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Catch, abundance and some aspects of biology of
deep sea fish in the southeastern Arabian Sea

M. Feroz Khan, P.U. Zacharia, K. Nandakumaran, 5. Mohan,
M. R. Arputharaj, D. Nagaraja & P. Ramakrishnan

Central Marine Fisheries Research Instimte, P. (. Box- 1603,
Cochin-682 014

ABSTRACT

The bottom trawls operated by FORV Sagar Sampada in the southeastern
Arabian Sea revealed the existence of grounds with potentially rich unexploited deep
sea finfish resources. Chlorophthalmus sp. formed the most dominant species with
catch rates of 4.6 tonne/hr at lat. 8°56° N long. 73° 35 E and 4.2 tonne/hr at lat. 8°55
N, long. 73°35E. Cubiceps natalensis with catch rates of 2.8 t forms the next
important species. Maximum catch rate of deep sea fish was observed at depths
ranging from 300 to 350 m. The other major exploitable species include Neopinnuia
orientalis, Psencopsis cyanea, Chascanopsetta lugubris, Priacanthus hamrur
and Chlorophthalmus bicornis. Information on some aspects of bioclogy of fishes
landed in fairly good quantity are also dealt with. Concentrations of deep sea fish
resources are found in comparatively shallower depths in the northern latimdes
whereas a wider distribution is seen in the southemn latitudes.

INTRODUCTION

Deep sea fishes are rapidly gaining importance as a potential fishery resource, as the
inshore fishery alone can no longer satisfy the growing demand for fish. In India
exploratory fishery surveys conducted in decper waters of the Exclusive Economic
Zone have indicated the presence of unexploited deep sea fish resources in the
peripheral shelf area and continental slope which have great scope for commercial
exploitation. Joseph & John (1986) have stated that the deep sea resources in the outer
shelf and continental slope comprised of a few non-conventional species like “big

eye”,"green eye”," black muff", Cubiceps etc. in contrast to the multiplicity of species
in coastal region.

Though the investigations made by Gravely (1929), Silas {1969), Joseph et al.
(1976), Philip et al.(1984), Joseph (1986), Nair & Joseph (1986), Sivaprakasam
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332 Feroz Khan et al.

(1986), James & Pillai (1990) and Gopalakrishnan et af, (1988) have reported on the
availability and relative abundance of these deep sea fish resources, there is very little
knowledge on the resource characteristics and biology of these deep sea fish re-
sources. The present paper deals with the geographical and the bathymetrical
distribution of deep sea fishes in the southeastern Arabian Sea based on data collected
during the cruises of FORV Sagar Sampada along with information on some aspects
of biclogy of important species. An attempt is also made for estimating the biomass
of deep sea fish in this area.

MATERIALS AND METHODS

The material for the present study was collected onboard FORV Sagar Sampada
during cruise no. 40 and 96 at southeastern Arabian Sea (Fig. 1). During cruise no.
40(1.1.1988 to 11.1.1988) High Speed Demersal Trawl (HSDT - III) and in cruise no.
96 (18.11.1991 to 18.12.1991). Bottom Lobster trawl (BTR-L) was used. The catch
details of stations covered between lat. 8°35to 12°55° N and long. 73°56° to 76°28’E
were analysed. A total of 20 trawling operations were carried out during cruise No.40
between §30 and 777 m depth ( Fig. 1 A ) High Speed Demersal Trawl (HSDT - III)
designed by CIFT, Cochin with a codend mesh size of 22 mm stretched knot t¢ knot
was used. In cruise no.96, 30 hauls were taken at an area between lat. 08°38'N 1o
12°55'N and long. 73°56E to 76°28’E (Fig.1 B ). The depth of operation varied from
185 to 450 m .The catch was grouped into deep sea fish, other fish (which include
resources like threadfin breams which are presently under commercial exploitation)
and crustaceans and cephalopods. Latitudinal and depth-wise distribution and abun-
dance of deep sea finfish resources were assessed after grouping the stations covered
in each cruise into 4 depth zones of 101-200 m {Zone I}, 201-300 m (Zone 1), 301-400
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Fig. 1- Map showing the study area; A) cruise no.40, B) cruise no.96
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m (Zone-1IT) and above 401 m to the maximum depth operated (Zone 1V). Catch per
unit effort was estimated against the total number of hours in each cruise. Samples
were collected from each haul for biological investigations on length frequency,
length-weight relationship, sex ratio and size at first maturity of important fish
resources such as Chlorophthalmus agassizi, Neopinnula orientalis, Pseneopsis
cyanea, Cubiceps natalensis and Priacanthus hamrur. Size frequency and percent-
age maturity of these species in different depth zones were categorised separately.

Latitudinal and depth-wise biomass of deep sea fish were estimated using “swept
area” method (Sparre & Venema, 1992). The average biomass per unit area was
estimated using the equation:

B= (Cw/a)jrA
Xi
where Cw = catch in weight of a haul, a = the area swept by the gear during one unit
of effort computed from the equation a = t * v * h * x,; where t = litne spent for
trawling, v = velocity of trawling (3.5 knots), h = average head rope length of HSDT
- Il and BTR - L (34.6 m), X5 = the effective net opening which was taken as 0.5 as
suggested by Pauly (1983), A = total area swept and X = the portion of biomass
actually retained by the gear (taken as 0.5 here).

RESULTS

Details of trawling and fish catch are shown in Table 1 and haul-wise catch data is
shown in Table 2. Among the total catch of 16 tonne obtained from all stations
together, deep sea fish were most dominant forming 12.89 tonne (79.86%) followed
by other fish - 1.59 tonne (9.8%) and crustaceans and cephalopods - 1.7 tonne ( 10.3% ).
During cruise no. 40 the maximum catch of 5.6 tonne of deep sea fish was recorded
in haul no. 8 with a catch rate of 7.04 tonne/hr of trawling closely followed by 4.95
tonne of catch recorded in haul no. 10 with a catch rate of 4.95/hr of trawling. The
total catch in cruise no. 96 was 26.13 tonne of which deep sea fish accounted 20 tonne
(76.55%) followed by other fish - 2.2 tonne (8.4 %) and crustaceans and cephalopods
3.9 tonne (14.9%). Maximum catch of 2.97 tonne with the same catch rate was
obtained in haul no. 25 closely followed by 2.78 tonne in haul no. 28 with maximum
catch rate of 3.6 tonne.

Depth-wise abundance

The area between fat.8°N to 09°N was most productive with average catch rates of
915 kg/hr of deep sea fish closely followed by lat.09° 1o 10° N with catch rate of 754
kg/hr. Comparatively the least productive area was between lat. 12° to 13°N with a
catch rate of 419 kg/tr, The deep sea fish was available at all depth zones (Table 3)
batween (8° to (9° N whereas this resource was not found above 400 m depth in
26107 to 11° N, Between 167 to 13° N the bottom trawling did not yield any decp sea
fish beyond 300 m depth. In the southeastern Arabian Sea the most productive depth
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Table 1 - Haul-wise catch(C) and catch rate(CR) of deep sea fish, other fish, crusta-
ceans and cephalopods in cruise no 40 (C=kg, CR=kg/hr)

Hauol Position Depth Deep sea Other Cephalopods & Total
no. la..  long. (m) fishes fishes crustaceans  catch

™) (E) C CR C CR C CR C
1 08°35° 76°15 235-307 106 159 94 141 270 405 470
2 08°3%8° 76°11° 273293 21 55 452 1179 39 102 512
3 08°5(Y 76°00° 130-156 120 240 350 700 - - 470
4 08°48° 75°45 322 225 245 - - 125 137 350
5 08°56° 75°45° 328-334 4948 4948 - - 52 52 5000
6 08°42° 75°41° 312-314 89 119 18 24 48 64 155
7 08°43° 75°49 398-421 29 70 12 29 49 118 920
8 08°s5' 75°35 304-307 5634 7043 336 420 30 37 6000
9  08°33° 75°55° 348-350 1200 2057 23 39 27 46 1250

10 08°55" 75°45 344-358 71 144 - - 89 18¢ 160
11 09°04' 75°40° 246-260 25 30 13 26 22 4“4 60
12 09°04" 75°4% 209 55 97 99 175 146 257 300
13 09°08" 75°40 11 53 106 7 14 50 100 110
14 09°32 75°3% 317177 06 2 04 1 - - 1

15 09°1y 75°44° 361-382 83 151 6 1t 21 39 110

range for deep sea fish was between 301 - 400 m with an average catch rate of 1478
kg/hr. Between 201 - 300 m moderately good catch of deep sea resource was obtained
with a catch rate of 594 kg/hr. The average catch rate declined considerably in the
deeper waters beyond 400 m depth with an average of 56 kg/hr.

A total of 34 deep sea finfish species were recorded during both cruises, of which
14 were considered important and their depth-wise abundance is shown in Fig, 2.
Chiorophthalmus agassizi dominated the catch constituting 36.2% of deep sea fish
catch fellowed by Cubiceps natalensis (19.2%), Pseneopsis cyanea (1.9%),
Neopinnula oriemalis (3.3%), Peristedion pothumalava (4.4%), Chlorophthalmus
bicornis (3%), Lampadena luminosa (0.8%) and Priacanthus hamrur (0.7%), The
depth-wise distribution of catch revealed that about 75% of important deep sea fish
was concentrated between depth zone I and III. Only Gymnoscopelus sp. showed
maximum abundance beyond 400 m depth. Chlorophthaimus agassizi, Cubiceps
natalensis and Neopinnula orientalis were recorded from all depth zones indicating
their wide distribution over space and time. Acropoma sp. Priacanthus hamrur,
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Table 2 - Haul-wise catch(C) and catch rate(CR) of deep sea fish, , other fish, crus-
taceans and cephalopods in cruise n0.96 (C=kg, CR=kg/hr)

Haul Position Depth Deep sca Other Cephalopods Total
no. lat long. (m) fishes fishes & crustaceans  catch
Ny (E) c CR C CR C CR C
1 09°027 75°5¢° 185 283 283 29 29 517 SI17 829
2 08°54¢  75°59" 270 53 71 23 31 314 499 450
3 08°5%  75°%44’ 340 1482 1482 3 3 i5 15 1500
4 08°43  75°54° 450 745 74 - - 5 51 125
5 09°1 75042 400 28 42 2 3 25 38 55
6 12°36° 74°12° 185 528 704 161 215 511 681 1200
7 12955 13°56’ 265 740 740 - - 60 60 800
8 12017 74y 265 94 94 24 24 182 182 300
9 12709 74°21° 235 106 141 1 14 13 4 120
10 11°44  74°35° 190 36 54 4 6 51 i 91
1 11°500  74°28° 285 115 173 . - 10 i5 125
12 11°35"  74°58° 170 161 161 110 110 48 48 319
13 107411 75°227 175 - - - - . - -
14 1031 75027 MO 32 32 - - 43 43 7.5
15 10°3% 75°18 375 - . . . . . .
i6 o09°11° 75°51” 260 915 523 1084 619 51 29 2050
17 09°05° 75°35° 235 1063 1276 108 130 129 155 1300
18 09°00° 7548 330 1367 1367 8 82 5l 51 1500
19 08°s§’  75°58' 190 26 6 55 55 19 19 100
20 08°52' 75°58' 320 20 133 - - 50 3 260
21 0900  75°45" 351 40 96 8 19 2 5 50
22 08°52 75°5% 315 1691 1691 29 29 80 80 1800
23 09°15  75°5% 225 27 27 69 69 1104 t104 1200
24 08°56° 75048’ 335 2357 2357 - - 113 113 2500
25 08°41 7537 335 2969 2969 - -3 31 3000
26 08°1Y  76°28° 245 1145 1145 - - 55 55 1200
27 08°38  76°10° 280 98 90 - - 52 48 150
28 §0°56°  75°08° 260 2778 3623 - -2 29 2800

29 09°48°  75°3%° 195 223 268 344 413 233 280 800
30 09°36°  75°39" 255 1391 9259 25 17 B4 58 1500




9Lg

Latitude
range

(TN}

-9
10-11
12-13
Total

Table 3 - Depth-wise distribution and abundance [C = catch /(kg), CR = catch rate / (kg/hr),
DSFB = deep zea fish biomass ( tonnes!nmz)]

Depth range
100 - 200 m 261-300m 301 - 400 m 400 and above Total
C CR DSFB C CR DSFB 'C CR DSFB " C CR DSFB C CR DSFB
754 197 301 4916 466 7.13 22559 1581 24.18 1316 60 092 28360.6 915 14.0
197 118 180 2893 2018 30.87 32 32 005 - ; 30932 754 115
528 704 1077 940 342 523 . . ] .. 1468 419 6.4
1479 237 362 8740 594 910 225622 1478  22.60 1316 56 090 329220 853 131

10 12 DYy 20434
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- Peak Abundance
% Available D Abment

Dapth Depth
rone III zone IV

Hoderate Abundance

|Specinn

Acropoma japonicum

Bembrops caudimacula

C. agassizi

C, bicornis

Cubiceps natalensis

Epinephelus sp.

Gymnoscopalus sp.

C. lugubris

fampadena luminosa

Hacrurus woodmazoni

Neopinnula orientalss

Pseneopsis cyanea

Psenes Indicus

FPriacanthus hamur

Fig. 2- Depthwise distribution and abundance of deep sea fish in the southeastern Arabian Sea
(depth zone 1 = 100-200 m, depth zone Il = 201-300m, depth zone 1Il = 301-400m, depth zone -
IV = above 400 m)

Peristedion porhumalava, Psenes indicus and Epinephelus sp. were found in

abundance at relatively shallower areas.

A record catch of 13.3 tonne of Chlorophthalmus agassizi with catch rate of 1.7
tonne/hr was obtained at depth zone II1. The maximum catch of 4.6 tonne of Cubiceps
natalensis was recorded at 201 to 300 m depth with a catch rate of 0.4 tonne/hr of
trawling.

Biomass

The biomass estimated by ‘swept area, " method showed that lat. 087 - 09° was most
productive with 14.0 tonne/nm> of fish followed by lat. 10°- 11° bhaving 11.5
tonne/nm> of deep sea fish. Depth zone III proved to be the most productive area with
regard 1o deep sea fishes in the southeastern Arabian Sea with biomass of 9.1 and 3.6
l011|_1¢3.~‘nm2 reszpectively. The area beyond 400 m depth was least productive with only
0.9 tonne/nm°. The average biomass of deep sea fishes in all depth zones was 13.1
tonne/nm>. The most productive area for deep sea fishes during this investigation was

located between lat, 10°-11° at depths ranging from 20} - 300 m with a record biomass
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of 30.87 tonne/nm> closely followed by lat. 08°-09° N at a depth ranging from
301-400 m with 24.18 tonne/nm?,

Biology

Chlorophthalmus agassizi - Maximum abundance of this species was found in
depth zone HI (Fig.2). The length range, mean length and mean weight of male and
female fishes are furnished in Table 4. Males were dominant in catch. The size at first
maturity was estimated as 185 mm for males and females. The length-weight relation-
ship found separately for both the sexes ( Table 5) show that the growth in length and
weight of this species is allometric. C. agassizi was not represented in depth zone 1.
The length frequency and percentage of mature fishes in different depth zones are
depicted in Fig.3. Fish of comparatively smaller size were abundant in depth zone {I
and bigger sized fish were more abundant in depth zone IV. In zone IIl the entire catch
of C. agassizi consisted of males only.

Cubiceps natalensis - This species is highly abundant in depth zones II and III
indicating its distribution mainiy concentrated between 20! to 400 m depth even-
though this species was found in all the depth zones (Fig.2). The length ranged
between 115 to 205 mm for males and 145 to 205 mm for females (Table 4). Males
outnumbered females in all depths. The percentage of mature fishes and size fre-
quency in different depths are shown in Fig. 4. Among males 34% of the fish were
mature. Depth-wise distribution shows that 52%, 21% and $0% of female fish caught
from depth zones [, I1 and IV were mature. Female fish in depth zone IV were mature

Table 4 - Important biological characteristics of dominant deep sea fish

Species Length Mean  Mean Sex Size at
range  length  weight ratio first

{mm) {mun) {gm) (%)  maturity
(mm)

Chlorophthalmus agassizi 110-299 (83,1 45.7 31.9 185

[00-299  161.9 3L2 68.1 185

130-268  203.9 63.8 30.4 185
130-299 1817 372 69.6 185

140209 1629 40.6 8.5 165
110209  155.8 40.6 61.5 165

100-189 1473 395 436 165

F

M
Neopinnula orientalis F
M
F
M
F
M 100-189 1471 393 56.4 153
F
M
F
M
M

Cubiceps natalensis
Pseneopsis cyanea

Lampadena luminosa 100-189  154.7 434 49 145

50-199 1458 151 51 155

160-339 2127 130.3 315 205
160-269  206.9 113.0 68.5 195

= Male F = Female

Priacanthus hamrur
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Table 5 - Length-weight relationships of some important deep sea fish

Species n r a b
Chiorophthalmus F 194 0.76 -3.46817 2.24766
agassizi M a1 0.76 -3.37611 2.19234
Neopinnula orientalis F 44 0.90 -5.03623 294444
M 78 0.68 -3.44258 2.21046
Pseneopsis cyanea F 80 0.86 -6.5890 3.76054
M 108 (.80 -5.74284 3.37546
Cubiceps natalensis F 9 0.75 -3.58508 2.34119
M 161 0.50 -1.80714 1.55052
Lampadena luminosa F 24 0.90 -1.43910 231116
M 21 0.82 -4 89820 2.96750
Priacanthus hamrur F 47 .97 -3.99873 2.60965
M 78 0.61 -3.18588 2.26980

n = No. of observations, r = correlation coefficient
a=Y - axis intercepi, b = increment curvature
F = Female, M = Male

and of larger size indicating that the larger sized females concentrate in deeper waters.
The size at first maturity estimated from the pooled data was 165 mm for both males
and females. Results of length-weight relationship analysis (Table 5) indicate that
there is a differential growth pattern in length and weight of females and males, the
curvature value (b) being 1.5505 and 2.3411 respectively.

Pseneopsis cyanea - This species shows peak abundance in depth zone III and
moderate abundance in zones I and II. The length ranged between 100 to {89 mm for
males and 110 to 189 mm for females. The size at first maturity was 155 mm and 165
mm for males and females respectively. The important biological informations are
furnished in Table 4. Male fish caught from comparatively shallow depths were all
immature whereas in depth zones Il and IIl immature fishes constituted 41% and 53%
of males caught (Fig. 5). In case of females 34% of fish caught altogether were mature
and 43%, 61% and 23% of female fish caught from depth zones I, II and III
respectively were mature. Length-weight relationship shows that females are a little
heavier than males with curvature values (b) of 3.76 and 3.37 for females and males
respectively ( Table 5).

Priacanthus hamrur - This fish was located in heavy concentrations at depth zone
I though they were common in depth zone II and III (Fig. 2). P. hamrur was not
available beyond 400 m. The percentage of maturity and size frequency are plotted in
Fig. 6. The size of males ranged between 160 to 269 mm whereas females were much
larger sized with sizes ranging from 160 to 339 mm. The males mature when they
attain a length of 195 mm, a little earlier than the females ( 205 mm). Table 4 provides
important biological information on P. hamrur. The males were dominant at all depth
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E Female

LR AR e s s ) T

Percentage Frequency

45 178 148 198 208 215 228 236 248 286 248 276 288 383

8 2

118128 138 14811

<)

113128 138 145 155 195 17 185 195 208 215 228 238 2:“ 3‘50 I8 2TE IR alte

Length - range mm
Fig. 3- Length frequency and percentage mature (values) of Chlorophthalmus agassizi at
depths : A)201-300 m, B} 301-400 m C) >400 m
zones. In the pooled data 1% of male fish caught were mature, Between 101-200 m,
60% of males were mature whereas at 201-300 m 96% of males were in mature state.
Only 25% of females caught from the depth zone I were mature while higher
concentration of mature female fish (96%) were captured from depth zone II. The
length-weight relationship shows allometric growth with curvature value (b) of 2.3
and 2.6 for males and females respectively (Table 5).
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Fig. 5- Length frequency and percentage mature (values) of Pseneopsis cyanea
at depths: A)100-200 m, B) 201 - 300m, C) 301-400 m

Neopinnula orientalis - This species commonly known as ‘sack fish’ is highly
abundant in depth zone III. The length range varied from 130 to 229 mm for males
and 130 to 269 mm for fpmales (Table 4). Males outnumbered females in total catch.
*Sack fish’ is confined to depth zones Il and ITI with maximum concentrations at latter
depth. Larger sizes of mature females were caught from depth zone I11. About 50% of
the female fish occurring in depth zones I and II were in mature condition whereas
majority (90%) were mature in depth zone 11 (Fig.7). About 50% of males caught
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g Female

PEEXS 100

T Tt
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Length - range mm

Fig. 6- Length frequency and percentage mature (values) of Prigcanthus hamrur at depths:
AYI00-200 m, By 201 - 300 m

from zone II and 11l were in mature condition. Both sexes attained maiurity at 185 mm
length. The length-weight relationship analysis showed an isometric growth for
females with curvature value (b) of 2.9 (Table 5 ).

DISCUSSION

Present study indicates the presence of significant concentrations of exploituhle
deep sea fish biomass in southeastern Arabian Sea. Studies by Prasad & Nair 1973,
have shown high abundance of deep sea species like Chlorophtiiilie e aeassizy,
Neopinnula orientalis, Pseneopsis cyanea, Cubiceps natalensis eic i the uppes
continental slope (180-450 m depth zone) of Indian EEZ. According 1« Sivaprakasam
(1986) Chlorophthalmus agassizi is available in plenty in the deeper watery between
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Fig.7- Length frequency and percentage mature (values) of Neopinnula orientalis at depths.
AY201-300 m, B) 301 - 400 m

200 to 600 m depth. Bande ez al. (1990) have reported that Priacanthus spp forms a
potential deep water resource at 1at.07°-15° but beyond 200 m depth the availability
decreases. According to Sivakami (1990) the neritic waters in the depth range of
151-398 m have promising potential for deep sea fishes like Pseneopsis spp.
Chlorophthaimus spp, Priacanthus spp, Cubiceps spp and Trichiurus auriga.
These fishes tormed 43% of the total fish caught from this area. In the present study
deep sea fish formed as high as 73% of the total catch.

Studies of Sudarshan er al. (1988) have shown that the most preductive depth belt
in southwest coast for demersal fish is 150-200 m depth with catch rate of 9.36
tonne/nm>, In the present study comparable biomass was obtained in 101-200 m depth
at lat, 12°-13° N. However, maximum biomass of 22.6 tonne/nm? was obtained in
301-400 m depth zone. It is significant to note that an average catch rate of 815 kg/hr
was recorded in the present study for deep sea fish alone which is very high compared
to the catch rate obtained in the exploratory surveys (FSI, 1991). The present investi-
gation shows that deep sea finfish resources are concentrated in comparatively
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shallower depths in the northern latitudes whereas wider distribution is seen in the
southern latitudes.

Though there are studies on the distribution and abundance of deep sea fishes,
investigations on the biology of deep sea fishes are scanty, An analysis of biological
data of dominant species mainly Chlorophthalmus agassizi, Neopinnula orientalis,
Cubiceps natalensis, Pseneopsis cyanea and Prigcanthus hamrur have provided
new information on length-weight relationship, sex ratio, size at first maturity etc of
the above species. High concentrations of mature and spawning females of C.
agassizi at 301 to 400 m depth indicates that this zone may be the spawning grounds
for this species. In the case of Neopinnula orientalis a clear distinction in the sex ratio
in larger groups with mature females dominating in length above 200 mm was
observed. It appears that N. orientalis spawns beyond 400 m depth as 90% among the
females caught from this zone consisted of spawning females. Mature females of
Priacanthus hamrur dominated above 200 m. Comparison of the length frequency
of fishes available at 101 to 200 m depth and 201 to 300 m depths shows that larger
sized fishes are available in the latter depths and the fish caught were fully mature
indicating that this species may possibly spawn in deeper waters. In the case of
Cubiceps natalensis the occurrence of mature females in abundance at depth zone 111
shows that spawners are concentrated in this zone.

Studies of Philip er al. (1984) reveals that deep sea fishes are comparable in
nutritive values to the commonly available food fishes. The proximate composition
indicated that atl these species are protein rich, the value ranging from 14.4 to 17.5%.
The experiments conducted (CIFT, 1990} have indicated that deep sea finfish re-
sources could be utilised for a variety of fishery products. Therefore exploitation of
more or less virgin deep sea finfish resources on larger scale from the Exclusive
Economic Zone can significantly change the scenario of Indian fishery sector.
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