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PREFACE

Deep-sea fishing has but a relatively brief history in India. A serious attempt at studying and
understanding the nature of the fish resources beyond the traditional (inshore) fishing grounds started with the
operations, off the Bombay and Gujarat coasts, of the chartered Japanese vessel Talyo MARU followed by
‘the Government of India’s ASHOK and PRATAP in the fifties. As a result of these survey operations, a general
picture of the nature of the grounds and the distribution of the fish resources available for exploitation upto
the 50 m depth was available and in the years that followed a well-structured and substantial commercial
fishery grew, exploiting these resources, mainly upto the 50 m mark,

Beyond this depth, the vast areas of the continental shelf and slope remained more or less unsurveyed and
-unknown, except for occasional cruises, like those of ANTON BRUUN and METEOR during the International
Indian Ocean Expedition, when some additional information was obtained regarding the resources of these
waters and about the fishery-associated hydrographical factors like upwelling and other seasonal changes in
‘the environment and their impact on the fish resources. Similarly, India’s own efforts, in the form of the
exploration of the further sheif areas by M. v. KALAVA and R, v. VARUNA, in which CENTRAL MARINE FISHERIES
ResearcH INsTITUTE had a pioneering role, resulted in the marking out of some resources near the shelf edge

and slope. But for these occasional studies, the extensive areas of the shelf and beyond remained largely
unexplored till recently.

An opportunity to study this area became available with the decision of the Government of India to
charter a large fishing vessel from Poland to do commercial fishing in these waters, and as a result of this Indo-
Polish Agreement, the vessel MURENA, belonging to the Sea Fisheries Institute, Gydnea, was commissioned

to undertake a year-long survey, consisting of six cruises using both demersal and peiaglc gears, covering
-the area from 15°.to 24°N lat. and from 55 to 360 m depth.

M. T, MURENA is & B-23 type freezer trawler, with the following spomﬁcauons

Length overall (m) _ 69.34
Breadth{m) . 11.00
Moulded draft(m) . 5.05
Horse power of main engine 1620
Speed in knots 13.50
Gross tonnage (BRT) 1005
Puil of winch (tons) 12
Freezing capacity (tons/day) 12
Fish meal production capacity (tons/day) 2
Fish storage capacity (m?) 600
Cold storage temperature —27°C
Fish meal storage capacity (m®) _ 46
Tee production per day (ton) 5
Fuel capacity (m®) 3603
Fresh water capacity (m?) 60
Fresh water production per day (tons) S
Endurance {days) 50
-Crew capacity (persons) “
‘Output of generators (KW) 665

Jce storage capacity (m3) 8.6 at —6°C

ii
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The survey programme was implemented in 1977, with the Exploratory Fisheries Project as the
co-ordinating organization and with the additional pamclpauon of other national research institutions such
as NPOL, CIFE and CMFRI.

The CMFRI was entrusted with the work, in addition to that of participation in the cruises, of collecting
the biological data on the resources and assessing the stocks available for exploitation. However, some
deviations from the original programme, effected during the implementation, made the data not quite adequate
for a proper stock assessment study of individual resources. The study, nevertheless, has given us an idea
of the total resources that are available for exploitation in these waters. It is necessary that this is followed
up by more fishing surveys in the areas marked out as major grounds in this report. There is no doubt that
the M. T. MURENA survey and the significant results reported here form the first major step in the country’s
attempts in the utilization of its oceanic resources.

The staff of this Institute not only participated in all the six cruises of MURENA, but also did considerable
follow-up work on the analyses and study of samples, additionally collected on board, regarding length-
frequency, maturation, age and food of fishes as also environmental factors like temperature, salinity and
dissolved oxygen and plankton. In a study of such magnitude, 2 number of scientists of the Institute, from
the HQ as well as outstations, worked in close co-operation, and the staff of the Bombay Research Centre
played a special role in the collection and upkeep of the samples and in the analysis of the data. The names

~ of individuals who had particular roles in the study and in the preparation of this report are given separately

elsewhere.

It is a matter of gratification that this Institute could play its role in this major venture of the country’s
extending its reach to the horizons offshore and I would like to thank the Government of India, Ministry of
Agriculture and Irrigation and the Indian Council of Agricultural Research for affording the Institute this
opportunity. The co-operation extended by the Masters and Crew of MURENA and by our sister-organizations
is gratefully acknowledged.

This report would, I trust, be of use to the research worker as well as the fishing trade and industry and
would also be of assistance in our future planning for the development and management of the fishery re--
sources of our Exclusive Economic Zone.

E, G, Smas
Director
Central Marme Fisheries Research Institute-
Cochin



The 69.34 m Polish fishing vessel, M.T. Murena



FISHERY RESOURCES OF THE EXCLUSIVE ECONOMIC ZONE OF THE NORTHWEST

COAST OF INDIA

Biological follow-up studies on resources
based on cruises of M.T. MURENA

PARTICIPATION IN THE CRUISES
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. Mr. C. Muthiah—as Participant (22.7.77—22.8.77)
Cruise V Dr. B. Krishnamoorthi—as Cruise Leader (7.9.77—14.10.77)
Cruise VI Dr. M. V. Pai—as Participant (28.10:77——-14.12.77) L

ANALYSIS OF SAMPLES AND DATA AND ORGANIZATION -OF INSTITUTE'S PARTICIPATION
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Regunathan, A
Rengarajan, K.
Somavanshi, V. S.
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over-all charge of the Institute’s partlclpatlon in survey

. analysis of plankton samples.

analysis of catch data ; identification of fishes.

analysis of zooplankton.

analysis of zooplankton.

analysis of zooplankton.

analysis of catch data ; identification of fishes.

analysis of catch data ; procurement of stores -'xmloadjng & storage of samples.

analysis of catch data. .

study of scales and otoliths ; length-frequency.

identification of fishes ; procurement of stores,

estimation of resources.

identification of fishes ; unloading and storage of samples.

estimation of resources ; unloading and storage of samples.

analysis of zooplankton.

study of maturation and spawning ; identification of ﬁshes un.loadmg and storage
of samples ; collection and maintenance 6f data.

identification of fishes.

analysis of zooplankton,

analysis of zooplankton.

analysis of plankton samples ; food and feedmg habits.

analysis of zoopplankton.

analysis of zcoplankton,

analysis of hydrographic data.

analysis of zooplankton.

analysis of zooplankton.

identification of fishes.

analysis of zooplankton.
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- INTRODUCTION

For well over two decades now, trawling operations,
‘both exploratory and commercial, have been going on
along the north-western region, off the Goa, Maha-
rashtra and Gujarat coasts (15°24°N). A historical
restme of trawiing in India has been given by Jayaraman
et al. (1959) in their account of the demersal fishery
tesources of the shelf waters of this area, for the period
1950 to 1955. Similar accounts on the distribution
patterns of major exploited fisheries for 1961-1967 and
1968-1970, have been given by Rao (1969) and
Rao et al. (1966, 1972) and Nair (1974). Apart from
the above accounts on the fisheries in general, detailed
studies on the pattern of distribution and abundance
of individual species have been reported by Rao (1965—

Pyeudosciaena  diacanthus), Kagwade (1973—Polynemus -

hepradacrylys), Deshmukh (1973—Pomadasys hasta),
Kaikini (1974—Lactarius lactariusy and Kagwade
{1966—prawns), as 2iso (Prabhu and Dhawan, 1974)—

regional! fisheries off Goa. The results of these

studies, based on bottom-trawling operations mostly
in regions less than 80 metres in depth, have given us a
fair knowledge of the demersal resources potential of
this region.

However, in view of the extensive shelf and slope
areas available for exploitation off the N'W coast ;
the need was felt to survey and study the demersal as
well as pelagic fishery resources of areas not covered
so far. The trawler M.7. MURENA was, therefore, com-
missioned by theGovernment of India under contract with
the Government of Poland to conduct a year-long survey
with six cruises or coverages that could make a quick

appraisal of the fisheries potential of the region beyond .

50 metres depth. The results of this survey, from the

Centrai Marine Fisheries Research Institute’s partici-

pation in it, are reported in the present account.
The objectives of the survey included the assessment

of the nature, quality and quantity of commercially

exploited fishes and other living resources in the area
between 15° and 24°N latitude on the north-west
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coast of India, from 55 m (30 fathom) to 360 m (200
fathom) depths. ' '

Implementing a programme of this magnitude in-
volved considerable planning, both at the Governmental
level and at the level of participating institutions. The
Central Marine Fisheries Research Institute was actively
involved in the survey programme along with other
national institutions and worked in close collaboration
with the Polish counterpartson board MURENA.

To ensure proper and uniform recording, all obser-
vations and data were logged on special forms, such as
(@) Demersal and Pelagic catch form ;
(#) Data form for collecting length frequency
information ;
(c) Length frequency data form ;
(d) Age frequency form (See Annexures A to F
for the prescribed proformae).

These served as original written records for all basic
data, haul by haul.

The trawler MURENA made six coverages,- from
January to December 1977, according to the survey
programme.

The Exploratory Fisheries Project, as a co-ordinating
body representing the Government of India, has brought
out preliminary reports highlighting the results of each
coverage (Dwivedi et @l., 1977a, b, ¢ ; Swaminath e? al,,
1977 a, b ; 1978). The present report is a comprehen-
sive account based on the data collected during all the
six coverages, highlighting the resource potential, its
distribution in fime and space, together with an account
of the nature of the ground and hydrobiological condi-
tions of the region and seasons covered, The resource-
complex within the 55 m line and outside, based on
earlier work and present data, has been discussed. It
is hoped that all this information would be of help to
private entrepreneurs, Governmental agencies and
financial institutions.



I

PLAN OF THE SURVEY

_ The region of the continental shelf and beyond from
15° to 24°N lat. and from the 55 m depth to 360 m
depth was the ground surveyed during the year.
As envisaged in the Agreement between the Govts, of
India and Poland, the survey programme consisted of
three coverages for bottom fish survey and three for
pelagic fish survey. A basic grid of 10 zones, each
divided into 3 strata, was adopted (Fig. 1) for the cruise
tracks, with enough flexibility as regards the number of

hauls in each stratum for a practical implementation.
of the survey. Two types of gear, the bottom trawl

and the midwater trawl, were used for the survey.
The trawling stations (Fig. 2-7) in each stratum were
decided by acoustic survey and stratified random
sampling. The trawling speed was 3.5-4.5 knots. Thus
MURENA made 247 hauls during the bottom fish cover-
age, and 542 hauls in the pelagic fish surveys
(Tables 1, 2)

| zones 1-x
Y saata 1-30
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Fig. 1. The ground surveyed showing the basic grid of 10

zones and 30 strata.
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Taeie 1. Distriburion of effort (number of houls and fishing hours) in the ten zones and three depth-ranges duving bottom trawling.

Depth range '55-90 metres 91-125 metres 126-360 metres
Strata 1,4,7,10,13,16,19,22,25,28 2,5,8,11,14,17,20,23,26,29 - 3,6,9,12,15,18,21,24,27,30
Zone No.ofhauls Fishingeffort No.ofhauls Fishingeffort No.of hauls  Fishing effort
I : 12 19.78 9 15.50 9 13.50
I 15 2422 9 1509 5 1.50
m 12 18.83 16 26,01 4 as
v , 18 31.49 10 16.08 3 428
v 20 25,58 2 2.67 3 475
Vi 17 29.92 5 8.50 4 559
VIt _ : 12 17.53 4 7.41 7 7.34
vHI ' 10 16.58 4 6.50 5 9.41
X 9 ©13.67 6 11.50 3 3,05
X ' 4 6,58 8 12.33 2 1.58
Total 129 214.15 7 121.59 45 61.81

TABLE 2. Distribution of effort(number of hauls andfishing hours)inthe ten zonesand three depth-ranges during pelagic trawling

‘Depth range 55-90 metres 91-125 metres 126-360 metres
Strata 1,4,7,10,13,16,19,22,25,28 2,5.8,11,14,17,20,23,26,29 3,6,9,12,15,18,21,24,27,30
Zones No. of hauls  Fishing effort No. of hauls  Fishing effort  No. of hauls  Fishing effort
o 16 29.73 7 1217 6 10449
mo 16 30.57 6 1017 16 28.99
114 13 20.08 8 14.50 6 1092
v 33 65.79 15 2495 6 10.08
v 64 148.41 11 . 1858 4 7.08
‘ 47 101,60 4 6.42 8 1275
vII 29 69.00 3 525 6 11.41
VIIE 20 41.66 14 25.08 "7 10.67
IX . 15 27.62 11 18.16 21 33.24
X 58 144.35 46 7899 26 4213
Total i 679.31 128 214.27 106 17776
Percentage of Total Hauls/Effort 57.38 63.41 23.06 20,00 19.56 16.59

Total No, of hauls : 542 Total Effort : 1071.37 hrs.
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i

FISHING DATA

The catch and effort data pertaining to the operations
of the demersal hauls and the pelagic hauls have been
separately analysed (Table 4). Though the survey
design provided for alternate and equal coverages for
the - demersal and the pelagic, often circumstances,
particularly engine- trouble, forced curtailment of a
planned cruise’s duration and the unfinished part of the
work was then carried out during the subsequent cruise,
Thus some pelagic fishing was done in all the six
coverages during the year. The catch, effort and catch-
rate values, calculated separately for each gear, cruise
and depth-zone, are indicated in Fig. 8.
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DEeMERSAL FIsHING

Nature of the Ground

Bottom samples were collected by operwng a
Peterson’s grab, after the bottom trawls were made,
during coverages I, III and V. The pature of
bottom was grouped qualitatively into six categories,
viz., silt & clay, mud, sand, coral, rock and gravel,
The resuits of processed data collected during 247 hauls
are presented in Table 3.

The greater part of the area sampled indicated soft
ground comprising sand, mud, silt and clay, ‘ideally
suited for bottom-trawling. The deeper strata of
Zones II, VI, IX and X showed hard bottom, with coral
or rock. The inshore strata of Zones IV and VI and
the middle strata of Zones IV.and V also showedhard
bottom.

Catch . Analysis

During the three coverages using the bottom trawl,
129 hauls were made in the 55-90 m depth range putting
in 214.15 fishing hours, 73 hauls in the 91-125 m range
with 121.59 hours and ‘45 hauls in the 126-360 m range
expending 61.81 hours in fishing.’

Tables 1 and 2 give the details of the fishing effort
spent in each of the strata and zomes. Thus
MURENA made a total of 247 bottom-tyawl haule
during the period of the survey and landed 73,073 kg
for an effort of 397.55 hrs, giving an average catch-rate
of 184 kg/hr. (Table 5). Of the 3 depth-ranges the highest
catch of 43, 207 kg, with a catch-rate of 202 kg/hr, came
from the depth-range 55-90 m, The depth rangé 91-125m
vielded 22,159 kg, at the rate of 182 kg/hr, whereas the
depth-range 126-360 m gave 7,707 kg, with a caich-rate

of 125 kg/hr. Demersal fishing during the January-
February (Cruise I) coverage yielded a catch-rate of
269.05 kg/hr in the 55-90 m area. The rates dcclmed
in the deeper regions. During April-May (Cruise 1IT)
the pattern was different, the higher catch-rates: (305.5
kg/hr) coming from 91-125 m region, followed by
126360 m areas. During the September-October
coverage (Cruise V) the pattern was similar to that of

5
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Table = 4 : Sopcise=wise end decth=uies total ostoh mnd cabiheratws by bottom and Pylegie travling cosrstlons.

§0TYOR TRAULING

BELAGIC TRAVLING SoT70m TAuLING

Deoth in Metres 533N GRriFL 1:E-380  Yotel Cwtch Var A I P L T T > r
Aujnr Fish Grovos {E;ﬁi ?Em f.teh (T can Catgh Cateh CEtuh C_ll.eh oan -

Sharks 1554 583 131 2267 3.10 21601 2604 1141 W3AE_ K.A8 27613 S.e8
(7.25) (a9 (o) (8. (3t.08)  (12.18) (£.42) (20,68}

Asrn 2678 409 02 3669 - KOS . 9012 A68 112 A9l 1,70 t3M 2,82
{(12,51) ($.88) (3,19 {5.28) (13,27}, (3, 70) (0.63) {8.46) ’

Skaten 1541 160 309 2604 3,56 664 - - 564 0.0 3265 0.5
(7.20) (6,28} (4,087 (8,54) (0.98) (0.62)

Saooragax falshangldes 1368 - - 1358 1,87 13890 ! 16 13737 19 15106 1,00
(6.39) {1.44) (20,18)  {0.14) (0.090) (12.82) '

Gt Fiah 1265 1427 130 S8z T.87 14454 n 13 14858 1.4% 20874 a1
{15.25)  (19.36) {z.10) {14,54) {21,200 {1,768} (0,12) (13.87)

Tlupeids 1284 9 F¥ ) S 1.80 E1x 0] 42 L1 v o890 5593 1.03
{5,00} {0.07) (c,38) 23.311 (5,64} (0.20) lo.0m) (3.62) !
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TABLE 14. Spechs-wise and strera-wise catch, wifort and catch.sate during crulsa ¥ (Figur;'. in parenthesis indicate catch rates ) .
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TASLE -1 Strata-wise and cruise-wise orcumence of The different specles{fumber indlcates the cruise number)
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Theyssa dussumier] 1,2 . =R > P ] | 15T ]
Thryssa mystax 5 ba65 ] - ’ I 'i | l— '[ ‘:__'._] s
. > . ; + 1.2.4 |
s i i . A S N }
Chimcentrus dwrab 2,8 j 1,2,3 3,61 3 3,46 2346 12I4E 1,236 1 2,3 P IR 23,580 1.5
Chimermrus mudis 1 N 4 4 | | ! T lea 2 1
. Peltons ditchels {4 ' ' 2.5 ! [ et !
Swrida grachis o 5 1 4 L l : Il 1 ]

- CMFRI BEmAETEN 33



TABLE £6 (Contd)

STRATA 1 2 3 4 3 7 ] 9 12 " 12 13 14 15 16 17 e |19 20 |21 22 1 23 | 24 | 2% (& |27 |28 | 28
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Sphyracna piouda 3 o dy
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Polynemys sextarius - 1 ) 1 4
Poiynmmus indicus 3 3 3 3 234 t3 4 3 3 3 2
Polynemus plebefus 3 3 3 3 3 3
Epinephelys areolatus ™y
Epingheius diacanthes EY 3 5 1,3 t.3 1,3 & 1,8 2 2 3.5 1,3 5 5 1.5 | 2.4
Epmephelus Tuscogultitus 3 3 3 : R 3
Epmephalus bieskeri i . 2
Epinephels fasclatus ) 1 t 1 t 1 1 1 1,2 1 1.5 i 5 1 1 5 5 1 .5 |0 1 1.5
Ep Inephelus malabaricus - t : 5
Promktrops ianceolatus 1
" Serrams gramicus 1 1 3 1,3 | 4,3 3 1
Serranus corrallcols ) 1 L 1

UISELDRY RESCUIRCES




TABLE 15 (Contd.)

STRATA : ! 2yl el s el ot b bs fgaclas iz e {19 20 |2t [22 | 23 | 24| 25 | 26 | 27 | 28 ’729 30

Theragan theraps 1 1 3 P . — -

.} Thiragon jarbua 2 12,61 2 | 24 2 _ 5 & |- )

Covkecius boops 2 5 1 3 [ 1,5 1. g | 1 1 . ) 1 5

P riacacthus crueatatus . B -

Priacanthys hamrer ) \ TR " lItalas! & 5.6 6 | & ] L4 | 6 3 13 3 1 3 T3 56 1 &

Priacanthus tayenus : 6 . i L

Acanthocepela limbata o 1 - . 5
Apogon Aureus 3 ’ . . ) -
Apogon taeniatus ; : AR B 5.6 i —
Apogon quadrifasciatus - ) 4,9 . ' P4
Synagrops japonisus i . - 4 - : ) & ]

Acrupoma japonicys . = I 2,6 4 1 4
Lactaris tactaries 338 5 |2 1 1 I EE 2 [ e | - N E 1,2,3 12,31 1 12348 1 1
Howella sherbornl 1 2 : o . . - . ) . o ] . _ n
Alectis indious ] 1 6 1 1 . 1,2 . 4 ] g . r

Atropus atropys 4 2,4 . 1 3 2,.5| 4 4 4 4

1

4.
1,2 1

2

Carangoldes cheysophrys : ! ¥ 1 1 14 t 2

Alepes djedata 1 : I L
Caangoides matabarfcus 1,3, 1 e j1,3 5 . & | 1,6 B L&

Carangoides oblongus . : 3 . )

Ll
-l
¢
|

1,3 1 1,2 1. 11,34 6 | 1

Caranx caramgus - : - . _ . ; -

Carangoides ferday 3 ) 2 : i " - .
el - ) B

Caranx f 3 - T - 1 1.3

: 3 . . - .
Caranx sansan | _ —t— - . 1.4

Carany sexfasciztus . _ - - 3 3 ]
Caranw stelfatus ) B d 3 -

Selaroides leptolepis . ) : -

. [} 2,086 2
.| Scemberaides Lysan & 2 2 1 1 3 2.3 2 2,6 R 23456 24.6 3.6 : " = I
Scomberoides tala Sl 1 4 t e - ! 1 .

Scamberoides toi 4 . %.56| 6 2,6 6 2,3 @46 2 2 2,6 1,6

4 kY]
' Decaptorus russelif & . 23 5 1,3 14,3 2;3 2, ) & 2.4,6 2-55 1294 2 13,6 1,2’3 i1, 1,2,5'6 T;"‘] t’-j . 2,3,.{,,5 1,2,360 1,2

Megalaspit cordyla f 2,346 B EE 4,6 3.2 o 1234 s

Selar o 6 phtial 6 . 1 — - -1
: Selar kalla . 2 - p
Alepes mate ; 1 3 5 5 5 3,5,6f 3 5,6 [ 1,5 1,5 1

L& ) 2,6 5

Sear malam & : 4
Elogatis bipinnulata t
Sericla benariensis i [ ] L y ;

Trachinotus Bocki : 5 I P
Trachinttus ovatys . |- - _ .

- - = . 2
Serioliea nigrofasciata 3 3 3 3 3 1 1.6 3.6 &
Rachycentron canadus  §1.6 | 3,6 | 6 (3.8 [1,3.6 3.6 3 6 |23 hesl 2 112,461,234 1138 L3 ; ] 1 :
Trachores trachums  § 1 1 v2 | o 1 t 1 ‘2 . 1 -
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. TAME 16 (Contd}

STRATA

12

13 14 15

16 | 17

20

21

23

24

25

26

7

29

29

30

Mene maculata

26

2,34

2,4

2,6

1,246

4,6

2,3.4

Coryphaens hippurus

1,248 1

Emmelichtiys  nitidus

.bﬁmsw

12,5

TP ——

L 1,3

234

Lutianus lubismu

12

"2

Lutianus malabaricus

Lutianus shnguineus

Lutlams waighens)

Pristlp typus

Caeslo catrolaureud

Nemipterus' bleeher]

Nemipterus furcosus

Memipterus japonicus

12,34

1.3.5

1,3,5

1,3

123,5

12,5

1,3.5

2.4.6; 1

Garza mintta

23

Lejognatives bindus

1,2,4
1,4

Lefognathus spendess

Secutor Taskdator

2,46

2.4

2,4,6

Pomadasys hasta

1,2,6

1,2

1,2.3

1,2,3,6

1,236

Pomadasys

datus |-

45

Atrobucca albe

Pretanitiea diacantes

2.5

234.5)

3,5

2.3

5,6

Jowniue dussomier]

Ab

Johnius gsseus

-1

Johnieope sine .

Johrius macul atus

Johnius hololepidate

Otolithus argeatess

f24.8

Otot fthoides brunnes

12,6

Otoklthes ruber

36

Lethrings miciodow

Lethrinus

Lethtinug ornatus

Acanthopagrus berdh
A

Acanthopagrus late

Argyrops spinifer

1,3

1,2

5‘6

29,6

2,5

1,2

3,4

Upenrus sulphoreus

1,3

2,3.5

45

Upen sz vittates

2,56

Ephlppus orbis

1,2

Platax teica

Orepane punctata

12,5

1,2.4,6

Ch adtnd

| Cheetodon martesi "




TABLE 16 (Coned )_

STRATA T 2 3 4 5 & 7 8 ] 10 ] 2 13 14 15 [ 18 17. | 8 te | zo | 2t 22 | 23 24 25 | 26 27 | 28 28 30
Uranescasses quttang 3 3 5
Callisspmmus j2 posicud 3
Iﬂau tuberosus ) i . .
Trichbwus leptorue|}23,4,6{12.3.6) 3 1,2.3,6(1,3,4,6/ 12,3 |12,39 1,2.3 [2,4,6 2345623456 1.2.4 12345601258 | 12 1456 1,2 [ 12,5 123,612,3,5 1234560123456 -
e e o oy A 1 120 Jant 5 N 12 i s o i s o o0 LR D PR DR
Auxis thazard | 4 ' 6 46 [ & 4 s |8 4,6 | 4.8 P 3 ;..; 28
Auxls reche R 3 6 4 S 0 s
Katswarms pelants 2 . 2 . ) 1,2 1 1 1 t 4
|euttomaus: alfinis & 4 46 | 4,6 & 4.. . & ¢ 4 1 6 4 1.6 %
| Thumes: zonggel i 6 4 - 4 3 4
[Tunns abacares 4 ) o
Sarda orfentatic : 6 1 6 6 R 2 ] 46 [ 2,4 5,6 2,6 2 T2 6. | 2.4 | 3,4 3 3
J e e 3 2,6 1 4,6 3 2,3,4 2346 < 1,2.35,8 1238 "2 z 248 1 236 el
1,2,6 L,2,6 446 23,46 23,48 l,2,3,«'¢,6| 12,345 W2 aa,68 1,3,4,6| 1,2 8,2,3,4,6 1,2,3,6
- P N Y > ;
4 4 d 4
5 ) 6 s s
%) 2 z 1,2,3 11,2 2,3,45] 234 123455 12,345 1,2 2 34,5 1234812,6 ]
. 3 HETE! 3,6 s | , 6 | 6. 1 s )
1,2,6 12,3,6 J23,8] . |z3ssd RA4E A4S 23,8 1,2,3,6 1 23.61/1,9 11,6 (2348 1,6 | 1
& 5 |345 | 4 o 1 s 6 56 | 3 3 l46 [y25 |56 | 2 2,5 | 1
A s 1 1) . 1
z 5
1,4 4 .
- . ,
_ B
o 1,4 ) 2 !
3 - 4
1,3
4
4 | 4 | 3,5 4 . 1 IR 1
P 1,2 B & 5 f 1 I3 :
1 3 s 1 123,51 3 5,6 2,3 1 e
. &
7 & 1
2
2 1
[Echens i : : 2 2 ! . :
{Echesie - 5,6 [2,4.6 | 2,6 [\2,4.601,3,4.6 .4 4,6 |234.6] 2,6 1356 13456 4,6 1 4.6 |2.4,6 456 4 1,4,6{ 4,6 4,5 6 4 1,4 6 |25 |346]|24,6] 1,6
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STRATA

Alutera monocer os

10

iz

1e

18

19

20

21

23

24

25

26

27

28 29 |- 30}

[Tregmac i
I acoitita ngf

2.6

Cyclichthys echi

-|yctichtiys orblcularis | ©

5.6

Jeantiigas:
) uj:iri : ac,gf;";:r miz

[

m

physus (unaris

216

iHalietes stellats

ntendarius hispidus

Mola mela

1Pertica Filzmentoss

&

Sepla stuleats

1.3

2,5

Sepia esculmnta

Sepiella jnemis

] 26

Joapa_pharacds -

1,4

tolgo duvaucetii

1,4

(1]

Argonauta argo

1.4

2,5

lotele{ala| 11

|Getopus wilgaris

Hip”‘znslﬁast ris

Palaemon styliferus -

Palasrmon tenipes

|sotepocera indica

} &l&ﬁg?n'.m :

Panaeus tndicus

.| Pecasus monodon

_ [Penamis peniclliatus
_&m fslcaty

M|

af finis

N

Me;pe

arage 5

Panpcnmgsial fers

Seylla swrrata

Haptunus pelagicus

Neptunus suguirn[%

| | I

Charybdis caliinassa

-

Charybdis cruciata

Panfiurus polyphages

1,3

Thennes orfentalls

w

2.3

-

Squilla sp. -

Acetes jndicus

»
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lanuary-February, though the values were lower (152.73
kgfhr).

In general , however, the trend indicated that shore-
ward areas had greater abundance of fish during the
winter and post-monsoon months.

The details of the catch and effort from these bottom
trawl operations are presented, for each cruise separately,
in Tables 6, 7 and 8. The higher catch-rates came in
the 55-90 m range from stratum 28 (634.11 kg/hr)
- in January-February, followed by stratum 16 (479.72
kg/hr) also in January-February and 473.74 kg/hr in
September-October. In the 91-125 m range, the higher
catch-rates were 845.7 kg/hr in cruise Il from stratum
23, followed by 818 kg/hr from stratum 20 in the same
cruise. In the next depth-range stratum 24 gave rates
of 752.16 kg/hr in Craise I1I and 316.91 kg/hrin Cruise I,
The areas of abundance for the ground fish resources,
as observed during the demersal fishing, are shown in
Fig. 9 for each demersal cruise.

PeLAGIC FISHING

The pelagic survey was primarily based on acoustic
observations of fish by echo-sounder, Sonar etc. So,
necessarily, the survey grid had to be flexible depending
on the abundance of fish schools. Thus a fotal number
of 542 pelagic hauls was made during the six cruises,
putting in a fishing effort of 1071.34 hr (Table 2).

In the 55-90 m depth-range 311 pelagic hauls were
made with an effort of 679.31 hr. In the next deeper
range, 125 hauls were taken in 214.27 hr and in the next
depth-range 106 hauls were made in 177.76 hr (Table 9).

In the course of the survey, MURENA landed an
estimated catch of 4,30,760 kg of fish by pelagic trawling
~ for a fishing effort of 1071.34 hr., which gave a catch
" rate of 402 kg/br, Details of the catch, catch-rates and
effort are given strata-wise for each cruise separately
in Tables 10 to 15. It may be noticed that, taken for
the vear, 63.49% of the pelagic ftrawling effort was put
in the depth range 55-90m, 20.0%; in 91-125 m and 16.6 %,
in the deeper range of 126-36C m. The catch and
catch-rates obtained in these three depth-ranges were
2,67,680 kg at 394 kg/hr, 1,15,988 kg at 541 kg/hr and
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47,092 kg at 265 kg/hr respectively, indicating that the
middie depth-range was richer in pelagic fish resources.

Very high catch-rates were taken !during February,
March and April (Cruise I1) in the depth ranges 91-125 m
and 126-360 m, viz., 1480 and 1207 kg/hr respectively ;
while in the shallower region, the caich-rate was 489
kg/hr. The pelagic trawling during Cruise I had:
yielded lower catch-rates than during Cruise II, the catch-
rates obtained in 91-125 m range being the best, In
Cruise III (April-Tune) which was primarily meant for
bottom trawling the depth-range 55-90 m yielded
84,931 kg of fish for an effort of 13532 he, with
a catch-rate of 628 kg/hr. During the period, the
pattern of distribution of catch rates indicated declining
trends with increase in depth range. In Cruise IV
(June-August) which was exclusively for pelagic
trawling, the catch-rates at all depths were yery low
and varied between 5 and 142 kg/hr. The catches and
caich-rates in Cruise V (September-October) were very
poor ; the catch-rates varied between 4 and 43 kg/hr.
the pattern of distribution remaining the same. For
Cruise VI, devoted for pelagic trawling, the best
yield of 64,455 kg was obtained from 55-90 m range for
an effort of 159.34 hr and a catch-rate of 405 kg/hr.
Thus, the period from November/December to April,
yielded comparatively better catch-rates with maxima
in March for the pelagic resources.

The highest catch-rate of 611 kg/hr came from the
depth range 55-90 m with a total catch of 88,502 kg
from stratum 28. The other sirata, in the order of
abundance, were 13, 19, 16 and 10 and the catch rates
varied between 503,76 and 315.75 kg/hr. In the re-
maining strata the effort, catch and catch-rates were
lower.

The above trends in catch-rates indicate that, in

~ general, the five northern zones gave comparatively

better yield in pelagic resources and of these, the depth-
ranges 55-90 m and 91-125 m off Veraval, Porbunder
and Okha were more productive, particularly during
December-March,. A single  shoaling  ppecies,
Megalaspis cordvla, as would be shown later, was pri-
marily responsible for the very high caich-rates in
March in some of these strata.

The areas of greater abundance for pelagic fish
resources are shown in Fig. 10-12,
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IV

SPECIES COMPOSITION, DISTRIBUTION AND ABUNDANCE OF
- MAJOR GROUPS/SPECIES

* In the catches made by MURENA, 228 species of fish,
24 spp, of crustaceans and 7 spp. of cephalopods were
identified. These were grouped into 29 categories and
the catch-rates were worked out, cruise-wise and strata-
wise, in respect of the following major groups.

Sha.rks
Rays
Skates _
Congresox talabonoides
Catfishes
Clupeids
Scopelids

Pomadasys hasta
Lutianus spp.

- Mene maculata

. Nemipterus japonicus
Serranids
Other perches and perch-hke fiches
Protonibea digcanthus

_ Oolithoides brunneus

- Lesser sciaenids

- Polynemids

Tricklurus spp.
Megalaspis cordyla
Carangoides chrysophrys
Other carangids
Pampus argenteus
Apolectus niger

" Scombroids
Tunnies

" Flat fishes
Other fishes
Crustaceans
Cephalopods

Sharks

- Sharks formed an important component of the catch
by both bottom and pelagic trawling. They accounted
for 27,613 kg, forming 5.489% of the total catch. The
species of sharks that contributed to the catch were :

Stegostoma faciatum (Seba)
Carcharias hemiodon Muller and Henle
Myrmillo manazo (Bleeker)
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Seoliodon palasoorah (Cuvier)
Scoliodon sorrakowah (Cuvier)
Scoliodon walbeehmi (Bleeker)
Carcharinus macloti (Muller and Henle)
Eulamia spallanzani (Le Sueur)

- Eusphyrna blochii Springer
Galeocerdo cyvieri (Le Sueur)
Eulamia melanoptera Quoy and Gaimard
Alopias vulpinus (Bonnaterre)

The total catch of sharks in bottom-trawling worked
out to 2,267 kg, with a catch-rate of 5.7 kg, and formed
3.1%, of total demersal catch. The catch rates in the
three depth zones were 7.25, 4.79 and 2.14 kg/hr respec-
tively (Table 3). The maximum landing of 1,552 kg
came fron} the shallower depth range of 5590 m,

The shark catches and rates coverage-wise, are given
in Tables 6-8. During Cruise I (January-February)
the highest yield of 832 kg, with a catch-rate of 8.52 kg,
was obtained from the depth range 55-90 m, with a
declining trend in the subsequent depth-strata. A
simijlar pattern was noticed in Cruises III and V. The
highest catch-rate of 32.9 kg/hr for sharks came from
stratum 26, followed by 31.5 kg/hr from stratum 28
during January-February.

The shark catch in pelagic trawling was estimated
at 25,346 kg with a catch-rate of 23.66 kg/hr and formed
5.889. The catch-rates indicated a declining trend from
55-90 m depth-range to seaward depths. The catch and
catch-rates in the three depth ranges were 21,601,
2,604, 1,141 kg and 31.80, 12.15, 6.42 kg/hr respectively.
(Table 3). In the depth range 55-90 m the highest
catch-rate of 67.05 kg/hr was obtained in Cruise I.
The catch-rates in Cruises II, VI and III were 45.10,
36.57 and 29.07 kg/hr. Good catches and catch-rates
were obtained in Cruises I and II (January-April) from
the depth-range 91-125 m. The catch-rates in the next
depth range were comparatively low.

Strata-wise, the highest catch-rates were 232.97
kg/hr from stratum 28 and 95.42 kg/hr from stratum
29 during January-February.



November-May could be identified as good months

for sharks. Some of the good grounds for sharks are
shown in Fig. 13.

 BOMBAY
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Fig. 13, Shark fishing grounds.

Rays

The rays, which were estimated at 13, 181 kg, formed
2.62% in the total landings of MURENA, They were
caught more frequently in pelaglc trawl than in bottom
trawl. The following six species were reoorded during
the year :

Amphotistius zugei (Muller and Henle)
Gymnura micrura (Bloch and Schnelder)
Aetobatus narinari (Euphrasen)

Aetomylaeus nieuhofil (Bloch and Schneider)
Narcine timlei (Bloch and Schneider)
Mobula diabolus (Shaw)

The caich of rays in bottom trawling accounted
for 3,689 kg giving a catch-rate of 9.28 kg/hr. Theit
percentage in the bottom trawl catch was 35.05, slightly
more than that of sharks. The catch rates between the
three depth-zones showed marked varjation, 12.51 kg in
5§5-90, 6,65 kg in 91-125 and 3.27 kg in 126-360 metres,
The declining trend with increasing depth noticed in
shark catches was seen in respect of rays also.

The ocourrence of rays in the bottom trawl is shown
in Tables 6 to 8 along with their catch-rates. The
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. December to April-May.

best catch of 2,493 kg, with a catch-rate of 25.25 kg,
was taken from the depth-range 55-90 m in Cruise L
This declined to & very low level in the 91-125 m range.
In Cruise III, during April-May, the 91-125 m depth-

range yielded the maximum catch of 667 kg w1th a

catch-rate of 15.97 kgthr.

Stratum 22 gave the lughest catch rate 66.67 kg/]u'
followed by stratum 25 giving 54.0 kg{hr dunng January-

. February.,

The total catch of rays by pelagic trawl was.-esl:imaﬁed
at 9,491 kg, with a catch rate of 8.86 kg/hr, and formed
2.2% of the pelagic trawl catch. Out of this total,
9,012 kg, at the rate of 13.27 kg/hr, were obtained from

~ the depth-range of 55-90 m. The catch rates varied

between 0.63 and 1.78 kg/hr in the other two depth-
ranges. '

The highest catch rate of 4024 kg/hr with a catch
of 1,010 kg was recorded from 55-90 m depth range
during Janvary-February, In Cruise I (February-

'March) and Cruise HI (April-May) from the same depth

range catches of 1,912 and 1,372 kg of rays were made
at the rates of 10.45 and 10.14 kg/hr respectively. In
Cruise IV the catch rates were low but showed some
improvement during Cruise V when the catch rate was
31.67 kg/hr. Thus, practically the entire catch of rays
was obtained from the depth-range 55-90 m. The
catches and catch rates in the other two depth-ranges
91-125 and 126-360 metres Wwere insignificant. -

Strata-wise, the highest catch rate of 133.33 kg/hr
came from stratum 13 during September-October and
77.59 kg/hr from stratum 19 in November-December.

The season for rays appears to extend from November-
_ A decreasing trend in abun-
dance from shallower (55-90 m) to the deeper areas was
evident from the present survey. The ray fishing

-grounds are shown in Fig. 14,

Skates
Skates contributed 3,265 kg forming 0.65%, of the

: catch The cawh mainly compnsed three - specles

- Pristis cuxpidatu! (Latham), . _ -
Rhynchobatus djiddensis (Forskal)
Rhinobatus granulatus Cuvier

A total quantity of 2,601 kg of skates with a catch

rate of 6.54 kg was caught by bottom trawl, whxch
formed 3.56%, of the total catch, The catch rates in
. the three depth-zones were 7.20, 6.25 and 4.85 kg/hr and
indicated the same declining trend towards greater
depth, as seen in other clasmobranchs, -
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The highest catch rates came during Cruise I (January-
February), 107.47 kg/hr from stratum 25 and 73.53
kg/he from strafum 24.

For the bottom trawl, the better grounds seem to be
strata 25 and 10 in the 55-90 m areas, and strata 5 and
24 in the deepor areas.

237
22
. VERAVAL
2 y
)
is' a v LR v}
o AP
L BOWOAY
(A
) -,_."' W Q
18 , s \
& TN
4 RAY  FISHING % -
| crounps - T TeE Y
17 ) R
{ Cateh rate: hg/hr) Ll . l
TSNy g e
W6E - -12sM J 2320 o S
-asoM ) R AN
e SR
- i L L . . Ty
67 68° 89" 70* n* . .

Fig. 14. Ray fishing grounds.

The catch of skates by pelagic trawl was negligible
with 664 kg givingajcatch rate of 0.62 kg/br and forming
0.15% of the total catch, all from the shallow depth
range 55-50 m. Of this 434 kg was taken in the last
cruise at a catch rate of 2.72 kg/hr. Strata 19 and 25
gave catch rates of 5.12 and 2.53 kg/hr respectively.

Catch rates of 24.36 kg/hr from stratum 19 during
November-December and 18.28 kg/hr from stratum
25 during April-May were the highest values obtained
for skates.

Congresox talabonoides (Bleeker)

C. talabonoides, popularly known in Bombay as
‘Wam’, grows to more than & metre in length and is an
economically important species, During the six ctuises
of MURENA 15,105 kg of this species were landed, form-
ing 3% of the total catch.
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A total quantity of 1,368 kg was landed by bottom
trawling, with a catch rate of 3.44 kg, forming 1.87%
of the catch. Of this 1,362 kg were taken in Cruise I
during January-February with a catch rate 13.95 kg/hr
from the depth zome 55-90 m. The remaining 6 kg
were -also taken from the same depth range in Cruise
1II. The species was not caught at all during Cruise V.

The higher catch rates of 44.59 kg/h from stratum
13, and 1337 kg/hr from stratum 10 were obtained
during January-February.

The greater part of * Wam’ landed by MURENA,
13,737 kg, was caught in pelagic trawls, at a catch rate
of 12.82 kg/hr and forming 3.19% of the demersal
landings. The 55-90 m depth range was the most
productive area from which 13,690 kg were landed at
a catch rate of 20.15 kg/hr in 679.31 he of fishing. The
other two depth-ranges gave a negligible catch of 47 kg
with low catch rates. The bulk of the catch was re-
corded during Cruises I1 and III from-February to
May. The catches were 5,459 kg and 6,340 kg with
‘catch rates of 29.83 and 46.85 kg/hr respectively,

E Stratum 13 gave the highest catch rate of 140.22 kg/hr
in April-May, followed by 117.97 kg/hr from the same
stratum in February-April.

1 Steatum 13 appears to be the most productive area
for “Wam’, as good catch rates were recorded for both
bottom and pelagic trawling. The better fishing
grounds for eel are shown in Fig. 13. According to
Jayaraman et al. {1959), Kagwade (1969), Rao et al.
(1972) and Nair (1974) the concentration of ‘Wam’
was confined to 20-30 fathom range, with increasing
abundance from Bombay to Cambay. The catch rates,
according to them, varied between 50 and 350 kg/hr in
bottom trawling. Strata 13 4nd 16 from where good
catches were obtained in the present study, are in the
55.00 m depth range on the seaward side of the rich
grounds observed by the earlier workers,

Catfish
Caifishes formed an important component in the

catches from offshore waters. The total catch landed
was estimated at 20,678 kg and accounted for 4.10%.
The major part of the catch was contributed by eight
species. :

Tachysurus dussumieri (Valenciennes)

Ariug lelotetocephalus Bleeker

Tachysurus maculatus (Thunberg)

Arius polystaphylodon Bleeker

Tachysurus thalassinus (Ruppell)

Tuachysurus venosus (Valenciennios)

Osteogentosus militaris (Linnaeus)

Plotosus anguillaris (Bloch)

FISHERY RESOURCES



Catfishes accounted for nearly 89, of the ground
fish catch. A total of 5822 kg was landed by this
gear, at a catch rate of 14.64 kg/hr.  From the 53-50 m
range 3,265 kg were landed, at the catch rate 15.25 kg/hr
and from the next depth range 2,427 kg, at a catch rate
of 19.96 kg/hr. In the deeper range, the catches were
insignificant,
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During the first cruise “jn January-Febrvary the

middle depth-range yielded more than the 55-90 m range,
the catch rates being 37.63 and 27.01 kg/hr respectively.
A similar trend was observed during Cruise II also,
though the catch rates were 1245 and 5.35 kg/fr
respectively, indicating lower abundance during the
period compared to January-February. In Cruise V
the catch of 510 kg, at the rate of 5.36 kg/hr, was ex-
clusively from the 55-90 m range. While the highest
yield of 2,636 kg was recorded during January-February
from the 55-90 m the maximum catch rate was obtained
from 91-125 m zone.

“The higher catch rates of 214.59 kg/hr came from

stratum 7 and 159.72 kg/hr from stratum 2 during -

January-February.

The catfishes landed by pelagic trawl were estimated
at 14,856 kg, with a catch rate of 13.87 kg/hr and formed
3.459% of the pelagic catch. As'in the case of eel, the
55.90 m range proved the most productive, as 14,456 kg
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were landed in 679.31 hr of trawling from this arens, at
a catch rate of 21,28 kg/hr. The other two depth-
ranges together contributed only 400 kg with catch
rates of 1,76 and 0.12 kg/hr,

The best catch rate of 35,70 kg/hr with a catch of
6,533 kg in 183 hr was recorded during February-April
from the 55-90 m area. The next best value of 4,736 kg
in 159.34 hr with a caich rate of 29.72 kg/hr was ob-
tained in October-December from the same depths in
Cruise VI. Cruise 1II during April-May gave a catch
rate of 18.00 kg/hr. The depth range 91-125 m gave a
retarn of 4,98 kg/hr during Cruise I It was significant
that the catfish were totally absent during September-
October in spite of the 100 hours of fishing effort evenly
distributed in the three depth ranges.

Stratum-1 gave the highest catch rate of 681.22 kg/hr
during February-April and stratum 13 gave 105.90
kg/hr during November-December,

The catfish grounds are marked in Fig. 16.
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Fig. 16, Cat-fish fishing grounds.

Clupelds
Thirteen species of clupeids, listed below according
to their importance in the catch, contributed to the
landings by MURENA during her six cruises, The catch
was estimated at 5,193 kg and formed 1.037,.
Megalops cyprinoides (Broussonet)
Euplatygaster indica (Swainson)
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Hisha elongata (Bennett)
liisha filigera (Valenciennes)
Tenualosa sinensis (Linnaeus)
Dussumieria hasseltii Bleeker
Spratelloides japonicus (Houttuyn)
Stolephorus commersonii Lacepede
Coilla dussumieri (Cuvier and Valenciennes)
Thryssa dussumieri (Valenciennes)
Thryssa mystax (Schneider)
Chirocentrus dorab (Forskal)

,. . Chirocentrus nudus Swainson

The clupeids formed 1.8 per cent of the bottom trawl
catch. They accounted for 1,315 kg with a catch rate
3.31 kgfhr,
the depth rangs 55-90 m at a catch rate of 6.0 kg/hr.

- Of the above 13 species nearly 759, of the catch was
contributed by Hlisha spp. and Chirocentrus spp. Nearly
85 per cent of the catch was recorded during Cruise [
in the depth zone 55-90 m with a catch rate of 12.74
kg/hr. ‘The catch was insignificant in the other cruises
as well as in other depth ranges. Stratum 16 gave the
maximum catch of 824 kg with a catch rate of 27.54
kg/hr, followed by stratum 1 with a catch rate of
10.08 kg/hr.

Strata-wise, the highest catch rate 45.1 kg/hr came
from stratum 16, the next 22.31 kg/hr from stratum 1
during January-February.

The clupeid catch in the pelagic trawls was estimated
at 3,878 kg with a catch rate of 3.62 kg/hr and formed
0.90%. Most of the catch came from the shallower
depth range of 55-90 m. In this depth range 3,830 kg
were caught with a catch rate 5,64 kg/hr for an effort of
679.31 hr. In the next depth range 42 kg were recorded,
followed by a meagre 6 kg in the 126-360 m area.

In the 55-90 m range the catches and catch rates ob-
tained were 173 kg (6.89 kg/hr), 911 kg (4.98 kg/hr),
1,764 kg (13.03 kg/hr) and 901 kg (5.65 kg/hr) in Cruises
I, I, I1I and VI respectively. In Cruise IV the catch
was a meagre 80 kg and virtually nil in Cruise V. The
catch and catch rates in the other two depth-ranges
were not significant.

The catch rates of 27.66 kg/hr and 27.02 kg/hr from
strata 28 and 16 obtained in April-May were the highest.

The better clupeid fishing areas are shown in Fig. 17.

Scopelids

Scopelids formed a minor group and accounted for
& catch of 1,615 kg forming only 0.32%. Six species,

4Q

Almost the entire catch was taken from

listed below, contributed, S. zumbil being the principal
species accounting for 959 of the soopelld catch.
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Fig. 17. Clupeid fishing grounds.

Saurida gractlis (Quoy and Gaimard)
Saqurida tumbil (Bloch).

Saurida undosquamis (Richardson)
Synodus indicus (Day)

Diaphus splendidus (Brauer) :
Harpodon nehereus (Hamxlton-Buchanan)

Scopelids accounted for a smail percentage (1.75)
in the ground fish catch. Their catch by bottom traw!
was estimated at 1,279 kg with a catch rate of 3.22 kg/hr.
Nearly 80 percent of the catch was recorded from 91-
125 and 126-360 mdepth ranges withcatchrates 5.91 and.
5.69 kg/hr. respectively. . .

The higher catch rate of 53.0 kg/hr came from stratum
17 and the next highest 32.86 kg/hr from stratum 23
in Apnl-May

The scopelid catch by pelaglc trawl was insignificant,
being 336 kg with a catch-rate of 0.31 kg/hr. Of this
333 kg were obtained in the depth range 55-90 m in
Cruises I1I, IV and V1. 'The catch-rates of 4.37 kg/hr
from stratum 13 in November-December and 2.35 kg/hr
from stratum 16 in Apnl-May were the hlghest obtained
for this group,
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- Bottom trawling appeared to be comparatively more
effective for this group. S. rumbil which was the
principal representative of this group was abundant in
the deeper waters in the northern zones.

Pomadasys hasta (Bloch)

P. hasta, popularly known as ¢ Karkara ’, is one of the
economically important species usually taken in trawl
nets. It grows to more than half a mette in length and
fetches & reasonably good price. In the catches of
MURENA the fish made up 4,730 kg and formed 0.947;
of the total catch.

This species accounted for 1,387 kg in bottom traw}
catches, at & catch-rate of 3.49 kg/hr, forming 1.9 per-
cent of the total demersal catch, Almost all the catch
came from the 55-90 m range (catch-rate 6.39 kg/hr),
only 18 kg coming from the 91-125 m range at a catch
rate of 0 15 kg/hr.

Durmg the first cruise (January-February), 1,260 kg
oi‘ this species were landed, of which 1,245 came from
the depth range 55-90 m with a catch rate of 12.76 kg/hr.
In Cruise III it was 91 kg with a catch-rate of 4.23 kg/hr
from the same depths. In Cruise V also, though only
33 kg were taken, they came from the same depth-range
with a catch-rate 0.35 kg/hr. The species thus seems
restricted to the 55-90 m zone and available mainly
during the months January-February. .

The higher catch-rates for this species were 46.74 kg/hr
from stratum 28 and 30.67 kg/hr from stratum 25 in
January-February.

"The catch of P. hasta by pelagic trawl was estimated
at 3,343 kg with a catch-rate of 3.13 kg/hr and formed
0.78%. Most of the catch (3, 206 kg) came from the
5500 m depth range at a rate of 4.7 kg/hr.
90-125 m range yielded 129 kg and the deeper areas,
only 8 kg.

" High yields of 815, 1,056 and 1,009 kg with catch
rates 4.45, 7.80 and 6.33 kg/hr were obtained in Cruises
11, III and VI respectively from 5590 m. In Cruise I,
322 kg (catch-rate of 12.83 kg/hr) were caught from the
same depths. The catch and catch-rates were low in
Cruise IV and nil in Cruise V. In the next depth range,
during Cruise I the highest catch was oaly 80 kg,
followed by 38 kg in Cruise III and 10 kg in Cruise II.
The catch and catch-rates in the 126-360 m depth were
negligible. '

Stratum 16 gave the highest catch-rate of 17.03 kg/hr
in January-February, while stratum 28 gave the
next highest 25.18 kg/hr in April-May,
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Though the quantity of P. hasta caught in pelagic
trawl was more, the catch-rates obtained by the two
gears were more or less the same, Most of the catck
came from strata 28, 25, 16, 22, 13 and 10, all from the
depth range 55-90 m during November-May (Fig. 18).

Barlier observations (Jayaraman et 4., 1959; Rao
et al., 1972 ; Deshmukh, 1973 ; Nair, 1974) have shown
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Fig. 18. . P. hasta fishing grounds.

that this species was abundant in dopths ranging from
20 to 60 metres in the Dwarka and Cutch regions. The
present survey indicates that the distribution extends
to 90 metre depth range, though 1ess abunda.ntly

Lutianus $pp.
Lutianus . spp. form one of the important groups of

_perches commonly available along the north-west

coast. During the present survey a total catch of
3,227 kg was landed by bottom and pelagio trawls,
forming 0.64%, of the total catch, The following six
specles were reoorded

Lutiamu argentimaculam (Forskal)
Lutianus johnt (Bloch)

Lutianus tutianus. (Bloch)

Lutianus malabaricus (Schneider)
Lutianus sanguineus (Cuvier) _
Lutianus wa'gienxis (Quoy and Gaimard) -
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- The catch of Lutianus spp. was estimated at 999 kg
(1.37% of the total) with a catch-rate 2,51 kg/hr during
the bottom trawl survey, The depth-wise distribution
was 323 kg (1.51 kg/hr) in the 55-90 m range, 559
(4,60 kg/hr) in the 91-125 m and 117 (1.89 kg/hr) in the
deeper areas of 126-360 m.

Almost 90% of the catch was taken during January-
Febrvary and April-May., In Cruise I, 131 kg were
taken in the 55-90 m range with a catch rate of 1,34 kg/hr
but the highest catch of 239 kg came from the depth
range 91-125 m at 4.71 kg/hr, while the 126-360 range
gave 117 kg with a catch rate of 3.6 kg/hr. In Cruise
ITI, the catch from 55-90 m was only 99 kg but the
rate was 4.60 kg/hr. The highest catch of 315 kg
(7.54 kg/hr), however, came from 91-125 m depth, while

no catch was recorded from the deepest areas. How- |

ever, in Cruise V 93 kg (0.98 kg/hr) were taken from
55-90 m range whereas only 5 kg was recorded from the
91-125 m rangs. The above catch trends would indi-

cate that this vesource was in greater abundance in the

middle and outer depths during January-February and
in the shallower regions during April-May,

The higher catch rates came in April-May, 32.7 kg/hr,
from stratum 5, followed by 14.29 kg/ht. from stratum 4.

A catch of 2,228 kg with a catch-rate of 2.08 kg/hr.
was obtained by pelagic trawling, It formed 0.52%;
in the total pelagic traw! catch. Almost all the catch
of 2,222 kg, with a catch-rate of 3.27 kg/hr, was obtained
from the shallow waters of 55-90 m. The catch returns
were good in Cruises II, III, IV and VI, with catches
of 646, 628, 437 and 508 kg and catch rates of 3.53,
4,64, 3.03 and 3.19 kg/hr respectively.

Stratum 28 gave the highest catch rate of 16.83 kg/hr
in April-May while stratum 13 gave 10.55 kg/hr in
June-August.

Good catch rates were obtained consistently from the
shalfower depths, though the middle depth range gave
good catches by bottom trawl in January-February.
From the distribution and abundance pattern it would
appear that the lutianids are abundant in the southern
strata of the surveyed region.

Mene maculata (Bloch)

This species was taken exclusively during pelagic
trawling. A total of 655 kg was caught at a rate of
0.61 kg/hr and formed 0.15%.

The yield was good from the shallow waters of
55-90 m, where a catch-rate of 0.92 kg/hr yielded a
total catch of 623 kg. In the other two depth-ranges,
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the catches were poor, accounting for 28 kg in 91-125 m
and 4 kg in deoper waters of 126-360 m. The rates in
these two depths were 0.13 and 0,02 kg/hr respectively.

The bulk of the catch of 580 kg was obtained in the
second cruise from the shailow areas of 55-90 m with
a catch-rate of 3.17 kg/hr. In Cruise IV catches of 40,
13 and 4 kg came from shallow, middle and deeper
waters respectively where the catch-rate varied from
0.10 to 0.28 kg/hr. In the last cruise, from October
to December, the catches were 10 kg from the middle
and 3 kg from the shallow depth ranges.

The higher catch-rates of 72.0 kg/hr and 11.65 kg/hr
came from strata 7 and 13 respeciively during February-
April. .

Nemipterus fjaponicus (Bloch)

A catch of 2,970 kg of this species was landed during
the year, forming 0.59% in the total catch.

A catch of 2,651 kg with a catch-raté of 6.67 kg/hr
was obtained by the bottom trawl, forming 3.63%, of
the demersal catch. The fish was taken in reasonably
good quantities from all the three depth-ranges and the
catch-rates varied between 5.21 and 10.77 kg/hr.

It was taken in about equal quantities in Cruises
and I11 and was less in Cruise V. In Cruise I the
distribution of catch in the three depth ranges was
362 kg (3.71 kg/hr), 540 kg (10.65 kg/hr) and 364 kg
(11.46 kg/hr) respectively, Thus a gradual increase
in the catch-rates with depth was noficed. In Cruise
III (April-May) there was a change in distribution
pattern,  In the 55-90 m range, a catch of 671 kg with
31.2 kg/hr, the highest catch-rate for the species, was
taken. In the middle range the catch-rate declined to
7.90 kg/hr and again showed a substantial increase to
16.98 kg/hr in the depth range 126-360 m. In Cruise V
the catch-rates were of no sigmificance.

The distribution pattern showed generally larger
concentrations of this species in the southern strata,
in all the three depth ranges during Cruises I and II1
survey periods. In strata 1, 7, 4 and 10 of the depth
range 55-90 m, the catch rates were 22,13, 10.52, 9.33
and 5.81 kg/hr respectively. It was caught in small
quantities from strata 16, 22 and 25 and was absent
in 13, 19 and 28. In the next depth range, strata 8
and 26 returned catch rates of 2522 and 10.00 kgfhr.
It was taken in negligible quantities from strata 2, 5
and 11 and was totally absent in 14, 17, 20, 23 and 29,
The highest catch rate of 100 kg/hr came from stratum
3 and the next 68,6 kg/hr from stratum | during April-
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The catch rate for the species during pelagic trawling
was 0.30 kg/hr. A total catch of 319 kg was obtained,
forming 0.07 %/ in the pelagic trawl catch. The concen-
tration of this fish was in 55-90 m depth range, from
which the yield was 302 kg with a catch-rate of
0.44 kg/hr. In the middie and deeper waters the catch
was insignificant.

Compared to other cruises, a better catch of 166 kg.
with 1.04 kg/hr was landed during Cruise VI in
5550 m. Inthe same depth range the catches were 94,
16 and 25 kg with the catch rates of 3,75, 0.09 and 0.18.
kg/hr during Cruises I, II and III respectively. In the
second cruise, from the deeper waters of 126-360 m,
10 kg were caught with a rate of 0.28 kg/hr. .

The returns were comparatively good in strata 19, I3
and 25 where the catches were 107, 120 and 25 kg
respectively. The catch rates were 1.55,0.81 and 0.91
kg/hr in the same order. ;

The bulk of the catch landed by MURENA came from
bottom trawling. Good catch rates were obtained from
strata 1, 7, 4, 10, 8 and 3 which are all southern strata

Serrantds

During the surveys of the north-west coast, ‘MURENA
caught 2,716 kg of serranids, constituting 0.54% of
the total catch, Six species listed below contributed to
the catch. :

Epinephelus areolatus (Forskal)

Epinephelus fasciatus (Forskal)

Epinephelus malabaricus (Bloch and Schneider)
Epinephelus diacanthus (Cuvier and Valenciennes)
Promicrops lanceolatus (Bloch)

Serranus grammicus Day

Serranids contributed 2,406 kg with a catch-rate of
6.05 kg/hr and formed 3.29% of the total catch by
bottom trawl, The highest yield of 1,616 kg came from
the middle depth range, with a catch-rate 13.29 kg/hr;
the shoreward areas contributing 413 kg (1.93 kg/hr)
and the seaward areas 377 kg (6.10 kg/hr).

Cruises I and III shaved the catch of 2,023 kg equally.
In the two cruises, the middle depth range gave betrer
returns of 1209 and 22.77 kg/hr respectively. In
Cruise ] the depth range 55-90 m gave 151 kg (1.54 kg/hr)
and the 126-360 m range 239 kg (7.52 kg/hr). In
Cruise III the catches from the shoreward depths
were insignificant while the seaward areas gave a return
of 3.79 kg/hr. The catch rates in the three depth
rangesof Cruise V varied between 1,78 and 5,74 kg/hr,
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The highest catch-rate of 88.24 kg/hr came. from
stratum 9, followed by 69.4 kg/hr from stratum 8 during
L\pril-May.

Only 310 kg forming 0.07% in the total catch were
‘caught with a catch-rate of 0.29 kg/hr during the pelagic
trawling. They were taken in almost equal quantities
from the shallow waters of 55-90 m and deeper waters
of 126-360 m. In the former the catch was 192 kg
(0.28 kg/hr) and in the latter 118 kg (0.66 kg/hr).

During Cruises I and I, from January to April, the
fish was available in good abundance in deeper waters
(126-360 m). A higher catch-rate (2.57 kg/hr) was
noted in the second cruise while in the first cruise, catch-
rate was 1.09 kg/hr. In Cruise VI during October-
December, the fish was available only in the shallow
waters 55-90 m. The return from this depth rangewas
186 kg, at 1.17 kg/hr.

Strata-wise the highest catch rates came from stratum

18 with 43.5 kg/hr in February-April and stratum 19
with 9.74 kg/hr in November-December. :

Other perches and perch-like fishes

.. A ftotal catch of 6,814 kg was obtained of other

perches and perch-like fishes. This component formed
1.359 of the total. The species that were caught
under this category were

Pomadasys macularus (Bloch)
Ephippus orbis (Bloch)
- Argyrops spintfer (Forskal)
Drepane punctata (Linnaeus)
Therapon theraps (Cuvier)
Therapon jarbua (Forskal)
Priacanthus hamrur (Forskal)
Priacanthus cruentatus (Lacépide)
Priacanthus tayenus Richardson
Upeneus sulphureus Cuvier
Upeneus vittatus (Forskal)
Spilotichthys pictus (Thunberg)
Uranoscopus guttatus (Cuvier & Valenciennes)
Sphyraena acutipinniz Day
Sphyraena jello Cuvier
Sphyraena langsar Bleeker
Sphyraena obtusata Cuvier
Apogon hyalosoma Day
Apogon aureus (Lacépide)
Apogon guadrifasciatus Cuvier
Lactarius lactarius (Bloch and Schneider)
Leiognathus bindus (Valenciennes) :
Gazza minuta (Bloch)
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" Acanthopagrus berda (Forskal)
Apogon taeniatus Cuvier
Secutor insidiator (Bloch)
Nemipterus bleekeri Day
Nemipterus furcosus (Valenciennes)
Acanthocepola limbata (Curier)
Acropoma japonicum Gunther
Howella sherborni (Norman)
Coryphaena hippurus Linnaeus
Emmelichthys nitidus Richardson
Pristipomoides typus Bleeker
Caesio caerulaureus Lacépede, -

The catch of 2,610 kg by bottom trawl formed 3.57%,
of the total. The average catch-rate worked out to
6.57 kg/hr. The highest catch of 2,193 kg came from
the 55-90 m range, with a catch-rate of 10.24 kg/hr and
the rates declined to 2,71 and 1.41 kg/hr in the deeper

ranges.

The highest catch-rate 90.34 kg/hr came from stratum
25 in September-October followed by 69.47 kg/hr in
stratum 28 in January-February.

Fishing operations
4,204 kg giving a catch-rate of 3.92 kg/hr and accounted
for 0.98% in the catch, Comparatively higher catch
and catch-rates were obtained in the shallow waters and

& declining trend with increasing depth was noticed.
Tn 55-90 m dépth range the catch was 3,482 kg (5.13
kg/hr) which came down to 493 kg (230 kg/hr)
in 91-125 m. In the third depth range of 126-360 m,
229 kg with 1.29 kg/hr were caught. The highest catch-
rate of 9.13 kg was in Cruise III during April-May,

followed by 8.79 kg/hr in Cruise IV from the depth range

of 5590 m. In Cruise I a catch-rate of 7,00 kg/hr was
got in the deeper waters of 126-360 m, though the
catch was only 161 kg.

Stratum 17 gave the highest rate of 220.36 kg/hr in
February-Aptil and the next stratum 28 gave 65.6 kg/hr
in April-May.

The fishes included under this category in general

appear to be more abundant in the depth range 55-90 m.
In Cruises 1T and V, during January-February and
September-October, they were obtained in greater
quant:tles with better catch-rates in bottom trawling,
while in Cruise III (April-May) their catch-rates were
better in pelagic trawling. Good catch rates were
recorded in October-December also by. pelagic trawling,
The principal catch consisted of (i) Leiognathus bindus,
(i) Lactarius lactarius and (iii) Upeneus sulphureus.

The better grounds for this group are shown in

Fig. 19.
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with pelagic trawl vielded,

Protonibea diacanthis (Lacépéde) -

- This is an economically important fish popuylarly
known as ‘ Ghol’. A total caich 8,189 kg of this
species, forming 1.63 %, was obtained by bottom as well
as pclaglc trawling. The species, growmg to over a
metre in length, fetches a good price in the Bombay
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Fig. 19, Pcrch fishing grounds.

During bottom trawling, 1,294 kg of this. species was
caught at a catch rate of 3.25 kg/hr and it formed 1.77%.
Of this 1,213 kg came from the depth range 55-90 m.
Only 81 kg was taken from 126-360 m, and no
‘catch from 91-125 m, In Cruise T the highest catch of
1,164 kg, at 11.92 kg/ht came from the shallow areas of
55.90 m. In Crujs¢ IIT the catch was insignificant.
Cruise V landed 108 kgvnthcmhmtesofotlﬁm
55-90 m and 5.17 kg/hr in 126-360 m.’

Stratum 13 with & rats of 39.7 kg/hr in January-
February and stratum 27 with a rate of 20.98 kg/hr
during September-October provided the highest yield.

A total of 6,895 kg of this species was caught during
pelagic trawl operations. It formed 1.609 of the catch,
with a catch-rate 6.44 kg/hr. Its high concentration
was recorded in the depth range 55-90 m where the catch
was 6,892 kg and yield ‘rate was 10.15 kg/hr. A small
quantity of 3 kg came from 91-125 m depth range. No
atch was obtained beyond 125 m depth. Cruises
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111 and VI landed high catches of 2,323 and 2,997 kg
at 17.17 and 18.81 kg/hr of trawling, respectively. In
the Cruises I, IT and 1V, the catches were 15, I,111and
446 kg respectively with catch rates from 0.60 to 6.07

kgfhr.

Stratum 16 with 77.25 kg/hr in April-May and stratum
13 with 66.23 kg/hr during November-December
gave the best catch rate figures for this species. -

_Barlier studies by Jayaraman et al. (1959), Rao
(1965), Rao et al. (1972) and Nair (1974) have shown
concentration of < Ghol’ upto the 30 m depth contour,
The present results indicate an extended distribution of
the species upto 90 m in strata 13, 16 and 19.

The better fishing grounds of P. diacanthus are shown
in Fig. 20. '
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Fig. 20. P. diacanthus fishing grounds.
Otolitholdes brunneus (Day)

A total of 164 kg of O. brunneus, poptﬂariy known as
‘Koth’, was caught and this formed 0.03% . of the
catch. This is one of the sciaenid species of economic
ijmportance known to -grow to a metre and more in
Bottom trawling vielded only 149 kg, at 0.37 kg/hr,
which was just 0.20% of the total catch. Of this 129 kg
came from the 55-90 m with a catch rate of 0.60 kg/hr

during Ianuary—Februﬁry. o -
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 The highest catch rate of 5.1 kg/hr came from strata
13 and 18 during January-February. -

Only 15 kg of the fish were caught during pelagic
trawling, from 55-90 m, at a catch rate of 0.02 kg/hr.
They were taken from strata .13, 7 and 16, where the
catch rates varied from 0.03 to 0.15 kg/hr.

Earlier reports on the distribution of ‘Koth’ by
Jayaraman et al. (1959), Rao (1969) and Nair (1974),
indicate that good catch rates of O. brummeus in
bottom trawling off Dwarka were obtained mainly
from the depth range 30-60 metres. The survey results
of MURENA, beyond the 55 m line, only confirm the
earlier results. _

Lesser Sclaenids _
Since the inception of trawling in India by mechanised

‘boats, this resource, popularly known as * Dhoma ’,

has been contributing to the extent of 40-507%; of the
trawl .catch. MURENA during its surveys landed a
sizeable quantity of lesser sciaemids, an astimated
11,922 kg by bottom and pelagic trawling, which formed
2.37% of the catch. Six species of lesser sciaenids caught
during the survey are listed below :

Atrobucea nibe (Jordan and Thompson)
Johnius dussumieri (Valenciennes)
Johnius osseus (Day)

Johnieops sina (Cuvier)

Otolithus argenteus Cuvier

Otolithus ruber (Schneider)

Lesser sciaenids formed one of the two major com-
ponents in the bottom traw] catch forming as much as -
10.51%. During trawling operations, a total of 7.680 kg
was canght with a catch rate of 19.32 kg/hr. The
highest catch and catch rate of 7,349 kg and 34.32 kgfhr
respectively were recorded in the depth range of 55-90 m,
In the subsequent depth ranges the catches as well
as the catch rates decreased. .

During the first cruise, the grounds in the 55-90 m
range were highly productive for lesser sciaenids
accounting for the major catch, with & catch rate of
33.34 kg/hr, Catches were almost nil in the second
depth range. In the deeper waters (126-360 m) the catch
rate was 6.23 kg/hr, In Cruise. III, sciaenids were
insignificant. During Cruise V the landings were
better in the shallow waters of 55-90 m with a caich
rate of 42.97 kg/hr, higher than that of the firstcoverage.
The catch and catch rate were lower in deeper waters.

During the period of bottom trawling, stratum 28
gave the higlest catch rate of 385.26 kg/hr in January-
February, followed by 348,48 kg/hr in stratum 13 during

September-October.
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The total catch of ‘ Dhoma’ by pelagic trawl was
estimated at 4,242 kg with a catch rate of 3.96 kg/hr
and formed 0.98 %/ of the catch. Almost all the catch was
obtained from the 55-90 m depth range with a catch
rate of 6.21 kg/hr. Small catches of 2 and 20 kg were
landed from the remsining two depth ranges.

In the depth range 53-90 m the catch and catch rates
obtained were 712 kg (28.37 kg/hr) ; 395 kg (2.16 kg/hr) ;
1,157 kg (8.55 kg/hr) ; 583 kg (3.70 kg/hr) and 1,423 kg
(8.93 kg/hr) during Cruises I, 11, III, IV and VI respec-
tively. No catch was recorded in the other two depth
ranges.

The period January-February gave the highest catch
rates for this group, 52.13 kg/hr from stratum 19 and
35,94 kg/hr from stratum 16,

Nearly 65 %, of the catch of *dhoma’ came from boftom
trawling and the rest from pelagic trawling. Good
catch rates were obtained by bottom trawl in strata 28,
13, 16, 25 and 19 from November to March (Fig. 21).
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Fig. 21, Sciaenid ﬁshing grounds.
~ Polynemids

Five species of polynemids were recorded in the
landings by bottom and pelagic trawl operations. Of

these, two species E. fetradactylum and P. indicus are

of economic importance but their catch was com-

paratively very poor.
buted 2,341 kg and formed 0.46% in the total catch,
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. Tess than 30 fathoms.

The following polynemids contri-

Elevtheronema tetradactylum (Shaw)
Polynemus indicus Shaw

Polynemus heptadactylus Cuvier
Polynemus plebeius Broussonet
Polynemus sextarius Schneider

In bottom trawling, polynemids accounted for a total
catch of 1,450 kg with a catch rate of 3.65 kg/hr and
formed 1.98%. E. tetradactylum and P, indicus
accounted for 40 and 99 kg and the bulk of the catch
of 1,304 kg was of P. heptadactylus. Of the demersal
catches, 1,427 kg were taken from the 55-90 m depth
with a catch rate of 6.66 kg/hr. In the remaining two
depth ranges, only 8 kg and 15 kg were recorded with
catch rates of 0.07 and 0.24 kg/hr respectively.

In Cruise I during January-February the entire catch
of 1,220 kg came from the depth range 55-90 m with a
catch rate of 12,50 kg/hr. In Cruise III in April-May the
catch was insignificant, only 38 kg, more or less evenly
distributed in the three depth ranges. In September-
October, 192 kg were taken with a catch rate of 2.02 kg/hr
from the 55-90 m range.

Stratum 16 giving 45.83 kg/hr and stratum 28 giving
22.11 kg/hr during January-February yielded the highest
catch rates.

Polynemids were scarse in pelagic trawling in spite of
a higher fishing effort. Only 891 kg were landed at a
catch rate of 0.83 kg/hr and they formed a meagre
0.21% of the catch. The entire catch was obtained
from 55-90 m depth range with a low catch rate of
1.31 kg/hr.

The bulk of the catch amounting to 424, 308 and
115 kg with catch rates 2.32, 2.28 and 0.72 kg/hr were
obtained during Cruises II, III and VI respectively.
Cruise I and IV recorded low yields, whereas the fish
were totally absent in Cruise V. The highest catch
rete of 11.7 kg/hr came from stratum 19 in February
April followed by 6.67 kg/hr from stratum 16 in Apnl-
May.

In trawl fishing conducted during earlier years,
P, indicus accounted for 4-5% of the catch when the
fishing was more or less restricted to shallower areas of
According to Jayaraman et al,
(1959) and Nair (1974) this species was taken in quanti-
ties on the landward side of the 20.fathom line.
Kagwade (1970) concluded that the zone of 31-70 m
depth was rich in P. heptadactylus. The present obser-
vations confirm their conclusions by the poor represen-
tation of P. indicus and the concentration of P. hepta-
dactylus in the 55-90 m depth range.
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Trichiurus spp.

Two species, Trichiurus lepturus Linnaeus and T.
savala (Cuvier), came in the catches by bottom as well
as pelagic trawling, the former being more common.
The ribbon fishes are not considered quality fish and were
mostly converted .into fishmeal on board the vessel.
In view of the large quantity landed, the group has
come into prominance in the present survey, During

the six cruises, the total catch was estimated at

1,42,256 kg, next in importance only to Megalaspis
cordyla, and accounted for 28.239%,

The ribbon fishes formed 349 of the catch, the
biggest component contributed by any single group in
bottom trawling. A total of 24,872 kg was landed
with an overall catch rate of 62.56 kg/hr, They were
landed in large quantitites (10,210 and 10,415 kg) from
the depth ranges 55-90 and 91-125metres with catch
rates 47.68 and 85.66 kg/hr respectively. In the last
depth range, 4,247 kg were recorded at a catch rate of
68.71 kg/hr.

Cruise-wise the highest yield of 12,118 kg was taken
in Cruise II1, followed by 7,549 and 5,025 kg in Cruises V
and T respectively. ' In Cruises I and V large quanti-
ties of 3,711 and 6,449 kg were landed from the depth
range 55-90 m with catch rates of 38.03 and 67.83 kg/hr
respectively. In the second depth range more or less
equal quantities were landed with catch rates of 21.45
and 37.72 kg/hr respectively. In the third depth range
of 126-360 m, the caich rate in Cruise T was 12.81 kg/hr
and nil in Cruise V. The pattern of depth-wise distri-
bution during Cruise III in April-May was quite
different. The highest vield of 8,228 kg with a catch
rate of 197.03 kg/hr was obtained from the 91-125 m
range, followed by 3,840 kg with a rate of 217.32 kg/hr
from the 126-360 m range and poor catches from the
shallow areas of 55-90 m.

The strata-wise yield rates were also of interest. In
strata 16 and 10 in the depth range 55-90 m the yields
were 7,422 kg and 1,579 kg with catch rates 248 and
50 kg/hr respectively. The highest catch rate of 783.29
kg/hr came from stratum 20, followed by the next highess
637.9 kg/hr from stratum 24 during April-May.

The catch by pelagic trawling was estimated at
1,17,384 kg and formed 27.25%, with a catch rate
109.57 kg/hr. The bulk of the catch amounting to
1,00,219 kg came from 55-90 m range with a catch rate
of 147.53 kg/hr. The contribution by the other $wo
: depthrangeswm?ﬁ#and!ismkg.withoawhm
35.67 and 53.56 kg/kr.
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In the 55-90 m depth range, the catches and catch
rates were 42,590 kg (314,71 kg/hr), 30,723 kg (167.89
kg/hr) and 23,413 kg (146,94 kg/hr) during Cruises III,
H and VI. In Cruises I and IV the catch rates were
37.61 and 17.38 kg/hr respectively. In the next depth
range, the catch rates were 161.67, 76.89, 30.38 and
27.24 kg/hr in Cruises I, III, VI and Il respectively.
A good catch rate of 226,97 kg/hr was obtained in
Cruise II from the depth range 126-360 m. The catch
and catch rates in other crusises were comparatively
lower.
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Fig. 22. Trichiurus fishing grounds.

In the 55-90 m range strata 13, 28, 16 and 19 gave 2
catch rate of 231.46, 205,78, 212.6% and 137.78 kg/hr
respectively. In the remaining strata, it varied between
16.01 and 50.12 kg/hr. Stratum 13 proved the most
productive with a record catch of 34,351 kg, Stratum
23 in the 91-125 m range gave the highest rate of 147.25

‘kg/hr. The catch rates in strata 20, 29 and 5 were

5143, 36.65 and 19.96 kg/hr respectively, In the
deeper range of 126-360 m stratum 21 gave a good catch

‘rate of 569.94 kg/hr, followed by stratum 18 with

105.10 kg/hr, Strata 27 and 9 gave retumns of 29.30
and 10.93 kg/hr respectively. In the remaining strata
of these two depth ranges, the catch rates were loss
than 10 kg/hr.

- The better yields came from stratum 21 with 1345.75

kg/hr during Feb.-April, followed by stratum 23 giving
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790 kg/hr during Jan.-Feb. In contrast to the obser-
vations made by Prabhu and Dhawan (1974}, the pret
sent results indicate that this group may be abundant
in depths ranging from 55 to 90 m also. Northern areas
appear to be more productive compared to the other-
in the surveyed areas (Fig. 22).

Megalaspis cordyla (Linnaeus)

The discovery of large resources of .the _horse-
mackerel, M. cordyla, in the northern strata was a major
contribution of MURENA during the present survey ;
since the existence of such large resources were un~
known so far. The estimated catch was 1,72,016 kg
and formed 34,149 of the total catch. :

-About 2.86% of the landings by bottom trawl, the
catch of horse mackerel was estimated at 2,092 kg, with
2 catch rate of 5.26 kg/hr. The catch rates were in the
increasing order with increasing depth indicating
greater accumnlations on the seaward side of the shelf.

In Cruise I, 1,000 kg were taken from 55-30 m range
with & catch rate of 10.24 kg/hr. The catch was in-
significant in the next depth range and 160 kg were
recorded in the 126-360 m range with a rate of 5.03
kg/br. In Cruise III 55-90 m range proved very poor.
In the middle depth-range 620 kg were recorded at a
rate of 14.85 kg/hr and 300 kg in the 126-360 m range
with a rate of 16.98 kg/hr. The species was not caught
during Cruisge V.

- The higher catch rates obtained for this species were :
177.14 kgfhr from stratum 23 and 56.29 kg/hr from
stratum 24 during April-May.

The bulk of the horse-mackerel catch was got by
pelagic trawling. A total quantity of 1,69,924 kg was
landed with a catcli rate 158.61 kg/hr and this formed
39.457, of the pelagic catch. The depth range 55-90 m
yielded 34,830 kg for a fishing effort of 679.31 hr at
the rate of 51.27 kg/hr. The next depth range 91-125 m
gave a substantial yvield of 1,01,597 kg with a high
catch rate of 474.15 kg/hr. The third depth range
yielded almost the same quantity as the first range but
gave a higher catch rate, 188.44 kg/hr.

In Cruise I, the 91-125 m depth range gave a higher
catch rate of 13533 kg/hr than the other two depth
ranges. During Cruise I greater effort was spent in
locating and fishing this valuable resource, The total
catches and catch rates in the three depth ranges were
in the order of 10,216, 98,430 and 33,440 kg with 55.83,
1,421.58 and 944.37 kg/hr respectively for the second
ruise in February-April, whereas in Cruise lI, the

A8

bulk of the catch of 16,710 kg came from the depth
range 55-90 m with a catch rate of 123.48 kg/hr, The
catch and catch rates were low in Cruise IV and very
poor in Cruise V. Some improvement was 'again
noticed during Cruise VI, when 6,320 kg were taken
with a catch rate of 39.66 kg/hr in the 55-90 m range.
The catch rates in the other two depth-ranges were
19.90 and 0.87 kg/hr respectively.

In the 55-30 m range strata 10, .19 and 28 yielded
catch rates of 116.36, 105.30 and. 101.65 kg/hr respec-
tively. Stratum 29 in the depth range 91-125 m.proved
the richest fishing ground during Cruise II for M. cordyla
where the catch and catch rate. were as high as 98,857 kg
and 1,251.51 kg/hr respectively. Stratum 23 pave a
catch rate of 108.85 kg/hr, Strata 30 and 21 gave a
yield of 31,037 and 2,350 kg with yield rates of 736.70
and 20596 kg/hr. In the rest of the strata in all the
three depths, the catches were either nil or very poor.

In bottom trawling, strata 16, 23 and 24 yielded good
catch rates, whereas in pelagic trawling strata 10, 19,
21, 23, 28, 29 and 30 proved productive (Fig. 23). The
highest catch rates of 3,563.68 kg/hr were obtained from
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‘strata 29 and 2,465 kgfhr from 30 during February-
"April by pelagic trawling. Catches: with very high

catch rates were obtained during March-April which
could be considered as the best season for fishing. It
is primarily a new resource highlighted by the work of
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MURENA, and hasTio be exploited_ cautiously as it is not
known whether we can obtain a sustained yield with
increasing fishing pressure.

Carangoides chrysophrys (Cuvier)

During the survey, 562 kg of this species were landed,
forming 0.119% of the total catch. Amongst the caran-
goids recorded this is the only species which grows to a
big size.

‘During bottom trawling, 326 kg of this species were
caught, which formed 0.45 % in the total catch, the catch
tate being 0.82 kg/hr, -

A slightly better catch 170 kg was obtained in the
middle depth range of 91-125 m where the catch rate
was 1.40 kg/hr. A catch of 114 kg at 0.53 kg/hr.,
came from 5590 .m. In the deeper waters (126-360 m)
only 42 kg. were caught with the catch rate 0.68 kg/hr.
This species was caught by bottom trawl only in Cruise I.

- Strata-wise highest figures were :—10.84 kg/hr from
stratum 5, and 9.1 kg/hr from stratum 2 during January
February.

By the pelagic trawl 236 kg were landed. The per-
centage in the total catch was 0.05 and the catch rate
was 0.22 kg/hr. The middle depth range 91-125 m

yielded a better catch of 188 kg with a rate of 0.88 kg/hr

and in the shallow and deeper ranges the catch was
28 kg and 20 kg respectively.

Almost all the catch came during Cruises I and II
from January to April. A negligible quantity was
caught in Cruise IV. In the first cruise the catch rate
gradually declined from 0.64 to 0.61 to 0.30 kg/hr from
shallow to deeper ranges. In Cruise II the middle
depth range of 91-125 m yielded a good catch of 178 kg
with a catch rate of 2.57 kg/hr. In the other two depth
ranges the catch as well as the rate was poor.

February-April gave the highest rates of 41 kg/hr
from stratum 2, and 12.5 kg/hr from stratum 14,

From the results of bottom and pelagic trawling, it
can be inferred that the species is available during
January to April and that the southern strata 1, 2, 5
and 6 in different depth ranges yield good catch rates,

Other Carangids

A total catch of 9,216 kg of other carangids was
made by MURENA during January to December, 1977,
This catch’constituted 1.83 percent of the total catch.
The following species contributed to the catch :

Alectls indicus (Roppell)
fAtropus apropus (Bloch and Schneider) .
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Alepes djedaba (Forskal) ' '
Carangoides malabaricus (Bloch and Schneider)
Caranx carangus (Bloch)

Casangoides ferdau (Forskal)

Carangoides oblongus (Cuvier)

Caranx melampygus Cuvier

Caranx sansun (Forskal)
. Caranx sexfasciatus Quoy and Gaunard
Decapterus russelli Bleeker

Selar crumenophthalmus (Bloch)

Selar boops (Cuvier)

Alepes mate (Cuvier)

Elagatis bipinnulata (Quoy and Galmsrd)
Scomberoides tala (Cuvier)
' Scomberoides Ivsan (Forskal)

Scomberoides tol (Cuvier) -

Trachinotus blochi (Lacépéde)

Seriolina nigrofasciata (Rippell)

Rachycentron canadus (Linnaeus)

Trachurus trachurus Linnaeus

The total of 2,420 kg, with a catch rate of 6.09 kg/hr
formed 3.319; of the demersal catch, More than haif
the catch (1,637 kg) was obtained from 55- 90m depths
at a catch rate of 7.64 kg/hr, followed by 712 kg with a
catch rate 5.86 kg/hr from 91-125 m area. The catch
and rate from the deeper range were negligible.

Almost two-thirds of the catch was recorded during
Cruise I (January-February), the 55-90 m range yielding
the highest catch of 1,247 kg at a rate of 12.78 kg/hr.
The catch and catoh rates in the next depth range were
497 kg and 9.80 kg/hr, while they were ingignificant in
the deeper range. In Cruise III the catch rates in the
55-90 m range were higher at 13.02 kg/hr though the
oatch was low. The catch rates in the other two deeper
areas were 4.43 and 3,74 kg/hr respectively. Smail
quantities of this group were taken in the 55-90 m
range with low catch rates in Cruise V.

Stratum 25 recorded the highest catoh rate of
86.13 kg/hr during January-February and stratum 4
vielded 75.14 kg/hr during April-May.

The carangids caught by the pelagic trawl made up.a
total of 6,796 kg at 6.34 kg/hr and formed 1.58% of
the total catch.” The bulk of the catch was landed from
shallow waters (6.539 kg at 9.63 kg/hr). In the middle
dcpth range 91-125 m the catch was 65 kg(0. 30 kg/hr)
a.nd inthe deeper waters 192 kg (l 08 kgjhr)

A lugh catoh rate of 20,03 ks/hr was obtained dm'mg
Cruise IV from June to August in the depth range of
55-90 m where the catch was 2,889 kg.. A" oatch of
2,096 kg at 13.15 kg/hr was obtained during October
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t0 December from shallow waters. In Cruise V the
catch rate was 9.18 kg/hr for a catch of 290 kg from the
same depth range. A good catch of 1,006 kg was landed
at 5.50 kg/hr during Cruise II. In the other depth
ranges, the catch and catch rates were low.

Stratum 10 gave the highest rate of 141.79 kghr
during June-August while stratum 19 gave 44.12 kgfhr
in November-December.

Nearly 66 % of the other carangids catch was obtained
by pelagic trawling. The concentration of fishes during
the survey was better in the depth range of 55-90 m than
in the others. Of the 22 species listed for the group,
the major part of the catch was constituted by C.
malabaricus, A. mate, T. trachurus, S. lysan and S. tol.
Areas of abundance of this group are shown in Fig, 24
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Fig. 24. Carangid fishing grounds.

Pampus argenteus (Baphrasen)

This isone of the pomfrets considered a prime table
fish and so is of considerable economic value. The
silver pomfret, known as * Saranga’ in local dialect,
was caught by bottom and pelagic trawl and the total

catch estimated at 9.443 kg and formed 1.87% of the

catch.,

A total catch of 1,219 kg, forming 1.67% of total
oatch, was landed by bottom trawl with a yield rate fo
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3.07 kg/hr. Hts distribution was restrioted to shallow
waters of 55-90 m with a catch rate of 5.6% kg/hr. The

© returns were 789, 113 and 317 kg during Cruises I,

I[IT and V respectively.

Stratum 16 with a rate of 26.5 kg/hr in January-
February and 25.17 kg/hr during September-October
gave the highest catch-rate figures for this species.

The total catch of this species by pelagic trawl was
estimated at 8,224 kg with a catch rate of 7.68 kg/hr
and it accounted for 1.91%. The catch and catch
rates showed a declining trend with inoreasing depth.
The depth range 55-90 m contributed to the major part
of the catch amounting to 6,658 kg for a total effort of
679.31 hrs at a caich rate of 5.80 kg/hr. In the next
depth range the catch and catch rates declined to

. 1,406 kg and 6.56 kg/hr respectively. In the deeper

range only 160 kg with a rate of 0.90 kg/hr were
recorded.

During Cruise I in January-February, the catch and
catch rates were low, 334 kg and 13.31 kg/hr respectively,
in the 55-90 m range. A good catch and catch rate of
1,380 kg and 84.51 kg/hr were obtained in the next
depth range followed by poor catch rates in the deeper
range. In the subsequent Cruises II, III, IV and VI,
almost all the catch came from the 55-90 m depths with
catch rates 9.11, 8.26, 6.11 and 16.68 kg/hr. No land-
ings were recorded from Cruise V.
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Prate I A. Fishing deck of M. T. Murena; B. Net paid out; C. Catch being hauled in; D. Unsorted catch on the deck,



[

PraTeE Il A. A large sized sawfish (saw removed}; B. A huge Devil ray: C. A giant Fox Shark D. Marine tuctles.



PLaTE III A. Hauling of a huge trawl catch; B & C. A good catch emptied from the trawl net on the deck and
D. Asorted larger Carangids.



PLaTE 1V Fishing activities on board M. T. Murena.



Sttata-wise, the highest rate of 103.53 kg/hr came
from stratum 29 during January-February while the
next highest 51.66 kg/hr came from stratum 13 during
November-December.

The concentration of the resource appears to be
restricted to the 55-90 m range, as poor or no catches
were recorded from the deeper waters. The peak
season appears to be restricted to 4-5 months from
November to March-April. Good catch rates were
recorded from strata 16 and 28 in bottom trawling and
13, 28, 16 and 29 in pelagic trawling (Fig. 25). A
declining trend in catch rates with increasing depth was
also observed. The strata in the area north of 19°N
were generally more productive than the others.

Apolectus niger (Bloch)

This species, popularly known as black pomfret and
locally called ‘ Halwa® at Bombay, is abundant in the
north-west coast of India and fished mostly by the same
type of gear as used for the other species along Maha-

rashtra and Gujarat coasts. ‘A total quantity of 20986 kg

forming 4.17% was landed by MURENa during its
surveys by bottom and pelagic trawling.

Only a small quantity of 582 kg was taken by the
bottom hauls at a catch rate of 1.46 kg/hr and this
formed only 0.80%; of the bottom trawl catch. Almost
all this catch was from the depth 55-90m, only
33 kg coming from 91-125 m. In Cruise 1,273 kg came
from 55-90 m with a catch rate 2.79 kg/hr. Again
the same depths gave 221 kg and 55 kg with catch rates
10.28 and 0.58 kgfhr in Cruises III and V respectively.
_ The catch rates in the next depth range were low and
thete was no catch from the next deeper range.

Stratum 10 with 53.4 kg/hr during April-May and
stratum 25 with 14.67 kg/hr in January-February gave
the highest catch rate figures for this species by bottom
trawl.

Pelagic trawling yieided better results with an esti-

mated catch of 20,404 kg. It formed 4.74% of the
pelagic landings and was taken at a catch rate of
19.05 kg/hr. Almost the entire catch of 19,907kg was
from 55-90 m with a catch rate of 29.30 kg/hr, This
was followed by 463 kg from 91-125 m and only 34 kg
from the deeper range 126-360 m. The catch rates
showed a declining trend with increasing depth.

Cruise I recorded a small catch of 473 kg from all the
three depth ranges with the highest catch rate of 16.84
kg/hr from 91-125 m. Cruise II gave the highest yield
of 16,324 kg with a catch rate 89.20 kg/hr during
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February-April from the 55-90 m depth. The landings
during Cruises III and IV were poor, with insignificant
catch rates, followed by no catch in Cruise V. In
Cruise VI during October-December a catch of 3,047 kg,
at the rate of 19.12 kg/hr was landed from the depth
range of 5590 m. A small catch of 159 kg was also
recorded from the 91-125 m,

The highest catch rate of 217 kg/hr came from stratum
28 in Febroary-April and 57.76 kg/hr from stratum 28
during November-December.

The pelagic trawl proved to be the more effective
gear of the two in terms of catch and catch rates for this
species as well. The period February-April proved
more productive. Strata 28, 7, 29 and 25 yielded good
catch rates. The rich grounds of this species are shown
in Fig. 26.
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Fig. 26, Black-pomiret fishing grounds.

Scombroids

A catch of 4,744 kg of scombroids was landed from
Tanuary to December and accounted for 0.94% in the
total catch. The following five specles constituted the
catch.

Rastrelliger kanagurta (Cuvier)

Scomberomorus guttatus (Bloch and Schneider)
Scomberomorug lineolatus (Cuvier)
Scomberomorus commerson (Lacépide)
Acanthocybium solandri (Cavier)
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The scombroid catch by the bottom trawl amouttted
to 307 kg, forming 0.42%, of the catch. The contri-
bution of the Indian mackerel Rastrelliger kanagurta
amounted to 194 kg, the rest of the catch mainly com-
prising Scomberomorus gitatus and Scomberomorus
commerson. The other two species represented,
Acanthocybium solandri and Scomberomorus lineolatus

. were caught as stray specimens.

The depth-wise distribution of the catch was in the
order of 252, 53 and 2 kg from the depth zones 55-90,
91-125 and 126-360 m respectively. Most of the catch
(66%,) was taken in Cruise I during January-February.
Of this 195 kg came from 55-90 m range at the catch
rate of 1.99 kg/hr. The catch and catch rate in the
other two ranges were meagre. In Cruise III during
April-May, 52 kg from 55-90 m range and 36 kg from
91-125 m, with catch rates 2.42 and 0.86 kg/hr, were
obtained. Only 5 kg of mackerel were taken in Cruise
V from 5590 m area. The mackerel catch came mainly
from strata 2, 4, and 10.

With a catch rate of 4.14 kg/hr, a catch of 4,437 kg
was landed by pelaglc trawl which formed 1.03°%; of
the catch. The catch was mainly supported by
Scomberomorus guttatus and Scomberomorus commer-
son. The mackerel catch of 93 kg was only of academic
interest. A major part 4,275 kg of the catch was
obtained from the depth range 55-90 m at a rate of
6.29 kg/hr. In the next two depth ranges, 91-125 and
126-360 m, the catches were 149 and 13kg with catch
rates 0.70 and 0.07 kg/hr respectively.

During the Cruises I and VI, the catch rates were
high (13.94 kg/hr and 12.06 kg/hr) from 55-90m. In
Cruise II from the same depth range the catch was
1,439 kg but the catch rate was low (7.86 kg/hr). In
the first cruise the catch rate was 3.61 kg/hr, from
91-125 em. In the subsequent cruises it was even lower
from the same depth range.

Strata-wise, highest catch rate figures were 26.15
kg/hr from stratum 16 during January-Febroeary, and
21.64 kg/hr from stratum 13 during MNovember-
December.

The catch and catch rate of scombroids by pelagic
trawl was better than by bottom trawl. The inshore
depth range was the most productive area compared to
other depth ranges. Landings were particularly good
during  February-April and October-December,
Rastrelliger kanagurta in small quantities was caught
in Cruises II, IV and VI and from strata 16, 25, 10,
13 and 7.
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Tunnies
During the present survey an estimated 1,308 kg.

of this group was Ianded forming 0.26% in the total
catch, The species which constituted the catch were :

Auxis thazard (Lacépéde)
 Auxis rochei (Risso)
Euthynnus affinis (Cantor)
Thimmus albacores (Bonnaterre)
Sarda orientalis (Temminck and Schlegel)
Katsuwonus pelamis (Linnaeus)

During bottom trawling only 12 kg of K. pelamis
were caught, of which 11 kg came from the 126-360 m
range during Cruise 1. They were taken from strata
10, 15, 6, 18 and 24 with low catch rates.

A total catch of 1,296 kg was landed by pelagic trawl
with a catch rate of 1.21 kg/hr, which formed 0.30%.
The highest concentration of this group was seen in
deeper waters. A catch of 850 kg with 4.78 kg/hr was
trawled from the depth range of 126-360 m followed by
421 kg (0.62 kg/hr) from 5590 m, N

The catches were low in Cruises I and V and com-
paratively higher in Cruise IV. In the depth range
126-360. m, 731 kg were caught at the rate of
17.48 kg/hr. From 55-90 m the catch was 217 kg giving
a rate of 1.50 kg/hr. A catch rate of 2.26 kg/hr was

recorded during Cruise II from the depth zone of

126-360 m with a catch of 80 kg. A catch of 120 kg
was obtained in Cruise III from 55-90 m, at the catch
rate of 089 kg/hr.

From stratum 18 with 140 kg/hr and from stratum 27
with 52.4 kg/hr came the highest catch rates during
June-August,

Flat ﬁsf;es
A meagre catch of 32 kg was landed by MursNnA

'during her survey, This catch formed hardly 0.01%

in. the total catch. The followmg species were
represented.

Psettodes erumei (Schneider)

Arnoglossus micropthalmus (von Bonde)
Grammatobotus polyophthlamus (Bleeker)
Pseudorhombus arsivs (Hamilton)
Cynoglossus arel (Bloch and Schneider)
Cynoglossus macrolepidotus (Bleeker)

Bottom tra;ivling accounted f& 23 kg and pelagic
trawling 9 kg, the entire catch coming from Strata 10,
16 and 22 in 55-90 m depth range.
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Crustaceans

Survey in the waters of north-west coast by MURENA

gave 748 kg of crustacean catch, which formed 0,159
of total catch. This group was mainly constituted by
prawns, crabs and lobsters. As the bottom and pelagic
trawls were primarily fish trawls with Iarger mesh,
the catch of crustaceans was only incidental,

The crustacean catch by bottom trawl amounted to
just 113 kg and formed 0,159 of the total catch. They
were recorded from the 55-90 and 126-360 m depth
ranges. Prawns were represenied by 15 species, crabs
7 and lobaters 3.

A total of 635 kg of crustaceans was landed during
pelagic trawl operations. The catch rate was 0.59 kg/hr
and formed 0.15% in the catch. The catch of 630 kg
came from the depth range 55-90 m with a catch rate of
- 0.9% kgffir. THE yield of 243 kg durind’ Croide III
gave. a catch rate of 1.80 kg/hr. J19 kg were
caught in Cruise IT at a low rate of 0.65 kg/hr. .In
- Cruise { the catch rate was the highest (3.94 kg/hr) but
the catch was low at 99 kg. In Cruises IV and VI the
retumns were 88 and 79 kg respectively,

Strata 13 and 19 gave better yiekis. The catch and
catch rates were 400 kg (2.70 kg/hr) and 105 kg (1.52
kgfhr) respectively, The highest strata-wise catch
rate was 10.82 kg/hr from stratum 19 in January-
February and 5 kg/hr from statum 13 in April-M ay.

Cephalopods

At one time this resource was omly of academic
interest ; but recently it has gained commercial im-
portance and is listed as one of the export commodities.
During the MURENA survey, a total of 1,015 kg of
cephalopods was caught, which formed 0.207( in the
total catch. They were represented by seven species,

Sepia aculeata (Ferussac and d’ Orbigny)
Sepia esculenta Hoyle .
Sepia pharaonis Ehrenberg

Sepiella inermis (Ferussac and d’ Orbigny)
Loligo duvaucelli 4’ Orbigny

11}
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Argonauta argo Linndets
Octopus vulgaris Lamarck

Among these; the first, third and fifth species were

of greater abundance and contributed most to the
catch.

The total catch of cephalopods in bottom trawl was
estimated at 761 kg and formed 1.04%. The depth-wise
distribution of catch and catch ratés was 458, 210 and
93 kg.and 2.14, 1.73 and 1.50 kg/hr from 55-90, 91-125
and 126-360 metres respecuvely '

More than 509 of the catch was recorded during
Cruise I, Out of thig 192 kg was obtained from 55-90 m
range and 180 kg from 91-125 m range. The third
range accounted for a meagre 38 kg. The catches
during Cruise III were generally Jow with catgh rates
between . 0,17 and 045 kg/br at different depths.

- Cruise V again yielded good catches, of 259 kg and

52 kg from 55-90 and 126-360 m depths. The. highest
catch rates by bottom trawl came from stratum 2
(23.45 kg/hr) in January-February and stratum 3
(10.53 kg/hr) in September-October. Sepia pharaonis
is the large-sized cuttle fish wlnch accounted for the
highest catch.

A yield of 254 kg was obtained by pelagic trawling.
The highest catch of 229 kg was got from the shallow
waters of 55-90 m. Catches were lower (22 kg) from

‘the depth range of 91-125 m and (3 kg) 126-360 m.

In all the cruises except V, the ocphalopod catches
were obtained from shailow waters of 55-30 m, 42 kg in
Cruise I, 50 kg in Cruise II, 14 kg in Cruise HI, 55 kg
in Cruise IV and 67 kg in Cruise VI. In the fitst cruise
the catch rate was better (1.67 kg/hr), while in the others
it ranged from 0.10 to 0.42 kg/hr. In the fifth cruise
during September-October, a catch of 20 kg was obtained
only from 91-125 m with a calch rale of 0.66
kg/hr.

The highest catch rate of 13.33.kg/hr came from
stratum 23 during September-October and next to it,
3.12 kg/hr from stratum 28 in Juhe-August.
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BIOLOGICAL NOTES ON IMPORTANT SPECIES

Some additional biological observations made and
samples collected by the Institute, in the course of the
specified survey programme, vielded significant, though
limited, data on the length frequency, scales/otoliths,
sex ratio, maturity stages, food and feeding of some of
the important species. These data pertaining to 38
species are presented here and relate to fishes caught
from deeper areas from where little fishing has been done
so far. Thus, though for some of the species discussed
here we do have fairly good knowledge of the biology
from specimens caught within the inshore waters (within
55 m depth), the present data for these and other species
from beyond this range would be an addition to our
knowledge of the biology, behaviour and distribution
of the species studied.

Congresox talabonoides (Bleeker)

Eighieen specimens in December from stratum 13
ranged in sizes from 121 to 195 cm with a mode at
145 cm,

The male to female ratio was 1.3:1. Stages II to
III of maturity were seen among males, with stage II1
dominant. Only stages I and IV were represented in
females, with the latter stage predominant,

Tachysurus dussumieri {Valenciennes)

A total of 98 specimens of this species caught by
pelagic trawl in December from stratum 13 was mea-
sured, Their sizes ranged from 36 to 65 cm with mo-les
at 46 and 55 cm., '

Of these, 30 specimens, measuring 36-35 cm in length,
were examined for maturity condition. Stages II to III
of maturity were seen in males and II to IV in females,
The stage II predominated among males, stages IT and
II in females, The male to female ratio was 1.1 : 1.

Hisha filigera (Valenciennes)

Length-frequency observations in respect of this
species were based on 1094 specimens from four strata 1,
16, 25 and 28. Their lengths varied between 18
and 42 cm.  Stratum 1 recorded a single mode at 24 em
in January. The modal value in stratum 16 in February

54

was 30 cm and continued to remain at that level during
March-May. There was a mode at 32 cm in November.
Another mode at 22 cm was also noticed in this month,
In stratum 25 a single mode at 24 cm was observed int
November, whereas two modes at 20 and 34 cm were
noticed in Stratum 28 in March,

Among the 41 specimens examined, ranging in size
24-35 cm, only 2 individuals showed 'rings on otoliths
and 15 on the scales. The rings observed were 1-3 in
number,

A total of 132 specimens in the size range 19-35 cm
obtained from strata 16 and 28 in 55-90 m dejth range
during February-May was examined for maturity and
sex ratio. Individuals (30-35 cm) in advanced stages

 {IV-VD) of maturity formed a high proportion. Fishes

in.stage I were absent, whereas fishes (19-29 ¢m) in the
stages II and III were represented in small percentages
in March and May. One female (35 cm) in spent condi-
tion was obtained in February, The occurrence of
specimens in stage VI in high percentage in February
and May indicates that this species may spawn during
this period. .

The male 1o female ratio for the entire pecriod was
1:1.2. However, there was a préponderance of males
in March and May and females in February and April.
Fishes in stages II-VII were recorded in stratum 16 and
stages I-VI in stratum 28,

Dussumieria hasseltii Bleeker

A total of 312 specimens (17-21 cm) was measured
from stratum 29, A prominent mode at 19 cm was
noticed.

Sixtys'x specimens, 31 males (14-21 cm) and 35
females (14-20 cm) collected from stratum 29in May and
from stratum 16 in Qctober, were examined for maturity
and sex ratio. In May, out of 41 specimens analysed,
22 were males and 19 females. 68.2% of the males

- were in stage IT (17-21 cm) and 31.87, in stage III

(18-20 cm), whereas 68.4 % of the females were in stage V
(19-20 cm) ; 15.8% each in stages I1 (18-19 cm) and IV
18 cm).
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During October, the sample consisted of 9 males
and 16 females. -Tn the males, 44.49 were in stage II
(15-17 em) ; 33.3%/ in stage VII (14-16 cm) and 22.2%in
stage III (16-17 cm), whereas 50%, of the females were
in stage VI (15-18 cm), 25% in stage IV-V (16-17 ¢m)
and 25% in stage VII (i4-17 ¢m). The above data
suggest that this species may be spawning in the area
during the period.

Chirocentrus dorab (Forskal)

This species was encountered in the pelagic trawl
only in the depth range 55-90 m. The size range of 131
specimens measured was 39-86 cm with modes at 55 and
76 cm during March-April (Cruise II) and 43 cm in
July (Cruise IV).

Prabhu (1953) studied this species from Palk Bay
and Gulf of Mannar. Based on length frequency and
growth rings on scales and otoliths, he had established
that fish measuring 28, 44, 62 and 76 cm were 1, 2, 3 and
4 years old respectively. On the above basis, C. dorab
in the landings of MURENA appeared to be of second,
third, fourth and may be of fifth year-classes with
preponderance of second and fourth year classes. OQut
of the 20 specimens (42-84 cm) comprising 4 males and
16 females examined from stratum 28 in $5-90 m during
February, 17 fishes (50-84 cm) were in advanced stages
(IV-VI) and the rest were in immature and maturing
stages, In April, 30 fishes (45-86 cm) from stratum
19 were analysed, of which 4 were males and 26 females,
Twenty-seven specimens (45-86 cm) were in stages IV and
V and the rest in stage III.

The occurrence of fishes in advanced stages of
maturity in good numbers during March-April indicates
that the species may spawn in the area during the

period.

Saurida wanbil (Bloch)

A total of 323 specimens was measured from strata
15 and 18 in January and from stratum 9 in October
from the 126-360 m depth range. Their sizes varied
from 9 to 44 cm with modes at 16 and 34 cmin January
and 12 and 14 cm in October. In stratum 8 of

the middle depth range, the mode was at 36 cm in

April and in straium 7 in the 5590 m depth range,
the mode was at 22 cm in September.

Scales from 12 fishes measuring 29-41 ¢m in length
and otoliths of 35 fishes measuring 29-42 cm were
examined. Growth rings were noticed in 33.39 of the
scales and 51.4% of the otoliths. The number of rings
noticed varied from 1 to 7. Growth rings on otoliths
in this species were more distinct than those on the

scales.
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A total of 61 specimens {18-42 cm) of this species,

© collected from strata 7, 8 and 18 in 55-360 m depth

range during January, April and September were
examined for maturation and spawning. In January
509 of the specimens (29-41 cm) were in stage III,
33,49, (35-39 cm) in stages I-XI and the rest in stages IV
(39 cm) and VI (29 cm). During April, 70.8% of the
specimens (33-40 cm) were in spent condition, 16.7%
(38 cm) in stage II and 12.5% (33-35 c¢m) in stage 1.
In September specimens ([8-26 ¢cm) were mostly in
stage T (649); some (19-24 cm) in stage I (20%)
and a few (16-43 cm) (16 %) in stage IV, .

Males predominated during these months. ~ Females
occurred more in January ; males in April and
September. In stratum 7 (55-90 m), 25 specimens
(18-43 cm) were analysed of which 19 were males
(16-43 ¢cm) and 6 females (18-42 ¢m). " Males were in
stages [I-IV of maturity and females in the stages III
and IV. Out of 24 specimens obtained from stratum 8§
(91-125 m), 10 were males and 14 females. Most of the
specimens were either in spent (66.79%) or in immature
condition (33.3%). In stratum 18 (126-360 m), 12
specimens consisting of 4 males and 8 females were
examined ; 6 specimens were in stage III ; 2 each in I
and II and one each in IV and VI

'The occurrence of spent specimens in good percentage
in April in stratum 8 and spawning specimens in stratum
18 in January indicates that spawning in this species
may take place during January-March.

Pomadasys hasta (Bloch)

A total of 206 specimens was measured. Fish
measured from stratum 28 showed modal sizes at 46
and 52 cm in May {Craise II) and 34 and 42 ¢cm in
November (Cruise VI),

The rings on scales and otoliths of this species
appeared to be very distinct and good indicators of
age. Sixty-four specimens examined in the size-range
28-56 cm showed 2-7 rings on the scales and otoliths.
In the size ranges 33-36, 39-44, 46-48, 46-51, 49-52 and
55-56 c¢m, the number of rings observed were 2, 3,
4, 6, 7 and 8 respectively. There is considerable agree-
ment in the size range and number of rings as noticed
by Deshmukh (1973) and the present observations.
The age composition of the species showed that the
catch was mainly supported by fish in the 1.5 year

age-group.
A total of 89 specimens ranging in size 31-55 cm

collected during March, April and December from
sirata 10, 25 and 28 in the depth range 55-90 m was
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¢xamined for maturation and spawning condition.
Specimens were mostly immature (stages I-III} in
March and April, their percentage being 87.7 and 96.5
respectively. A few mature specimens (V stage) were
also seen. In May, 5249, of the observed specimens
were in stages II-HT and 47.6% in advanced stages
{AV-¥I). Immature specimens dominated (92.0%;) in
December. A few spent fish (8%) were also recorded
in this month. The occurrence of mature specimens in
high percentage in May along with a few ripe individuals
and spent onesin December indicates that spawning
in this species may start from May onwards and con-
tinue upto November. Earlier studies by Deshmukh
(1973) have indicated that spawning in this fish takes
place during September-December,

Males were predonunant during May and December,
the male to female ratio being'1.3:1. In the month-
wise distribution, males dominated during March,
April and December, and females in May. In stratum

" 10 (April) the male to female ratio was 1:1.1. Fishe
in ILIII stages of maturity were dominant (91.3 %s
along with a few in stage IV.  In stratum 25 (March
males were dominant over females, the male to femal)
ratio being 1.3:1. Here also, immature stages (I-1lle
dominated (85.7%) with the V stagé forming the rest)
In stratum 28 (May) also, males out-numbered females'
the sex-ratio being 1.6 : 1, In addition to the dominan;
immature stages (71.27,), mature stages IV-V (23.17() .
ripe stage (1.9%;) and spent condition (3.8 %) were also
noticed. The occurrence of specimens in the ripe and
spent condition in the latter stratum, indicates that
spawning may fake place probably in this region.

Pomadasys maculatus (Bloch)

Out of 21 specimens obtained from stratum 30 during
August, 8 were males and 13 females. The II-IV stages
of maturity were observed among males, with the III
stage dominating, Among femasles the H-IV and VII
stages were encountered, the dominant being the
IIT stage.

Lutianus johni (Bloch)

Specimens of L. johni numbering 82 were measured
during March-April. Their size ranged from 48 to
83 cm with, three modes at 52, 61 and 67 cm.

Forty specimens obtained during March and April
in strata 25 and 28 were examined for maturation and
spawning. Males were dominant over females in this
period. Strata-wise and depth-wise, males predomi-
nated. The fish examined in March were mostly in
stages I and II of matunty, though a few, 59-?1 ¢m in
length, were maturing in April, :
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Mene maculata (Bloch)

A total of 245 specimens collected from strata 20, 22
and 5 during July and October was measured, The
size range was 14-22 cm with two modes at 17 and 21 cm,

Nemipterus japonicis (Bloch)

Samples for the length frequency study of this species
were collected mostly from bottom trawl catches, parti-
cularly during January-February (Crunise I) and from
strata, 1, 2, 3, 4, 5, 8, 15, 18 and 26. The modal value
in the 5590 m depth range was 26 ¢m ; in 91-125 m
23 cm ; and in the deeper range of 126-360 m at 11 and
14 om, indicating a decrease in the modal size with
increase in depth. In Cruise II (February—Apri])
only stratum 18 provided a modal value of 26 cm in
the 126-360 m  range. In Cruise III (April-May)
samples from strata 4 and 8 had a mode at 23 cm,
In Cruise V (June-August) samples obtainedfrom strata
7, 10, 19 and 25 showed modal values at 14, 20, 11 and
17 cm’ respectively. In the Cruise VI (Nov.-Dec.)
again the smallest modal value of 11 cm was obtained
from stratum 9 in the 126-360 m range. The above .
observations are based on length measurements of
1,679 specimens which varied in length between, 10 and
31 cm. In earlier studies Krishnamoorthi (1971)
has indicated that the sizes 15, 21 and 24 cm represent
thelengths attained by the species at theend of 1, 2and 3
years of its growth.

Scales and otoliths of 151 specimens ranging in size
between 12 and 28 cm were examined. All of them had
growth rings. Specimens in the size ranges of 19-23,
21-25, 23-26 and 25-27 cm showed 2, 3, 4 and 5 rings on
scales and otoliths respectwely

A total of 276 specimens (214 males and 62 females)
obtained from strata, 1, 4, 5, 8, 18, 24 and 26
was examined for maturity and séx ratio. Mature
fishes in stage VI and spent ones occurred in January.
Specimens in stage V were present in March. These
observations indicate that this fish may probably spawn
during December-March.

From stratum 1 (55-90 m), a total of 10 specimens
was examined in January in the size range 24-26 cm.
All were males, 7 in stage II, one in stage I and 2 in
stage II of maturity. From stratum 4 (55-90 m) 30
specimens in the size range of 22-27 cm were analysed
in January and 21 in the range of 17-26 em in April
The male to female ratio was 3.3 : 1. Of the 13 females,
9 (22-26 cm) were in stage IV in January one (25 cm)
in rlpe condition ; and 2 specimens (25-26 ¢m) in Agfd
were in stage II.  Out of the 51 specimens (23-28 ‘¢m)
¢xamined from stratum 5 (91-125 m), 37 were males and
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14 females. All fishes were in immature stages (I-1T[).
In stratum 8 (91-125 m), out of 66 specimens (16 speci-
mens in the size of 19-25 cm in January and 50 in
18-27 cm in April) 64 were males and 2 females. The
females (23-25 cm)} were in stage IV. From stratum 26
(91-125 m)} a sample of length range 18-28 cm, con-
sisting of 22 males and 3 females, was examined in
Janvary, All were in immature condition (stages
LI, In stratum 18 (126-360 m), 14 in the range
18-25 ¢m in January and 29 in the range 23-29 cm in
March were examined. Of this, 26 were males and the
rest females, Al females were immature (stages
LH). Out of 30 specimens in range 17-23 ¢m from
stratum 24 (126-360 m), 17 were males and 13 females,
Females were immature (I-II).

Epinephelus diacanthus (Cuvier & Valenciennes)

The species ocourred in bottom trawls in gl the
3 depth-zones. 468 specimens were measured in size
range of 15-46 cm. In stratum 8 in January, the mode
was at 36 cm which shifted to 38 cm in April. In strata
7 and 25 in September, the modes were at 20 and 24 cm
respectively with a second mode at 38 om in the latter,

A total of 123 specimens, consisting of 67 males and
56 females ranging in size 19-46 cm, was examined for
maturation and spawning. They were collected during,
April, September and October from strata 8, 7, and 27.
In April, out of 48 specimens from stratum 8 (91-125 m)
25 were males and 23 females. The females were in
stages I to IV with stage II as dominant (73.9%).
Specimens examined during September were taken from
steata 7 and 25 in 55-90 m depth range. Stages II-III
of maturity were recorded from stratum 7, whereas
+ from stratum 25 in addition to the stages II-ITI, stages
"IV and VII were also recorded. The male to female

ratio was 1.8 :1 and 1.5:1in strata 7 and 25 respec-
tively. In October, out of 25 specimens obtained in
stratum 27 in 126-360 m depth zone, 11 were males and
14 females. Maturity stages were II (64.0%)); IV
(4.09) and spent (32.07%).

Epinephelus fasciatus (Forskal)
Only 15 specimens in size range 29-41 cm taken from
stratum 8 during January were examined for maturity.

Out of that 8 were males and 7 females. All were in

immature stages (I-1T).

Lactarius lactarius (Bloch and Schneider)

A total of 26 specimens in the range 15-22 cm examined
from stratum 28 (91-125 m) during May was studied
for maturity and sex-ratio. The male to female ratio
was 1:1.9. Their maturity condition ranged from
stage II to IV, females in stage I11 domipating,
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Protonibea diacanthus (Lacépéde) .

This species ‘was caught in the depth range 55-90 m
by the pelagic trawl. Specimens numbering 81 in the
size 61-115 cm showed two modes at 68 and 103 om.
They appeared to be 2 to 5 years of age (Rao, 1961).

Out of 28 specimens examined in November (stratum
16) in the range 63113 cm, 18 were males and 11 females.
Females were in stages II and III of maturity. During
December, the sample consisted of 25 males and 27
females (range 90-111 cm). All females were in stage
IE. The male to female sex ratio for this period was
111,

Orolithus argenteus (Cuvier)

Samples of this species were obtained from 55-90 m
depth zone during Cruises IV and'V (August-September),
A total of 170 specimens was measured and they had
the size range of 17-40 cm showing dominant modes at
21.5 and 25.5 ¢cm,

Scales and otoliths of 25 specimens ranging in size
between 19 and 34 om were examined. Rings were
noticed on 849, of the scales examined and were con-
sidered useful in age determination. The number of
rings noticed was 2-4.

A total of 55 specimens ranging in size from 22 to
34 cm collected during August and November from
strata 13 and 16 in 55-90 m depth range was examined
for maturation and spawning, During August the
fishes were obtained from stratum 13, Males domi-
nated over females, the ratio being 4:1.. Of the
females, one (26 cm) was in stage IV and one (30 cm)
in stage VII. The rest were in stage III.

Johnius carutta (Bloch)

This species was taken in the bottom trawl from
ail the three depth zones. In all, 368 specimens were
measured and their sjze-range was 12-30 cm with a
single mode at 19.5 em. :

A total of 51 specimens in size range 19-31 cm caught
from strata 13 and 25 in 55-90 m depth during September-
was analysed for maturation and spawning. All stages
of maturity excepting I were encountered. The male
to female ratio was 1.4+ 1. In stratum 13, stages III.IV
(80.8%) dominated, whereas stages V-VII (76.0%;)
dominated in stratum 25. :

Trichiurus lepturus {Forskal)
Two species of ribbon fish, T. lepturus and T. savala

. occurred in the catches, the former being. more abun-

dant. They were taken in all the depth ranges and were
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more common in the northern strata. A total number

3,714 specimens of 7. fepturus was measured during the

six cruises and their size ranged between 11 and {15 cm.

In the depth range 55-90 m, modal values at 75, 70
90 and 95 c¢m were observed in strata, 1, 7, 10 and
16 during Cruise [ (Jan-Feb.). In Cruise II (Feb.-
April) they could be sampled only from stratum 19
when the modal value was 75 cm and during Cruise IV

~ (June-August) in strata 13 and 28 their modes were at
85 cm in the former and 30 and 80 cm in the latter.
Strata 13 and 16 showed modal values at 75 cm and 55
and 80 cm, respectively in Cruise V (Sept.-Oct.). In
Cruise VI (Nov.-Dec.) smaller fish with modal sizes at
65 and 50 cm in strata | and 4 ; at 55, 70 and 85 cm
in stratum 10; 85 cm in stratum 13; 65 and 85 cm in
stratum 16; and 40 and 90 ¢m in stratum 19 were
observed.

In the depth range 91-125 m, the fish was sampled
from strata 2, 5, 11, 14, 20 and 23 in all the cruises.
In most of the strata the modal values were between 70
and 105 cm except in stratum 23 where 2 mode at 55 em
was observed during Cruise V. In the deeper region
. 120360 m, samples were measured from strata 3, 9, 12,
15, 18, 24 and 27 and the modal values fluctuated within
& small range of 70-95 om except on one occasion in
stratum 217 in Cruise VI when a mode at 55 cm was
recorded. '

From the distribution pattern of modal values of the

species it is evident that the smaller fish were abundant
in the shallower waters (5590 m), bigger fish in the
middle depth (91-125 m) and medium-sized fish in the
deeper area (126-360 m). The smaller modal groups
were recorded by and large during Cruises 1V, V and VI
indicating the period of their initial recruitment to the
stock.

Otoliths of 237 specimens ranging in size between
36 and 40 cm were examined for age determination but
not a single otolith showed a ring on it.

A total of 451 specimens in the size range 52-114 cm
‘was examined for maturation studies. Mature speci-
mens (65-105 cm) in stages IV to VI appeared in appre-
ciable percentage during February-May (Fig. 27)
indicating the possibility of spawning during these
months. This assumption is further supported by the
appearance of spent individuals in large numbers from
August onwards, Prabhu (1955) in his studies on the
biology of this species from Madras observed that this
species migrates to offshore waters for spawning during
April-Tune. The availability of VI stage specimens
in good percemtage in the present samples collected
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from the depth zone 91-125 m during April-May sug-
gests that spawning in this species in the area may start
from Apri onlwards,
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Fig. 27. Month-wise distribution of maturity stages in T,
lepturus.

The ova diameter studies indicated two distinct modes;
one measuring 26-30 md representing immature group
and the other measuring 61-65 md denoting mature
crop in ovary at stage IV and 26-30 md and 81-85 md

groups in ovaries of stage VI (Fig. 28). Intermediate
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Fig. 28. Percentage frequency of ova-diameter measuréments
in T. lepturus,

size-groups of mature ova were absent. From this it
is concluded that this species spawns once in a year, the
spawning period  extending over a short duration.
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This is in conformity with the earlier observations of
_ Prabhu (1955).

In the depth zones 55-90 m immature fishes (I-III
stages) dominated the catch, followed by spent and
mature ones. The availability of different maturity

stages was almost similar in the males as in the females
in this zone. Im the 91-125 m depth, occurrence of

mature stages was slightly higher among males than in
females. But spent individuals were more among
females. In general the peércentage oceurrence of
mature and spent individuals was slightly higher in
91-125 m depth zone than in the 5590 m zone. In

the 126-360 m depth spent individuals were not re-

corded. The percentage occurrencé of mature stage
(62%) in the case of males and immature stages in
females was high. The percentage occurrence of mature
fishes was higher here than in the previous twe depth
zones. -

In general, male to female ratio was 1.4:1. How-
ever, males outnumbered females during February,
August, September, October and females were more in
March, April, May, November and December. In
the areas morth of Bombay females were dominant
over males (1:1.2) and it was the reverse south of
Bombay (3.5:1). In the 55-90 m and 91-125 m depth
ranges, the ratio was 1.8:1 and 1.7:1 respectively.
Females outnumbered males in 126-360 m depth range,
the male to female ratio being 1:2.8.

Megalaspis cordyla (Linnaeus)

This species was caught in all the émises except V,
the maximum catch taken being in Cruise II. A total
number of 3,763 specimens was measured for length.

The minimum and maximum sizes recorded were 13 cm’

from strata 4 and 7 and 50 cm from stratum 19 respec-
tively. In all the strata only one mode was observed
at any given time. Both the minimum and maximum
sizes recorded were from the depth zone 55-90 m.
The distribution of modal values in the three depth-
zones is also striking. In the 55-90 m zone the modal
values varied between 16 and 42 cm. In the next depth
range of 91-125 m it varied between 26 and 36 cm
whereas in the deepest range of 126-360 m it varied
between 36 and 38 cm.

The 16 ¢m modal value was recorded during Craise VI
. (November-December) in strata 4 and 7 whereas the
42 cm value was from stratum 19 in Cruise I (January-

February).

Otoliths and scales of 133 specimens (25-32 cm)
were examined. Only 12% of these showed rings on
otolith or scale or on both; the number of rings observed
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“ranged from 1 to 4. Otoliths and scales appear to be

poor indicators for age determination in this species.

Chacko -and Mathew (1955) mentioned that
M. cordyla of the size 11-35 ¢cm was found in the com-
mercial catches in South Canara and Malabar, The
gears used were the indigenous boat seine, drift net,
cast net, long lines and whiffing lines. According to
Day (1889) this species grows to a maximum size of
3 to 4 ft. in length,

A total of 706 specimens in the size range 2443 cm
was examined for maturation and spawning. Mature
fishes in stages IV-V were-vecorded during June-August
in good percentages and a few in February and March
(Fig. 29). In May in addition to stages IV-V a specimen
(32 cm) with VI stage was also obtained, Spent indi-
viduals started appearing from August, were more
numerous in November and touched its peak occurrence
in January (67%) and thereafter decreased gradually in
the subsequent months until May. It is inferred from
the data that spawning in this species takes place over -
a prolonged period commencing from August and con-
tinuing up 1o April-May with a peak during December
to February in the area.
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Fig. 29. Month-wise distribution of maturity stages in M.
cordyia.

The percentage of occurrence of mature specimens
(IV-V stages) was sightly higher (28.5%) in the. 55.90m
depth range than in 91-125 m depth range. Specimens
(34-42 cm) collected from the depth range of 126-360 m
were cither immature (I stage) (65%) or spent (35%,)
condition. In 55-90 m depth range the percentage
occurrence of advanced stages of maturity was higher
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among females (37%) than in males (23.4%) ; whereas
there was no marked difference in the males and females
caught from 91-125 m depth range.

Mature as well as immature specimens (2440 cm)
in equal proportions were met with in zones 2 and 3
(strata 4, 7 and 8) and 5 and 6 (strata 13 and 16). But
the percentage of spent individuals was slightly high
in zones 2 and 3 when compared with zones 5 and 6,
In zones 7 and 8 (29-42 cm) (straia 19, 21, 22 and 23)
and zones 9 and 10 (29-38 cm) (strata 25, 28 and 29)
immature specimens were high, followed by spent ones
with mature specimens becoming rare,

Out of a total of 657 specimens analysed for sex
ratio, 418 were males and the rest females, male-to-
female ratio in the depth zones 55-90, 91-125, 126-360 m
being 1.7:1, 19:1 and 1.8:1 respctively, The
males predominated in January-May, August and
November and the females in July and December The
ratio was equal in June.

A total of 390 specimens of Megafaspw cordvia in
the size range of 151 fo 420 mm (T.L.} was examined
for food and feeding, The volume of stomach contents
varied from 0.1 to 3.8 ml per fish. The food items con-
sisted of Acetes indicus, myctophids, juvenile Trichiurus
sp., Bregmaceros sp, Leiognathus sp., Stolephorus sp,
juveniles of crab, Sepia sp, Cavolinia sp, Alima larvae,
copepods and amphipods. M. cerdyla, thus, seems to
be a carnivorus feeder capturing its prey from the
pelagic regime,

Carangoides chrysophrys (Cuvier).

Sampies of this species collected from the depth
55-125 m were examined. The size range of 106 speci-
mens measured was 36-85 ecm. A single mode at 63 cm
was noticed.

Scales of 20 specimens, 36-65 cm in length, showed
1-3 rings.

A total of 20 specimens obtained during August from
stratum 10 was examined for maturation and spawning.
The male to female ratio was 1.4 : 1. The majority of
the fishes were in stage Iil.

Carangoides malabaricus (Bloch and Schneider)

In all 224 specimens in the range of 15.65 em were
measured. A distinct size difference in the distribution
pattern was noticed. Smaller specimens with a mode
at 23 em from stratum 28 and larger specimens with the
modes at 52 and 61 cm from stratum 7 were recorded.

A total of 23 specimens (49-64 cm) collected from
stratum 7 in 35-90 m depth range in December was
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examined for maturity, They were in maturity stage
II to IV, with II1 dominating. The male to female
ratio was 1.9 : L.

»

Caranx sansun (Forskal)

The species was obtained from stratum 4. Only
40 specimens ranging in size from 31 to 41 cm were
measured. They had a mode at 38 cm. Scales of
22 specimens (33-40 cm) showed 2-3 rings.

A sample of 20 specimens examined from stratum
4 during April had 17 males, all immature,

Decapterus russellii (Rilppell)
This species was caught by the pelagic trawl mostly

" in the depth 55-90 m. The size range of 641 specimens

varied between 11 and 23 cm. The modal values were
15 em in strata 10 and 11 in Cruise IV (August) and
16 om in strata 13 and 19 irn Cruise VI (November-
December).

A total of 107 specimens, 72 males and 35 females
caught from strata 11, 13, 19, 22 and 25 in 5590 m
depths during August and November, was examined for
maturity and sex ratio studies.

During August the males (13-17 cm) analysed from
91-125 m depth were in maturity stages II-VI and the
females (10-17 cm) in stages III-VIL. Stages HI and
IV dominated among males, V and VI among females,
The male to female ratio was 1.5 : 1.During November
stages 1I-V were encountered from 55-90 m depth range. -
In males of 15-20 cm length stage IT dominated followed
by stage IV (31.6%) and stage V (26.57). Among
females (16-21 cm) stage V' (64.07) was abundant
followed by stage 1V (20.07)). The male to female
ratio was 2.3 : 1,

The availability of specimens in running stage (V1)
in 91-125 m and in the V stage in 55-90 m indicates that
this fish probably migrates to the deeper waters after
attaining the penultimate stage of maturity. The sex
ratio data indicate that the males were predonunam in
the catches.

Alepes mate (Cuvier)
This species was caught by bottom trawl in 55-90 m.

. The number of specimens measured was 87 in the size

range 10-20 cm with a dominant mode at 12 cm.

_Nineteen specimens, 13 males and 6 females, in the
size range 11-24 cm taken from stratum 13 in 55-9%0 m
during September, were examined for maturation and
spawning. Fishes were in the 1I-1V stages of maturity.
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"Among males the occurrence of IIl stage was more,
whereas it was the IV stage in females.

Selaroides leptolepis (Cuvier)

Specimens landed by bottom traw! from stratum 16
were measured. The size range of 40 specimens was
54-69 cm, with a mode at 63 cm.

- Twenty four specimens obtained during October from
+ stratum 16 wete examined for maturity condition. Stages
1V-VI were seen among males and IV-VII in females,

- Trachurus trachurus (Linnaeus)

They were obtained in the boitom trawl catch from
strata 4, 7, 13 and 25 in the Cruise I (January). The
size range of 364 specimens was 13-23 cm, with a mode
a.-t 1&_«;?‘_“'

Examination of gonads from 40 specimens (17-22 cm)
from strata 8 and 25 in January showed that 509} of the
" specimens were in stages I-II, 27.5% in stages IV-VI
and 22.59% were spent. The presence of fish in stage
VI and VII during the month in stratum 25 may indi-
cate these to be the spawning period and the spawning
grounds.

a0 ) A

Pampus argenteus (Euphrasen)

- This species was caught by bottom and pelagic trawls
in all cruises from all the three depth ranges (strata
10, 13, 15, 16, 21, 28, 29, 30). A total of 1057 specimens
was measured for length (furcal) in the size range
14-32 cm. Stratum 16 proved to be the best sampled.
Here the modes were at 23 cm in Cruise I, 28 cm in
Cruise II, 21 cm in Cruise III, 27 om in Cruise IV and
26 cm in Cruise VI. In strata 13 there was a mode at
25 em during Cruise II and at 26 om in Cruise IV,
- In the other strata the distribution of modes was in
stratum 29 at 26 em in Cruise I, stratum 30 at 25 om
_in Cruise I, stratum 10 at 23 om in Cruise I, stratum 21
at 25 cm in Cruise II, stratum 28 at 28 ¢m in Cruise II
and stratum 13 at 28 ¢m in Cruise V,

Otoliths of 262 specimens in length range 17-35 ecm
were examined and the majority of them showed 2-9
growth rings. A critical examination of the material
- showed 2, 3, 4 and 5 rings in the size groups 17-22, 21-27,
23-28 and 25-30 cm respectively.

Fish (24-27 cm) with gonads in ripe (VI stage} and
spent condition were collected during February in
stratum 16 (Fig. 30). In August also, specimens (23-30
cm) in the V stage were abundant in Stratum 16 along
with a few spent individuals (26-30 cm). It is inferred
that spawning in this species may take place over a
protracted period probably with peaks during January-
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February and in July-August. Availability of fish
with Tunning gonads from stratum 16 in the depth
range 55-90 m indicates that this area may be the prob-
able spawning ground for this species. Females out-
numbered males during the entire period in the depth
range 55-90 m, the male to female ratio being 1 : 3.2
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Fig. 30. Month-wise distribution - of maturity stages in
P, argenteus.

Pampus chinensis (Euphrasen)

These were caught in pelagic trawls in small numberé
from strata 7 and 25. The size range of 83 specimens
was 22.28 om with modes at 24 and 27 cm.

Apolectus niger (Bloch)

Length measurements of 1,737 specimens were taken
during the six cruises. The minimum and maximum
sizes recorded were 15 and 50 cm. The species was
abundant in strata 1, 4, 7, 10, 13, 22, 25, 28, 30 with
the modes as follows : in stratum 30 mode at 30 cm
in Cruise I, in stratum 28 at 36 ¢m in Cruise II and 38
em in Cruise VI ; in stratum 25 at 30 cm in Cruise 1
and at 18 cm and 30 cm.in Cruise VI and in stratum
22 at 30 cm in Cruise III and 18 cm in Cruise VI ;
In stratum 13 there was mode at 28 cm during Cruise
IV : in stratum 10 at 24 cm in Cruise If and 36 ¢m in
Cruise III ; in stratum 7 at 22 cm in Cruise II and at
30 c¢m in Cruise VI, in stratum 4 at 22 om in Cruise IT
and in stratium I at 20 ¢m in Cruise IV.
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A total of 212 specimens ranging in size between
19 and 50 ¢cm was examined for growth rings on scales
and otoliths. Of the 86 scales examined, 68 (forming
79%) and of the 137 otoliths examined, 10 (forming
7.3%) showed rings. Scales appear to be more useful
in age determination than otoliths in this species.
The number of rings noticed on the scales were 1 to §,
in the size groups 185-200, 200-215, 245-275, 260-295
and 275-310 mm respectively.

- For maturity, spawning and sex ratio studies, a total

of 296 specimens ranging from 19 to 50 ¢m collected
from 55-90 m depth range during January-May and
August-December were examined. Immature fishes
were noticed in high percentage in all months except
in January (Fig. 31) when the percentage of spent
individuals was high,
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Fig. 31. Month-wise distribution of maturity stages in 4. niger.

Spent fishes were obtained during January-April
and November-December thereby indicating that spawn-
ing in this species may take place from November to
March. The ova-diameter studies also confirmed that
the fish spawned once in a year over a prolonged period
(Fig, 32). Males dominated over females in April,
August, November and December and females in January
to March and May. The male to female ratio for the
northern zones (north of Bombay, i.e. strata 16, 22, 25,
28 and 29) was 1 : 1.4 and for the southern zones (south
of Bombay i.c. strata 4, 10, 13 and 7) it was 1.6 : 1.
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Fig. 32. Percentage frequency of ova-diameter measurements in
A. niger.

Ariomma indica (Day)

This species appeared in both bottom and pelagio
trawl catches. The size range of 276 specimens was
11-24 em with a4 dominant mode at 16 cm.

Sixtyone specimens ranging in size 15 to 21 cm
obtained from strata 19 and 23 during November were
studied for maturity conditions. In general, specimens
in stage V predominated (45.9%,) followed by those in
stage IV (32,8%)) and in stage IIT (21.3%), The male
to female ratio was 1: 1.

In stratum 19, out of 25 specimens 17 were males
and the rest females. Among males stages IV and V
of maturity were noticed, the dominant being IV stage.
Only stage V was recorded among females. Qut of 33
specimens from stratum 23, 14 were males and 19 fe-
males.  Maturing stage (IIT) dominated in males and
IV and V in females.

Rastrelliger kanagurta (Cuvier)
A total of 349 specimens of R. kanagurta'in the size
range of 19-22 ¢m was measured. They showed two
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todes at 31 and 24 cm, the former in Cruise VI from
stratum 7 and the latter in Cruise III during April
May from strata 2 and 4.

Of the 53 specimens (23-26 om) examined for rings
on their scales, 69.8% showed a single ring. A speci-
men measuring 26 cm showed 2 rings. Seshappa (1958)
mentioned that rings were absent on the scales of R.
kanagurta below 22 cm.  Also he stated that practically
in all other sizes, there was only one ring on the scale,

Maturity studies on 162 specimens (size range 22-28
cm) collected during February, April, November and
December from strata 2, 4, 7, 10 and 28 showed that
all specimens were from 55-90 m depth range, excepting
for 20 from 91-125 m in stratum 2. In January spent
condition dominated (59%), followed by stage III
(37%) and stage V (49)). Maturing fishes were abun-
dant (83%) in February. A few specimens in stage IV
were also noticed in this month. +Individuals in spent
recovering condition - were observed in November and
immature (II stage) and maturing (III stage) condition
in December. 'hhe sex ratio between males and
females during this period was almost equal, males
dominated in February and in the remaining months
females predominated. :

In stratum 2 (91-125 m), 959, were males and all of
them were in maturing stage, excepting one individual
in stage IV. Maturing (71 %;) and mature (24 ;) stages
were noticed in specimens obtained from stratum 4.
The male to female ratio was 1.3:1. All specimens
(85) from stratum 7 were in spent - recovering stage.
The male to female ratio was 1:1.3.
specimens were males with spent (59%) and maturing
(37%) gonads. One specimen was in stage V of maturity.
In contrast to the high occurrence of maturing fishes
(95%) in 91-125 m depth range, the percentage of spent

fishes was high in 55-90 m. The male to female ratio

in this zone was 1.2:1.

A total of 246 specimens of mackerel in the size
range from 119 to 280 mm (T.L.) and weighing 79 gm
to 230 gm was examined for food and feeding. The
volume of gut contents varied from less than 0.1 ml
to 40 ml. The highest feeding intensity was noticed
in the months of April and October, the primary and
secondary zooplankton seasons of the year. In general
very little food, from 0.2 to less than 1.0 ml, was noticed
in most of the fishes. The stomach contents consisted
of Coscinodiscus sp, copepods, Evadne, Acetes indicus,
Pleurosigma sp, Peridinium sp,. pteropods and fish eggs
in that order of abundance,

Acetes indicus was found in large numbers, parti-
~cularly in the month of October. The occurrence of
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In stratum 10, all -

one penaeid prawn and a saip in the stomach may bé
accidential. There was no appreciable variation in
the nature of the food in the different size-groups.

Scomberomorus guttatus (Bloch and Schneider)

Among the three species, viz. Scomberomorus com-
merson, S. lineolatus and. 8. guttatus, the last was the
dominant species in all cruises except I and V and 413
specimens were measured. Their sizes varied from
26 to 80 cm in length. The modal sizes were 48 and
53 cm in stratum 28 in March (Cruise IT) ; 53 cm in
stratum 28 in May (Cruise IIT); 38 cm in stratum 16
in August (Cruise IV) and 43 c¢m in strata 13, 16 and 28
in November and December (Cruise VI).

A total number of 197 specimens conmstmg of 88
males and 109 females collected during March, May,
August, November and December from strata 16 and
28 was examined for maturation and spawning. The
sizes ranged from 30 to 78 cm in length. Mature
fishes in size range 48-67 cm (lV—VI stages) were abun-
dant (687;) in March. The percentage of specimens
in VI stage (48-60 om) was about 14. Spent fishes
(67 cm) were also noted suggesting that spawning may
take place during this month. In May (size range
46-66 cm) and August (32-69 c¢m), they were either
immature or 'n maturing condition. Males dominated
in May and females in March, August, November and
December.

Auxis thazard {Lacépede)

Samples of this species were measured from strata
18 and 27 in Cruise IV {(August) and 9 and 18 in Cruise

. VI (November) in the depth range 126-360 m. The

modal sizes were at 29 cm in stratum 18, 24 ¢m in
stratum 27 and 23 cm in stratum 9. The size range
varied between 22 and 34 ¢,

Ninety specimens, 37 males and 53 females, collected
from strata 18 and 27 in 55-90 m depth range in August
and from strata 9 and 18 in 126-360 m depth range in
November were examined for maturity condition..
In August the sizes ranged from 23 to 32 cm. Fishes
were in the V stage (75%), IV stage (20.5%) and III
stage (4.5%). The male to female ratio was 1.3:1.
During November the sizes were from 23 to 31 cm,
Most specimens were in the II stage (91.3%) and the
rest in spent condition. Females dominated over
males, the ratio being 2.3 ;1.

Euthynnus affinis (Cantor)

The size range of 158 specimens measured was 15-77
cm. Larger specimens above 45 cm occurred in stratum
28 in June-August with a mode at 56 cm and smaller
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dnes below 45 cm in strata 13, 14, 22 and 25 in October-
November with modes at 32, 38, 23 and 20 cm res-
pectively.

Thirty on: specimens in size range 24-37 cm caught
in strata 13 and 22 from 55-90 m depth range during
November were examined for maturity conditions. In
stratum 13, out of 25 specimens analysed, 18 were males
and the rest females. Among males 5 were in the II
and the rest in VII stage. All females were in spent
condition. Six specimens were observed from stratum
22 out of which 3 were females and one male. All were
in the Il stage. The male to female ratio for this month
was 2. 9:1.

The occurreace of spent individuals in large num-
bersin November indicates spawning in this species may

have occurred during the immediate preceding months,

Sarda orientalis (Temminck and Schlegal)

Sarda orientalis was obtained in the pelagic trawl from
55-360 m. In ali, 100 specimens were measured.
Smaller specimens up to 42 cm with a mode at 31.5 cm
were from stratum 7 in the depth range of 55-90 m zone
and larger ones beyond this size with the mode at
46.5 cm were from stratum 18 in the 126-360 m zone.

A total number of 132 fishes comprising 74 males
and 58 females in the size range 29-57 ¢m was studied
for maturation and spawning. They were obtained
from strata 6, 7, 18 and 23 during March and November.
949, of the fishes in March were spent and 979, im-
mature (stage II) in November, Most of the fishes
obtained from stratum 18 (949;) were spent, while
most from siratum 6 (1005}, 7 (969%,) and 23 (1009}
were immature. In 55-90 m and 91-125 m depth im-
mature fishes (29-36 cm) dominated in November«
December, whereas spent fishes (42-51 cm) were more
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.i‘n 126-360 m deptli range in ﬁebruary-Aprii.

Males
were dominant over females in all strata. The male
to female ratio was-equal in March and females were
slightly more in November. .

- Sphyraena obtusata (Cuvier)

In all 133 specimens of this species were measured
from stratum 25 in September (Cruise V) and the size
range was 19-27 cm with a mode at 22 em,

Out of 25 specimens examined for maturation and
spawning from stratum 25, during Sepfember 16
were males and 9 females. Thirteen males and e¢ight
females were in stage III and three males in stage IV
and one femals in V stage.

Echeneis naucrates (Llnnaeus)

This species.was obtained by the pelaglc trawl from
all the depth zones. A fotal of 73 specimens between
the sizes 36 and 74 cm showed a single mode at 61 cm.

Fifty-six specimens ranging in size 36-73 em obtained
during October and November were examined for
maturity. condition. They were taken from strata
1, 2, 3, 13, 16 and 23. All stages of maturity except
stage I, were encountered during this period. Spent
fish dominated in both months. Running specimens
were recorded from strata 23 and 3. The male to
female ratio was 1.3 : 1, except for a slight dominance
of females over males in October and males over
females in November.

Odonus niger (Rilppell)

This is a bathypelagic species and was taken in pelagic
trawls from strata 10 and 16. The size range of 365
specimens measured was 12-20 cm with a mode at
16 cm,

FISHERY RESOURCES



VI

DISTRIBUTION PATTERN OF THE MAJOR FISHES

As mentioned earlier the MURENA made six cruises
from January to December, 1977. During all the cruises

samples of fish, prawns and cephalopods were drawn

and identified in the laboratory, In all 227 species of
fishes, 24 species of crustacea and 7 species of cephalo-
pods were reoorded (Table 16). As the distribution
of major groups by stfatum, time and depth has Hiready
been discussed in detail earlier, only significant obser-
vations in respect of a few important species are given
below.

The majority of the species occurred, in lesser or
larger quantities, in strata 10, 13, 16 and 28 in the
depth range 55-90m. The first three are off Bombay
and the last is off Okha. As pointed out earlier, these
strata comprise the richer fishing grounds according

to the present survey.

The eel C. talabonoides (* Wam’) was recorded from
all strata in the 55-90 m depth range and also from
strata 27, 29 and 30 of deeper waters off Okha. The

black pomfret, 4, niger, was caught from all the strata

in the depth range 55-90 m and .was also taken from
deeper waters from strata 24, 26, 27, 29 and 30 which
‘are off Porbunder and Okha. The fishing grounds
off Porbunder support a good black-pomfret fishery by
traditional fishing methods. The distribution pattern
of the silver-pomfret, P. argenteus, was more or less the
same as that of the former. The white pomfret, P.
chinensis, was taken only from shallower strata 7, 10,
13, 16, 22, 25 and 28 and that too mostly during the
winter months of November and December in Crujse
VI They were recorded om two more gccasions in
strata 10 and 13 in Cruises V and III.

The ¢ Karkara® P. hasia was recorded from all the
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gshallow water strata (55-90 m) in addition to strata 8,
26 and 29 in the 91-125 m range and stratum 30 in the
126-360 m range. They were caught in-all the cruises
from strata 10, 13 and 16. The ° horse-mackerel’,
M. cordyla, was observed in shallow waters only upto
20° N lat and from 20° to 23° N-thit. 1fThey wiwe taken
inallthe strata irrespective of the depth. Of particular
interest is the capture of this fish in emormous’quanti-

tise in the strata 29 and 30 during April.  Nemipterus
Japonicus was taken in almost all the strats exoept 6,
17, 20 and 23 during Cruise I and their availability was
restricted to the shallow waters during Cruise II. In
the remaining cruises they were more or less scattered.
Trichiurus lepturus showed a wide distribution in all
the strata. They were taken in all the cruises from strata
10, 11, 13, 16, 19, 22 and 23, Saurida tumbil was
caught from all sirata except 29 and 30,

The mackerel R. kanagurta is generally taken in large
quantities south . of Ratnagiri in conventional. gear.
Its appearance in._strata 10, 13, 16, 19, 22, 25, 26,
28 and 29 all north of Bombay indicates its wider
distribution in the Arabian sea. Similarly the con-
ventional fishery for Bombay-duck, H. nehereus, is
restricted to coastal waters, but the species was got
in strata 9, 24 and 27 during Cruises IV and V. '

Cephalopods were represented by species of Sepia
and Loligo. The former were taken from all strata
of shallower depth-range in addition to strata 6, 9 and
24 in the depth range 126-360 m. The latter were
restricted to the depth-range 5590 m. The octopus,
Argonauta argo was recorded for the first time from
strata 10, 12 and 16 along with the external shell and
eggs during Cruise VI, -
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VII

RESOURCE POTENTIAL AND ECONOMICS OF
FISHING IN DEEP-SEA GROUNDS '

The question of the economic feasibility of exploiting
the resources of our deep sea areas is of immediate
relevance in the context of the present fairly intensive
exploitation of the inshore areas and the possibilities
after the declaration of the Exclusive Economic Zone.
Even though the present statistics show that the Indian
fishermen capture 469, of the total fish landings from
the Indian Ocean, our annual estimated production of
marine fish is only 12.5 lakh tonnes in 1980 (CMFRI,
MFIS. No. 32), of which over 8.5 lakh tonnes are
landed on the west coast (and nearly half of this from
the N W rtegion) and 959, of this comes from within
the 55 m. zone. There is at present virtually no esta-
blished commercial fishing beyond this depth.

The potential of the regions beyond this has been a
point of discussion. Various authors, using different

techniques, have attempted to assess it, and their esti-
mates show wide variations, from 16 to 20 million
tonnes for the entire Indian Ocean and 2.3 to 8.5 million
tonnes for the Indian waters (Table 17). It is obvious
that such vastly differing estimates can be of little value
to the fishing industry, except to indicate that our present
production could be stepped up, at least doubled, by
a more intensive exploitation of the partially exploited
stocks as well as the unexploited resources in areas
beyond the present fishing grounds.

A survey, such as the one carried out by MURENA
provides information on the catches possible from the
surveyed region, i.e., in this case from 15° to 24° N
and from 53 to 360 m depth.

From the catch and effort data provided by the six

TaBLE 17. Comparative Estimates of Potentil Vieli—-(in million tonnzs/year)

AUTHGR INDIAN OCEAN INDIAN WATERS WEsT COAST N.W. Coast
Moisgev (1971) .. L. 7.8 3794 . 2,714 1.]170%2
Gulland (1971) e . 14,25 7124 5,1 2.31%%
Cushing (1971) e e 4,00 2.00* . 1.4%* 0.62%%*
Shomura (1976) . e 13.50 6.75* 4.9%* PR
Panikkar (1966) . . 10.20 5.00* 3.6 1,554~
Qasim (1977} .. .. 15.17 8,50 6.12** 2,645
Prasad et ol. (1970) Ve . 11.00 5.5+ 4,0%% 1714+
Prasad and Nair (1973} e .. 10,00 5.0 3.6%¥ 1,558
Jones and Banerji (1973) . 2.3% 1.7%* (.71%**
Subrahmanyan (1959) t.1 046485+
Anon (1976} . .. 0.3
George et al. (1977) . . . 03
Nair et al. (1973) . . 1.7 0.7]2ere
Antony Raja (1974, 2.6 i.gee 0.81
Silas (1977 4.0 2.88% 1L

0.15

MURENA

* Extrapolated on the basis that 50%; of Indian O:ean catch comes from Indian waters,

*+ 72% of the Indian catch from West Coast.
s+ 319 of the Indian catch from Northwest Coast,
ek an 42 % of West coast caich.

Percentage on the basis of average catch data from 1967+1976.
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cruises using bottom and pelagic trawl a rough estimate
of the standing stock and the potential yield from the
area has been made (Table 18).

The method of estimating the standing stock is based
on the assumption that catch per unit of effort (CPUE)
is a function of stock density in the area surveyed and
changes in the CPUE are directly proportiomal to the
variations in density (Ricker, 1940 ; Gulland, 1964).
In such estimates the average CPUE, average sampling
speed and average working gape of the gear and the total
area covered are taken into consideration (the ° Swept
Area method’) for the demersal fishes. As for the
pelagic resources, a ratio that was worked out between

the over-all CPUE values of the demersal and pelagic

trawls has been used for an approximate estimate. This
is, by no means, an entirely correct or satisfactory
method, but was used as the only practical means,
in the context of the mixed coverages made by
MURENA.,

The estimates of the resources in the ares, as given
in Table {8, do not, by themselves, indicate whether

it is economically feasible to exploit them. The availa-
bility of the resource has to be assessed in the light of
the input-output ratio for any industrial undertaking.

As an industry, deep-sea fishing is highly capital-
intensive and Indian fishermen, either individually or
on co-operative basis, are not at present in a position
to exploit the resources of the Economic Zone., Even
a big industrial house or a well-established entrepreneur
has to be supported for such attendant needs as harbour
facilities, cold storages, workshop and other storage
facilities. Even so the ever-increasing operational
costs make deep-sea fishing a hazardous proposition.
One has, thetefore, to be cautious in assessing whether
such deep-sea fishing could be economically feasible
under the present circumstances,

The total catch figures of MURENA would show

(Table 3) that the 55-90 m zone yielded more than the

deeper regions. As this shallower region is being
fished now more or less at a fairly intensive level and
can be covered by smaller vessels, the point to be con-
sidered is whether a large vessel like MURENA could be

TABLE 18. Strata-wise Standing Stock ‘in Tonnes

Depth Zone 55-90 m 91-125 m 126-360 m
Strata Pelagic Demersal Strata Pelagic Demersal Strata - Pelagic Demersal
1 2200 2129 2 96 3854 3 ‘42 96
4 1689 3360 5 383 3330 6 252 1499
7 1554 -2103 8 323 4703 9 57 19
10 11116 13366 1 192 2575 12 26 51
13 21664 21491 14 238 1632 15 205 242
16 15680 39348 - 17 346 922 18 57 624
19 8624 1708 20 227 3412 21 3976 517
22 937 886 23 753 3532 24 155 6022
25 1172 £948 26 85 1435 27 534 1050
28 6963 10451 29 19210 437 it 6441
Total 71599 © 103790 21853 25832 12645 11100
Artea 75852 Km® 36677 Km? 221':‘027 Km?
Total Resources 175389 47685 23745
Potential Harvestable 105233 28611 14247
Resource/Km?* 2,31 mt. 1.46 mt. 1.08 mt,

Total resources (55-360 m) for an area of 130566 Km?

y Potential Harvestable Yicld (at 60%;)
s Resource/Km?

CMFRI.BUELLTIN 33
7

2,46,81,9 mt.
1,48,09,1 mt.
189 mt. or 19 Kg/ha,
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used for exploiting the deeper area and be reasonably
profitable.

In any attempt at computing the operational costs
of such deep-sea fishing, based on these six cruises, a
major constraint has been that no information is avail-
able on the actual cost of operations of MURENA or the
shore expenses connected with it. Two options are
then available for an attempt to assess the former,
One is to take the charter charges paid for these cruises
and the second is to calculate a rough equivalent of the
operation of such a large vessel in an Indian setting.
for the crew and other factors befitting the conditions
here. . . _

The Government of India paid Rs. 85-95 lakhs for
one year as the vessel's charter charges. The operational
costs of an equivalent vessel in Indian conditions have
been worked out by Bhadury ef al. (1977}, who arrived
at a figure of Rs. 78.07 lakhs for the ruaning of the
vessel. They also calculated that the shore expenses
(as cold storage rent, transport, marketing etc.) would
come to about Rs. 6.98 lakhs. Applying this figure to

the former calculation based on charter charges, the .

total operational cost comes to over Rs. 50 lakhs, and
in the latter case, the total is Rs. 85.05 lakhs. Thus
an input of approximately Rs. 85 to 90 lakhs has to be
balanced against the gains by sale of the catches and
the fish meal produced.

As regards the catch, MURENA, having fished for the
greater part on an exploratory pattern and having lost
many fishing days due to engine trouble, fished only
for 218 days and landed 504 tonnes. This is, how-
ever, no fair assessment of the catches possible by a
vessel doing commercial fishing. Not only would an

experienced skipper, with increasing familiarity with
the grounds, get at a greater percentage of better quality
fish, but a trouble-free vessel could put in, say 300 days.
at least, of fishing in a year. An approximation, giving
wide latitudes to these two factors (i.e. assuming a
greater percentage for Grade A +B fishes and 300 days
of fishing) is. indicated in Table 19. Also, whereas.
a purely commercial venture would have the vessel
proceed directly to areas of good production (such
as the areas where MURENA came across the shoals of
Megalospis cordyla during Cruise II), in the -survey
programme a good deal of time was spent in conform=
ing to a regular survey pattern in going from stratum
to stratum, irrespective of the caich at each station.
All this makes the results of the MURENA survey not

entirely amenable for an accurate economic feasibility
study,

Be that as it may, the catches brought in by MURENA
have been such as to seem inadequate as a dependable
index for a profitable commercial venture. Even
considered against the minimum operational costs, as
worked out by Bhadury e al. a vessel of MURENA type-
has been calculated to need an annual catch of 6,000
tonneés to mark a 109, profit. They state that ‘if a.
large vessel of this type (69 m) has to be commercially
successful, it should be out at sea for a minimum of
300 days in a year (taken actual fishing days as 240
days) and should catch, on an average, 25 tonnes per
day’. The results of the MURENA cruises, even on the
bagis of the latitude given to compensate for the limita--
tions of the programme and the operations, seem to
indicate little possibility of such a large catch from the

deeper (i.e., over 90 m depth) areas of the EEZ in the
region studied.

TABLE 19, Economics of Qperations

(i} Only direct expenses have been taken into account.

(i) Total caich has been computed at 3009 of the actual catch of MURENA and catch compo--

Przsumptions :
sition adjusted.
RECEIPTS
1. By sale of fish
a. Pomfrets =166.56 tonnes @ Rs. 8,750 per tonne
b. A-Grade Fish  =62.46 tonnes @ Ras. 3,000 per tonne
¢. B-Grade Fish  =208.20 tonnes @ Rs. 2,000 per tonne
d. C-Grade Fish = 624.60 tonnes @ Rs. 1,000 per tonne
Sub-total
e. Fish Meal =204.00 tonnes @ Rg. 3,000 per tonne
f. Receipts from sale of unserviceable stores, rebate from
excise elc. .

Total Receipts

Loss

Total
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Rs. EXPENDITURE Rs.
{in lakhs) _ (in lakhs)
14.57 1, Towards charter charges for one year as
1.87 per agreement. 85.95
4.16
6.25

26.85 2. Towards shore expznses ad hoc basis 5.00
6,12

047
33.44
57.51

— B —

90.95 Total 90.95

— e —
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VIII

ENVIRONMENTAL FACTORS

HYDROGRAPHY

In January *77, the winter season of the year, the
surface temperature vaiues in the region from Panjim
to Veraval along the west coast showed comspicuous
spatial variation, there being a gradual negative tem-
- perature gradient towards north. Intense surface cool-
ing in the northern latitudes was observed (Fig. 33)
and in the region south of Bombay, more or less uni-
form conditions prevailed. A weak eastward drift
in the region off Bombay was perceptible although it is

not well defined in the other region, but this region could -

be considered as a temperature boundary between the
northern and southern waters.

This boundary region again was one where a noticeable
ascendent in salinity morthward could be observed.
The salinity maximum region was well developed around
20° N, with the usual decreasing trend towards north
and south (Fig. 34). The intenss winter cooling in

the northern region seemed not to dffect the dissolved
oxygen distribution in the surface layers where high
nniformity in the distribution pattern was observed
(Fig. 35). A moderate increase in the oxygen values
was observed in the southern region, associated with
the lower salinity values and higher temperatures,
Mostly the surface waters were saturated upto about

.80-85%, with mpect to dissolved oxygen.

The winter coolmg in the surface layers a.ppeared to
have spread towards the southern regions but'the waters
had become warmer in the northern region during
February. Uniformity of the thermal pattern was more
well defined than in January (Fig. 36) and the weak
eastward drift had disappesred. One salient feature
for the month of February was the more or less uniférm
distribution of salinity with a maximum in the northern
region (Fig. 37). The warmer waters during February
seemed to favour the abundance of dissoived oxygen in
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Fig. 33, Distribution of surface temperature ("C)
values during Cruise I
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Flg. 35, Distribution of surface dissolved oxygen (ml 0:.-"1)

values doring Cruise L

Wit
e
141
¥
DG MBAY
of t
"t
él- M.T. MURENA
CADISE Na.X
JALINITY AT JURFACE
"I " PANJIN

& ' [t o " L ™ [y

Fig. 37, Distribution of surface salinity (%) values
during Cruise I1.
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the surface layers in the sense that dissolved oxygen
‘values were decidedly higher by about 0.5 ml/L, than in
January, The spatial distribution again was more or
* less uniform (Fig. 38). '

By the approach of summer, during late April, the
temperature conditions in the investigated area were
strikingly nniform, except for a slightly lower value in
1he region of Gulf of Cutch (Fig. 39).

The salinity values were noticeably higher than in
February, especially in the northemn regions, and a
tongue of high salini’y was observed to extend eastwards
in the region off Bombay (Fig. 40). Probably this was
.an extension of the northern high-saline waters spread-
ing to the lower latitudes. Again the distribution of
-dissolved oxygen content was uniform, unlike in the pre-
dious months, the 4.6 m}/L isopleth extending mendla-
nally in the whole of the reglon (Fig. 41).

The conditions during middle June in the area from
Panjim to Cutch indicated a predominance of eddies,
<specially in the northern regions, Thermal distri-
bution was again uniform and the monsoon conditions
were not clearly perceptible (Fig. 42). A noticeabie
increase in the salinity values in the region north of
Bombay was another feature that was unuosual but due
sonth of Bombay salinity values were lesser and a uni-

formity could be observed (Fig. 43). More or less two

Jistinct zones of salinity with the zonal boundary off
Bombay could be visualised.

The dissolved oxygen values in the region due north
of the above zonal boundary were conspicuously higher
than the southern values, The highest values, viz.,
7 ml/L and more, were observed off Jamnagar which
feature can again be considered peculiar considering
the conditions along the southwest coast of India.
But the uniformity of distribution was more developed
in the region south of Bombay (Fig. 44).

In September, when usunally the intense activity of
the south-west monsoon along the west coast of India
had mostly weakéned, the surface waters had already
become warmer after monsoon, which feature could be
-observed in the region Panjim to Bombay and & strikingly
aniform distribution was observed (Fig. 45). Due north
of the zonal boundary mentioned elsewhere, a weak
-northeastward gradient in femperature could be ob-
served and it was developed well off Jamnagar. Probably
this marked the remains of the previous monscon when
‘there would have been a strong southward drift and a
coastward temperaiure gradient. A southeastward fow
was indicated from the temperature distribution
‘pattern. :
LMFRI BULLETIN 33.

T

_ The salinify values showed a decided decrease than in
June, although there was a more or less uniform distri-
bution (Fig. 46). The zonal boundary off Bombay
was not well defined during September, unlike in June.,
Precipitation and run-off from the land during the mon-
soon could be attributed as a probable cause for the
decrease in the salinity and wniformity of its distribution.
But the dissolved oxygen showed a peculiar distribution
pattern during the post-monsoon period (September),
in the sense that a high degree of uniformity was observed
in the surface layers (Fig. 47). Still the higher values
in the northern region were maintained, compared to the
southern regions of investigation.

During late Octobér the waters had become warmer
especially in the region between Panjim and Bombay,
The weak temperature gradients K observed during
September were still present in the region off Jamnagar
with 2 changed direction, i.e., the gradients were now
northward, indicating an eastward flow (Fig. 48).
Unlike in the previous month, the salinity values in
the northern region were a bit lower than in the southern
ones (Fig. 49). The occurrence of this low. saline

" zone where the temperature gradients were developed

was noteworthy. The weak eastward salinity gradients
off Bombay could again be attributed to the effects of
run-off from the land occurring during the previous
monsoon.

Due south of Veraval the distribution of dissolvad
oxygen was uniform, but in the region of the temperature
gradient off Jamnagar, a southward gradient in dissolved
oxygen values was observed‘(Flg 50). The patiern of
distribution of the isotherms and the dissolved oxygen
isopleths vrere quite comparable, and integrating both it
can probably be taken as a local phenomenon ocenrring
as .an after-effect of the south-west monsoon. The
anticyclonic movement in the . Arabian Sea during
monsoon got weakened by October ‘and the above-
mentioned feature might be the remains of the large-
scale movement which had already faded in the Arabian
Sea'to a considerabie extent.

ZOOPLANKTON

Vertical hauls using an Indian Ocean Standard Net
were made for the collection of zooplankton samples
during the three seasons, namely, premonsoon (February-
March), southwest monsoon (June-August) and
post-monsoon (October-December). The samplings
were done from a standard depth of 200 metres
to surface, or from botiom to surface where the depth
was less than 200 metres. A total of 48 samples was
collected during the pre-monscon season, 49 in the
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_ Fig. 43. Distribution of surface salinity (%)
values during Cruise IV.

. Fig. 44. Distribution of suface dissolved oxygen

{ml Oy/1) values during Crusic IV.
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monsoon season and 133 during the post-monsoon
season. The plankton biomass was estimated by the
displacement method. For detailed studies an aliquot
of the total sample was analysed and the major groups
were enumerated, With the data thus obtzined a
comparative study of the groups of zooplankters ob-
tained in different seasons has been made and the re-
sults are given below.

The zooplankters were categorised into 23 groups,

which were present in all the three seasons in varying
proportions. Groups like echinoderm larvae, brachio-
pod Ilarvae and cephalopod larvae, which were re-
presented by extremely negligible numbers in one
‘'season or the other, were not taken for detailed study.

In the 48 pre-monsoon samples 22,56,094 individual
zooplankters belonging to 23 different groups were
present. The bulk was constituted by the copepods
(20,99,226). The total number of zooplankters was
less during the southwest monsoon season. The 49
samples gave a total count of 3,84,763 plankters, of
which the copepods made up only 2,77,225. During
the post-monsoon season there was a slight improve-
ment over the monsoon season, the 133 samples yielding
14,37,243 organisms, of which 11,39,084 were copepods.

Relative Abundance of Zooplankters in Different Seasons

a. Pre-monsoon

Of the total zooplankton obtained, 93.047%, was
constituted by copepods which was the largest single
group. Next in abundance in this season came the
ostracods which formed 2.49%, only. Chaetognaths
with 2% stood close to the ostracods. Excepting
copepods, ostracods and chaetognaths all the other 20
groups were meagrely represented.

The relative abundance of the copepods varied greatly
in individual samples. In two samples, for instance
taken from 15° 15’ N-73° 14’E, ostracods dominated
over the copepods. In one sample, when 4,310 ostracods
were present only 3,630 copepods occurred. Similarly
in a second sample 5,210 ostraceds and 4,340 copepods
were present. In another sample taken at 16° 31°

N-73° 00'E, even though the copepods were the domi- .

nant group with 1480 individuals, the ostracods with
1,060 specimens was close behind it. In one sample
taken at 19° 59’ N-70° 29'E, the copepods were totally
absent. However, this was a poor sample from the
point of view of the number of groups and their numbers.
The major group was chaetognath, constituted by 150
organisms, '
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Fish eggs were the least represented group and formed
enly 0.002% in the total zooplankton. The fish larvae
were more (0.064 7).

b. Southwest Monsoon

During the monsoon season too the copepods re-
mained the most dominant group though relatively
less'in number than in the pre-monsoon period. Their
percentage contribution in the total zooplankton was 72,
The chaeiognaths with 11.6%, came next in abundance.
This was followed by appendicularians (3.3%) and de-
capod larvae (2.8%). Other groups of zooplankters
which had more than 19 share in the total zooplankton
of the monsoon season were, ostracods (1.5%), pely-
“chaetes (1.3 %), Lucifer (1.3%), salps (1.1) % and doliolids
(1.1%). All the other groups were but meagrely re-
presented (Table 17). Lamellibranchs, heteropods,
Mysidacea, and Euphausiacea, were the less represented
groups in this season.

Copepods were more abundant in all stations except
in station 13, sampled on 20-6-'77, where the ostracods
dominated by a small margin. In station 113, sampled
on 16-8-"77, Lucifer had out-numbered the copepods
by a few hundreds. In two other stations though
copepods were the numerically abundant group they
were closely rallied by some other groups. Thus at
station 14, sampled on 20-6-°77, when 1410 copepods
were present, the next abundant group, the ostracods,
were represented by 1060 specimens. Similarly at
station 121, sampled on 20-8-'77, the number of cope-
pods was 2,768 followed by 2,168 chactognaths. At
station 27, sampled on 1-7-°77, the copepods were
completely absent, the sample being mostly of salps
(760 numbers). Only five groups of zooplantkon,
including fish eggs and larvae, made up this sample:
and the total number of zooplankters was 865 only.

Though not forming a substantial part of the plankton
in this season fish eggs were more abundant than in
the pre-monsoon. period. Fish larvae were com-
paratively more than in the earlier season.

¢. Post-monsoon

Copepods (79,257 numbers) formed the dominant
group in this season also, though far less in abundance
than in the pre-monscon pericd. The chaetognaths,
as in the monsoon period, formed only 7.99% and came:
next to copepods in abundance. The third place was
taken up by ostracods which was the second abundant
group -during the pre-monsoon period. The clado-
cerans were also relatively more (2.2%) in this season
and this was the period of maximum occurrence of this
group. Decapod larvae and appendicularians made up-
more than 1% in the plankton.
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~ Of the 133 samples examined dunng the post-
monsoon season all except five samples were dominated
by the copepods. Of these five, in one sample collected
from 15°16'N 73°34'E, the cladocerans (22,400) domi-
nated over the copepods (10,400). At 23°00'N 67°50'E
the chaetognaths with a total number of 2,258 edged
aver copepods which had 2,024 individuals in the sample,
In the third sample collected at 22°28'N 68°11'E 4,780
decapods were present while the copepod number was
as low as 2,250. The dominant group in the sample
taken at 28°18'N 70°30'E was formed by the polychaetes
which had 4,170 individuals against 2,530 of copepods,
In the fifth sample the ostracods (2,530) were slightly
more abundant than the copepods (2,500).

In this season the fish eggs contributed 0.148 %/ while
the fish larvae had a lesser share of 0.132%,.

Remarks o

The copepods were more abundant in the pre-
monsoon season, while ostracods, chaetognaths and
appendicularians in varying strength in the three seasons,
took up the next three positions.

There were some groups which were relatively more

‘abundant in the monsoon and pOst-monsoon seasons’

than during the pre-monsoon season. These inciuded
decapod larvae which formed 2.806% and 0.766% and
polychaetes 1.278% and 04889 in the respective
3€4800S,

Of all the groups the least represented in all the three
seasons were the planktonic molluscs such as lamelli-
branchs followed by heteropods, though pteropods were
refatively more abundant than the other molluscs,

Although the salps and doliolids did not make a sub-
stantial portion of the total plankton in any of the
seasons their dominance in certain samples caused
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decreased availability of other planktonic - groups.
This could be due to the highly predatory nature of
salps a.nd doliolids.

Mysidacea, Fuphausiacea and heteropods were 'the
three groups which were least represented in the mon-
soon samples.

TaBLE 20. Relative Abundance (in percemtage) of Zooplankton
in the Three Seasons

Zooplankton groups - " Pre-~ . Post-
i ) Monscon Monsoon monsoon

1. Foraminifera .. 0.590  099% 0.754
2. Siphonophora . 0.316 0.749 0.595
3. Medusae v 0077 0.596 0.203
. 4. Cladocers v 0112  0.021 2239
5. Ostracods . 2.401 1455 3.098
6. Copepoda o 93047 2044 79257
7. Amphipoda .. 0087 0738 0,245
8. Mysidacea o 0045 0.004 G044
9. Euphausiacea L 0106 0036 0058
10. Decapodlarvac .. 0.208 2.806 1275
11. Swomatopodlarvac .. 0025 009 0.054
12. Luclfer ' .. 0.121 1,264 0.766
13. Chaetognatha .. 2010 11.592 7.794
14. Polychasta . 0.043 1.278 0.488
15. Lamellibranchiata .. 0005 * 0002 0003
16. Gastropoda .. 0.022 0.119 0033
17. Pteropods . 0040 0313 0512
.18. Heteropods 0.007 0.003 0.026
19, Salps .. 0.380 1.093 0.483
20. Doliclids . 0,045 1.055 0.061
21, Appendicularians . 0250  3.280 1075
22. Fish eggs . 0.002 0199  0.148

23, Fishlarvae . . 0.064 0,252 0.136
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IX .

SUMMARY

1. The area of survey, extending from 15° to

6.

~ horse-mackerel.
abundantly caught from the 55-90 m depth than

24°N latitude and lying between 55 and 360
metres depth covers 30,067 sq. namtical miles.

A major portion of the shelf region fished was
soft ground, comprising sand, mud, silt and clay.
The deeper strata of zones II, VI, IX and X,
the inshore strata of zomes IV and VI and the
middle strata of zones IV and V showed hard
bottom with coral or rock.

A total of 247 bottom hauls and 542 pelagic
hauls were made during the entire survey.

A total of 259 species of fishes, crustaceans and
cephalopods was recorded in the course of the
sutvey. For purposes of this investigation, they
were gronped into 29 major groups.

M.T. MURENA made 247 bottom kauls and
landed a total catch of 73,073 kg of fish expending

an effort of 397.55 hr and yielding & catch rate -

of 183.81 kg/hr. Of the three depth-zomes,
the maximum catch of 43,207 kg and catch rate
of 201.76 kg/hr came from 55-90 m, and,

generally, a declining trend with increasing

depths was noticed.

Pelagic trawling brought in 4,30,760 kg of fish
for a fishing effort of 1071.34 hr at an overall
catch rate of 402.08 kg/hr. The shallower
areas of 5590 m depth range gave the higher
catch and rate figures by pelagic trawl also,
though the middle depths of 91-125 m, parti-
cularly off Okha, yielded particularly high catch
rates, mainly because of the catches of the
The elasmobranchs were more

from other ranges.

' The sharks were represented by 12 species.
They were fairly abundant in the depth ranges

of 5590 m and 91-125 m.

Rays were more abundant in pelagic trawling
than in bottom trawling. A progressive de-
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9.

" 10.

1.

12.

13,

14.

1.

16.

17

18,

19,

crease in the catch rates from. 5590 m to
126-300 m deptl;-ranges ‘was noticed.

The def)th range of 5590 m yielded good catch
of gkates in both the gears,

The maximum catch rates of Congresox talabo-

noides were obtained from pelaglc trawling in the
depth range of 5590 m.

The cat-fish was better represented in catches by
the pelagic trawl than in bottom trawling. The
southern strata were richer than the ndrth'em.

Pelaglc trawling yielded bctter catch rates of
clupeids.

The scopelid group (wh.lch mcludes Bombay-
duck) accounted for very poor catches.

For Pomadasys hasta the catch rates obtained

. by bottom trawling were betier. Most of the

catch came from the depth range 55-90 m,

In bottom trawling good catch rates of Lutianus
spp. were obtained in the 55-90 and 91-125 m
depth ranges; whereas the catch came ex-
clusively from the shallower depths in pelagic
trawling, )

Mene¢ maculate was exclusively taken during
pelagic trawling. Most of the catch was ob-
tained from the 50-90 m depths.

The species Nemipterus japonicus was better
represented in bottom trawl catches than in
pelagic trawl. Catch rates increased with in~
creasing depths and the highest catch rate was
recorded in the 126-360 m depth range.

The serranids were mostly obtained by bottom
trawling. Though they were caught in all
depths, good concentrations were found in
the 55-90 and 91-125 m depth ranges.

Perches and perch—like fishes were taken mostiy
in Cruises I and 'V from the depth range
5590 m.

77



21

23,

24,

23,

26.

27.

28,

2.

30.

78

Pelagic trawling yielded better catches of Proto-
nibea diacanthus (* Ghol *}; the highest catch and
catch rates were recorded from 55-90 m both by
bottom trawling and pelagic trawling.

Yet another sciaenid, Otolithoides brunneus
{‘Koth’), was caught more during bottom
trawling than in pelagic trawling. However,
by both the gears good concentrations were
noticed in the depth range 55-90 m.

The lesser sciaenids (‘Dhoma’) provided a
sizeable catch mainly by bottom trawling.

Polynemids were recorded both in bottom trawl
and pelagic trawl catches. The entire catch by
pelagic trawl and the major part of the catch by
bottom trawl came from 55-90 m depth range.

Next in importance to Megalaspis cordyla, the
contribution of Trichiurus spp. was very signis
ficant both in bottom trawling and pelagic
trawling, the bulk of the catch coming from
depth range 55-90 m.

The discovery of a large resource of Megalaspis
cordyla in the northern stratum 29 during
February-April was the major contribution of the
work of M.T. MURENA, since such large con-
centrations were not recorded earlier.

Among the carangids that grow to a large size,
the only species recorded in the catch was
Carangoides chrysophrys. Both bottom traw-
ling and pelagic trawling yielded good catches
of this species from the middle depth ranges
(91-125 m).

‘ Other carangids > were caught more by pelagic
trawl than by bottom trawl. The bulk of the
catch was from the shallower depths of 55-90 m.

Large catches of Pampus argenteus were obtained
from the depth range 55-90 m by both types of
trawling, A declining trend in deeper waters
was noticed.

Apolectus niger is also a single-species fishery,
and its contribution far more than of
P, argenteus. Pelagic trawling is more effec-
tive than bottom trawling for this species and the
depth range 5590 m was more productive.

The scombroids made poor contributions in the
catches of M. T. MURENA, though relatively
better catches of this group were obtained from

3t.

32,

33,

34.

35,

36.

37

.pelagic trawling thae from bottom teawling. The
shallow range of 55-90 m as more productive
for both types of trawling.

The contribution of the tunnies both in bottom
trawl and pelagic trawl caiches was very meagye.
Pelagic trawling yielded relatively beiter catch
rates. As in the previous group, the shallower
areas were more productive,

Flat fishes were scarse in the catches of Mm.7.
MURENA. They were recorded exclusively
from the shallow depths of 55-90 m in bottom
trawling, ‘

Prawns, crabs and lobsters had but token re-
presentation in the catches of M.T. MURENA.

Amongst cephalopods recorded in the catches,
three species Sepia aculeata, S. pharaonis and
Loligo duvaucelii were met with frequently.
Major catches were obtained in the depth range
5590 m both by bottom trawling and pelagic
trawling. '

Based on biological observations on selected
groups an account is given of the size groups, and
probable age (from study ofscales and otoliths)
of the important categories.

From an analysis of data on maturation and
spawning of 38 species the month-wise, sirata-
wise and depth-wise percentage distribution of
different maturity stages is given. Based on the
ocourrence of spent and running individuals,
the probable spawning season and grounds for
some of the species studied are indicated. The
distribution of males and females with reference
to month, depth and stratum is furnished.
Ova-diameter studies were carried out in respect
of Apolectus niger and Trichturus lepturies (o
determine the spawning periodicity in these
species, Notes on the food of Megalaspis
cordyla and Rastrelliger kanagurta are also
given,

Based on datz obiained from bottom trawling
operations in the depth zone 55-360 m, for anarea
of 1,34,566 sq. km the total estimated resource
has been estimated as 2,46,819 metric fonnes
on the basis of densitics at 1.89 m.tfsq. km or
19 kg/ha and the potentially sustainable yield
at 609 was 1,48,091 metric tonnes Compared
with similar estimated fignres for other areas
along the west coast, this marks the present
one as relatively poor
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ANNEXURE A

CODES USED FOR FILLING THE PROFORMAE

BorToM TYPES

TIME OF SHOOTING

GEAR TYPE

PERFORMANCE

Duration of haul
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Gravel

Sand

Silt (Mud}
Clay

Shell

Coral (Rock)

[- QLT T - PR N )

2400-0359
0400-0759
0800-1159
12001559
16001959
2000-2359

O B W b

‘Bottom trawl 33/37 .
Pelagic rope trawl 64 x 11 x 59/92 ..
Pelagic trawl 59 X 88 X 53/66

LU

Neo damage, haul representative . 0
Slight damage, haul representative
Serious damage or malfunction, haul
not representative e 2
Possible damage or malfunction but
insyfficient information—catch data
may not be representative. ee 3

130 min ..o 13
95 ,, .. 9
120 ,, Lo

B
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ANNEXURE B

Hydre Master Card, Code 01 Year: Name of the country; Name of Ship:
Hydro Depth Card, Code 03 . )
a T Lat  Lom K| 1 Date Depth |  iMax,| Mix. | . Mind | Temper- Code
statfon :..__ 2% g sip o | gf,g. layer! __ggﬁg _____ » No
No o ! PO Ty o) Day - Dir} 5P -+ *
: ; ' B ~ ¢ bottos B ldep.| dep, w | Dry i Wet -
| Ble Pt ¥ B " 1eg bulb bulf sl 12 wis
sle ! ¢ bt m sec Op 0 1ol  stoete
RN 1 ] - a Slegslgwin
=1 1 H ¥ = - FAN. |
o 1 : : ! - g 3 é 1 31 -3 g 5"!
oo s ) Foe h
AP . }_ - ' =r - _;
i
| :
L o _ :
5 T :
obs Obs, Tempy Sal Mean ?.10 Qxvgen | _ HE 2L
tiwe, depth, : nl/1 % -+ 5‘;
g -
- -.l.a. ....... J Ju a—m-
]
- L !
Available extra information should Punched by {Date) Remarks: 82

be sent in on separate sheet

Normally not filled in. Checked by (date)




ANNEXURE C

DEMERSAL AND PELAGIC CATCH FORM

Sheet NO eee

¥

33

30

27

[ BOIVD J0
JTHDI aM

TOVH A0
Nollivdnd

MARKS

1HE

€0
["NVIHUD SHES

:
:

. TEXL HVID

a5

OF
SPECIES

79 {80

23

_ 19'

SPECIES | WEI GHT

Vs

9 | 11}13§15

NN
NOILVLS

7

REMARKS

FIXT, QEVD

80

"ON HS.

T

WE TGHT
OF

| sPECIES

SPECIES

74

83
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ANNEXURE D

DATA FORM FOR COLLECTING LENGTH FREQUENCY

_ INFORMATION
SPECIES. ..ovionncrennnnn. hea CRUISE. .e0v.tts
LENGTH IN CM. STATION...... e aaereees
| Lath ath Lath Lath
5 32 89 86
8 33 60 _87
1 34 1 88
8 35 82 89
9 36 83 20
_10 37 64 91
(il 38 85 82.
12 39 46 83
|13 40 1 61 94
ld 41 — 08 95
|15 _42 |89 96
16 43 70 97
17 44 o 98 _
{18 A5 A2 29
|19 46 13 _ 100
20 47 74 101-108
21 48 15 106-110
22 49 ] 111-115
23 50 77 116-120
&4 51 18 121-125
|25 52 19 126-130
L._26 83 80 131-135
27 84 81 136-140
28 55 82 141-148
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| 30 57 84 S1-1
|31 58 85 158-160
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