet 1 9 9 5 .  
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Figure 12. Distribution of demersal and pelagic fish 

on the Somalia Coast during Cruise 4, Jan-Feb 

1976. 



F i g u r e  1 3 .  B i s t r i b u t i o n  o f  demersal and pebagis f i a h  

on the S o m a l i a  C s a s t  d u r i n g  C r u i s e  5 ,  A p r  1976. 



Figure 14. Distribution of demersal and pelagic fish 

on the Somalia Coast and the Socotra Shelf 

during Cruise 6, Oct-Nov 1976. 



Figure 15.  Bistribution of demersal and pelagic fish 

on the South-Yemen Coast during Cruise E & 2 ,  

Mar-Apr 1 9 7 5  (upper) , and during Cruise 4, 
Sep-Oet l 9 7 5  (1ower) . 



Figure 16. Distribution of demersal and pelagic fish 

on the South-Yemen Coast during Cruise 4, Jan- 

Peb b976 (upper) , during Cruise 5 ,  Apr-May 1976 
(middle) , and during Cruise 6, Sep-Oct 1976 (lower) . 



F i g u r e  1'7. D i s t r i b u t i o n  of  demer sa l  and p e l a g å c  f i s h  

on t h e  Oman C o a s t  and t h e  Sou th - I r an  Coast 

d u r i n g  C r u i s e  b & 2 ,  Apr-Jun 1 9 9 5 .  



F i g u r e  1 8 .  D i s t r i b u t i o n  of demersa l  and p e l a g i c  f i s h  

on t h e  Oman Coas t  and t h e  South- I ran  Coas t  

d u r i n g  C r u i s e  3,Oct-Nov 1 9 7 5 .  



Figure 19. Bistribution of demersal and pebagic Eish 

on the Oman Csast and the South-Iran Coast 

during Cruise 4, Feb-Mar 1976. 



F i g u r e  2 0 .  D i s t r i b u t i o n  of demersa l  and p e l a g i c  f i s h  

on t h e  Oman Coas t  and t h e  South- I ran  Coast  

d u r i n g  C r u i s e  5 ,  Apr-Jun 1976. 



Figure 2%. Distribution of demersal and pelagic fish 

on the Oman Coas% and the South-Iran Csast 

during Cruise 6, Aug-Sep 1 9 7 6 .  







Fiqure 23c. Estimated biomass pey nm%n Sector 3 (Socotra 

Shelf) in the period 1975 1976. 
:pelaqic : demersal 

1 9 7 5  
l 

1 9 7 6  

Fiqure 23d. Estimated biomass per nm2 in Sector 4 (South- 
Yemen Coast) in the period 1975-1976. 

:pelagic -------- : demer sal 



Figure 23e. Estimated biomass per nm2 in 6Sector 5 (South- 

Oman Coast) in the period 1975-1976. 

: Pelagic ------e : demersal 

Figure 2 3 f .  Estimated biomass per nm2 in Sector 6 (North- 

Oman Coaat) in the period 1975-1976. 



1 9 7 5  
I 

1 9 7 6  

Figure 23g. Estimated biomass per nrn2 in Sector 7. (south- 

Iran Coast) in the period 1975-1976. 

Figure 23h. Estimated biomass (pelagic+demersal) per nm 2 

in four seetorc in the period 1975-1976. 



Pigure 24. The subareas refered to in Tabbe 14.They muat 

n o t  be interpreted as the Sector-divisions 

used in the report. 



TABLE 1. Main operational features of the cruises 

Cruise no. Dat es Days at 
sea 

Distance * Numbers* * Hydro- Plankton 
travelled fishlng graphic samples 
in survey stations stations 
area 

Total 408 33540 451 939 
(570) 

* Within the shelf area only 

* *  Within survey area of relevance to this report. Within total survey area in brackets 

TABLE 2. Geographic specifications of the sectors'of the 

surveyed region. 

Geographic Coast-line Continental 
Sector limits lenqth Shelf area 

No Name 

1 south ~omaiia l o  - 1  ON 
3 Socotra 12°-140?J 

52'-55'~ 

North Somalia 44'-51°E 55 1 2330 

4 south  eme en 43°30'-530~ 668 7620 

5 South Oman 53°~-230300~ 616 11320 

6 North Oman North 363 
Hormuz 

7 Iran ~ t .  ~ormuz-62'~ 330 

Total. 3530 43720 



Table  3. Number o f  Acous t i c  Recordings,  d u r i n g  each  C r u i s e  i n  e a c h  S e c t o r .  

Dates  Area o f  Area o f  Surveyed space  Recordings o v e r  P o s i t i v e  Number o f  
C r u i s e  S e c t o r  Name ( t h e  beginning t h e  c o n t i -  t h e  surveyed a s  pe rcen tage  Recordings c o n t i n e n t a l  r ecord ing9  Nuniber f i s h i n g  st. 
Number and end d a t e s  n e n t a l  space* of c o n t i n e n z a l  T o t a l  P o s i t i v e  s h e l f  p e r  100nm of  p e r  1000 nm 

2 

of  v e s s e l  s h e l f  (nm ) s h e l f .  nuniber p e r  100nm of  surveyed f i s h i n g  of  surveyed 
p rescence)  space  s t a t i o i i s  space  

1 South Somalla Mar-Apr-75 
+ S o c o t r a  Mar -75 
2 North Somalia Mar -75 

Yemen Mar-Apr -75 
South Oman Apr-May -75 
North Oman Apr-May -75 
I r a n  May -75 

TOTAL 

3 South Somalia  Aug-Sep -75 9338 8397 59.9 318 264 3.41 3.14 20 2.4 
S o c o t r a  Sep -75 4404 2858 64.9 138 37 3.13 1.29 2 0 .7  
North Soinalla Sep  -75 2330 968 41.6 64 64 2.75 6.61 15  15.5 
Yemen Sep-Oct -75 7620 7954 104.4 3.98 2.88 27 3.4 303 229 
South Oman Oct-Nov -75 9190 9270 100.9 256 190 2.79 2.05 2 4 2.6 
North Oman Oct-Nov -75 4277 3706 86.7 112 98 2.62 2.64 4 1.1 
I r a n  Nov -75 4362 2548 58.4 98  58 2.25 2.28 7 2 .8  

TOTAL 41521 35701 86.0 1289 940 3.10 2.63 99 2.8 
--p 

4 Sou th  Somalia Jan-Feb -76 9338 11753 125.9 2.10 1.32 11 0.9 202 h55 
S o c o t r a  - 4404 - - - 1 - 
North Somalia Jan-Feb -76 2330 2079 89.2 134 55 5.75 2.65 8 3.8 
Yenien Jan-Feb -76 76 20 2465 32.4 280 156 3.67 6.33 25 10 .1  
Sou th  Oman Feb-Mar -76 9190 5899 54.2 241 121  2.62 2.05 16  2.7 
North Oman Mar -76 4277 487 11.4 99 10  2.31 2.05 12  24.6 
I r a n  Mar -76 4362 401 9.2 142 25 3.26 6.23 4 10.0 

'TOTAL 41521 23084 55.6 1098 522 2.64 2.26 7 7 3.3 -- 
5 South Sorrialia A p r l l  -76 93 38 5061 54.2 228 127 2.44 2.51 17 3.4 

S o c o t r a  - 4404 - - - - - 

North Sonialia A p r i l  -76 2330 513 22.0 103 12  4.42 2.34 1 1 .9  
Yemen A p r - ~ a y  -76 7620 7054 92.6 293 233 3.85 3.30 26 3.7 
So3 th  Oman May-June -76 9190 8936 97.2 188 145 2.05 1.62 12 1 .3  
North Oirian June  -76 4277 2630 61.5 132 8 3  3.09 3.16 1 3 4.9 
I r a n  J u n e  -76 4362 2088 47.9 95 5 1  2.18 2.44 6 2.9 

TOTAL 41521 26282 63.3 1039 651 2.50 2.48 7 5 2.9 - 
6 South Soinalia Sep-Nov -76 9338 8381 89.8 2.30 26 3. 1 367 193 3.93 

S o c o t r a  Sep -76 4404 3949 89.7 50 50 1.14 1.27 2 0 . 5  
North Somalia Oct  -76 2330 1228 52.7 119 51 5.11 4.15 9 7.3 
Yemen Sep-Oct -76 7620 6511 85.4 255 203 3.35 3.12 31 4 .8  
South Oman Aug-Sep -76 9190 9673 105.3 168 127 1.83 1.31 11 1. 1 
North Oman Aug-Sep -76 4277 8376 195.8 136 109 3.18 1.30 5 0.6 
I r a n  Aug -76 4367 5828 133.6 138 122 3.16 2.09 1 2 2.1 

TOTAL 41521 43946 105.8 1233 855 2.97 1.95 96 2.2 

TOTAL 41521 163193 78.6 6.362 3.737 3.90 2.29 451 2.8 

- 

* ~ u r v e y e d  s p a c e  h e r e ,  i n c l u d e s  a11  space  e n c l o s e d  by t h e  dens i ty -con tour  l i n e s  i n  F i g u r e s  10-21 



TABLE 4 a .  F r e q u e n c y  w i t h  which  e a c h  s p e c i e s ,  o r  o t h e r  taxonomic  g r o u p ,  a p p e a r e d  i n  t h e  

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

Number 1 )  SECTORS 
o f  

c r u ~ s e s  1 2 3 4  5 6 7 8 9 10 T o t a l  Mean 

1 )  Number o f  c r u i s e s  i n  which  e a c h  s p e c i e s  a p p e a r e d  i n  c a t c h e s .  

TABLE 4b.  A s  f o r  T a b l e  4a ,  b u t  r e l a t i n g  t o  m l y  t h e  more i n p o r t a n t  s p e c i e s  a n d  g r o u p s .  

Number 
o f  SECTORS 

c r u i s e s  1  2 3 4 5 6 7 8 ,  9 1 O T o t a l  

TABLE 4c.  A s  f o r  T a b l e  4b,  b u t  r e l a t m g  t o  f a m i l i e s  o n i y .  

Number 
o f  SECTORS 

c r u i s e s  1  2 3 4  5 6 7 8 9 10 T o t a l  



Table 5a. Frequency wlth which each spec les ,  o r  o the r  taxonomrc qroup, 

appeared Ln the  catches taken i n  one o r  more s e c t o r s  durlnq each 

c ru i se .  

Number* 
of 

s e c t o r s  Cr. 1, 2 Cr. 3 Cr. 4 Cr. 5 Cr. 6 Cr. 1-6 Percent  

*Number of sub-areas i n  which each spec ies  appeared i n  ca tches .  

TABLE 5b. A s  for  5.3, b u t  r e l a t i n g  t o  o n l y  t h e  L r n p o r t a n t  s p e c i e s  

a n d  g i o u p s .  

of 
S e c t o r s  C r .  l e 2 C r .  3 C r .  4 C r .  5 C r .  6 T o t a l  



TABLE 5c.  A s  f o r  Tab le  5 b ,  b u t  l i m i t e d  t o  f a m i l i e s .  

Number 
of  

s e c t o r s  C r .  1  & 2  Cr .  3  C r .  4 Cr .  5 Cr .  6 ~ ~ t ~ l  

1  1 2  7  2  7 5 3  3  

2  6  9 9 3  1 1  3 8  

3  6 5 7 4 4 2 b 

4 2 6  3  5 4 2 0  

5 7  3  6 2 2  2 0 

6 2 3  8  4 4 2 1  

7 2  4 2 3  7  1 8  

8 1  4 2  5 4 1 6  

9 2  2 1  1  4 1  o 

1  o 1  o 1  o 2  4 

TABLE 6a. Frequency wi th  which t h e  commercla l ly  l rnpor tant  

s p e c l e s  o r  o t h e r  taxonomic group appea red  i n  one 

o r  more s e c t o r s  and l n  one o r  more c r u i s e s  t h a t  

is  combining T a b l e s  4b and 5b. 

Number Number of  c r u i s e s  
of  

sub -a reas  Cr.  1  Cr .  2  Cr .  3  C r .  4 C r .  5 ~ ~ t ~ l  

1  sub-area  1 0 3  3  1 O O 1 0 7  

2  " 3  3  35 4 o o 7  2  



TABLE 6b. As for Table 6a, but limited to families. 

Number Number of crulses 
of 

sub-areas Cr. 1  Cr. 2  Cr. 3 Cr. 4 Cr. 5 Total 

l  sub-area 3 O O O O 3 

2 " 3 1 1 o o 5 

3 " O 1 1  o 1  3 

4 " o 2  2 1 2 9 

5 " o 1 O 1 2  4 

6 " O O O o 2  2 

7 " o 2  1  3 3 9 

8 " O O O o 3 3 

9 " o o o 1 5 6 

1 0  " o o o o 1 2  1 2  



Table 7a. The appearance of Eamilies in pelagic and demersal catches 
show~nq for each family the number of stations in whichit 
appeared, the percentage that that number is of the total number 
of hauls of the type to which the number relates, and the rate of 
catch (kg/hour) at stations of its occurrence. 

Acropomidae 
Ariidae 
Ariommidae 
Balistidae 
Bothidae 
Bramidae 
Carangidae 
Centropomidae 
Chironemidae 
Clupeidae 
Congridae 
Coryphaenidae 
Cynoglossidae 
Drepanidae 
Engraulidae 
Formionidae 
Gempylidae 
Gerridae 
Harpadontidae 
Lactaridae 
Leioqnathidae 
Lethrinidae 
Menidae 
Mullidae 
Muraenesocidae 
Nemipteridae 
Paraperc~dae 
Pentapodidae 
Peristedidae 
Pleuronectidae 
Platycephalidae 
Plectorynchidae 
Polynemidae 
Pomatomidae 
Priacanthidae 
Psett~dldao 
Rachycentridae 
Sciaenidae 
Scolopsidae 
Scombridae 
Scorpaenidae 
Scombropidae 
Serranidae 
Sigan~dae 
Sillaginidae 
Soleidae 
Sparidae 
Sphyraenidae 
Stromateidae 
Synodontidae 
Theraponidae 
Trichiuridae 

FAMILY 

% C kg/h 1 En 5 c kq/h 
PELAGIC DEMERSAL ' 



T a b l e  4b .  C i t a t i o n s  i n  t h e  t e x t s  o f  C r u i s e  R e p o r t s  o f  t h e  
s i g h t i n g  a n d  c a t c h i n g  o f  v a r i o u s  s p e c i e s .  

S o e c i e s  name 

A l e c t i s  i n d i c u s  
A l e p e s  d j e d d a b a  
A l e p e s  m e l a n o p t e r a  
A l e p e s  c p .  
A u x i s  r o c h e i  
A u x i s  t h a z a r d  
B r e g m a c e r o s  m a c c l e l a n d i  
CARANGIDAE 
C a r a n g i o d e s  c h r y s o p h r y s  
C a r a n g o i d e s  m a l a b a r i c u s  
C a r a n g o i d e s  o b l o n g u s  
C a r a n g o i d e s  s p .  
C o r y p k a e n a  h i p p u r u s  
D e c a p t e r u s  d a y i  
D e c a p t e r u s  macrosoma 
D e c a p t e r u s  m a r u a d s i  

S D e c a p t e r u s  s p .  
Diodon  m a c u l i f i e r  
D r e p a n e  p u n c t a t a  
D u s s u m i e r a  a c u t a  
E n g r a u l i s  j a p o n i c u s  
E n g r a u l i s  s p .  
E t r u m e u s  t e r e s  
E u t h y n n u s  a f f i n i s  
F o r m i o  n i g e r  
Gazza  m i n u t a  
H e r c l o t s i c h t h y s  s p .  
H i l s a  s p .  
L e i o g n a t h u a  b i n d u s  
L e i o g n a t h u s  e l o n g a t u s  
L e i o q n a t h u s  e q u u l u s  
L e i o g n a t h u s  s p .  
M e g a l a s p i s  c o r d y l a  
N e n i p t e r u s  s p .  
Pampus a r g e n t e u s  
P e l l o n a  d i t c h e h a  
R a s t r e l l i g e r  k a n a g u r t a  
S a r d i n e l l a  a l b e l l a  
S a r d i n e l l a  g i b b o s a  
S a r d i n e l l a  j u s s i e u  
S a r d i n e l l a  l o n g i c e p s  
S a r d i n e l l a  sirm 
S a r d i n e l l a  s p .  
Scomber  s p .  
Scomberomorus  commerson i  
Scomberomorus  g u t t a t u s  
Scomberomorus  s p .  
S e l a r  c r u m a n p h t h a l m u s  
S t o l e p h o r u s  b u c c a n e r i  
S t o l e p h o r u s  commerson i  
S t o l e p h o r u s  h e t e r o l o b u s  
S t o l e p h o r u s  s p .  
S y n a r g r o p s  s p .  
T h r y s s a  m y s t a x  
T h r y s s a  s p .  
T h r y s s a  v i t r i r o s t r i s  
T r a c h u r u s  s p .  

C r u i s e  number 
1+2 -i 4 5 6 



Table 8. Frequency distrlbution of number of species per shot, for demersal 
gears and pelaqic gears separately and for all gears. 

Number of 
with demersal gears with pelagic gears with all gears 

Totals: 213 

w~thout transformation 
Mean = 10.08 
S.D. = 7.81 

With transformation 
Mean = 7.41 
S.D. = 0.3528 



Table 9: Estimates of biomass in each sector during each cruise. A lower and an upper estimate is given in 

each case, derived from the confidence limita of the mean biomass-density index. 

Demersal, 
Cruise pelagic South North South North 
number or both Somalia Somalia Y emen Soeotra Oman Oman Iran Total 



Tables loa-h. Recordings (index of biomass density) during 
each cruise in each sector. 

Table loa Sector 1 West-Somalia Coast 

DEMERSAL PELAGIC 

Cruise l + 2: 

N - - 177 177 
Mean X = 3.16 6.22 
Sum X = 559.99 1100.90 
sum x2 = 4688.11 98656.66 
SD - - 4.07 22.83 

Cruise 3: 

N - - 244 244 
Mean X = 6.37 4.84 
Sum X = 1554.02 1180.79 
sum x2 = 116948.15 68275.92 
SD = 20.99 16.05 

Cruise 4: 

. N - 114 114 ' 

Mean X = l. 97 18.77 
Sum X = 224.77 2140 .l6 
sum x2 = 2413.98 149705.79 
SD = 4.18 31.13 

Cruise 5: 
N - - 
Mean X = 
Sum X = 
Sum x2 = 
SD = 

Cruise 6: , 

N - - 
Mean X = 
Sum X2 = 
Sum X = 
SD = 

Cruise 1-6: 

N - - 
Mean X = 
sum X = 
Sum x2 = 
SD = 

DEMERSAL AND PELAGIC 



Table 10b Sector 2 North-Somalia Coast 

DEMERSAL PELAGIC DEMERSAL AND PELAGIC 

Cruise l i 2: 

N - - 2 7 
Mean X = 7 . 6 7  36 .62  
Sum X = 2 0 7 . 3 3  988 .66  
sum x2 = 6564 .87  218861 .44  
SD - - 13.83 83 .82  

Cruise 3: 

N = 
Mean X = 
Sum X = 
sum x2 = 
SD - - 

Cruise 4 :  

N 
Mean X = 
Sum X = 
Sum x2 = 
SD - - 

Cruise 5: 

E! - - 
Mean X = 
Sum X = 
Sum x2 = 
SD = 

Cruise 6 :  

N - 
Mean X = 
Sum X = 
sum x2 = 
SD = 

Cruise 1-6:  

N - 
Mean X = 
Sum X = 
Sum x2 = 
SD = 

Table 1Oc Sector 3 Socotra 

DEMERSAL PELAGIC BEMERSAL AND PELAGIC 

Cruise l + 2 :  

N d - 
Mean X = 
Sum X = 
Sum x2 = 
SD d - 

Cruise 3 :- 

N - - 
Mean X = 
Sum X = 
sum x2 = 
SD = 

Cruise 4:  

N - 
Mean X = 
Sum X = 
Sum x2 = 
SD = 

Cruise 5: 

N - - 
Mean X = 
Sum X = 
Sum x2 = 
SD = 

Cruise 6 :  

N = 
Mean X = 
Sum X = 
Sum x2 = 
SD = 

Cruise 1 - 6 :  

N d - 
Mean X = 
Sum X = 
Sum x2 = 
SD - - 



Table 10d Sector 4 South-Yemen Coast 

DEMERSAL PELAGIC DEMERSAL AND PELAGIC 

Cruise l + 2: 
N - - 
Mean X = 
Sum X = 
Sum x2 = 
SD = 

Cruise 3: 

N - - 
Mean X = 
Sum X = 
Sum x2 = 
SD = 

Cruise 4: 

N - 
Mean X = 
Sum X = 
Sum x2 = 
SD = 

Cruise 5: 

N - - 
Mean X = 
sum X = 
Sum x2 = 
SD - - 

Cruise 6: 

N - - 
Mean X = 
Sum X = 
Sum x2 = 
SD - - 

Cruise 1-6: 

N - - 
Mean X = 
Sum X = 
Sum x2 = 
SD - 

Table loe Sector 5 South-Oman Coast 

DEMERSAL AND PELAGIC DEMERSAL PELAGIC 

Cruise l + 2: 
N - - 
Mean X = 
Sum X2 = 
Sum X = 
SD = 

Cruise 3: 

N - - 
Mean X = 
Sum X = 
Sum x2 = 
SD - 

Cruise 4: 

N - - 115 115 
Mean X = 1.12 15.68 
Sum X = 129.00 1802.92 
Sum x2 = 1199.99 143949.55 
SD - 3.03 31.85 

Cruise 5: 

N - 
Mean X = 
sum X = 
sum x2. = 
SD - - 

Cruise 6: 

N - - 
Mean X = 
Sum X = 
Sum x2 = 
SD = 

Cruise 1-6: 

N - - 
Mean X = 
Sum X = 
Sum x2 = 
SD - - 



Table 1Of Sector 6 North-Oman Coast 

DEMEXSAL AND PELAGEC DEMERSAL PELAGIC 

Cruise l + 2: 

N - - 91 
Mean X = 2.56 
Sum X = 232.96 
sum X' = 1657.58 
SD - 3.43 

Cruise 3: 

' N - - 
Mean X = 
Sum X = 
sum x: = 
SD = 

Cruise 4: 

N - - 
Mean X = 
Sum X = 
sum x2 = 
SD - - 

Cruise 5: 

N - - 
Mean X = 
Sum X = 
sum x2 = 
SD = 

Cruise 6: 

N - - 
Mean X = 
sum X = 
Sum X' = 
SD - 

Cruise 1-6: 

N - - 
Mean X = 
Sum X2 = 
Sum X = 
SD - 

Table log Sector 7 Iran Coast 

DEMERSAL PELAGIC 

9 2 
l. 16 

106.65 
546.58 
2.16 

5 8 
8.98 

520.88 
22964 .l9 

17.91 

19 
1.11 
20.02 
100. o5 
2.14 

5 1 
8.45 

431.14 
42827.78 

27.99 

DEMERSAL AND PELAGIC 

Cruise l + 2: 

N - 
Mean X = 
Sum X = 
Sum x2 = 
SD - - 

Cruise 3: 

N - - 
Mean X = 
Sum X = 
Sum x2 = 
SD - 

Cruise 4: 

N 
Mean X = 
Sum X = 
sum x2 = 
SD = 

Cruise 5 i 

N - - 
Mean X = 
Sum X = 
sum X' = 
SD = 

Cruise 6: 

N - 
Mean X = 
Sum X = 
sum x2 = 
SD = 

Cruise 1-6: 

N - - 
Mean X = 
Sum X = 
Sum x2 = 
SD - - 



Table 10h All Sectors 

Cruise l + 2: 
N - - 
Mean X = 
Sum X = 
Sum x2 = 
SD = 

Cruise 3: 

N - 
Mean X = 
Sum X = 
Sum x2 = 
SD = 

Cruise 4: 

N - 
Mean X = 
Sum X = 
Sum x2 = 
SD = 

Cruise 5: 
- x 

Mean X = 
Sum X = 
Sum x2 = 
SD - - 

Cruise 6: 

N - - 
Mean X = 
Sum X = 
Sum x2 = 
SD = 

Cruise 1-6: 

N - - 
Mean X = 
Sum X = 
Sum x2 = 
SD - - 

DEMERSAL PELAGIC DEMERSAL AND PELAGIC 



i( 

Table 11. S m r y  of mean Sector/cruise recordings 

a.  Demersal stocks 

Sectors Cruises 

1 / 2  3 4 5 6 AI-L 

5 2.3 1.8 1.1  2.4 2.8 2.1 
' 6 2.6 4.3 0.8 2.5 

7 3.6 2.4 2.4 1.1 2.6 
ALL 3.2 3.8 1.4 3.2 3.7 3.5 

Without transformation:Mean 3.52 With transformtion: Mean 3.35 
SD 2.80 SD 0.224 

a .  Pelagic stocks 

Sectors Cmises 

1/2 3 4 5 6 ALL 

Without transformtion:Mean 8 .O3 With transformtion: Mean 7.92 
SD 7.30 SD O. 332 

* See p . 9  f o r  d e f i n i t i o n  of r e c o r d i n g  

Table 12. Summary of estimates of mean biomass oE each sector  during 
each c ru lse  ( rn  thousand tonnes) .  

sec tors  Crurses a .  Demersal stocks 

1 /2  3 4 5 6 

Sectors Cruises b. Pelaglc stocks 

1/2 3 4 5 6 

Sectors Cruises c .  Demersal and pelaglc stocks 

1 / 2  3 4 5 6 



Table 13. Estimates of biomass per square nautical mile in each 

sector during each cruise (tonnes/nm2) . 

Sector crulses a. Demersal stocks 

1/2 3 4 5 6 

1 25.59 52.57 15.52 64.78 21.31 
2 15.02 41.63 15.88 7.30 27.47 
3 17.50 11.59 19.55 
4 20.08 12.34 0.79 1.71 26.38 
5 9.92 10.10 3.51 10.89 11.15 
6 11.92 23.60 2.aO 
7 28.21. 8.49 1.38 2.98 

Sector Cruises b. Pelaqic stocks 

1/2 3 4 5 6 

Sector Crulses c. Demersal and pelaqic 

1/2 3 4 5 6 
stocks 



Table  14 .  Length measurements  on C a r a n g i d a e ,  C l u p e i d a e  and E n g r a u l i d a e  
d u r i n g  a l l  c r u i s e s .  The s u b a r e a s  c o r r e s p o n d  t o  t h e  ones  d e f i n e d  
i n  F i g u r e  2 4 ,  and is  n o t  t o  be mixed w i t h  t h e  S e c t o r s  i n  t h e  
r e p o r t .  

FAMItY(Species S u b a r e a  S t a t i o n  L e n g t h s  i n  sample 
. L o w e s t  H i g h e s t  Mean S t .  d e v .  N 

CARANGIDAE 

A l e c t i a  i n d i c u s  
9 

Alepes  d j e d d a b a  
6 

Alepes  m e l a n o p t e r a  

A t u l e  mate 

Carangoides  m a l a b a r i c u s  
4  

Caranx c h r y s o p h r y s  
4  

7 

S e l e r  c r u m e n o p t h a ~ m u s  
1  

4  



FAPILYISpecies Subarea  

S .  cr i imenoptha lnus  ( c o n t . )  

D e c a p t c r u s  s p .  
1 

4 

6 

7 

D e c a p t e r u s  m a r u a d s i  
l 

Mega lasp i s  c o r d y l a  

Scombero ides  commerson ia jus  
' l  

S t a t  i o n  Lengths  i n  sample 
Loiiest Highez t  Mean S t .  d e v .  N 



T a b l e  14 ( c o n t )  

FAMILY/Cpecies S u b a r e a  S t a t i o n  Lenpths  i n  sample  
Lowest H i g h e s t  Mean S t .  dev .  N 

S .  cornmersonianus ( s o n t . ) -  

S e r i o l i n a  n i g r o f a c i a t a  
a 

517 5.0 5 .0  5 .O .O0 1 

T r a c h i n o t u s  b l o c h i i  

T r a s h u r u s  s g  . 

Alepes  k a l l a  

Alepes s p .  

D e c a p t e r u s  macrosoma 
1 

2 

3 

C a r a n g o i d e s  s p .  



S u b a r e a  S t a t  i o n  L e n g t h s  i n  s a m p l e  
Lowest  H i g h e s t  Mean S t .  d e v .  N 

A t u l e  s p .  

S e l a r  s p .  

D e c a p t e r u s  d a y i  

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

Caranx  s p .  

S e l a r o i d e s  l e p t o l e p i s  

T r a c h i n o t u s  b a i l l o n i  

C a r a n g o i d e s  o b l o n g u s  

CLUPEIDAE 

D u s s i m i e r a  a c u t a  

I l i s h a  me las toma  



FAMILY/Specles S u b a r e a  S t a t i o n  Lengths  i n  sample  
Lowest H i g h e s t  Mean S t .  d e v .  N 

O p i c t o p t e r u s  t a r d o o r e  
R 

S a r d i n e l l a  a l b e l l a  
1 

2 6 3  12 .0  14 .0  13 .0  . 5 6  59 
rs 

S a r d i n e l l a  complex 

S a r d i n e l l a  g i b b o s a  
1 

S a r d i n e l l a  j u s s l e u  
5 

7 

8 

S a r d i n e l l a  l o n g i c e p s  
3 



FAMILY/Species Subarea  S t a t i o n  
Lowest 

S .  l o n g i c e p s  (cent.) 

Macrura s p .  

S a r d i n e l l a  sirm 

P e l l o n a  d i t c h e l a  

Etrumeus t e r e s  

7 
2 1 5  
42 1 
423 
488 
490 

Nematolosus n a s u s  
8 

Lengths  i n  sample 
H i g h e s t  Mean S t .  d e v .  N 

1 4 . 0  1 3 . 3  . 5 0  12 

H e r c l o t s i c h t u s  p u n c t a t u s  
1 

H e r c l o t s i c h t u s  a u a d r i m a c u l a t u s  
6  

9 0  6 . 5  



S t a t i o n  
Lowest 

Lengtha i n  sample  
H i g h e s t  Mean S t .  d e v .  N 

ENGRAULIDBE 

T h r y s s a  s e t i r o s t r i s  

T h r y s s a  v i t  r i r o s t r i s  
9 

16 .0  12 .5  1 .12  I l l  
15 .0  1 3 . 7  - 7 5  8 
13.0  10 .7  .45 106 

S t o l e p h o r u s  b u c c a n e e r i  

S t o l e p h o r u s  commersoni 
7 

E n g r a u l i s  j a p o n i c u a  
1 

S t o l e p h o r u s  h e t e r o l o b u s  
2 

. S t o b e p h o r u s  i n d i c u s  

... 

.Thryssa mystax 

E n p r a u l i s  a u s t r a l i s  
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APPENDIX 3 .  Reco rd  o f  f i s h i n g  o p e r a t i o n s .  

CRUISE 1&2.  R/V "Dr.  F r i d t j o f  Nansen" .  Record  o f  f i s h i n g  o p e r a t i o n s .  BTR: b o t t o m  t r a w l ,  LPT: l a r g e  
? e l a g i c  t r a w l ,  SPT: s n a l l  p e l a g i c  t r a w l ,  PSE: ? u r s e  s e i n e ,  GIN: g i l l n e t ,  BLL: b o t t o m  
l o n q - l i n e .  Fisf i  names: FAO S p e c i e s  I d e n t i f i c a t l o n  S h e e t s  f o r  F i s h e r y  P u r p o s e s .  

C a t c h  
Time Bot tom Gear  ? o s i t i o n  T o t a l  p e r  
S t a r t  S t  Gear  d e p t n  d e p t h  S o u t h  c a t c ; ~  h o u r  

' Date  GY4T no t y ? e  m n 3 o r t h  E a s t  kg kg Dominant s p e c i e s  ( t o t a l  c a t c h ,  kg )  

S o u t h :  

B r u s h t o o t h  l i z a r d f i s h  S a u r i d a  undosqua-  
m i s  ( 1 4 )  , Neoscombrops a n n e c t e n s  (11) - 

BTR 

830 50 0 3 ~ 0 0 '  

75 75 0 2 ~ 3 0 '  

77 77 0 2 ~ 3 0 '  
- - - 

190 90 0 2 ~ 1 0 '  

300 40/90 01°49' 

1200 3 6 3  00°42' 

47 25 0 0 ~ 0 5 '  

North:  

160 160 01°20' 

114 80 0 2 ~ 1 7 '  

550 0/25 0 2 ~ 4 7 '  

35 20 0 2 ~ 5 7 '  

35 35 0 3 ~ 0 8 '  

23  1 0  0 3 ~ 0 8 '  

202 100 0 3 ~ 1 6 '  , 

70 70 0 4 ~ 1 2 '  

Lance rn  f i s h e s  HYCTOPHIDAE 2spp.  ( 6 0 )  LP T  

BTR 

BTR 

SPT 

SPT 

SPT 

SPT 

SPT 

Sponges ,  s e a  f a n s  (499)  . 

( T r i a l )  

Swmminq c r a b  C h a r y b d i s  e d w a r d s i ( l 2 0 )  

L a n t e r n  f i s n e s  ;lYCTOPHIDAE 3  s p p .  ( 2 2 )  

L a n t e r n  f i s h e s  MYCTOPHIDAE 3  s p p .  ( - 1  
S q u i d  ( 1 5 )  

Swimming c r a b  C h a r y b d i s  e d w a r d s i  ( 7 6 )  

P o r c u p i n e  f i s h  Diodon m a c u l i f e r  ( 9 2 )  
- 

BTR 

SPT 

SPT 

SPT 

BTR 

SPT 

SPT 

BTR 

P o r c u p i n e  f i s h  Diodon m a c u l i f e r  ( 4 0 )  

/Squid ( 2 )  

S n a p p e r s  L u t j a n u s  s p p .  ( 7 5 )  , 
G r o u p e r s  E p i n e p h e l u s  s p p .  ( 3 3 )  

S n a p p e r s  L u t l a n u s  s u p .  ( 1 8 8 )  , 
G r o u p e r s  E p i n e p h e l u s  s p p .  ( 5 5 )  

BTR 

BTR 

SPT 

BTR 

SPT 

SPT 

SPT 

SPT 

BTR 

BTR 

BTR 

Mackere l  Scomher S D .  ( 7 7 5 )  

S a l p s  

C o u i a  Rach:rcentron c a n a d u s  (11) 

L a n t e r n  f i s n  Myctouhum. s u .  ( 3 9 )  

P o r c u p i n e  f i s h  Diodon m a c u l i f e r  ( 3 2 4 )  

P o r c u p i n e  f i s h  Diodon m a c u l i f e r  ( 6 5 )  

P l a n k t o n i c  c r u s t a c e a ,  f i s h  l a r v a e  ( 4 )  

Grouper s  E p i n e p h e l u s  s p p .  ( 5 )  

22 22 1 0 ~ 0 8 '  50'55' 49 98 T n r e a d f i n  t r e v a l l y  A l e c t i s  i n d i c u s  ( 1 3 )  
G r e a t e r  l i z a r d f i s h  S a u r i d a  tu rnb i l  ( 1 0 )  

BTR 

SPT 

BTR 

24 24 1 0 ~ 2 0 '  51'07' 54 108 S q u i d  ( 3 6 )  

225 50-120 1 0 ~ 0 8 '  51°31' 3000 5400 . P o r c u p i n e  f i s h  Diodon m a c u l i f e r  ( 3 0 0 0 )  

230 230 1 0 ~ 5 9 ~  51'24: 410 410 B o a r f i s h  A n t i g o n i a  r u b e s c e n s  (133)  
G r e a t e r  l i z a r d f i s h  S a u r i d a  tu rnb i l  (111) 

BTR 427 427 11°14' 51°27' 470 517 L a n t e r n  f i s h e s  8YCTOPHIDAE (178)  
L o b s t e r  P u e r u l u s  s e w e l l i  ( 1 3 2 )  

340 - 11°16' 51'27' 52 - Round h e r r i n g  E t rumeus  t e r e s  ( 3 5 )  P  SE 

SPT 55 30 11°20' 51°14' 24 50 O i l  s a r d i n e  S a r d i n e l l a  l o n g i c e p s  ( 1 2 )  
Round h e r r i n g  E t rumeus  t e r e s  (11) 

SPT 

BTR 

SPT 

P  SE 

SPT 

BTR 

BTR 

SPT 

SPT 

SPT 

G I N  

BLL 

O i l  s a r d i n e  S a r d i n e l l a  l o n g i c e p s  ( 1 3 )  

S h a r k s ,  r a y s  ( 1 0 )  

P o r c u p i n e  f i s h  Diodon m a c u l i f e r  ( 1 5 0 0 )  

D e v i l r a y  Mobula s p .  ( 3 0 )  

Round n e r r i n g  E t rumeus  teres ( 6 7 )  

. S c a v e n g e r s  L e t n r i n u s  4 s,pp. ( 5 7 )  

T o b i e s  LAGOCEPHALIDAE (1) 

L a n t e r n  f i s h e s  MYCTOPHIDAE ( 1 7 )  

L a n t e r n  f i s h e s  MYCTOPHIDAE ( - )  

C a r d i n a l  f i s h  S y n a q r o p s  3. (2000)  

60 60 11°12' 47O15' 46 0.5'  k r e o l a t e d  g r o u p e r  E p i n e p h e l u s  a r e o l a t u s  
( 2 3 ) ,  5 :  k g  p e r  hook 

SPT 45 25 12O36' 44'35' 23 69 G o l d s t r i p e  s a r d i n e l l a  S a r d i n e l l a  q i h b o s a  
( 2 0 )  



CRUISE l & 2 .  ( c o n t . )  
C a t c h  

Time Bottom Gear  T o t a l  p e r  
s t a r t  S t  Gear  d e p t n  d e p t h  P o s i t a o n  c a t c h  h o u r  

! l a t e  GMT no  t y p e  m m E a s t  kg k g  Dominant s p e c i e s  ( t o t a l  c a t c h ,  kg )  

1 7 . 3  0930 48 BTR 283 283 11°39 '  43'30' 228 457 C a r d i n a l  f i s h  S y n a q r o p s  ( 5 2 )  
B r u s h t o o t k  l i z a r d f i s h  S a u r i d a  undosqua-  
mis  ( 4 1 1 ,  A c r o w  jap-(36) 

1 7 . 3  1438  49 BTR 212 212 11°19 '  43'45' 276 828 B r u s h t o o t h  l i z a r d f i s h  Saur i c i a  undosqua-  e ( 1 7 8 )  

SPT 180 25 11°13' 43'45; 124 

SPT 100 25 11°04 '  43O50' 32 

SPT 6 3  30 12'29' 44'23' 36 

372 L a n t e r n  f i s h e s  MYCTOPHIDAE ( 1 2 3 )  

96 L a n t e r n  f i s h e s  MYCTOPHIDAE ( 3 1 )  

1 0 8  Round s c a d  D e c a p t e r u s  (.12) t 
Bigeye  s c a d  Calar c rumenopn tha lmus  (11) 

- S q u i d  
- - 
1 F i s h  l a r v a e  ( - )  

- 

PSE 

PSE 

SPT 

P  SE 

GIN 

SPT 

SFT 

LP T  

SPT 

SPT 

SPT 

SPT 

SPT 

- 
L a n t e r n  f i s h e s  MYCTOPHIDAE ( - 1  

L a n t e r n  f i s h  Myctophum s p .  ( 4 4 )  

F i s h  l a r v a e  ( - 1  

Swimming c r a b  C h a r y b d i s  e d w a r d s i  ( - )  

L a n t e r n  f i s h  Myctophum s p .  ( 7 3 )  

C a r d i n a l  f i s h  S y n a q r o p s  9. ( 4 6 0 )  

Nar row-bar rea  S p a n i s h  m a c k e r e l  ( K i n g f i s h l  
Scomberomorus commerson ( 6 7 )  

G r e a t  b a r r a c u d a  S p h y r a e n a  b a r r a c u d a  ( 2 4 )  

F i s h  l a r v a e  ( - )  

S q u i d  ( - i  

BTR 31 31 13'52' 47'41' 48 

SPT 78 40-60 13'58' 48'38' 1 

SPT 75 O 13°58' 48'38' 1 

SPT 8 3  65 ~ 3 ~ 5 5 ' 4 8 ~ 3 5 '  9  B igeye  s c a d  c r u m e n o ~ h t h a l m u s  ( 2 1 ,  
O i l  s a r d i n e  S a r d i n e l l a  l o n q i c e p s  ( 2 )  

SPT 140 80-120 1 4 ~ 0 7 '  48'48' 514 

SPT 40 30 14'42' 4g037' 52 

BTR 33 33 14"42' 49'39' 481 

SPT 22 O ~ 4 ~ 4 5 '  4g039' 67 

C a r d i n a l  f i s h  S y n a g r o u s  SL ( 4 7 9 )  

O r a n g e f i n  p o n y f i s n  L e i o q n a t h u s  b i n d u s  ( 3 5 )  

O r a n g e f i n  pony f i s n  L e i o q n a t h u s  b i n d u s  ( 2 5 9 )  

O r a n g e f i n  p o n y f i s h  L e i o  a t h u s  b i n d u s  ( 2 0 )  
O i l  s a r d i n e  S a r d i n e l l a  g n q i c e p m  

BTR 20' 20 1 4 ~ 4 5 '  49'39' 837 O i l  s a r d i n e  S a r d i n e l l a  l o n q i c e o s  (717)  

F i s h  l a r v a e  ( - 1  SPT 81-164 60-80 12O07' 5 0 ~ 5 7 '  1 

BTR 79-102 79- 12°16 '  5 0 ~ 4 9 '  3 
102 

SPT 30-40 10 14°50 '  5 0 ~ 0 8 '  - 

A r e o l a t e d  q r o u p e r  E p i n e p h e l u s  a r e o l a t u s  ( 4 )  , 
Biqeye P r i a c a n t h u s  hamrur  (31 

BTR 33 33 1 4 ~ 5 2 '  5 0 ~ 1 4 '  44 132 ' ~ o u n d  s c a d  D e c a ~ t e r u s  d a y i  ( 1 6 )  , 
G o l d s t r i p e  s a r d i n e l l a  S a r d i n e l l a  q i b b o s a  ( 1 2 )  

126 S e a  bream P a g e l l u s  n a t a l e n s i s  ( 1 4 ) ,  
P o n y f i s h e s  L e i o g n a t h u s  3  s p p .  ( 1 0 )  

60 t i a n t i s  prawn O r a t o s q u i l l a  i n v e s t i q a t o r i s  ( 6 ) ,  
G u i t a r f i s h  Rhyncnoba tus  d j e d d e n s i s  ( 6 )  

6 3  Swimning c raD C h a r y a d i s  e d w a r d s i  ( 8 )  

BTR 22 22 14'48' 49'56' 42 

BTR 135- 135- ~ 4 ~ 4 3 '  5 0 ~ 1 0 '  11 
204 204 

SPT 55 20-30 1 ~ ~ 0 1 '  5 0 ~ 3 2 '  261 j62 kiorse m a c k e r e l  T r a c h u r u s  2. ( 1 4 3 )  
Rainbow s a r d i n e  D u s s u m i e r i a  acuta ( 1 1 3 )  

BTR 4 2  41 1 ~ ~ 0 5 '  51°15' 607 1214 O r a n g e f i n  p o n y f i s h  L e i o q n a t h u s  b i n d u s  ( 2 4 1 )  
S n a r k  S c o l i o d o n  sp. ( 1 1 2 )  

SPT 50 25 15O07' 51°18' 14 

UT 89 40 15Oao0 51O351 17 

25 B l a c k f i n  c r e v a l l e  A i e o e s  m e l a n o p t e r a  (11) 

33 Rainbow s a r d i n e  D u s s u m i e r i a  3 ( 8 )  
. C a t f i s h  s p .  ( 6 )  

CPT 8 5  90 l j o l O '  51'32' 162 

BTR 190 190 15O12' 52'04' 29 

486 Rainoow s a r d i n e  D u s s u m i e r i a  ( 1 3 9 )  

58 Acropoma j aoon icum ( 1 2 ) , ,  
Swimming c r a b  C h a r y b d i s  e d w a r d s i ( 8 )  

BTR 7 3  73 1 ~ ~ 3 4 '  ~ 2 ~ 1 3 '  1048  1796 Largeneaded  h a i r t a i l  T r i c n i u r u s  l e o t u r u s  
( 6 4 4 ) ,  S h a r k  S c o l i o d o n  v a a a t u s  (199) 

50 P o r c u p i n e  f i s h  Dioaon m a c u l i f e r  ( 2 2 )  

83  B l a c k f i n  c r e v a l l e  Alepes  m e l a n o p t e r a  ( 1 0 )  

SPT 2200 20-50 14O56' 52'34' 29 

SPT 25 O 15O50' 52'15' 26 



CRUISE 1 & 2 .  ( c o n t . )  1 

C a t c h  
Time B o t t o m  G e a r  T o t a l  p e r  
s t a r t  S t  G e a r  d e p t h  d e p t h  P o s i t i o n  c a t c h  h o u r  

D a t e  GXT n o  t y p e  m m N o r t h  E a s t  k g  k g  D o m i n a n t  s p e c i e s  ( t o t a l  c a t c h ,  k g )  

5 . 4  0 4 2 5  9 1  BTR 1 6  1 6  1 6 ° 0 5 '  52'17' 11 22 P o n y f i s h  L e i o g n a t h u s  s p .  ( 7 )  

5 . 4  0 6 2 0  9 2  BTR 33-42 33-42 1 6 O 1 4 '  ~ 2 ~ 2 4 '  264  529 C o b i a  R a c h y c e n t r o n  c a n a d u s  ( 1 2 5 )  

5 . 4  0 9 3 8  9 3  BTR 9 8  9 8  ~ 6 ~ 1 8 '  52'31' 5 0 0 0  6 5 9 8  H o r s e  m a c k e r e l  T r a c h u r u s  2. 
( 2 9 9 4 ) ,  Swimming c r a h  C h a r y b d i s  e d w a r d s i  
( 1 2 5 5 )  

LP T  

SPT 

LPT 

3  4  H a t c h e t  f i s h  STERNOPTICHIDAE ( 1 )  

9  1 7  L a n t e r n  f i s h e s  MYCTOPHIDAE 2  s p p .  ( 4 )  

8  1 2  L a n t e r n  f i s h e s  'MYCTOPHIDAE 2+ s p p .  ( 4 )  

SPT 

SPT 

9 9  1 9 9  L a n t e r n  f i s h e s  MYCTOPHIDAE 2+ s p p .  ( 7 8 )  

5 9  80  L a n t e r n  f i s h e s  MYCTOPHIDAE 2+ s p p .  ( 3 9 )  

BTR 

SPT 

BTR 

BTR 

SPT 

SPT 

24 J e l l y f i s h  a n d  s a l p s  ( 2 3 )  

0 . 4  S m a l l  s q u i d s  ( 0 , 4 )  

- A  f e w  s a l p s  

84  C u b i c e u s  SD.  ( 2 9 ) ,  s q u i d s  ( 2 0 )  

7  L a n t e r n  f i s h  MYCTOPHIDAE ( 7 )  

BTR 

BTR 

SPT 

BTR 

HL 

BLL 

BTR 

BLL 

SPT 

SPT 

BTR 

SPT 

BTR 

BTR 

SPT 

SPT 

BTR 

BTR 

SPT 
BTR 

752 S c a v e n q e r  L e t n r l n u s  n e b u l o s u s  ( 4 1 7 )  
s S a b b ~ t 5 l s h  S i q a n u s  c a n a l ~ c u l a t u s  : 1 7 2 )  

3 1 5  T h r e a d f i n  b r e a m  N e m i p t e r u s  ,=. ( 2 4 1 )  

44 L a n t e r n f i s h  MYCTOPHIDAE ( 4 3 )  

1 4 2 8  G r u n t e r  R h o n c i s c u s  s t r i d e n s  ( 6 9 4 ) -  ; 

22 G r o u p e r  E p i n e p h e l u s  a r e o l a t u s  ( 1 7 )  

3 9 4 C a t f i s h  t h a l a s s i n u s  ( 2 3  * )  
+ T o t a l  c a t c h  

L904 P o n y f i s h  L e i o a n a t h u s  9. ( 1 4 5 2 )  

- One s m a l l  s h a r k  

356 L a n t e r n f i s h  MYCTOPHIDAE ( 3 3 4 )  

8  S q u i d s  (8) 

2 4 5  S t i n q r a y  D a s  a t i s  u a r n a k  ( 1 0 2 )  
L a r g e h e a d  h h r r t a i l m i u r u s  l e p t u r u s ( 6 9 )  

208 L a n t e r n f i s h  MYCTOPHIDAE ( 2 0 0 )  

767 S c a v e n g e r s  L e t h r i n u s  l e n t j a n  ( 1 4 6 )  
L .  n e b u l o s u s  ( 1 0 1 )  

K i n g f i s h  A t u i e  m a t e  ( 1 1 2 )  

348 G r o u p e r  E p i n e p h e l u s  a l b o m a r g i n a t u s  ( 6 8 )  
S n a p p e r  L u t j a n u s  y i b b u s  ( 4 8 )  

8 0  S q u i d s  ( S a ) ,  L a n t e r n f i s h  MYCTOPHIDAE ( 1 1 )  

469 O r a n g e f i n  p o n y f i s h  L e i o  n a t h u s  b i n d u s ( 2 2 1 )  
L a n t e r n f i s h  MYCTOPHIDAEq ( 1 8 6 )  

764 L a r g e h e a d  h a i r t a i l  T r i c h i u r u s  l e p t u r u s ( Z 0 6 )  
T i g e r - t o o t h e d  c t o a k e r  O t a l i t h e s  ruber ( 1 5 6 )  

1 9 5 9  M a l a b a r  c a v a l l a  C a r a n q o i d e s  m a l a b a r i c u s  
( 1 3 4 3 )  

1 4 7  T o o t h e d  p o n y f i s h  G a z ~ a  m - n u t a  ( 8 3 )  

1 7 0 8  O r a n q e m o u t n  t h r y s s a  ThrVSSa v l t r i r o s t r i s  
13721 . -  -. 

G r u n t e r  P o m a d a s y s  g u o r a k a  ( 3 6 8 )  
L a r g e h e a d  h a i r t a i l  T r i c h i u r u s  l e p t u r u s  

( 2 7 1 )  
1 2 . 6  0 2 2 5  1 2 6  SPT 3 0  O 24'23' 6 6 0 5 3 1  534 Anchovy S t o l e p h o r u s  b u c c a n e e r i  ( 4 3 7 )  
1 3 . 6  0 6 0 0  1 2 7  BTR 2 5  25 25O12'  65050 '  1 7 0 0  C a t f i s h  H e m i p i m e l o d u s  z. ( 5 8 0 )  

1 4 . 6  0 0 2 0  1 2 8  BTR 1 8  L8 2 s 0 0 3 '  6 3 0 0 8 '  1 2 0 4  C r o a k e r  J o h n i u s  b e l a n q e r i i  ( 2 0 8 )  
1 4 . 6  0 9 3 0  1 2 9  SPT 4 5  2 5  25O01 '  61059f  418 R a i n b o w  s a r d i n e  D u s s u m i e r i a  ( 2 2 1 )  



CRUISE 3 .  R/V " D r .  F r i d t j o f  N a n s e n r ' .  R e c o r d  o f  f i s h i n g  o p e r a t i o n s .  BTR: b o t t o m  t r a w l ,  LPT: l a r g e  
p e l a g i c  t r a w l ,  SPT: s m a l l  p e l a g i c  t r a w l ,  DTR: b o t t o m  t r a w l  towed p e l a g i c ,  PSE: p u r s e  
s e i n e ,  FDN: E l o a t i n g  d r i f t n e t ,  BLL: b o t t o m  l o n q  l i n e ,  FLL: f l o a t i n g  l o n 9  l i n e .  
F i s h  names:  FAO S p e c i e s  I d e n t i f i c a t i o n  S h e e t s  f o r  F i s h e r y  P u r p o s e s .  

C a t c h  
Time Bot tom G e a r  P o s i t i o n  T o t a l  p e r  
S t a r t  S t  G e a r  d e p t h  d e p t h  S o u t h  c a t c h  h o u r  

D a t e  GMT no t y p e  m  m N o r t h  E a s t  k g  kg D o m i n a n t  s p e c i e s  ( t o t a l  c a t c h ,  k g )  

S o u t h :  

1 7 . 8  0 7 4 5  1 3 0  BTR 300 300 0 2 ~ 5 8 '  40'37' 7 b4 S n a k e  m a c k e r e l  T h y r s i t o i d e s  s p .  ( l ) ,  
U n i d e n t .  ( 2 )  . 

1 7 . 8  1 3 1  SPT 184 90 0 2 ~ 4 5 '  4 0 ~ 3 7 '  2 4  Round h e r r i n g  E t r u m e u s  t e r e s  ( 1 )  . 
1 8 . 8  1 6 3 5  1 3 2  BTR 1 3 6  1 3 6  02'22' 41°05 '  25 4 3  L i z a r d  f i s h  S a u r i d a  s p a  ' ( 2 2 ) .  

1 9 . 8  2018 1 3 3  SPT 220 50 0 1 ° 2 4 '  44'30' 2  4  O-group f i s h .  

N o r t h :  

2 0 . 8  0719 1 3 4  BTR 50 50 0 2 ~ 4 7 '  46'28' 1 7  34 ~ i o o d  s n a p p e r  L u t j a n u s  s a n q u i n e u s  ( 1 6 1 ,  
R a b b i t  f l s h .  S i q a n u s  cp.  ( l )  . 

2 2 . 8  1 1 1 0  1 3 5  BTR 40 40 

26 .8  0930 1 3 6  SPT 1 7 5  

26 .8  2046 1 3 7  SPT 30 5  

2 7 . 8  1 2 5 5  1 3 8  SPT 200 1 8 3  

2 8 . 8  1 3 5 0  1 3 9  BTR 3 3 5  3 3 5  

2 8 . 8  1 9 4 5  1 4 0  BTR 1 9  1 9  

2 8 . 8  2120 1 4 1  BTR 200 200 

30 .8  0 6 0 5  1 4 2  BTR 43 43 

3 0 . 8  1 0 3 5  1 4 3  SPT 100 8 5  

0 1 . 9  1 1 5 8  144 BTR 35 35  

0 1 . 9  1730 1 4 5  SPT 480 1 5  

0 2 . 9  0523 1 4 6  SPT 80  32 

0 2 . 9  0950 L47 SPT 74 1 5  

0 2 . 9  1130 1 4 8  PSE 1 2 7  0-60 

0 2 . 9  1 4 2 3  1 4 9  SPT 270 1 5  

S o i l o t i c h t h y s  s p .  ( 3 )  , G r o u p e r  
E o ~ n e p h e l u s  s p e  ( 3 )  . 
S n a k e  m a c k e r e l  T h y r s i t o i d e s  m a r l e y i  

Narrow b a r r e d  s p a n i s h  m a c k e r e l  
S c o m b e r o m s r u s  commerson ( 6 )  , Round h e r r i n g  
E t r u m e u s  t e r e s  ( 4 0 )  . 
O-group f i s h .  

S h r i m p s  ( 5 ) .  

C a r d i n a l  f i s h  S v n a q r o p s  j a p o n i c u s  ( 1 )  

No c a t c h .  

S c a v e n q e r  L e t h r i n u s  n e b u l o s u s  ( 3 2 8 ) :  

J e l l y  f i s h  ( 2 0 0 ) ,  O-group f i s h  ( 2 ) .  

J e l l y  f i s h  ( 3 0 0 0 ) ,  O r a n g e f i n  p o n y  f i s h  
L e i o g n a t h u s  b i n d u s  ( 1 0 0 0 )  . 
F o x  s h a r k  A l o u i a s  v u l p i n u s  ( 6 )  . 
Swimming c r a b  C h a r y b d i s  e d w a r d s i  ( 3 ) .  

Swimming c r a b  C h a r v b d i s  e d w a r d s i  ( 4 0 ) .  

NO c a t c h .  

Swimming c r a b  C h a r v b d i s  e d w a r d s i  ( 4 0 ) .  

0 3 . 9  0 9 3 5  1 5 0  BTR 34 34 '11°25'  4g027 '  214 475 S l e n d e r  p o n y f i s h  L e i o q n a t h u s  e l o n q a t u s  
( 5 0 ) ,  Red s e a  h e r d e r  E m m e l i c h t h y s  i n d i m  ( 3 9 )  

0 3 . 9  1 2 5 5  1 5 1  SPT 620 275 11'27' 4 g 0 1 6 '  6 1  1 2 3  S a l p s  ( 6 0 ) .  

0 4 . 9  1 8 3 5  1 5 2  SPT , 2 9 7  20 ~ 3 ~ 2 6 '  48O09 '  1 0 3  206 C u b i c e p s  s p .  ( 1 0 0 ) .  

0 5 . 9  0.740 1 5 3  SPT 456 75  1 2 O 4 5 '  47O14'  , 5  1 0  Swimminq c r a b s  C h a r y b d i s  e d w a r d s i  ( 4 ) ,  
B u l l e t  m a c k e r e l  A u x i s  r o c h e i  ( 1 )  . 

0 6 . 9  2305 154 SPT 350 35  11'18' 48O05'  358 716 C a r d i n a l  f i s h  S y n a q r o p s  j a p o n i c u s  ( 2 B 1 ) ,  
P s e n o o s i s  s p  ( 7 4 )  . 

0 6 . 9  1 5 0 8  1 5 5  FDN 1 9 3  3-5  1 1 ° 1 6 '  47'28' 1 5 0  1 5 0  S a i l  f i s h  I s t i o p h o r u s  q l a d i u s  ( 2 4 )  . 
D o l f i n  f i s h  C o r v u n a e n a  ~ ~ D D u ~ U S  ( 3 )  , 
B u l l e t  m a c k e r e l  A u x i s  r o c h e i  ( 1 ) .  

0 7 . 9  1323 1 5 6  SPT 250 11'26' 46'47' 

0 7 . 9  1 7 3 5  1 5 7  SPT 1800 25-50 1 1 ° 4 1 '  46'39' 

0 8 . 9  1 8 2 5  1 5 8  SPT 715 20 1 1 ° 3 1 '  45'31' 

0 9 . 9  1 3 5 5  159 BTR 35 35  1 0 ~ 5 2 '  45'55' 

1 3 . 9  0557 1 6 0  SPT 8 5 0  35  10'31' 44'37' 

1 1 . 9  b033 1 6 1  PSE 1 5 0  0-60 12O21 '  43O36'  

1 7 . 9  0610 b62 BTR 80-140 80-140 12O34 '  44O58'  

1 9 . 9  1 1 0 0  1 6 3  BTR 70 70 1 0 ~ 3 1 '  44O37'  

1 7 . 9  2015 164 SPT 49 l 5  12'31' 43'43' 

1 8 . 9  1 9 3 2  1 6 5  SPT 45 1 5  13'25' 4 6 0 0 0 1  

1 9 . 9  0 0 2 5  1 6 6  BTR 350 350 13O26 '  46'38' 

1 9  , g  0400 1 6 7  SPT 50 20 1 3 O 2 0 '  46'42' 

1 9 . 9  1 0 0 0  1 6 8  SPT 1 8 9  193-185 ~ 3 ~ 2 6 '  47O14'  

L a n t e r n  f i s h e s  MYCTOPHIDAE ( 8 )  . 
C u b i c e p s  q r a c i l i s  ( 8 )  , S c a d  D e c a p t e r u s  s p .  ( 1 1 )  . 
C u b i c e p s  q r a c i l i s  ( 1 5 )  . 
G o l d e n  t o o t h l e s s  t r e v a l l y  G n a t h a n o d o n  
s g e c i o s u s  ( 2 2 8 1 ,  B l u e  s t r e a k  e m p e r o r  
~ e t h r i G  c o e r o r h y n c h u s  ( 1 7 7 )  , s p .  ( 1 7 8 )  

O-group f i s h e s .  

No c a t c h .  

No c a t c h .  

C a r d i n a l  f i s h  S y n a q r o p s  j a p o n i c u s  ( 3 9 8 ) .  

C a r d i n a l  f i s h  S y n a g r o p s  j a p o n i c u s  ( 3 0 0 ) .  

C r e v a l l e  A l e p e s  s p .  ( 3 7 ) .  

N e t t a s t o m a  s p .  ( 2 0 9 ) ,  L o b s t e r  a n d  
s h r i m p  ( 1 0 0 ) .  

Swimming c r a b s  C h a r y b d i s  e d w a r d s i  ( 1 5 ) .  

L a n t e r n  f i s h e s  MYCTOPHIDAE ( 5 8 0 0 )  s q u i d a  ( 2 0 0 ) .  

1 9 . 9  1 6 3 8  1 6 9  SPT 40 1 5  13O48 '  47'41' 3  9  P a l i n u r i c h t h y s  s p .  ( l ) ,  C a r d i n a l  f i s h  
S y n a q r o p s  j a p o n i c u s  ( 1 ) .  

2 0 . 9  0 5 3 1  170 LPT 634 200 ~ 4 ~ 1 3 '  49'00' 2  3  Swimming c r a b  C h a r y b d i s  e d w a r d s i  ( l ) .  

2 0 . 9  1 0 1 5  L71 SPT 300 1 5  1 4 ~ 2 8 '  49°06 '  23 43 S w ~ m m i n g  c r a b  C h a r v b d i s  e d w a r d s i  ( 2 3 ) .  

21 .9  0 9 3 5  1 3 2  SPT 730 250 14'29' 4'9'23' 4 8 Swimming c r a b  C h a r v b d i s  e d w a r d s i  ( 3 ) .  



C R U I S E  3 .  ( c o n t . )  . 

C a t c h  
Time Bottom Gear  T o t a l  p e r  
S t a r t  S t  Gea r  d e p t h  d e p t h  P o s i t i o n  c a t c h  hour  

D a t e  GMT no t y p e  m m North  E a s t  kg kg Dominant s p e c i e s  ( t o t a l  c a t c h ,  kg)  

173  FDN F r i g a t e  m a c k e r e l  Aux i s  t h a z a r d  ( 4 4 ) ,  
S t r e a k e d  S p a n i s h  m a c k e r ~ m b e r o m o r u s  
l i n e o l a t u s  ( 7 )  . 
No c a t c h .  174 FLL 

175  SPT Shad H= s p .  ( 6 )  , C r e v a l l e  A l e p e s  
sp .  ( 6 2 )  , Scad D e c a p t e r u s  sp .  ( 6 7 )  . 
Red s tumpnose  C h r y s o b l e p h u s  gibbi- 
ceqs ( 5 )  , L e t h r i n u s  sp .  ( 1 1 ) .  

C a r d i n a l  f i s h  S y n a q r o p s  j a p o n i c u s  ( 3 1 ,  
Sh r imps  ( 3)  . , 

176 BTR 

177 SPT 

178 SPT 

179 PSE 

180 BTR 

S e a r o b i n  P e r l s t e d i o n  ( 0 , 5 )  . 
No c a t c h .  

L a n t e r n  f i s h e s  MYCTOPHIDAE ( l o ) ,  
s a l p s  ( 4 0 ) .  

B r u s h - t o o t h  l i z a r d  f i s h  S a u r i d a  undo- 
squamis  ( 9 6 ) ,  s h r i m p  ( 7 5 ) .  

1 8 1  BTR 

Swimming c r a b  C h a r y b d i s  e d w a r d s i  ( 2 5 0 )  182 SPT 

L83 SPT 117 Swimming c r a b  C h a r v b d i s  e d w a r d s i  ( l e ) ,  
P a l i n u r i c h t h v s  sp .  ( l a ) ,  l a n t e r n  f i s h  
5iYCTOPHIDAL ( 1 2 ) .  

149 Horse  m a c k e r e l  T r a c h u r u s  sp .  ( 6 6 ) ,  
Round h e r r i n q  Etrumeus t e r e s  ( 1 2 )  . 184 BTR 

120 M a n t i s  prawn O r a t o s q u i l l a  i n v e s t i q a t o r i s  
( 3 9 1 ,  P a l i n u r i c h t h y s  s p p .  

185 SPT 

2896 C a t f i s h  s p p .  (11711 ,  I n d i a n  o i l  
s a r d i n c i l a  S a r d i n e l l a  l o n q i c e p s  (15) . 

707 Breqmaceros  sp. ( 2 2 0 ) ,  c a t f i s h  A u  s p p .  
( 7 3 ) .  

186 SPT 

187 SPT 

304 S q u i d s  ( 1 5 0 ) .  188 SPT 

189 BTR 4600 P a l i n u r i c h t h v s  sp. ( 1 1 6 6 ) ,  s m a l l h e a d  
h a i r t a i l  L e p t u r a c a n t h u s  s a v a l a  ( 7 6 3 ) .  

16  M a n t i s  prawn O r a t o s q u i l l a  i n v e s t i q a t o r i s ( 4 )  

O No c a t c h .  

6  F r o s t e l s  b a r a c u d a  Sphvraena  f o r s t e r i  ( 2 ) .  

25 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 o n q i c e p s  
( 1 5 )  . 

8  M a n t i s  i r a w n  O r a t o s q u i l l a  i n v e s t i q a t o r i s  
( 5 ) ,  Swimming c r a b  C h a r y b d i s  e d w a r d s i  ( 2 ) .  

519 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 o n q i c e o s  
( 2 5 0 ) ,  S l imy  m a c k e r e l  Scomber j a p o n i c u s  ( 4 0 )  

O No c a t c h .  

190 SPT 

l 9 1  BTR 

192 SPT 

193 SPT 

194 SPT 

1 9 5  SPT 

196 FDN 

197 BTR 1000 Layanq s c a d  D e c a p t e r u s  macrosoma ( 9 6 5 ) ,  
Round h e r r i n q  Etrumeus 
t e r e s  ( 3 2 ) .  

198 SPT 60 M a n t i s  prawn C r a t o s q u i l l a  i n v e s t i q a t o r i s  
( 2 0 ) ,  L a n t e r n  f i s h  MYCTOPHIDAE ( 1 0 ) .  

210 Rainbow s a r d i n e  Dussumeria  ( 1 8 )  , 
C a t f i s h  s p .  ( 2 7 ) .  

22 P a r a s c o l o p s i s  eriomma ( 6 ) .  

67 Swimming c r a b  C h a r v b d i s  e d w a r d s i  ( 2 3 )  , 
J a p a n e s e  anchovy ~ n q r a u l ~ i c u s  ( 5 ) .  

147 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 o n q i c e p s  
( 4 0 ) .  

.440 S h o r t f i n  l i z a r d f i s h  S a u r i d a  m i c r o p e c t o r a l i s  
(1103)  . 

199 SPT 

200 BTR 

201 SPT 

202 SPT 

203 SPT 

204 SPT 8 1  P a l i n u r i c h t h y s  s p .  ( 3 1 )  , Bregmace ros  
m a c c l e l l a n d i  ( 1 4 )  . 

60 V a r i o u s  d e e p  w a t e r  f i s h  s p e c i e s .  

O No c a t c h .  
205 LTP 

206 SPT 

207 FDN Cob ia  Rachycen t ron  c a n a d u s  ( 6 ) ,  
Djeddaba c r e v a l l e  A l e p e s  d i e d d a b a  ( 5 ) .  

6000 T h r e a d f i n  bream Nemip te rus  s p p .  ( 3 0 0 0 ) .  

8 0 0 0 T h r e a d f i n  bream Nemip te rus  s p p .  ( 4 0 0 0 ) .  

O No c a t c h .  

208 BTR 

209 BTR 

210 SPT 

211 DTR 1 1 0 0 J e l l y  f i s h  ( 8 0 0 ) , F r i n q e s c a l e  s a r d i n e l l a  
S a r d i n e l l a  complex ( f i m b r i a t a ? )  ( 5 8 1 ,  
I n d i a n  011 s a r d i n e l l a  S a r d i n e l l a  l o n q i c e ? s ( 2 0 )  



C R U I S E  3 .  ( c o n t . )  

C a t c h  
Time B o t t o m  G e a r  T o t a l  p e r  
S t a r t  S t  G e a r  d e p t h  d e p t h  P o s i t i o n  c a t c h  h o u r  

B a t e  GMT n o  t y p e  m  m  N o r t h  E a s t  k q  k g  D o m i n a n t  s p e c i e s  ( t o t a l  c a t c h ,  k g )  

1 4 . 1 0  0537 212 DTR 3 1  1 8 - 1 5  1 9 0 4 6 !  58012 '  64 1 2 7  E n d i a n  o i l  s a r d i n e  S a r d i n e l l a  l o n q i c e o s  
( 1 6 ) , F r i n q e s c a l e  s a r d i n e l l a  S a r d i n e l l a  
c o m u l e x  ( f  i m b r i a t a ? )  ( 1 9 )  . 

1 4 . 1 0  1 4 4 3  213 SPT 1 0 0  10-27 2 0 0 0 3 t  58'331 8 0 0 0  1 6 0 0 0  J e l 1 y  f i s h  ( 8 0 0 0 )  

1 4 . 1 0  1 8 9 2  214 SPT 80  3 5  2 0 0 0 6 ~  58°397 2010 8 0 4 0  T h r e a d f i n  b r e a m  NemipteKUS s p p .  ( 1 6 7 0 )  

1 4 . 1 0  2024 215 SPT 47 25 2 0 0 0 4 '  58°34* 10000 20000 J e l l y  f i s h  ( 8 0 0 0 ) ,  R h o n i s c u s  s t r i d e n s  
( 1 5 0 0 ) ,  b l a c k f i n  c r e v a l l e  A l e p e s  m e l a n o p t e r a  
( 2 0 0 1 ,  r o u n d  h e r r i n q  E t r u m e u s  t e r e s  ( $ O ) ,  
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 o n g i c e p s  ( l 2 $  

1 5 . 1 0  1 7 5 0  216 SPT1350 15-25  1 9 0 5 6 ~  60052 '  60 90 S q u i d s  O S ) ,  L a n t e r n  f i s h e s  MYCTOPHIDAE(25). 

1 6 . 1 0  0634 217 S P T 1 1 5 0  3 0 0 - 3 E  2 0 ~ 0 0 '  61'47' 25 50 S a l p s  ( 2 0 ) .  

1 7 . 1 0  0220 218 BTR 70 70 21°20 '  5g022 '  500 1000 J e l l y  f i s h  ( 5 0 0 ) .  

1 7 . 1 0  0530 219 SPT 8 0 0  1 8 0  21°071 5g0320 1 5 0 0  3000 L a n t e r n  f i s h  MYCTOPHIDAE ( 1 5 0 0 )  . 
1 7 . 1 0  1 1 4 5  220 BTR 8 5  8 5  20°5g'  5 g 0 2 0 '  1 0 0  200 Champsodon c a o e n s i s  ( 4 3 ) ,  U r a s p i s  s p .  

( 2 0 ) .  

1 7 4 0  2 2 1  DTR 26 8-10 

0710 222 BTR 66 66 

0 8 1 5  223 BTR 6 3  6 3  

J e l l y  f i s h  ( 1 0 0 0 0 ) .  

N8 c a t c h .  

B r u s h t o o t h  l i z a r d f i s h  S a u r i d a  
u n d o s q u a m i s  ( 6 0 0 )  . 
C r e v a l l e  A l e o e s  k a l l a  ( ' i l ) ,  G r e a t e r  l i z a r d -  
f i s h  S a u r i d a  t u m b i l  ( 3 9 ) ,  D a s y a t i s  a p .  ( 1 2 0 ) .  

Banded b a r r a c u d a  S o h y r a e n a  jello ( 2 ) ,  
Round s c a d  D e c a p t e r u s  m a r u a d s i  ( 2 1 ,  Hard-  
t a i l  s c a d  M e g a l a s p i s  c o r d y l a  ( 2 1 .  

1 5 0 8  225 DTR 7 9  35  

Dog s h a r k  S c o l i o d o n  v a g a t u s  ( 2 )  . 
Dog s h a r k  S c o l i o d o n  v a q a t u s  ( 9 )  . 
L a n t e r n  f i s h  MYCTOPHIDAE ( 0 , 2 ) .  

1 8 2 0  226 FON 43 O 

1 8 2 0  227 BLL 43 43  

0520 228 DTR 1 7 5  80-100 

BTR 1 6 8  1 6 8  25'27' 58O08'  720 Acropoma j a o o n i c u m  ( 2 4 0 ) ,  T h r e a d f i n  b r e a m  
N e m i p t e r u s  s p p .  ( 4 2 ) ,  S r u s h t o o t h  l i z a r d -  
f i s h  S a u r i d a  u n d o s q u a m i s  ( 3 7 )  . 

BTR 67 67 2 ~ ~ 1 9 '  5g037 '  307 S m a l l h e a d  h a i r t a i l  L e ~ t u r a c a n t h u s  
s a v a l a  ( 1 4 0 ) ,  Round. s c a d  D e c a p t e r u s  
m a r u a d s i  ( 1 3 )  . 

DTR' 1 4 5  RO-135 25O15'  ~ 9 ~ 5 1 '  

FDN 1 4 5  0-5 . 25'20' 59'52' 

SPT 1 0 0  25 25O07' 60°54'  

210 L a n t e r n  f i s h  MYCTOPHIDAE 

C a t f  i s h  s p .  ( 1 3 ) ,  T y l o s u r u s  sp. ( 7 )  . 
21 L a n t e r n  f i s h  MYCTOPHIBAE ( l o ) ,  S m a l l -  

h e a d  h a i r t a i l  L e p t u r a c a n t h u s  s a v a l a  ( 0 , 4 ) .  

5 1 5  L a n t e r n  f i s h  MYCTOPHIDAE ( 2 3 0 ) .  

370 L a n t e r h  f i s h  MYCTOPHIDAE ( 4 0 0 ) .  
SPT 3500 40 22O52'  60'04' 

SPT 3200 285-300 22O13'  61°17'  

SPT 2800 l 5 0  23'24' 63O44'  

SPT 2000 50 24'24' 64'14' 

SPT290-350 130-140 24O50'  62'06' 

SPT 462 240-255 24O48'  61'56' 

O No c a t c h .  

200 J e l l y  f i s h  . 
1 0 0  L a n t e r n  f i s h  MYCTOPHIDAE ( 5 0 ) .  

1 2 2 0  L a n t e r n  f i s h  MYCTOPHIDAE ( 6 0 0 1 .  

9 . 1 1  0610 240 BTR 20 20 25'15 1 6 s 0 2 1 '  465  620 G r u n t =  Pomadvsus  g o u r a k a  ( 1 5 5 )  , G r o u p e r  E p i n e p h e l u s  s p .  ( 1 5 0 1 ,  D j e d d a b a  c r e v a l l e  
A l e o e s  d i e d d a b a  ( 3 6 1 ,  Banded b a r r a c u d a  
S p h y r a e n a  jello ( 25)  . 

1 4 . 1 1  0110 241 BTR 38-43 38-43 z30448 67'27' 740  1 4 8 0  L e s s e r  t i g e r t o o t h e d  c r o a k e r  O t o l i t h c s  
c u v i e r i  ( 2 2 0 ) ,  S p o t t e d  c r o a k e r  P r o t o n i b i a  
d i a c a n t h u s  ( 1 6 0 ) ,  C o i t o r  c r o a k e r  J o h n i u s  
c o i t o r  ( 9 0 )  . 

15.11 0 6 2 1  242 BTR 27-29 27-29 23O12'  67'22' 3000 4000 B l o t c h e d  g r u n t  Pomadysus  m a c u l a t u s  ( 1 2 2 0 ) ,  
B a s  a t i s  s p .  ( 5 0 0 ) ,  I n d o - P a e i f i c  S p a n i s h  
,asker, S c o m b e r o m o r u s  g u t t a t u s  ( 2 5 0 )  . 

1 7 . 1 1  0 1 0 5  2 4 3  SPT 

1 7 . 1 1  0 8 5 0  2 4 4  SPT 

1 7 . 1 1  1 0 1 9  245 SPT 

L6 S q u i d  ( 3 ) ,  L a n t e r n  f i s h  MYCTOPHIDAE ( 2 ) .  

O No c a t c h .  

1 5 0 0 H a r d t a i l  s c a d  Me a l a s  i s  c o r d  l a  ( 4 2 0 ) ,  
B l a c k  p o m f r e t  F O L I O  Eige& 

1 8 . 1 1  O228 246 BTR C a t f i s h  A r i u s  s p .  ( 1 2 0 0 1 ,  O r a n g e m o u t h  
t h r y s s a  T h r y S s a  v i t r i r o s t r i s  ( 5 7 0 ) ,  S m a l l -  
h e a d  h a i r t a i l  L e n t u r a c a n t h u s  s a v a l a  ( 3 5 0 ) ,  
T i g e r  t o o t h e d  c r o a k e r  ~ t o l i t h r w  ( 1 9 0 )  

1 8 . 1 1  0620 247 3T9 

1 9 . 1 1  0343 248 BTR 1 

: e r  P r o t o n i b i a  x a c a n t h u a  i 2 2 0 )  . 
~- 

1 1 2 5 T h r e a d f i n  b r e a m  N e m i o t e r u s  s p p .  ( 5 5 0 ) ,  
Acropoma j a p o n i c u m  ( 4 0 1 ,  L a n t e r n  f i s k  
MYCTOPHIDAE ( 3 2 )  . 



C a t c h  
Time B o t t o m  G e a r  T o t a l  p e r  
S t a r t  S t  G e a r  d e p t h  d e p t h  P o s i t i o n  c a t c h  h o u r  

D a t e  GMT no t y p e  m m  N o r t n  E a s t  kg  kg  D o m i n a n t  s p e c i e s  ( t o t a l  c a t c h ,  kg) 

1 0 2 2  249  DTR 9 0  8 0 - 8 6  

0 3 2 2  250  DTR 1 2 0  1 0 0  

0 8 1 2  2 5 1  BTR 60  6 0  

1 0 2 8  2 5 2  BTR 1 5  1 5  

1 3 3 0  2 5 3  FDN 23  O  

1 6 0 0  254  SPT 2 1 0 0  7 0 0 - 9 0 0  

0 9 2 0  2 5 5  SPT 1 3 0  1 0 0  

1 3 3 0  2 5 6  FDN 24 O  

NO c a t c h .  

L a n t e r n  f i s h  NYCTOPHIDAE ( 5 0 ) .  

G r u n t  Pomadysus  a r g y r e u s  (1151, S m a l l h e a d  
h a i r t a i l  L e p t u r a c a n t h u s  s a v a l a  ( 6 0 ) ,  
O r a n g e m o u t h  t h r y s s a  T h r y s s a  v i t r i r o s t r i s  
( 3 0 ) .  

T r i a c a n t h u s  s p .  ( 1 7 0 )  , S q u i d  ( 2 5 )  . 
No c a t c h .  

L a n t e r n  f i s h  MYCTOPHIDAE ( 4 )  . .  
P o n y f i s h  L e i o q n a t h u s  s p .  ( 3 )  . 
A b l e n n e s  h i a n s  8 ,  S m a l l h e a d  h a i r t a i l  
L e ~ t u r a c a n t h u s  s a v a l a  ( 4 ) .  



C R U I S E  4 R/V "Dr. Fr idt jof  Nansen". Record  of fishing operat ions.  BTR: bottom trawl,  L P T :  l a r g e  pelagic 
t r awl ,  SPT:  smal l  pelagic t r awl ,  DTR: bottom t rawl  towed pelagic. PSE:  p u r s e  se ine ,  FDN: 
floating dr i f tnet ,  BLL: bottom long line. F L L :  floating long line. F i sh  names:  FAO Spec ies  
Identification Sheets  for  F i s h e r y  Purposes .  

T i m e  St. Gear Bottom G e a r  Posi t ion Total  
Date s t a r t  depth depth South catch c: Dominant spec ies  (total catch,  kg) 

G M T  "O. 'YPe m m North Eas t  kg  

south: 
14/1 0200 257 SPT 2000 1000 01" 03' 42" 32' 

North 
15/1 1613 258 SFT 200 15-110 00" 58' 43' 56' 

11 11 Meso-  and bathypelagic fish. 

44 88 Swimming c r a b  Charvbdis  
edwardsi  (34) 

17 68 Swimming c r a b  C. edwardsi  (17) 

69 69 Porcupine f ish Diodon s p  ,(32) 
Swimming c r a b  C. edwardsi  (31) 

2500 5000 Cardinal  fish Synagrops (2500) 

o 

18/1 0930 259 S P T  180 2 5 02" 06' 45' 40' 

18/1 1035 260 BTR 178 178 02" 07' 45" 41' 

18/1 2047 261 SPT 210 100-90 02' 40' 46' 25' 

19/1 0940 262 S P T  120 100-75 03" 38' 47' 30' 

l 9 / l  1715 263 BTR 33-36 33-36 04' 22' 47' 56' 17. 5 35 White sa rd ine l l a  Sardinel la  a lbel la  
a ) ,  Round he r r ing  ~trume-es 

13. 6) . . 
19/1 1945 264 BTR 136 136 04-20' 48' 03' O 

20/1 1352 265 S P T  2000 150 04" 19' 49' 00' 2 4 Lan te rn  f ish MYCTOPHIBAE (1)  

21/1 0430 266 SPT 128 80 05' 57' 49" 04' 3, 5 7 Swimming c r a b  C. edwardsi  

2 l / 1  1715 267 BTR 45 45 07" 3 9  49' 52' 480 960 Snappers  Lut ianus spp. (88), 
Goatfish Parlipeneus spp. (37); 
Scavengers  Le th r inus  spp. (21)  

22/1 1910 268 SPT 220 35-45 09' 27' 51' 01' 1000 2000 Porcupine fish Diodon sp. (1000) 

23/1 0755 269 BTR 35 35 . 10' 39' 51" 18' 432 846 Red  snapper  Lut 'anus oibus (22) 
Scavengers  Le th i inus  sPr7-2 1) 
R e y s  (100) 

23/1 1615 270 SPT - 0-20 1 1 ° 2 1 '  51'36' 4 , 5  9 Porcupine fish Diodon sp, (4. 5) 

24/1 0225 271 SPT 435 70-27 11" 53' 51' 39' 12 24 Swimming c r a b  C. edwardsi  (9)  

25/1 0535 272 BTR 61-66. 61-66 11' 33' 51" 22' 8 ,  7 17 Blacksaddle  aoatfish Parupeneus  
i r a t e rcu lus  4 3 .  5), Groupers  
Epinephelus sp. (4) 

S P T  450 80 Lan te rn  f i sh  MY CTOPHIDAE ( l o ) ,  
Swimming c r a b  C. edwardsi  (7)  

iMeso- and bathypelagic fish 

Bigeye scad c r u m e n o ~ h t h a l m u s  
(61) 

S P T  527 240-260 

SPT 500 10-15 

SPT 2000 370 

Gillnet 35 3 5 

BTR 40-35 40-35 

Squids ( I l )  

G roupers  Epinephelus spp. (67), 
Surgeonfish Acanthurus sp. (43), 
Snappers  Lu t ' anus  spp. 30), Sca-  
vengers  L e t h k u s  spp. 127) - 

Lante rn  fish Benthosema pterotum 
(17) 

S P T  800 125-115 

S P T  264 80-100 

S P T  35 12-30 

S P T  170 85 

Lan te rn  f ish B. pterotum (7) 

Sardinel la  spp. (250) 

Lan te rn  fish B. pterotum (405) 

White sa rd ine l l a  Sardinel la  
(1500) 

PSE 33 

S P T  360-210 30-40 Mantis prawn Oratosqui l la  invest i -  
ga to r i s  (5. 2 )  - 

BTR 50-56 50-56 

BTR 51-58 51-58 Longface emperor  L e t h ~ i n u s  miniatus  
(9. 8 ) ,  Cirouper EP- m 

Mantis prawn o invest iqator is  (386) 

Lanternf ish Diaphus spp. (5)  

P s e n e s  sp. (1400) -- 

S P T  240-175 10-20 

S P T  2050 300 

BTR 313-338 313-338 

8/2 1905 290 BTR 17 17 14' 40' 49" 30' ,770 1540 Indian oil sa rd in  Sardinel la  longiceps 
(171), Orangefin ponyfish 
Leiognathus bindus (4 14) 

9/2 1108 291 BTR 32-29 32-29 14' 00' 48" 02' 13 26 indian oil sa rd in  S. longiceps (4. 5) 

9/2 1640 292 T r a p s  30 3 O 14' 03' 48' 44' O 

10/2 0710 293 BTR 263-268 263-268 14'05' . 48" 50' 1400 2800 P s e n e s  sp. (1009) ,Greeneye 
Chlorophthalmus sp. (1 17) 

10/Z 1230 294 BTR 489-515 489-515 13" 50' 48' 35' 250 1000 Xtracto horus  a r m a t u s  ? )  (148), 
s t ing r z y  o a s y n p T  [ro) 



CRUISE 4 .  ( c o n t . )  

Bottom G e a r  
depth depth 

m m 

P o s i  tion 

South 
North  East 

To ta l  Catch 
ca tch  pe r  

kg hour  

- k g 

50 100 

T i m e  St. 
Date  s t a r t  

G e a r  
=,%T type 

Dominant spec ie s  ( tota l  catch,  kg) 

-- 

10/2 1650 295 S P T  

15/2 0700 296 S P T  

1'7/2 0127 297 S P T  

18/2 1240 298 S P T  

' ~ a n t e r n f i s h  Benthoserna pterotum (26) 

Lan te rn f i sh  B. pterotum (45) 

Lan te rn f i sh  Diaphus spp. 

Swimming c r a b  Charybdis  edwards i  
(2. 8) 

18/2 1905 299 BTR Pa in ted  sweet l ip  Plectorhynchus 
pictus (100), E m p e r o r  Le th r inus  
nebulosus  (100) 

Grouper  Aethaloperca sp. (178). 19/2 0002 300 BTR 

19/2 0945 301 S P T  

l9 /2  1240 302 BTR 

Mantis p r a m  Ora thos  ui l la  
investigatoris-* 

Yellow goatfish Upeneus su lphureus  
(800), Orangef in  ponyfish 
Leiormathus binduq (550) 

19/2 1750 303 BTR 

20/2 0534 304 SPT 

20/2 1530 305 BTR 

Squids (100) 

O r a n  efin ponyfish Leio nathus  bindus 
(1337. Pugnose  ponyfish s e c u t o r  
ins idia tor  (66) 

20/2 i825 306 S P T  Djeddaba c reva l l e  Alepes  dieddaba 
(81) 

21/2 0815 307 S P T  

21/2 1125 308 BTR 

21/2 1545 309 longline 
t r aps  

22/2 1025 310 S P T  

Charnpsodon sp. (45) 

E m p e r o r  Le th r inus  nebulosus  (20), 
~ri~~eriis-arn- (13) 

Carcha rh inus  a l t imus  ( ?  ) (1 1) 

Lante rn f i sh  Benthoserna fibulatum 
(2000) 

24/2 1533 311 S P T  

25/2 0103 312 BTR 

Charnpsodon sp. (31), Squids (15) 

Shr imps  (9) ,  S h a r k s  (4. 5 ) ,  Page l lus  
nata lensis  (7. 4) 

Lan te rn f i sh  MY CTOPHIDAE 4 spp. 
(1 6.5) 

Lan te rn f i sh  Benthoserna pterotum (230) 

25/2 2322 313 S P T  

26/2 0725 314 S P T  

26/2 1500 315 BTR Catf ish  Arius sp.  (9520). Rays  (1000), 
Tiger- toothed c r o a k e r  Otolithus 
r u b e r  (190) 

26/2 1820 316 S P T  White sa rd ine l l a  Sa rd ine l l a  a lbel la  
(6192), h d i a n  oi l  s a rd in  
Sardinel la  l o n ~ i c e p s  (200) 

Round h e r r i n g  Etrurneus t e r e s  (282), 
Rays 2 sn?. (2-rrow-barred 
spanish m a c k e r e l  &omberomorus  
cornrnerson (50)  

27/2 1018 317 S P T  

27/2 1645 318 SPT White sa rd ine l l a  Sa rd ine l l a  a lbel la  
(255). Round h e r r l n g   trum mr 
t e r e s  (72)  
P 

319 S P T  

320 S P T  

321 S P T  

322 S P T  

323 S P T  

324 S P T  

325 S P T  

326 S P T  

327 S P T  

Lai i ternf ish Benthoserna pterotum (793) 

Lan te rn f i sh  B. pterotum (1500) 

Squids (1. 8 )  

Lan te rn f i sh  B. pterotum (120) 

Lan te rn f i sh  B. p t e ro tum (4500) 

Lan te rn f i sh  B. pterotum (5 1) 

Lan te rn f i sh  B. pterotum (780) 

Lan te rn f i sh  B. pterotum (438) 

Lan te rn f i sh  L p t e r o t u r n  (426) 

Lan te rn f i sh  B. pterotum'  (137) 

Lan te rn f i sh  B. pterotum (4979) 

Lan te rn f i sh  B. p t e ro tum (650) 

Lan te rn f i sh  B .  p terotum (148) 

G r e a t  ba r racuda ,  S e y r a e n a  ba r racuda  
( a ) ,  Ponyfish,  Leiognathus l euc i scus  
(8)  

328 S P T  

329 S P T  

330 S P T  

331 S P T  

332 BTR 

7/3 0945 333 BTR 

7/3 1245 334 

C r o a k e r ,  Ar t robucca  sp. (98), S h a r k s  
(17) 

Sha rks  (18) 



CRUISE 4 .  (cont.) - 
Pos i t ion  

T ime  Gear  Bottom G e a r  
Date s t a r t  depth depth 

G~~ "0. type m m North Eas t  

Total  
catch 

kg kg 

Dominant spec ies  (total catch,  kg) 

Lanternf ish,  B. pterotum (13) 

Sharks  (21) 

- 

15/3 0805 335 SPT 300 1000 25"OO' 60" 14' 

15/3 1430 336 gillnet - 25" 14' 60' 29' 
longline 

16/3 0820 337 BTR 58-84 58-84 25' 09' 60-2' Longspine seabream A r  r o p s  swinifer 
(38), Slender  1izardfis;'Saurida 
eloneata (31), Malabar  c- 
Carangoides  ma labar icus  (25) 

Lanternf ish,  MYCTQPHIDAE 5 spp. 
(1) 

Lanternf ish,  Benthosema pterotum 

Lanternf ish,  B. pterotum 

18/3 0935 338 S P T  2900 450 22" 04' 61" 46' 

19/3 0925 339 S P T  3500 425 22" 06' 63" 46' 

19/3 0420 340 S P T  3500 170-180 23'04' 63"47 '  

20/3 0400 341 BTR 80 80 25" 00' 64" 04' Cownose r a y  Rhinoptera  sp. (57) 
John ' s  snapper  Lu t ' anus  'ohni (15) 
Black pomfret  F o r A i o  n i k 1 4 )  

20/3 1155 342 S P T  2000 800 24" 32' 63' 16' 

21/3 0855 343 S P T  2300 300 24" 15' 62" 14' 

22/3 1013 344 BTR 24-28 24-28 '  25" 03' 62' 51' 

Lanternf ish MYCTQPHIDAE 9 spp. 

Lanternf ish MY CTOPHIDAE 6 spp. 

Sting r a y s  Dasyat is  spp. (186) 
Grunt  Pomadasys  sp. (103), Long-  
spine s e a b r e a m  Areyrops  spinifer  
(72) 

22/3 1420 345 Gil lnet  - 25" 09' 63" 09' Sharks  Rhizoprionodon sp, ( ?O) ,  
Djeddaba c reva l l e  Alepes djeddaba 

22/3 1320 346 BTR 85 8 5 24'57' 63'48' 

23/3 1420 347 BTR 78 7 8 24'57' 63'48' Japanese  threadfin b r e a m  Nemipterus  
jawonicus (27). L a ~ ~ h e a d h a i r t a i l  
T r i c h i u r u s  l ep tu rus  ( l a ) ,  Black -- 
pomfret  ~ o r m i o z e r  (16) 

Larghead  ha i r t a i l  T r i c h i u r u s  l ep tu rus  
500), Groaker  Me alonibea fusca 
66), Orangemou*Thryssa 

v i t r i r o s t r i s  (21) -- 

24/3 0445 348 BTR 106 106 25" 02' 66" 03' 

24/3 0810 349 BTR 24-27 24-27 25' 15' 66' 23' Catfish sp. (2180), F a l s e  
t reval ly  L a c t a r i u s  l ac ta r ius  (433) 
 apan ne seere ad fin b m e m i p t e r u s  
japonicus (428) 

24/3 111.5 350 S P T  17 l 7  . 25" 06' 66" 35' 

25/3 0830 351 S P T  1200 350 23' 38' 65" 45' 

26/3 0900 352 S F T  105 80-95 23" 07' 67' 12' 

Grunt  P o m a d a s y s  sp. (1257) Sa rd i -  
nel la  Sardinel la  spp. (1657) 

Lanternf ish MYCTOPHIDAE 6 spp. 
(9. 3) 

Lanternf ish Benthosema pt-erotum 
(196), Shark R h i z o p r i o n o d ~ ( 2 1 )  

26/3 1825 353 S P T  430 15 23-18' 67,' 16' 

27/3 0815 354 BTR 68 68 23" 41' 67' 10' 

Lanternf ish B. pterotum (50) 

Spanish mackere l  Scomberomorus  spp. 
(5) 

27/3 0925 355 BTR 68 68 23" 41' 67" 10' Larghead  ha i r t a i l  T r i ch iu rus  l e  tu rus  

i 346), Ponyfish L>- 
170), Japanese  threadfin brearn 

Nemipterus  jaoonicus (80) 

27/3 1400 356 T r a p s  25 25 23' 49' 67" 25' 

28/3 1340 357 S P T  214 130-150 23" 41' 66" 20' Lanternf ish Benthosema pterokum 
(100) 

Jel lyf ish (195), F r iga te  mackere l  
Auxis thazard (5) 

28/3 1800 358 S P T  89 20 24' 02' 66-27' 

29/3 0015 359 BTR 25 25 24" 17' 67" 01' 

29/3 0155 360 S P T  25 5 24" 18' 67' 01' 

Jaoanese  threadrin b ream Nemlpterus  
'aponicus (1 4). John ' s  snappTrp 

L u t j a n u s  jphni (11). Grunt  
Pomadasys  sp. (11) 

Shad Decapterus  % (129) Anchoyr 
Stolophoons buccaneeri  (77), 
F r iga te  mackere l  Auxis thazard (57) 

29/3 1100 361 S P T  20 0-15 24-40' 66' 53' Rainbow sa rd ine  o s s u r n i e r i a  e 
(22) 

Jel lyf ish (22), Largehead  hair ta i l  
T r i ch iu rus  lepturus  (6) 

Jel lyf ish (30) 

Bombay-duck Harpodon sp. (15) 

Kr i l l  (12) Lanternf ish Benthosema 
pterotum ( 5 )  

19/3 1555 362 S P T  76 20-40 24" 32' 65" 42' 

30/3 0100 363 S P T  750 '  20 24" 44' 66' 02' 

30/3 0555 464 S P T  400-800 260-310 24" 25' 65' 48' 

31/3 1955 365 SPT. 230 20-40 24" 03 ' .  65" 56l 



CRUISE 5 .  R/V "Dr.  F r i d t j o f  Nansen".  Record o f  f i s h i n q  o p e r a t i o n s .  BTR: bo t tom t r a w l ,  LPT: l a r g e  
p e l a g i c  t r a w l ,  SPT: s m a l l  p e l a q i c  t r a w l ,  KT: k r i l l  t r a w l .  

C a t c h  
Time Bottom Gear  T o t a l  p e r  
S t a r t  S t  Gear  d e p t h  d e p t h  c a t c h  h o u r  

Da te  GMT no t y p e  m  m  North E a s t  kg kg Dominant s p e c i e s  ( t o t a l  c a t c h ,  kg)  

0730 366 SPT 

0555 367 SPT 

1555 368 SPT 

1700 369 BTR 

2110 370 SPT 

0955 371 SPT 

1615 372 SPT 

0325 373 BTR 

Squ id  ( 2 0 )  

K r i l i  E u p h a u s i i d s  ( 1 0 )  

Round h e r r i n q  Etrumeus t e r e s  ( 5 6 )  

Sea  bream P a g e l l u s  n a t a l e n s i s  ( 1 0 )  

Round h e r r i n g  Etrumeus t e r e s  ( 1 8 . 5 )  

V a r i o u s  f i s h  l a r v a e  (1) 

V a r i o u s  f i s h  l a r v a e  ( 2 0 )  

D r i f t  f i s h e s  Ariomma sp.  ( 2 2 ) ,  B o a r f i s h e s  
A n i t i q o n i a  s p .  ( S m i t h ,  49)  ( 5 7  ) , Round s c a d  
Deca t e r u s  maruads i  (461 ,  M a c k e r e l .  
scomger sp .-O- 
S h a r k s  (501 ,  L a n t e r n  f i s h e s  MYCTOPHIDAE 
( 2 3 )  Chloropht l ia lmus s p .  ( S m i t h ,  49) ( 3 9 )  

Mackere l  Scomber s p .  ( 2 3 0 )  

18.4 0140 374 BTR 

18.4 1945 3755 SPT 

1 9 . 4  0500 376 BTR Sea bream P a g e l l u s  n a t a l e n s i s  ( 3 1 . 5 )  
S h a r k s  ( 2 2 . 5 )  

19.4 0650 377 BTR Mackere l  Scomber s p .  ( 2 8 . 5 ) ,  L a n g u s t s  
CRUSTACEAO 

20.4 0504 378 SPT 

20.4 1035 379 BTR 

20.4 1150 380 SPT 

L a n t e r n  f i s h  MYCTOPHIDAE ( 6 8 )  

Sea bream P a g e l l u s  n a t a l e n s i s  ( 8 )  

P l a n k t o n i c  o r q a n i s m s  ( - )  

20.4 2317 3 8 1  SPT P o r c u p i n e  f i s h  Diodon m a c u l i f e r  (2151)  
Round s c a d  ~ e c a D t e r u s  m a r u a d s i  ( 1 3 9 2 )  
Round h e r r i n g  E t rumeus  t e r e s  ( 1 2 4 8 )  

21.4 0730 382 BTR L i z a r d f  i s h  S a u r i d a  s p .  (147  .S) , Horse  
m a c k e r e l  T r a c h u r u s  s p . ( l l O )  

21.4 1125  383 SPT 

21.4 1315  384 BTR 

22.4 0533 .385 BTR 

No c a t c h  

Round h e r r i n q  E t rumeus  t e r e s  (462)  

Brown marb led  g r o u p e r  E p i n e p h e l u s  
f u s c o q u t t a t u s  ( 6 1 . 5 )  , ~ l u e s t r e a k  emperor  
L e t h r i n u s  c h a e r o r y n c h u s  ( 4 1 . 5 ) ,  A r e o l a t e d  
g r o u p e r  E p i n e p h e l u s  a r e o l a t u s  ( 2 4 . 5 1 ,  
P o n y f i s h  L e i o g n a t u s  s p .  ( 2 2 ) ,  S t r i p e d  
K a r a n t u n ,  Bamboo F i s h  S a r p a  s a l p a  ( S m i t h ,  
49)  ( 2 8 ) ,  Horse  m a c k e r e l  T r a c h u r u s  s p .  ( 1 9 )  

0715 386 BTR 

0410 387 BTR 

Sea  bream P a g e l l u s  n a t a l e n s i s  (335 .5 )  

A r e o l a t e d  q r o u p e r  E p i n e p h e l u s  a r o o l a t u s  
( 1 9 0 )  

0605 388 BTR Swimming c r a b  C h a r y b d i s  s p .  ( 8 4 1 ) ,  C a t f i s h  
s p .  ( 1 6 2 )  

G o l d s t r i p e  s a r d i n e l l a  S a r d i n e l l a  q i b b o s a  
( 5 6 ) ,  Round s c a d  D e c a p t e r u s  m a r u a d s i  ( 3 9 )  

0915 389 BTR 

1355  390 BTR 

1520 391  BTR 

L a n t e r n  f i s h  MYCTOPHIDAE ( 1 0 0 )  

A t u l e  ma te  ( 3 8 )  , Round s c a d  D e c a p t e r u s  
maruadse  ( 3 4 )  

0310 392 BTR 

0355 3 9 3 .  BTR 

No c a t c h  

Round s c a d  D e c a p t e r u s  m a r u a d s i  (731, 
O i l  s a r d i n e l l a  S a r d i n e l l a  l o n g i c e p s  ( 2 6 )  

0810 394 BTR O r a n g e f i n  p o n y f i s h  L e i o g n a t h u s  b i n d u s  
( 4 1 3  ) ,  ? t a n t i s  prawn O r a t o s q u i l l a  w- 
t i q a t o r i s  ( 2 7 5 ) ,  B ig  e y e  s c a d  % 
c rumenophtha lmus  ( 1 1 0 )  

' : a n t i s  prawn O r a t o s q u i l i a  i n v e s t i  a t o r i s  
( 1 0 5 )  , ~ o u n d  s c a d  D e c a p t e r u s  rna ruads i  ( 7 8 ) ,  
G o l d s t r i p e  s a r d i n e l l a  S a r d i n e l l a  g i b b o s a  
( 6 7 )  

M a n t i s  prawn O r a t o s q u i l l a  i n v e s t i o a t o r i s  
( 6 9 ) ,  Swlmmlng c r a b  C h a r y b d i s  .<p. (531 , 
Xound s c a d  b e c a o t e r u s  m a r u a d s i  ( 5 3 )  

3 . 5  0135 396 SPT 

!.!antis p r a u n  O r a t o s a u i l l a  i n v e s t i g a t o r i s  
( j ) ,  U n s u c c e s s i u l  c a t c h .  

Redspo t  ernp:ror  L e t h r i n u s  l e n t j a n  ( 1 5 5 )  

O r a n g e f l n  p o n y f i s h  L e i o g n a t h u s  b i n d u s  
( 3 7 0 )  

3 . 5  0945 397 BTR 

3 . 5  1 0 5 0  39a BTR 

3 . 5  l 3 2 0  399 BTR 

G r a n g e f i n  p o n y f i s h  L e i o u n a t h u s  b i n d u s  
( 1 9 ) ,  Round s c a d  D e c a p t e r u s  rna ruads i  
( 1 6 ) ,  Biq e y e  s c a d  Selar c rumenophtha lmus  
( 1 5 )  

3 . 5  2000 400 SPT 



CRUISE 5 .  ( c o n t . )  ) 

Catch  

::;th P o s i t i o n  T o t a l  p e r  
d e p t h  c a t c h  hour 
m m North E a s t  kg kg 

Time 
S t a r t  S t  Gear 

Date GMT no t y p e  Dominant s p e c i e s  ( t o t a l  c a t c h ,  kg)  

4 .5  0215 401 SPT 

4 .5  0330 402 BTR 

Mant i s  prawn O r a t o s a u i l l a  i n v e s t i g a t o r i s  
(0 .51  , Unsuccess fu l  c a t c h .  

Delagoa t h r e a d f i n  bream Nemipterus 
d e l a q o a e  ( 2 2 1 ) ,  Round s c a d  D e c a p t e r u s  
maruads i  (1721 ,  Big eye  s c a d  S e l a r  crume- 
nophthalmus ( 5 1 )  

O r a n g e f i n  p o n y f i s h  L e i o g n a t h u s  b i n d u s  
i7441 
s e i - b r e a m  P a g e i l u s  n a t a l e n s i s  (102)  
O r a n g e f i n  p o n y f i s h  L e i o g n a t h u s  b i n d u s  
( 1 0 2 ) ,  Delagoa t h r e a d f i n  bream Nemipterus 
d e l a g o a e  ( 7 5 )  

O r a n g f i n  p o n y f i s h  Le iognathus  b i n d u s  
( 2 7 ) ,  G o l d s t r i p e  s a r d i n e l l a  S a r d i n e l l a  
q i b b o s a  ( 1 7 )  

L o b s t e r  P u e r u l u s  s p .  (153)  

Horse mackere l  Trachurus  s p .  (4641)  

S w i m i n g  c r a b  Charybdis  s p .  ( 2 1 0 0 ) ,  
C a r d i n a l  f i s h  APOGONIDAE ( 8 0 0 )  

C u t t l e  f i s h  ( 4 6 ) ,  X a n t i s  prawn O r a t o s -  
q u i l l a  i n v e s t i g a t o r i s  ( 2 7 1 ,  Largehead 
h a i r t a i l  T r i c h i u r u s  l e p t u r u s  ( 2 6 ) ,  
T h r e a d f i n  bream Nemipterus s p .  ( 2 0 )  

Sharks  ( 1 9 ) ,  L i z a r d f i s h  SYNODONTIDAE ( 1 3 )  

H a r d t a i l  s c a d  Megalasp is  c o r d y l a  ( 1 0 0 ) ,  
Djeddaba c r e v a l l e  Alepes d j e d d a b a  ( 4 5 )  

* 
S w i m i n g  c r a b  Charybdis  s p .  (351 ,  
O r a n g e f i n  p o n y f i s h  L e i o a n a t h u s  b i n d u s  ( 2 4 )  

Djeddaba c r e v a l l e  A l e ~ e s  d j e d d a b a  ( 6 8 ) ,  
Pomfret  Pampus s p .  ( 2 7 . 5 )  , H a r d t a i l  s c a d  
Megalasp is  c o r d y l a  ( 1 7 )  

T r e a d f i n  bream Nemipterus s p .  (2400)  

C u t t l e f i s h  ( 2 7 )  , Sea bream P a q e l l u s  
n a t a l e n s i s  ( 1 2 )  

T r e a d f i n  bream Nemipterus s p .  (5400)  

Round h e r r i n g  Etrumeus t e r e s  ( 0 . 5 ) ,  
Var ious  O - g r o u p o ( 0 . 5 )  

O-group f i s h  and p l a n k t o n  

L a n t e r n  f i s h  MYCTOPHIDAE (1500)  

20.5 1033 416 BTR 

24.5 1545. 417 KT 

25.5 0120 418 SPT 

25.5 0320 419 KT 

25.5 1100 420 BTR Lcngspine  s e a  breams Aryqroos  s p i n i f e r  
( 1 6 0 0 ) ,  B l u s t r e a k  emperor L e t h r i n u s  
chaeroynchus  ( 1 6 0 0 ) ,  Therapon Therapon 
s p .  (1490)  

25.5 1725 421 SPT Round her r ing .  Etrumeus t e r e s  ( 2 6 0 ) ,  
G o l d s t r i p e  s a r d i n e l l a  S a r d i n e l l a  g i b b o s a  
(253)  

26.5 0840 422 BTR 

26.5 1415 423 SPT 

Treadfin bream Nemiuterus s p .  ( 8 8 )  

Spanish  mackere l  e om bero mor us c o m e r s o n  
( 5 0 )  , Rainbow s a r d i n e  Dussumier ia  
( 2 6 )  

2.6 0235 424 SPT Rainbow s a r d i n e  Dussumieria ( 3 2 )  , 
Mangrove r e d  s n a p p e r  L u t j a n u s  a rqent ima-  
c u l a t u s  ( 3 2 )  

2.6 0835 425 BTR T r e a d f i n  bream Nemipterus s p .  ( 2 0 4 1 ,  
G l a s s y  Ambassis c o m e r s o n i  ( 9 0 )  

2.6 1240 426 BTR 

3 . 6  0845 427 SPT 

2 . 6  1425 428 SPT 

Round scad  Decapterus  maruads i  (848)  

Lantern  f i . sh  MYCTOPHIDAE (10000)  

Largehead h a ~ r t a i l  T r i c h i u r u s  l e p t u r u s  
( 1 0 . 5 )  

L a r e a d  h a i r t a i l  T r i c h i u r u s  l e p t u r u s ( 1 0 0 )  4.6 0128 429 BTR 

8 . 6  2335 430 BTR F a l s e  t r e v a l l e  L a c t a r i u s  l a c t a r i u s  (251 ,  
Blsckc~outh  ci-uaker At robucca  nibe ( 2 6 ) ,  
F r i n g e s c a l e  s a r d i n e l l a  S a r d i n e l l a  fim- 
b r i a t a  ( 2 7 . 5 1 ,  Orangemouth t h r y s s a  T h r y s s a  
v i t r i r o s t r i s  ( 2 0 )  

9.6 0600 431 SPT 

9 .6  1107 432 BTR 

L a n t e r n  f i s h  MYCTOPHIDAE ( 6 0 )  

Largehead h a i r t a i l  T r i d h i u r u s  l e p t u r u s  
( 5 6 3 ) ,  G i a n t  c a t f i s h  t h a l a s s i n u s  
( 4 2 2 )  



CRUISE 5 .  ( c o n t . )  1 

C a t c h  
T ime  B o t t o m  G e a r  T o t a l  p e r  
S t a r t  S t  G e a r  d e p t h  d e p t h  c a t c h  h o u r  

D a t e  GMT n o  t y p e  m  m  N o r t h  E a s t  k g  k g  D o m i n a n t  s p e c i e s  ( t o t a l  c a t c h ,  k g )  

1 0 . 6  0 2 0 5  4 3 3  SPT 640  1 0 0  2 ~ ~ 0 3 '  64'47' 1 0 0 0  2000  L a n t e r n  f i s h  MYCTOPHIDAE ( 9 9 8 )  

1 2 . 6  0 2 4 3  434 SPT 550 1 7 5  24'57' 63O04 '  600  1 2 0 0  L a n t e r n  f i s h  MYCTOPHIDAE ( 5 0 0 )  

1 3 . 6  1 4 5 5  4 3 5  SPT - 1 5  23O07' 6 0 ~ 1 3 '  200 400 C u b i c e p s  s p .  ( 1 9 7 )  

1 3 . 6  2245 436 SPT 1 0 0 0  20 22'36' 59'48' 300 600 L a n t e r n  f i s h  MYCTOPHIDAE ( 3 0 0 )  

1 4 . 6  0 9 3 8  437 SPT 900  1 0  23'30' 58'58' - - Some O-group f i s h ,  U n s u c c e s s f u l  h a u l .  

1 5 . 6  1 7 5 0  438  SPT 7 4 0  38  24'46' 61°05! 3 0  30  L a n t e r n  f i s h  MYCTOPHIDAE ( 1 7 . 5 ) ,  
C u b i c e p s  s p .  ( 1 1 )  

1 5 . 6  1 9 3 5  439  KT 675  3 5  24'45' 61°04 '  300  300  L a n t e r n  f i s h  MYCTOPHIDAE ( 3 0 0 )  

1 6 . 6  0330  4 4 0  BTR 27 27 2 ~ ~ 1 5 '  6 0 ~ 3 5 '  226  252  L a r g e h e a d  h a i r t a i l  T r i c h i u r u s  l e p t u r u s  
( b o ) ,  C r o a k e r  J o h n i u s  s p .  ( 7 7 ) ,  L i n e d  
s i l v e r  g r u n t  Pomadasys  hasta ( 5 2 ) ,  
Mangrove  r e d  s n a p p e r  L u t j a n u s  a r q e n t i m a -  
c u l a t u s  ( 7 0 )  

1 7 . 6  0 5 0 5  4 4 1  SPT 1 8 0 0  1 5 0  24O35 '  58'49' 20 35  L a n t e r n  f i k h  MYCTOPHIDAE ( 2 0 )  

1 7 . 6  1 3 5 5  442  BTR 6 3  6 3  23O52' 58O19 '  - - No c a t c h  

1 7 . 6  1 4 5 0  4 4 3  BTR 6 5  6 5  23'53' 58'18' 9 5  1 9 0  L o n g f a c e  e m p e r o r  L e t h r i n u s  m i n i a t u s  ( 3 6 ) ,  
B a r r a c u d a  ( 2 3 1 , R o u n d  s c a d  D e c a p t e r u s  
m a r u a d n l  ( 1 1 . 5 )  

1 8 . 6  0040  444 SPT 37 11 24O00' 57'15 - - Some f i s h  l a r v a e  

1 9 . 6  0 1 0 5  4 4 5  BTR 2 4 2 .  242 25'27' ~ 8 ~ 0 3 '  3  6  Mixed  d e e p  w a t e r  f i s h e s  

1 9 . 6  0510 446 BTR 52 5 2  25'40' 57'27' 4 1  1 2 3  T r e a d f i n  b r e a m  N e m i n t e r u s  s p .  ( 1 4 )  

2 0 . 6  0720  447 SPT 66 38  25'47' ~ 7 ~ 1 5 '  8 0 0  1 6 0 0  Anchovy  S t o l e p h o r u s  s p .  ( 5 9 0 )  

20 .6  1 5 3 0  448  SPT 205 1 5  25O00' 5b042 '  1 5 0 0  3000 L a n t e r n  f i s h  MYCTOPHIDAE ( 1 3 0 0 )  

2 0 . 6  1 6 5 0  449  KT 210 20 25O01" 56O42 '  8 0 0  1 6 0 0  L a n t e r n  f i s h  MYCTOPHIDAE ( 6 9 7 . 5 )  

2 0 . 6  1 8 0 7  450  KT 200 30 25'04' 56'43' 1 5 0 0  3000 L a n t e r n  f i s h  MYCTOPHIDAE ( 1 3 0 0 )  

20 .6  1 9 2 5  4 5 1  SPT 219 30 2 ~ ~ 0 4 '  5b043 '  500  1 0 0 0  L a n t e r n  f i s h  MYCTOPHIDAE ( 4 0 0 )  

21 .6  1745. 452 KT 1 4 5 0  20 24'47' ~ 7 ~ 3 0 '  0 . 5  1 S q u i d s  ( 0 . 5 )  

21 .6  1 8 5 0  453  SPT 1 4 5 0  20 24O50' 57'27' 2  4  L a n t e r n  f i s h  MYCTOPHIDAE ( 0 . 5 )  

22 .6  0 2 3 5  454 BTR 6 3  6 3  23'45' 58'23' 3 . 5  7  No c a t c h  

22 .6  0555  455  SPT 30 22 23O47' 58O10 '  3  6  O-group f  i s h  a n d  s q u i d s  ( 3 )  

2 2 . 6  0740  456  BTR 24 24 23'48' 58O10 '  379 758  Rays  a n d  s h a r k s  ( 3 5 0 )  

2 3 . 6  0540  457  SPT 60 40 22?32 '  ~ 5 ~ 4 6 '  28 56 F i l e f i s h  A l u t e r a  s p .  ( 2 0 )  



CRUISE 6 .  R / V  "Dr .  Fr idt jof  Nansen". R e c o r d  of f ishing ope ra t ions .  P T R :  Pe lag ic  t r awl ,  BTX: bot tom t r a w l ,  
BLL: bottorn long l ine ,  KTR: "Kr i l l  t r awl" ,  PSE:  P u r s e  se ine .  F i s h  names :  FAO Spec ies  
Ident i f icat ion Shee t s  f o r  F i s h e r y  P u r p o s e s .  

T i m e  Gear Bottom Gear  Pos i t ion  Total  
Date s t a r t  St '  dep th  aep th  North  E a s t  c a t c h  per Dominant  spec ie s  ( to t a l  ca t ch ,  kg) 

GMT type m m kg 
l 

22. 8 1210 458 P T R  23'24' 67'05' 8  15 Je l ly f i sh  (5 ) ,  Cubiceps  na ta l ens i s  (i!) 

22. 8' 1740 459 P T R  95 25 23'33' 660411 10 20 ~4;rnpsodon sp. (4 ) ,  v a r i o u s  O-group f i s h  

23. 8  O715 460 BTR 165 165 24O07' 660101 O O No ca tch  

23.8 1035 461 P T R  8 3  30 24'25' 66Ol.9' 15 3 O J e l ly f i sh ( lZ) ,  Cubiceps  na ta l ens i s  (1) .  
23. 8  1705 462 P T R  110 2 0  24'44' . 660111 23 46 Casdinab f i s h  Synagrops  japonicus (7) ,  

je i lyf ish  (i':, l a n t e r n  f i s h  h:YCTOPHIDAE 
(6) .  

463 P T R  25 

464 P T R  2100 325 

465 P T R  290 

466 P T R  880 260 

Je l ly f i sh  (i'), l an te rn  f i s h  MYCTOPHIDAE 
(6)  , a b m b a y  -duck Harpadon  riehereus (3) .  

L a n t e r n  f i s h  IMYGTQPHIDAE ( a ) ,  swimming. 
c r a b  Charybd i s  3p. (5) .  l 
Squids (18. S ) ,  swimming c r a b  Charybd i s  i 
SP. (6) .  

L a n t e r n  f i sh  MYCTOPHIDAE (50) ,  squids  
(13) . Cubice s na ta l ens i s  ( 2 ) ,  swirnming j 
c r a b  CharybdPis .m 
Smallhead ha i r t a i l  Lep tu racan thus  
havala-(40) .  t iger- toothed c r o a k e r  

Otol i thes  r u b e r  (36) .  s i l v e r  pomfre t  -- 
P a m p u s  arEenteus  (20) .  g iant  ca t f i sh  

i 
l 

Arius  tha la s s inus  ( l  l .  j).  
P l 

467 BTR 15 15 

i 
Giant ca t f i sh  Ar ius  tha ia s s inus  (350) ,  1 
Indiari p i k e c o n g e r ~ o n g r e s o x  ta labanoides  
(150). t iger  toothed c r o a k e r  Otol i thes  
rube r  (123). 

l 
1 

b RTR 13 

469 P T R  1200 300 

470 BTR 24 24 

~ a n t i r n  f i sh  MYCTOPHIDAE (1000). 1 
R a y s  (700). c r o a k e r  ~ o h n i ~ o ~ s  sp. (O-gr. ) ,  / 
(380) ,  sma l lhcad  ha i r t a i l  L e  tu racan thus  1 

sava la  (250) ,  c r o a k e r  John*~ ! 
m a n g r o - ~ e  i s l snapper  Lut janus a rgen t ima-  ' 
cu la tus  (100). l ined s i l v e r  g run t  
P o m a d a s y s  e ( 9 0 ) .  

l 

L a n t e r n  f i sh  MYCTOPHIDAE (20) ,  Bombay-  / 
duck Harpadon  nephereus  (4) .  

L a n t e r n  f i s h  MYCTOPHIDAE (25). 1 
i e l l y  f i s h  (2) .  473 BTR 36 36 

4i4 .  PTR 500 275 

4 7  BTR 32 32 

L a n t e r n  f i s h  MYCTOPHIDAE (7) .  

Spotted s i ck le f i sh  Drepane  punctata  (156). 
dog s h a r k  Scoliodon a l a s o r r a h  (1 1 6 ) ,  
c  a t f ish  &-(4(). 

I 

476 PTR 325 Lan te rn  f i sh  MYCTOPHIDAE ( 3 ) ,  
Nemicht e s  scolo a c e a  (3) .  Bombay-duck 
Harpadon n e k 3 ) .  

4 7  BTR 56 56 J a p a n e s e  thi eadlui braam Nemip te rus  
japonicus  (650). 

L a n t e r n  f ish  MYCTOPHIDAE ( 8 ) ,  sqliids 
14). i r i g a t e  m ~ c k e r a l  Auxis thaaa rd  (1. 4). 

478 P T R  340 325 

179 BTR 40 40 Japanese  t t r e a d l n b r e a r n  Nemip te rus  
, 

japonicus (46) ,  brush- tooth I i za rd f i sh  
Saur Ida  u n d o s q u a r r ~ ~ s  ( 2 3 ) ,  Malabar  cava l l a  
La rango ldes  ma laoa r ius  (23). 

L a n t e r n  f i sh  MYCTOPHIDAE (70). 
swimming c r a b  Charybd i s  sp. (4). 

Tiger- toothed c r o a k e r  Otol i thes  r u b e r  
(1035), ca rd ina l  f i sh  ~~m 

480 P T R  240 155 

481 BTR 275 275 

482 P T R  300 250 Lan te rn  f i s h  MYCTOPHIDAE (30) .  s m a l l -  c 
head ha i r t a i l  Lep tu racan thus  s&a (Z), 
jellyfish (2). 

Dog s h a r k  Scoliodon @ a s o r r a h  (300) ,  
r ay  Rhinoplera  .qavanic~- 

483 BTR 30 30 

484 BTR 290 290 Tiger- toothed c r o a k e r  Otol i thes  r u b e r  (570) 
acapea rch ,  Ambas  ;.is s r ~ T - k C r s  
threadf in  b r e a m  Nemi t e r u s  b l e e k e r ~  
(116). squids  ( 5 2 e  



CRUISE 6 .  ( c o n t . )  

T i m e  Gear  Bo t tom G e a r  Pos i t i on  To ta l  
Date  s t a r t  S t  dep th  dep th  North  Eas t  c a t c h  zuI D o r n ~ n a n t  s p e c i e s  ( t o t a l  ca t ch .  kg) 

GMT "O m m kg kg 

7. 9  0930 485 BTR 68 6  8  25'23' 56O261 120 240 Dog s h a r k  Scoliodon p a l a s o r r a h  (30 ) ,  
Ma laba r  cava l l a  Ca rango ides  m a l a b a r i c u s  
(28) .  longspine  s e a b r e a m  A r g y r o p s  
soini fer  (19) ,  palef inned th read f in  b r e a m  
Nemip te rus  m a r q i n a t u s  ( l  l ) ,  a e r o l a t e d  
g r o u p e r  Epinephelus  a e r o l a t u s  ( I l ) .  

Orangef in  ponyfish Le igna thus  bindus  (750) ,  
b r u s h  tooth l i za rd f i sh  S a u r i d a  undos u a m i s  
(210) ,  B loch l s  g i z z a r d m e m a t A s a  
nasus  (145) ,  Indian pel lona P e l l o n a  
d i t che l l a  (130). . 

13.9  1000 486 BTR 3 O 

20. 9  1130 487 PTR 7 O 2  O 

2  9  0625 488 P T R  3 O 28 

Je l ly f i sh  (300) 

Round h e r r i n g  E t r u m e u s  t e r e s  (260) .  whi te  
. s a ~ d i n e l l a  S a r d i n e l l a  a lbe l l a  (48 ) ,  

l ongnose  c a v a l l a  C a r a n g o i d e s  c r y s o p h r y s  
(17 ) ,  n a r r o w - b a r r e d  Span i sh  macke re l .  
S c o m b e r o m o r u s  c o m m e r s o n  (13) .  

Rainbow s a r d i n e  D u s s u m i e r i a  acu ta  (376) ,  
spot ted ca t f i sh  macl i la tus(Z00) ,  o ld -  
.str.ipb~ . sardix&lla S a r d i n e l l a  i bbosa  f24),  
dog s h a r k  Scoliodon p a l a s o r r ? h m  

21. 9  1505 489 BTR 16 16 

2 1 . 9  1800 490 BTR 19 19 

22. 9  2335 491 P T R  3 0  3  O 

B lus f i sh  P o m a t o m u s  sa l t a to r  (54) .  Djeddaba 
c r e v a l l e  Alepes  d j e d d m ,  ye l lows t r ipe  
t r eva l ly  S e l a r o i d e s  l ep to l ep i s  (3) .  

Mant is  p rawn  O r a t o s  u i l l a  i nves t i  a t o r i s  
( b o ) ,  Bombay-duck 2arpado-(b), 
swimming  c r a b  Charybd i s  sp.(3). 

L a n t e r n  f i sh  MYCTOPHIDHE (50) ,  m a n t i s  
p rawn  O r a t o s  u i l l a  i nves t i  a t o r i s  (2 ) .  

swimming  cra: Cha=- 

22.9  0720 492 P T R  900 200 

23. 9  0025 493 P T R  40 15 B r e g m a c e r e o s  mscc le l l and i  ( 2  16) .  spo t t ed  
ca t f i sh  Arius macu la rus  (15 ) .  je l lyf ish  (8.). 

B r e q m a c e r o s  macc le l l and i  (40 ) ,  swimming  
c r a b  Gliarybdis sp. (40) .  

23. 9  1513 494 PTR 70 60 

Mant is  p rawn  O r a t o s a u i l l a  i nves t iga to r i s  
(1500j.  

24. 9  l705 ,495 P T R  50 5  O 

25. 9  1220 496 PTR 320' 310 Sa lps  (500) .  l a n t e r n  f i s h  MYCTOPHIDAE 
( l o ) ,  swimming  c r a b  C h a l y b d i s  sp. ( l o ) ,  
ha t che t  f i s h  Argyrope lecus  sp. (15) .  
m a n t i s  p rawn  Ora tosqu i l l a  i nves t iga to r i s  
(5 ) .  

Cu t t l e f i sh  (7 l ) ,  c a r d i n a l  s e a b r e a m  
Euyinnis  c a r d i n a l i s  (10).  

S a l p s  (30 ) ,  k r i l l  Euphac iacea  (10).  

L a n t e r n  f i s h  MYCTOPHIDAE (29) ,  
swimming  c r a b  Charybd i s  sp. (17) .  

26.9  1030 497 BTR 38 3  8 

26. 9  1530 498 P T R  2500 O 

27. 9  1655  499 P T R  2400 O 

Djeddaba c r e v a l l e  A leoes  d ' e d d a b a  ( 9 ) ,  
angel  f i s h  P l a t a x  -*nose 
pompano T-of us blochi i  (5).  

28.9  1115 500 P T R  35 10 

No catch.  

Mant is  p rawn  O r a t o s  u i l l a  i nves t i  a t o r i s  
(140) .  Palinurichthy: sp. (e 

' 28. 9  1215 501 BTR 29 29 

28. 9  l730 502 P T R  500 10 

28. 9  2320 503 BTR 275 275 

29. 9  2240 504 P T R  57 1  O 

29 .9  0725 505 P T R  44 15 

2.9. 9  1305 506 3 T R  115 115 

Je l ly f i sh  (1000). 

Bully Gobius sp .  (741) .  s e a p e a r c h  
~mba-. (268). 

3 r e g m a c e r o s  sp .  (5) .  30. 9  0040 507 P T R  44 10 



C R U I S E  6 .  (cont.) - 
T i m -  St Bottorn G e a r  P o s i t i o n  To ta l  C a t c h  

D a t e  s t a r t  C'ear dep th  dep th  Nor th  E a s t  c a t c h  p e r  Dominan t  s p e c i e s  ( t o t a l  c a t c h ,  kg ) 
GMT "O type  m  kg hou r  

kg 

3 0 . 9  0425 508  BTR 265 265 14O59' 51'31' 1000 

S l i m e  head  Hop los t e thus  r n e d i t e r r a n e u s  
(75) .  L a e r n o n ~ r n a  ~ l o b i c e  s  ( 7 0 ) .  s h r i m p  
P a r a p e n a e u s  sp .  ( 2 M 3 y  -diick 
H a r p a d o n  n e h e r e u s  (24 ) .  

l .  10 0728 510 BTR 47 44 1 4 ~ 2 4 '  49O01' 430 760 B r e a r n  P a g e l l u s  n a t a l e n s i s  (356) .  J a p a n e s e  
t h r ead f in  b r e a r n  Nerni t e r u s  aoon icus  
(30 ) ,  h o r s e  r n a c k e r e l  T r a c h u r k 2 \ ) ,  
b o a r f i s h  H i s t i o u t e r u s  sp in i f e r  (18 ) .  

1. 10 1155 511 P T R  100 IS 14O02' 48O45' O O Ko ca t ch .  

1. 10 1655 512  BTR 32 32 13O58' 48'31' 740 1480 Brea rn  P a g e l l u s  na t a l ens i s  (678 ) ,  i a p a n e s e  
t h r ead f in  b r e a r n  N e m i p t e r u s  japonicus  (621 

2. 10 0100 513 P T R  839 15 13'41' 47'45' 4  8  C u b i c e p s  n a t a l e n s i s  ( l ) ,  squid  ( l ) , l a n t e r n  
f i s h  MYCTOPHIDAE ( 0 , s ) .  k r i l l  
E u p h a s i a c e a  ( 0 , 5 ) .  

2. 10 0406 514 BTR 15 L5 130401 47O30' O O No ca t ch .  

3. 10 1145 515 BTR 280 230 1 3 ~ 1 1 '  46'17' 960 1920 Brush too th  l i z a r d l i s h  
(783 ) .  s t i ngg ray  Das  a t i s  sp .  
l o b s t e r  Puerului*), s h r i m p  (18 ) .  
squid  ('r 

7 .  10 2315 516 BTR 2  6  26  13O05' 4 ~ ~ 3 0 '  130 260 S t ing ray  Dasya t i s  sp. (60) ,  b igeye  s c a d  
S e l a r  c ru rnenoph tha lmus  (16 ) .  J a p a n e s e  
t h r ead f in  b r e a r n  Nernipterus  japonicus  
(13 ) .  Indian 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 iceps  ( I  l ) .  

P T R  375 15 13'51' 48'04' Swimming  c r a b  C h a r y b d i s  sp. ( 22 ) .  
squ id  ( 5 ) ,  B igeye  s c a d  S e l a r  c r u r n e -  
noph tha lmus  ( l ) .  

Swimrning c r a b  C h a r y b d i s  sp .  (2.  5 ) .  
l a n t e r n  f i sh  MYCTOPHIDAE (O. 5) .  

P T R  583  250 1 4 ~ 0 2 '  48'54' 

P T R  500 15 13'46' 47'59' 

B  TR 32 32 11'25' 49O29' 

9. 10 l l Z 0  518 

9. 10 1827 519 

LO.  10 2125 520  

S a l p s  ( 2 ) ,  swimrning c r a b  C h a r y b d i s  sp .  
(1) .  

S l e n d e r  ponyf ish  Le io  na thus  e longatus  
( 8 0 ) ,  longface  ernpero? L e t h r i n u s  
min i a tu s  (35) .  s n a p p e r s  Lut  anus  spp. 
( m ( 2 8 ) .  pa inted  sweet:ip 
t o rhynchus  p i c tu s  (10) .  

N a r r o w - b a r r e d  Span i sh  m a c k e r e l  So_- 
b e r o r n o r u s  c o m r n e r s o n  (1  1).  

John  Dory  j a p o n i c u s  ( I ) .  

L a n t e r n  f i sh  MYCTOPHIDAE (30) .  

Sa lp3  (30) .  l a n t e r n  f i s h  MYCTOPHIDAE 
(20).  

B  TR 47 47 11°561 5  1°04' 

P T R  880 290 1 2 ~ 1 7 '  5 1'44' 

P T R  2200 15 12O02' 50°02'  

BTR 295 295 11°11' 47O49' S h r i m p s  (bo) ,  l o b s t e r  P u e r u l u s  sp. 
Ba thyc lupea  sp .  (25) .  g r e e n e y e  Ch lo roph-  
tha l rnus  SF.  (8) .  

P TR 20 11°01'  46O54' 

P T R  500 15 1 0 ~ 5 2 '  45O39' 

P T R  500 15 1 0 ~ 2 6 '  44'24' 

P a l i n u r i c h t h y s  sp. (86) .  c a r d i n d  f i s h  
S y n a g r o p s  japonicus  (27) .  

Swirnming c r a b  C h a r y b d i s  SP. ( l ) ,  
je l lyf ish  ( l ) .  

L a n t e r n  f i s h  MYCTOPHIDAE ( 1 9 ) .  
P a l i n u r i o h t h ~  sp .  (10).  

BTR 285 - 1 2 O 2 ~ ~  44O00' 

B TR 21 21 12'35' 44O10' 

No ca t ch .  

De lagoa  t h r ead f in  b r e a m  Nemi  t e r u s  
de l aqoae  (16 ) ,  Cu t t l e f i sh  
A r a t h r o n  s t e l l a t u s  ( 4 ) ,  ponyf ish  Le iog -  
na thus  s p . ' r  





C R U I S E  6 .  (cent.) 

T i m e  S t  Bo t tom Gear  Pos i t ion  To ta l  Catch 
Date  s t a r t  depth deprh North  Eas t  c a t c h  pe r  Dominant s p c c i e s  ( tota l  ca t ch .  kg) 

.GMT no type m m kg hour  
k g  

l .  1.1 2213 537 P T R  190 07'47' 50'05' 2  2  442 K r i l l  Euphacacea  (10) .  manr i s  p r a w n  
O r a t o s  u i l i a  inves t i  a t o r i s  (6 ) , swimming  
c r a b  Charybd* 

2. 11 0825 558 BTR 39 39 0 7 ~ 1 6 1 '  49'38' 7  1 122 Red s tumpnose  Chrysob lephus  oibbiceps  
(40) ,  ~ d a r r o w - b a r r e d  Spanish rnacke re l  
S c o m b e r o m o r u s  c o m m e r s o n  (24). 

3. 11 1150 559 BTR 39 39 050301 48'42' 155 3 10 E m p e r o r  r ed  snapper  L u t ~ a n u s  + (48) ,  
sponges  (40) ,  t r i g g e r f i s h  Sufflarnen 
c a p i s t r a t u s  ( a ) ,  squid ( a ) ,  gmaipesG3 
Epinephelus  sp. (8).  

4. 11 1150 560 P T R  2500 900 0 4 ~ 0 9 '  49'04' 5  5 Meso-and barhypelagic f i s h  s p e c i e s  (4). 

'11. 11 1350 561 P T X  220 170 00°47' 42'21' O O No catch. 

14. 11 1600 562 KTR 251 35 03'17' 47'07' 9  17 K r i l l E u p h a c a c e a ( 5 ) .  s q u i d ( 3 ) .  

15. 11 0533 563 BTR 18 18 ' 0 3 ~ 2 5 '  47O03' 3  4  67 Areo la t ed  g rouper  Epinephelus  a reo la tus  
( 1 7 ) ,  n a r r o w - b a r r e d  Spanish m a c k e r e l  
S c o m b e r o m o r u s  c o m m e r s o n  ( a ) ,  painted 
sweet l ip  P lec to rhynchus  pictus (7). 

15. 11 1735 565 BTR 36 

21. 11 0828 566 BTR 61 

21. 11 1300 567 BTR 

22. 11 1310 568 BTR 160 

22. 11 l620 569 BTR 60 

19 03'481 47'29' 427 854 Sponges (300) ,  a reo la t ed  g r o u p e r  Epineph- 
e lus  ai-eolatus ( 5 7 ) ,  b lacksaddle  goatf ish  
P a r a p e n e u s  f r a t e r c u l u s  ( I l ) ,  painted 
sweet l ip  P l e c t o r h  nchus i c tus  ( l o ) ,  
o m p e r o r  L e t h r i n A  sp. ( P r  

36 0 j055 '  47'40' 57 114 S t a r y  t r igge r f i sh  Abal is ted s t e l l a r i s  (16 ) ,  
b r e a m  Page l lus  n-s -eror 
r ed  snapper  Lu t ' anus  s e b a e  ( 7 ) .  round 
h e r r i n g  EtrumeUs 

6 1  0 2 ~ 2 0 '  41°05' 125 416 Snapper  Lut  anus  sp. (55 ) ,  p a r r o t  f i s h  
Callyodo-*), s cavenger  Le th r inus  
nebulosus  (15). 

0 2 ~ 2 9 '  41'00' o O No catch.  

160 02'38' 40°48' ' 2 5 Squid (0. 5 ) .  m a n t i s  p rawn  Ora tosqu i l l a  
inves toga to r i s  (0. 5) .  swimming c r a b  
Charybd i s  sp. (0 .  5).  

60 02'44' 40'33' 863 5 178 Sponges (600) ,  humpnose l a rge -eye -  b r e a m  
Monotaxis  e;randoculis (65) ,  r a y  (40) ,  

' m a n t i s  p r a w n  Ora tosqu i l l a  inves t iga to r i s  
(35). r edspo t  e m p e r o r  Le th r inus  l en t j an  
(19) ,  b lacksaddle  goatf ish  P a r a p e n e u s  
f r a t e r c u l u s  (18) .  bigeye snapper  Lut janus 

l ineo la tus  (17). 

23. 11 0540 570 BTR 235 235 0 2 ~ 5 7 '  40'23' 57 171 Brush- tooth l i z a r d  f i s h  
m i s  ( l 7 ) ,  l o b s t e r  P u e r u l u s  sp. 
P 

prawn  ( 9 ) ,  smallhe-ai1 L e  t u r a  
6 ) ,  N e o c y t t u s ~ o i  - 






