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Reproductive biology, trophodynamics and stock structure of ribboffishiurus lepturudanded by trawlers
along northern Arabian Sea and northern Bay of Bengal was studied during 2007 — 2010. Average annual catch along
northern Arabian Sea and northern Bay of Bengal was 42649 t and 31944 t. Mean length was significantly higher in the
former region. Growth in adultsom northern Bay of Bengal was allometric and from northern Arabian Sea was
isometric and growth rate in both the regions was significantly different within sexes and between sexes and indeterminates.
Length weight relation for males and indeterminates were significantly different between both the regions. Overall sex
ratio was 1.33 in northern Arabian Sea and 1.22 in northern Bay of Bengal. Length at first maturity was 61.2 cm in the
former region and 52.9 cm in the latter region. Peak spawning season was December — March with more mature females
encountered in Northern Arabian Sea. Total fecundity ranged between 23756 and 208300 along northern Arabian Sea
and 21672 and 156695 along northern Bay of Bengal. The mature ovaries from both the regions contained maturing (0.6
mm — 0.7 mm) and mature ova (1.2 mm — 1.3 mm). Fin fishes dominated by clupeids, sciaenids, carangids and scombrids
were the most preferred prey, followed by prawns and cephalopods. Feeding intensity was more in northern Arabian Sea
than northern Bay of Bengal. Juveniles fed mostly on prawns and cephalopods while adults preferred finfishes. Fishes
with empty stomachs were encountered in high numbers in both the regions. Feeding intensity was higher in older fishes
in northern Bay of Bengal and in juveniles and very large fishes in northern Arabian Sea. The von Bertalanffy growth
equation along northern Arabian Sea was 131.6 [1 — e - 0.15 (t + 0.0740)] and along northern Bay of Bengal was L
=114.4[1-e-0.28 (t + 0.0564)]. Along northern Bay of Bengal, reduction in fishing mortality from 0.81t0 0.73 - 0.76
will help in rationally exploiting the stock but along northern Arabian Sea, fishing mortality is below optimum and has
to be increased from 0.18 to 0.34 for optimally exploiting the resource.
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Introduction multi-species. The number of collapsed and
Bay of Bengal Large Marine Ecosystem overexploited stocks in _the BQBLME and Arabian
) ) Sea LME are on the rise, with over 80% of the
(BOBLME) and Arabian .Sea Large Mar.lne landings from fully exploited stocks. Intensive fishing
Ecosystem (LME) are considered Class 1, highlyi, yecent years is the primary force driving biomass
productive ecosystems (>300 g€yr?)*2 Arabian  changes in the BOBLME and Arabian Sea LME
Sea LME is one of the six LME’s in which reported which in turn are threatening their |Ong term
landings have remained relatively constant or showmustainability. These changes are well illustrated on
increase over the past few decddEssheries of the the east and west coast of India, where high density
BOBLME and Arabian Sea LME are multi-gear and of trawlers is inducing changes in the ecosystem
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Ribbonfish represents an important group of food  The present study was therefore aimed to compare
fish in the Indian waters along the Bay of Bengalthe stock structure, reproductive biology and
(BOB) and Arabian Sea. They form one of the majotrophodynamics off. lepturuscaught by trawlers
components of the exploited marine fishery resourceglong northern BOB and northern Arabian Sea.
and have good domgstic gnd export demand. Annu"i\l/laterials and Methods
average catches of ribbonfish during 2007-2010 from
West Bengal, Odisha and Andhra Pradesh located Data on catch of. lepturusalong northern BOB
along the northern BOB was 44336 t and from Guijara¥iz., West Bengal, Odisha and Andhra Pradesh and
located along the northern Arabian Sea was 49190 fiorthern Arabian Sea viz., Gujarat were collected
Trichiurus lepturusLinnaeus 1758 forms the major weekly from commercial trawlers for four years from
component of the ribbonfish catches in the IndianJanuary 2007 to December 2010 except during the
waters along the BOB and Arabian Sea whilemonths of April and May along BOB and June and
Lepturacanthus savala Cuvier 1829 and July along Arabian Sea for all the years due to
Eupleurogrammus muticu§ray 1831 occur suspension of the trawl net fishery during these

occasionally. Fishery is confined to the shallow deptimonths. The monthly and annual estimates of catches
zone below 70 m. Resource is exploited by a varietyV€r¢ made following the procedure adopted by the
of gears but more than three fourth of theirF'Shery Resource Assessment Division of Central

contribution comes from multi-day trawl nets. Marine Fisheries Research Institute, Iridlia

Females ofT. lepturusspawn more than once in a A total of 3089 specimens (size range of 20 to
reproductive season with sex ratio favouring females109.9 cm) from Visakhapatnam and Paradeep in
particularly in larger size length classeBhey are  northern BOB and 3146 specimens (size range of 26
apex predators feeding actively on fishes, crustacears 125.9 cm) from Veraval, Mangrol, Porbunder and
and cephalopods thus playing a pivotal role in theDkha in northern Arabian Sea of lepturuswere
energy transfer of tropical marine fish ecosystems. collected and total length (cm) and body weight
(grams to 0.01 g precision) were measured. Length-
weight relationship off. lepturusfrom BOB and
Arabian Sea was calculated\&&= a_ *? separately

for both sexes and indeterminates and significant

f‘va'l?(bli, mfg;ma;l(z/h ththe bloggyhd’f.Blethurlus differences in the slopes of the regression lines for
rom Kakinadaand Visakhapatnafin the BOB also males, females and indeterminates were ascertained

dates back to a decade. Increasing mechanization from, ANACOVA Monthwise sex ratio was

1995 onwards coupled with modernized fish ﬁndingdetermined from 2944 specimens of BOB and 3068
equipments has resulted in trawlers venturing int%pecimens of Arabian Sea and Chi-square test was
much more deeper waters in recent decades. Thigs formed to test the homogeneity of male and female
extension in the vertical and horizontal fishing gistribution. The size at first maturity () was
grounds of trawlers targeting ribbon fish can have anjetermined from 1616 female specimens of BOB and
impact on the reproduction and diet of ribbon fish.1752 female specimens of Arabian Sea logistically
Though there is information available on the py fitting the fraction of mature fish (stage Ill and
population parameters, mortality and exploitationgbove) against length interval using the nonlinear least
rates ofT. lepturusfrom Kakinada watefs and  square regression methibdProportions of gravid and
Visakhapatnam watetrsn the BOB and from the ripe females (V and VI) over time were taken to
Veraval water¥ in the Arabian Sea, there is no determine the spawning season along BOB and
published information available on the comparisonArabian Sea. Gonadosomatic index (IG) for females
of the stock structure dF. lepturusfrom BOB and  was calculated by the formulae: IGWgight of gonad
Arabian Sea. x 100)MWeight of fishFecundity was worked out by

There is no information available till date on the
reproductive biology and food and feeding of
T. lepturusfrom the Saurashtra coast of Arabian Sea
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raising the number of ova in all subsamples of theenvironmental conditions from summer to winter and
mature and ripe ovary (V and VI) to the total ovaryvice versa. In tropical waters such extreme changes
weight. Ovary subsamples were obtained from thedo not occur and it is difficult to use seasonal rings
anterior, middle and the posterior regions of the ovaryfor age determination. Hence for age determination
Ova diameter distribution in each subsample of thén tropical systems, the Von Bertalanffy Growth
ovary was studied under a microscope using calibrateMlodel is used which converts length frequency data
ocular micrometer. Feeding intensity from 3089into age compositiori. For estimating Von
specimens of BOB and 3146 specimens of ArabiamBertalanffy growth parameters, asymptotic length
Sea was assessed based on the distension of th¢iro) and growth coefficient (K) separately from BOB
stomach and the volume of food contained in it ancand Arabian Sea, the monthwise length composition
was classified as gorged, full, % full, ¥ full, % full, data of four years in each BOB and Arabian Sea were
trace and empty. Relative importance of various foothooled and grouped with 2 cm class interval and
items in the stomach was calculated by the index o&nalyzed using the ELEFAN | module of FiSAT
relative importanc€. Index of relative importance software version 1.20 Growth performance index

(IRI) was used as it takes into account the frequencyp) was calculated separately for BOB and Arabian

of occurrence as well as the number and volume ofea from the final estimates of Lo and K.
each food item thus providing a definite andpProbability of capture and size at first capture) (L
measurable basis for grading different food items. Thevere estimated as in Pa#flgnd the age at zero length
IRl was computed as given below: (t) from Pauly’$* empirical equation, Log 1) =

IRI = (%N + %V) x %F; where N = number, V=~ 0.392 - 0.275 Log_.oo - 1.03&. Growth and age

volume and F = frequency of occurrence. were pletermmed using the von Bgrtalgnffy growth
equation,Lt = Lo (1 — exp™®*)). Midpoint of the

Multivariate analyses on diet contents weresmallest length group in the catch was taken as length
carried out using PRIMER Vv!%Prior to the statistical gt recruitment (). Natural mortality (M) was
analyses, datasets were square-root transformed, agf|culated by Pauly’s empirical formédataking the
similarity matrices were constructed using the Bray-mean sea surface temperature a%C2&nd total
Curtis similarity coefficient. Monthly IRI from  mortality (z) calculated from length converted catch
northern Arabian Sea and northern BOB were usedrye? using FiSAT software. Fishing mortality (F)
to identify the variation in their dietary composition. \yas estimated b =Z - M. Length structured virtual
For this purpose, one-way Analysis of Similarity popylation analysis (VPA) of FiSAT was used to
Percentages (SIMPER) was performed to tespptain fishing mortalities per length class.
similarity/dissimilarity in the diet contents from both Exploitation ratio was estimated from the equation,
the regions. When seeking similarities betweeng - £/7 and exploitation rate frotd = F/Z(1-exp?)
regions/months, hierarchical cluster analysis wagynere, F is the fishing mortality rate. Yield per recruit
applied to the food composition/frequency data in(Y/R), spawning stock biomass per recruit (SSB/R),
order to distinguish groups of samples of similarfighapie hiomass per recruit (Fish B/R), total biomass
dietary composition. SlMPRO'_: pgrmutahon per recruit (Total B/R), total biomass (Total B),
procedure was used to test the significance of thgpawning stock biomass (SSB) and fishable biomass
clusters. (Fish B) at different levels of F was estimated from

Stock assessment methods essentially work witlBeverton and Holt Yield per Recruit Model using
age compositiofi. Temperate waters, age of Yield software ver 1.0, MRAG Ltd, London, UK.
individual fishes is easily determined by counting theMaximum sustainable yield (MSY) was calculated
year rings on hard parts viz., otoliths and scales Théy the equatioti for exploited fish stockdMSY=Z
year rings are formed due to extreme fluctuations irx 0.5x Total B.
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Results Monthly mean lengths recorded were significantly
(ANOVA, F = 9.72,P<0.05) higher in northern
Arabian Sea when compared to that of northern BOB.
The average annual catch ©f lepturusby  Highest mean length of 561.7+14.6 mm in northern
trawlers along northern BOB and northern ArabianBOB was recorded during December and the lowest
Sea for the period 2007-2010 was 31944 t and 42649rmmean length of 484.5+£5.6 mm was recorded in March
In northern Arabian Sea viz., Gujarat, the annual catcliFig. 1).In northern Arabian Sea, the highest mean
of 45878 t in 2007 decreased drastically to 35952 t ihength of 817.3+56.8 mm was observed in March and
2008, after which it increased gradually to 41255 tinthe lowest mean length of 480.9+40.1 mm was
2009 and 47512 t in 2010. Along northern BOB, theobserved in April (Fig. 1).
annual catch exhibited a steady increase over the year
from 18898 t in 2007 to 40251 t in 2010. Average *** I
catch by trawlers in Odisha was 18676 t, Andhra @®°
Pradesh was 9631 t and West Bengal was 3637 t. Ir
Odisha and West Bengal, the catchlofepturushas
shown a continuous increase while in Andhra Pradesh
the catch displayed fluctuating trend with highest
landings in 2008 (Table 1).
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Length composition Fig. 1—Mean lengths (Mean+SD) of T. lepturus landed by
. . trawlers in different months along northern Arabian Sea and
The length frequency distribution @f lepturus northern BOB during 2007-2010.

for the four year period indicated exploitation of

juveniles in large numbers along northern Arabian A total of 3089 (1328 males, 1616 females and
Sea (size range 260 — 359 mm) during May of 2008 45 indeterminates) specimens in the length range of
and northern BOB (size range 200 — 299 mm) durin@00 — 1099 mm from northern BOB were used for
August—October of 2009 and 2010 and in smalldetermining the length-weight relationship separately
numbers during February—March in both the yearsfor the two sexes and indeterminates. Relationships
Change in mean length over the years recorded simil@stimated were:

trend along northern Arabian Sea (ANOVA, F:0'24’Male: logW = -2.9193 + 2.8702 log (r = 0.88)
P>0.05) and northern BOB (ANOVA, F = 0.42, (Confidence Level 95%).

P>0.05). A mean length of 626.9+121.9 mm and

510.7+15.1 mm observed in 2007 in Northern Arabiarf €male: 1ogW = -3.5198 + 3.2209 log (r = 0.93)
Sea and northern BOB decreased to 619.5+118.8 mfonfidence Level 95%).

and 504.3£20.6 mm in 2009 after which it increasedndeterminate: logV = -2.8826 + 2.7741 lod

to 673.6x164.0 mm and 515.6+32.6 mm in 2010.(r = 0.9) (Confidence Level 95%).

Table 1—Annual landings (tonnes) tflepturusby trawlers along northern Arabian Sea and northern BOB

Years Northern BOB Northern Arabian Sea
Andhra Pradesh Odisha West Bengal Guijarat

2007 8136 8369 2393 45878

2008 13979 16078 2547 35952

2009 8240 23459 4322 41255

2010 8167 26799 5285 47512
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The slope (b) of the regression relation for maledndeterminate: log W -0.1970 + 1.3172 lof (r =
(Student’s t test, t = 2.835, 1, .= 1.962) and 0.8) (Confidence Level 95%).
females (Student’s t tesf, &= 6.833; t. | .= 1.961)
were significantly different from 3 indicating
allometric growth. For indeterminates however, the

slope (Student’s ttest, =1.973;t  .=1.977) did o L Crit0.05 .
notpdifger significantlyg?lrom the isggr?ﬁogtric valu)e of 3. V& significantly from 3 indicating isometric growth.

Slope of the regression line for females WaSFor indeterminates however, the slope (Student’s

significantly different from males (ANACOVA, ttest, Eal_: 9.76, }m 005 = 1.99) varied s!gnlf!cantly
F_ = 40.85,0<0.05) and from indeterminates Irom the |some'Fr|c value 'of’o_’._Regressmn line slope
(ANACOVA, F_ = 17.88<0.05). However between or females differed significantly from males

males and indeterminates, there was no significa

Slope (b) of the regression relation for males
(Student'sttest, 1=0.71,1 .=1.967) and females
(Student's t test, t = 1.52, 1.~ .= 1.965) did not

Crit 0.05

HANACOVA, F = 4.54,p<0.05) and the regression
difference in the slope of the regression lineline slope for males (ANACOVA, E, = 55.32,
(ANACOVA, F_ = 0.58,0>0.05) P<0.05) and females (ANACOVA, F = 68.53,

' cal ) ! ' .

P<0.05) differed significantly from indeterminates.
A total of 3146 (1316 males, 1752 females and . :
78 indeterminates) specimens in the length range of Length we_|ght relation off. lepturus from .
260 — 1259 mm from northern Arabian Sea were useH_ort_h_ern Arab_la_n Sea and northern BOB varied
for determining the length-weight relationship Significantly within males (ANACOVA, E = 4.3,

separately for the two sexes and indeterminates. Thg<0-05) and within indeterminates (ANACOVA,
relationships estimated were: F..= 40.13,P<0.05). However within females

(ANACOVA, F_,= 0.47,0>0.05), the variation was
Male: IOgW = -3.2658 + 3.0547 |Og (r = 09) not Signiﬁcant.
(Confidence Level 95%).

Female: logW = -3.6470 + 3.2632 log (r = 0.93)
(Confidence Level 95%).

Sex Ratio and Size at first maturity

Females dominated the commercial catches in all
the years along northern Arabian Sea and northern

Table 2—Monthly occurrence of males and females in the landings along northern Arabian Sea and
northern Bengal during 2007-2010

Northern Arabian Sea Northern BOB
Months Male Female FIM Chi square Male Female F/M  Chi square
Jan 108 218 2.02 37.12 124 192 1.55 14.63
Feb 148 194 1.31 6.19 144 196 1.36 7.95
Mar 172 176 1.02 0.05 136 152 1.12 0.89
Apr 100 210 2.10 39.03
May 108 146 1.35 5.69
June 92 172 1.87 24.24
July 108 148 1.37 6.25
Aug 116 100 0.86 1.19 112 96 0.86 1.23
Sept 238 234 0.98 0.03 260 208 0.80 5.78
Oct 86 138 1.60 12.07 92 132 1.43 7.14
Nov 192 200 1.04 0.16 204 188 0.92 0.65

Dec 48 136 2.83 42.09 56 132 2.36 30.72
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BOB. This domination by females was significantin 1000,  ——Estimated O Observed 00 Q
2007 (chi-square = 41.1 & 15.8<0.05) and 2010 80.0 1
(chi-square = 44.3 & 12.10<0.05) in both these :EE
regions. Overall sex ratio during 2007 — 2010 was _ so.0 -
1.33 in northern Arabian Sea and 1.22 in northerr £ so0 °
BOB. Highest sex ratio of 1.68 in northern Arabian ;EE A

Sea was observed in 2010 and 1.35 in northern BOE |
was observed in 2007. Lowest sex ratio of 1.08 ant 100 -

1.11 in northern Arabian Sea and northern BOB was 0.0 =0 00—

Mature %

O

observed in 2008. Chi-square values indicatec 2 3 E § 3 3 2 E § g g 3 E 2
significant £<0.05) dominance by females in January, Length

February, April, May, October and December in Fig. 3—Size at first maturity of females of T. lepturus from
northern Arabian Sea and in January, February, June, northern BOB.

July, October and December in northern BOB and bygopg (Fig. 4). Proportion of mature females were
males in September in northern BOB (Table 2). found to vary significantly (ANOVA, F = 5.49,
The length at first maturity was significantly 050.05). bgtween years along northern Arabian Sea
higher (ANOVA, F = 4.640<0.05) in northern ywth their hlghest_ occurrence of 77.1+16.3% recorded
Arabian Sea when compared to northern Bog/n 2007 a_nd their lowest occurrence of 4.7.112_8..4%
T. lepturusattained sexual maturity at 52.9 cm total recorded in 2008. Along northern BOB, this variation

in the occurrence of mature females between years

length in northern BOB and 61.2 cm total length in ks - i
northern Arabian Sea (Figs 2 and 3). However V@S insignificant (ANOVA, F = 0.08>0.05) with

gonadal development and sexual maturity in thetheir proportion varying between 53.1+18.8% and

species was observed to commence from 39 cm

== Northern Arabian Sea
onwards along northern BOB and 45 cm onwards o, | o NorthernBay of bengal
along northern Arabian Sea. 8.0 1

700
60.0
50.0 1
40.0 1

Gravid and ripe females were recorded in all the 00 |

months with their peak occurrence observed during 100 ]
December — January and March along northern °°°

Arabian Sea and January — March along northern

Spawning season

Mature (%)

= = = <
o} 3 S
= & < =

8§ & &

July
Sept

£ g

August

Fig. 4—Month-wise occurrence (Mean+SD) of mature females
of T. lepturus during 2007—-2010.
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Estimated O Observed

55.2+16.2%. The proportion of mature females was
higher (ANOVA, F = 0.150>0.05) in northern
Arabian Sea than that of northern BOB. In sharp
contrary to proportion of mature females, the
gonadosomatic index was higher (ANOVA, F =0.03,
P>0.05) in northern BOB when compared to northern
Arabian Sea. Gonadosomatic index varied within
; ; i § g g g § § S years along northern Arabian Sea (ANOVA, F =0.10,
Length T P>0.05) and northern BOB (ANOVA, F = 0.13,
Fig. 2—Size at first maturity of females of T. lepturus from P>0.05). Highest gonadosomatic indexes in both these
northern Arabian Sea. regions (2.24+£1.28 in northern Arabian Sea and

Mature %

21.00



GHOSHet al.: REPRODUCTIVE BIOLOGY, TROPHODYNAMICS AND STOCK STRUCTURE OF RIBBONFISH761

5.00 o Ao ses to be the peak breeding seasorTofepturusin the
at0 e Northern Bay O Benga respective regions.
2 350 -
s 30 Fecundity
£ 2.50 4
E 2 The number of eggs released increased with the
® 100 weight and size of the fish in both northern Arabian
ool Sea and northern BOB. Fecundity was higher in

2
=

Jan

= = c ]
=3 ] 3 - |
a 2 = =

July
Sept

g § & & northern Arabian Sea when compared to that of
Fig. 5—Gonadosomatic index (Mean+SD) of females of T. nor.thern BOB. Ave_rage number of O\_/a pergram body
lepturus during different months along northern Arabian Sea Weight was 158.1 in the former region and 141.6 in
and northern BOB. the later region. Total fecundity ranged between

) ) 23756 and 208300 along northern Arabian Sea and
2.24+0.86 in northern BOB) were recorded in 200771672 and 156695 along northern BOB. Relationship
and the lowest (1.97+1.18 in northern Arabian Segg|culated between body length and fecundity and

and 2.05%0.91in northern BOB) were recorded inpqy weight and fecundity for northern Arabian Sea
2008. Gonadosomatic index for females varied i”was:

different months in both the regions with peaks of

4.35+0.26 in December and 3.47+0.27 in Januaryo9F =-0.5812 +2.7918 log (r = 0.99) (Confidence
along northern Arabian Sea and 3.67+0.25 in January€Vvel 95%).

and 3.07+0.51 in February along northern BOB, after|Og F = 2.1891+ 1.0039 low/ (r = 0.99) (Confidence
which it decreased in subsequent months (Fig. 5). Thisgyg| 95%).

is in agreement with the peak spawning season

observed in the species. The mature ovaries of The relationship calculated between body length
T. lepturusexamined from northern Arabian Sea and@nd fecundity and body weight and fecundity for
northern BOB contained both maturing and matureorthern BOB was:

ova. In both the above regions, the modal peak ifog F = -1.4091 + 3.2367 log (r = 0.99) (Confidence
mature ova diameter was 1.2 to 1.3 mm and of gyg| 95%)

maturing ova diameter was 0.6 to 0.7 mm (Fig. 6).

Presence of yolked ova of different sizes in maturd09 F =2.0329+ 1.0328 lo@/ (r = 0.95) (Confidence
ovary for most months of the year indicated prolonged-evel 95%)

spawning. However the Ia.rgest sizes of yolked ova  There was significant variation (ANACOVA, F
were encountered mostly in December and January 21,0<0.05) in the slope of the regression relation

along northern Arabian Sea and in January angy¢ o4y |ength and fecundity between northern
February along northern BOB further confirming this Arabian Sea and northern BOB. However for body

e Northern Bay Of Bengal weight and fecundity, the slope of the regression
relation did not vary significantly (ANACOVA, E

= 0.09,P>0.05) between northern Arabian Sea and
northern BOB.
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Feeding intensity and food composition
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P EEEEREEEEE The food items in the diet of T. lepturatong

' TS s e northern Arabian Sea and northern BOB were broadly

_ , o , classified into fin fishes dominated by clupeids,

Fig. 6—Ova diameter distribution percentage in mature and . . . . . .
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penaeid prawns, penaeid prawns and cephalopods. Fi
fishes and shell fishes in digested and semi digestec
state were encountered in the gut in varying
proportions in different years in all the months with
an average IRl % of 42.2 in northern Arabian Sea
and 36.1 northern BOB. Non penaeid prawns
dominated byAceteswith an average IRl % of 15.7
was an important food item in the diet along northern
Arabian Sea, followed by cephalopods with an IRI %
of 5.4. Non penaeids were most abundant in gut during
2009 - 2010 (average IRI % of 21.5) while
cephalopods were mostly encountered in 2007 (IRI %
of 11.1). Highest index for non penaeid prawns was
observed in February (41%) and April (54.4%) and

IRI%

No. 5, MAY 2014

100% 7
90% { [
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for cephalopods (38.7%) in January along northern Fig. 8—Index of relative importance (IRI) % of food items
Arabian Sea (Fig. 7). In northern BOB Cephalopodsencountered in T. lepturus in different months along northern

with an average IRl % of 16.9 dominated the gut

Bay of Bengal.

contents followed by penaeid prawns with an average ..pion Sea. Clupeids represented mostly by oil
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Fig. 7—Index of relative importance (IRI) % of food items

encountered in T. lepturus in different months along northern

Arabian Sea.

sardine were present in the gut only during 2008 —
2010 while sciaenids dominated the gut contents in
2007 and 2010 (IRl % of 12.3). Juveniles of
ribbonfishes were encountered in the gut contents
mostly in 2008 (IRl % of 11.4) while scombrids
mainly mackerel were found mostly in 2008 and 2009
(average IRI % of 9.2). Sciaenids dominated the gut
contents during September — October (average IRI %
of 31.1), juveniles of ribbonfishes dominated during
August — September (average IRl % of 15.7) and
December (IRl % of 17.1), clupeids dominated in
March (IRl % of 45.8) and scombrids dominated in
January (IRl % of 16.4) along northern Arabian Sea
(Fig. 7). Finishes which formed major part of the diet
in northern BOB are clupeids with an average IRl %
of 8.6, sciaenids with an average IRl % of 6.8,
carangids with an average IRI % of 4.7 and scombrids

IRI % of 10.6. Cephalopods were most abundant irwith an average IRl % of 4.3. Clupeids composed
gut during 2010 (IRI % of 21.9) while penaeid prawnschiefly of sardines and anchovies dominated the food
were encountered more frequently in 2007 (IRl % ofitems during 2007 — 2009 (average IRl % of 9.7),
12.5). Cephalopods and penaeid prawns formed asciaenids were most abundantin 2007 (IRI % of 12.9),
important food item in all the months along northerncarangids represented mostly by scads was an
BOB (Fig. 8). Among fin fishes, clupeids with an important food item in 2008 (IRl % of 10.4) and
average IRI % of 9.6, juveniles of ribbonfishes with scombrids were encountered more frequently in 2010
an average IRl % of 7.2, sciaenids with an averagélRIl % of 6.3). Clupeids dominated the gut contents
IRI % of 7 and scombrids with an average IRl % ofin January (IRl % of 18.4) and June (IRI % of 25.3),
5.1 were the important food items along northernsciaenids dominated in August (IRl % of 14.2) and
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December (IRl % of 13.4), carangids dominated 132: G WOorged
during October — December (average IRl % of 10.4, s {|
and scombrids dominated during August — Octobe %,

(average IRI % of 11.3) along northern BOB (Fig. 8). 3 | N

BFull

EThree
fourth

BHalf

@ One fourth

BTrace

MEmpty

Sea than northern BOB. Analysis of food items in o]
relation to body size in both the regions depicted tha.
while juveniles fed mostly on prawns and Fig. 10—Month-wise feeding intensity of T. lepturus along
cephalopods, adults preferred finfishes. Average northern Arabian Sea.

contribution of fishes in the feeding conditions of (Figs 9 and 10). Sizewise feeding differences revealed
gorged stomach, full stomach, ¥ full stomach, % full h T fed | bundantl
tomach, % full stomach, trace full stomach and emptt at young ones of. lepturusted less abundantly

S ’ ' han that of adults along northern BOB. Around half

stomach were 2%, 8.6%, 4.3%, 26.1%, 13.3%, 10.1% . .
' ’ | ' ' of the fishes in the length range of 35 to 64.9 cm
and 35.7% along northern Arabian Sea and 0%, 3% g 9

Were found to possess empty stomachs and in the rest
7.8%. 11.5%, 17.9%, 17.1% and 42.6% alon P Py

: : -third, th h I full.
northern BOB. In northern Arabian Sea, feeding wot |rq the stomac was only upto quarter fu
: . : . L . “Larger fishes of length ranging from 65 cm to 94.9 cm
intensity was maximum in 2008 and minimum in

. ) were found to possess empty stomachs to the tune of
2010. Only little more than a quarter of the fishes P Py

o . . 40% and25% of them had stomachs either half or
exhibited empty stomachs in 2008 with half of them ' .

. . more than half filled. In very large fishes (95 cm and
having half or more than half filled stomachs.

. . . ore), only a third of the stomachs were empty and
Proportion of fishes with empty stomachs reachecg‘o% of the stomachs were either half or more than
45% in 2010 with only 32% of them having their

stomachs either half or more than half filled. Feedin halffilled (Fig. 11). Along Arabian Sea, juveniles and

intensity along northern BOB was highest in 2008 gry ""?rge fishes fe.d more fr.equer'nly than medium
dl +in 2009. More than half of the fishes | sized fishes. One third of the fishes in the length range
and fowest in - Viore than hall of the TIShes Nyt 35 15 64.9 cm and 95 cm and more had their

2009 possessed empty stomachs and in only one fift omachs empty and more than 40% of the fishes had

O.f the fishes the stomach was half or. more than halfheir stomach half or more than half filled. In fishes
filled. In 2008, only a quarter of the fishes had the'rranging from 65 cm to 94.9 cm in length, 43%

stomachs empty while 30% of them had their - .
. . - possessed empty stomachs while in one third the
stomachs either half or more than half filled. Intensity . .
. _’stomach was either half or more than half filled
of feeding was found to vary throughout the year with Fig. 12)
fishes possessing empty stomachs encountere% ' ’
frequently in all the months in northern BOB (32.1%

- 47.7%) and northern Arabian Sea (24.1% - 44.7%) ]
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Fig. 9—Month-wise feeding intensity of T. lepturus along Fig. 11—Size-wise feeding intensity of T. lepturus along
northern Bay of Bengal. northern Bay of Bengal.
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Fig. 14—Dendrogram for clustering food items by IRI for
Fig. 12—Size-wise feeding intensity of T. lepturus along comparing months in northern Arabian Sea using group
northern Arabian Sea. average linking of Bray-Curtis similarities.

Average SIMPER similarity in the diet contents Thiokiorus lsptorus
of T. lepturusrom northern Arabian Sea and northern Nortem Bay ottt
BOB were 59.3 and 73.1, respectively. The average
SIMPER dissimilarity in the diet contents between

both the regions was 47.9. This dissimilarity in the s
diet was contributed chiefly by Acetes and penaeid "

o S
Resemblance: $17 Bay Curts similad

and 4.8. Cluster analysis of food items from northern **
Arabian Sea and northern BOB (SIMPROF, pi = 3.11, -
P=0.002) revealed significant regional differences % L T B o
(Fig. 13). However within northern Arabian Sea

(S||\/|PRO|:’ pi = 0_83p>0_05) and within northern Fig. 15—Dendrogram for clustering food items by IRI for
BOB (SIMPROF, pi = 0.840>0.05), the cluster ~ c°mparing months in northern BOB using group average
analysis on monthly occurrence of different food finking of Bray-Curtis similarities.

items did not show any significant difference

(Figs 14 and 15). Population dynamics

The growth, mortality and exploitation
parameters of. lepturusfrom northern Arabian Sea
and northern BOB are presented in Table 3. Length
converted catch curve utilized in the estimation of
total mortality from northern Arabian Sea and

aoszunsj northern BOB are represented in Figs 16 and 17. Von

Bertalanffy growth equation along northern Arabian

Trichiurus fepturus
Group average

o TR oo
|Resemblance: $17 Bay Curlis similasth

BOB2010

200t Sea was |= 131.6 [1 — e - 0.15 (t + 0.0740)] and

- along northern BOB was, £ 114.4 [L —e - 0.28 (t +

- 0.0564)]. Accordingly by the end of 1, 2, 3, 4 and 5
i o % p years, the fish attained a size of 19.6 cm, 35.2 cm,

Similarity

48.6 cm, 60.2 cm and 70.1 cm along northern Arabian
Fig. 13—Dendrogram for clustering food items by IRI for Seaand 29.3 cm, 50.1 Cm’_65'8 cm, 77.7 Cr_n and 86.6

comparison between northern Arabian Sea and northern BOBCM along northern BOB. Fishery was dominated by
using group average linking of Bray-Curtis similarities. fishes of 4 year, 5 year and 6 year old classes in
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northern Arabian Sea and by 2 year, 3 year andauses. Fishes became more vulnerable to the gear
4 year old classes in northern BOB. A continuousafter this size and mortality due to fishing increased
recruitment pattern with recruitment occurring in mostand in northern BOB eventually outhumbered the
months was observed fdr. lepturus Highest naturallosses from 44.9 cm onwards. Maximum fishing
recruitment in northern BOB was recorded in themortality of 1.66 in northern BOB was at 56.9 cm size
month of June with 12.32% of the recruits. Threeand 0.33 in northern Arabian Sea was at 110.9 cm size.
peaks in recruitment viz., January — March, June an%tock

August — November were recorded from northern

Arabian Sea producing 27.96%, 12.10% and 47.56% The yield, yield per recruit, biomass and biomass
of the recruits. VPA indicated that main loss in theper recruit ofT. lepturusfrom northern Arabian Sea
stock up to 34.9 cm size from northern BOB and 54.9 cnand northern BOB is depicted in Table 4. Present Total
size from northern Arabian Sea was due to naturaB, Fish B and SSB along northern BOB are marginally

Table 3—Growth, mortality and exploitation parameter$.dépturusfrom northern Arabian Sea
and northern Bengal during 2007-2010

Parameter Northern Arabian Sea Northern BOB
Asymptotic Length (L8) 131.6 cm 114.4 cm
Growth Coefficient (K) 0.15 0.28
Growth performance index (¢) 3.41 3.56

Age at zero length ft -0.0740 years -0.0564 years
Length at first capture () 59.8 cm 39.7cm
Age at first capture (X 3.96 year 1.47 year
Annual Recruitment Numbers 952812519 651795036
Length at recruitment (). 26.9 cm 20.9cm
Natural Mortality (M) 0.34 0.54
Fishing Mortality (F) 0.18 0.81
Total Mortality (2) 0.52 1.34
Exploitation Ratio (E) 0.35 0.60
Exploitation Rate (U) 0.14 0.45

Table 4—Yield, Yield per Recruit, Biomass and Biomass per Recriiitlepturusfrom northern Arabian Sea
and northern Bengal during 2007-2010

Parameter Northern Arabian Sea Northern BOB
Annual Average Yield 42649 t 31944 t
Maximum Sustainable Yield 61604 t 26423t
Total Biomass 236939 t 39437 t
Fishable Biomass 165346t 31905t
Spawning Stock Biomass 184542 t 18908 t
Yield per Recruit 448¢g 49 g

Total Biomass per Recruit 248.7¢g 60.5¢g
Fishable Biomass per Recruit 1735¢g 48.9 ¢

Spawning Stock Biomass per Recruit 193.7 g 29¢
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less than their biological reference points of Total B Length-Converted Catch Curve
(40049 t - 46758 t), Fish B(32493 t — 39202 t) and (for Z=1.34; M (at 28.0°C)=0.54; F=0.81; E=0.60)
SSB,, (22190 t — 28530 t), which depicts the 120
unhealthy nature of the stock. MSY in northern BOB
is also lower than the annual average yield further
substantiating the above finding. Slender increase in
yield by 131 t — 184 t with no change in Y/R is
obtained by decreasing the present F of 0.81 in
northern BOB to 0.73 — 0.76. At the decreased F of
0.73-0.76, the SSB/R, Fish B/R and Total B/R would
be329g-349,51g-53gand 63 g—65 g, respectively 30 ®

Annual Total B, Fish B and SSB at F ranging from * 0

0.73 — 0.76 would be 42290 t — 43741 t, 34276 s ©

t—35743 tand 21340 t — 22634 t, respectively which 0.0 . . A A L L

are in concurrence to the values of Totgl, Brish 00 20 40 60 &0 100

B,;and SSB. Therefore the present F is marginally Reltive age (years-0)

above optimum and can be reduced from 0.81 to O'73|:ig. 17—Length converted catch curve of T. lepturus landed
— 0.76 for rationally exploiting the resource of py trawlers along northern BOB; where N is the number of

O
g 4
Z 60 L
BT

T. lepturusfrom northern BOB. fish in each length class, dt is the time needed for the fish to
grow through each length class angstthe age at zero
The annual average yield ©f lepturusis much length.

lower than MSY in northern Arabian Sea indicating
further scope for exploitation. Optimum exploitation increased F in northern Arabian Sea, the increase in
ensuring harvesting the stock at MSY levels involvesyield would be around 19000 t and the increase in Y/R

increasing the present F of 0.18 to 0.34. At thewould be 11.2 g. Total B, Fish B and SSB would be
181978, 110391 t and 129586 t and Total B/R, Fish

B/R and SSB/R would be 165.4 g, 100.3 g and 117.8 g
Length-Converted Catch Curve . .
(for Z=0.52; M (at 27.0°C)=0.34; F=0.18; E=0.35) at the increased F of 0.34. Above biomass values are
more than the values of their biological reference

points (Total B, Fish B ;and SSB,) indicating the
9.0 [ healthy state of the stock. Therefore along northern
Arabian Sea, the present F is below optimum and can
70 | be increased from 0.18 to 0.34 for optimally exploiting
=l the resource of. lepturus
€ s0l i3 ; :
= g Discussion
W0 Lo The annual catch of. lepturusfrom northern
BOB has increased by two folds from 2007 to 2010.
1.0 L Along northern Arabian Sea, the annual catch after
PR 5'0 1;30 15'0 ;Eg registering an initial decline in 2008 increased in
4.0 . . . .

subsequent years to an all time high in 2010. Targeted
fishing for T. lepturuscoupled with improvement in
Fig. 16—Length converted catch curve of T. lepturus landed the operatingefficiency of trawl nets has resulted in
by trawlers along northern Arabian Sea; where N is the their higher catches. Ghos# all® recorded an
number of fish in each length class, dt is the time needed for g ’ ’ )
the fish to grow through each length class gjid the age at ~ average annual catch of 18,813 Tofepturusduring

zero length. 2003 — 2006 from the same area, with a maximum of

Relative age (years-t0)
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39,486 t in 2006. Jamext al®® havereported the the present study was recorded earlier from
availability of the resource in waters at depthsKakinad&’, Visakhapatnafhand Veravaf. This
between 25 and 75 m. Multi-day trawledsng both  variation is possibly due to factors related to
the regions conduct voyage fishing lasting for 4—12continuous change in ecosystem and in biological
days at the deptbf 30—60 m forT. lepturus During ~ phenomena like maturity stages, feeding behaviour
the last few years specially designmeats targeted to and competition for food.

catch ribbonfishes in column waters have been

implemented in northern Arabian Sea and norther . .
P T. lepturusin all years along northern Arabian Sea

BOB by the local flshermen owning multl-d.ay and northern BOB. Dominance by females in most
trawlers. These nef®ssessing cod end mesh sizes .
months and by males in few months could be

of2cm—2.5cm in northern BOBand4cm—-6cm in

. : . attributed to the differential fishing because of the
northern Arabian Sea and having langesh openings changes in the pattern of migration of sexes to and
in the wing sections of the trawf 25 cm — 40 cm in 9 P 9

northern BOB and 45 cm — 60 cm in northern Arabianfrom the fishing grounds. Females also outnumbered

. males in most size and age classes in the South China
Sea helps to herd tfelepturusshoals into the trawls 9

and also helps to reduce the drag resistance. MoreoveSreé and Arabian Sea coast of Orfahength at first

o . ._Mmaturity was significantly higher in northern Arabian
the injudicious removal of large quantum of fishes in
. S . Sea when compared to that of northern BOB. The
both the regions, which include competitors of

; L differences in exploitation rates and patterns between
T. lepturusby intensive fishing over the last few years . .
. - northern Arabian Sea and northern BOB is the reason
might have created favourable conditions for . L .
. for this variation, as fish tends to mature early when
T. lepturusto proliferate. - . .
the fishing pressure is very high or when they are
Mean length in the present study was significantlyoverexploited. Peak spawning in winter and
higher in northern Arabian Sea than of northern BOBpremonsoon months with a prolonged spawning
Abundance of food resulting from large scale seasonaleason spanning throughout the year was observed
coastal upwellingg coupled with large meshed cod for T. lepturus from northern Arabian Sea and
end of trawlers targeting. lepturuscould have northern BOB which corroborates the findings of
attributed to the increased mean length along northerearlier workers from Kakinada along northern
Arabian Sea. Fluctuating mean length recorded irBOB®?°. Proportion of mature females during peak
different months in both the regions is possiblyspawning period was more in northern Arabian Sea
because different broods entered the population iprobably because of trophic enrichment caused by
different months. Similar mean sfz@as recorded monsoon upwelling providing a favourable
earlier for the same species from Kakinada alongeproductive regime foF. lepturus®. Peak spawning
BOB. Length weight relationship showed that adultsperiod indicated by IG in the present study from both
of T. lepturusfrom northern BOB exhibited allometric the regions is in general conformity with the
growth and from northern Arabian Sea exhibitedpercentage occurrence of maturity stages in different
isometric growth and growth rate in both the regionsmonths. Proportion of mature females and IG along
was significantly different within sexes and betweennorthern Arabian Sea was found to be significantly
sexes and indeterminates. Length weight relation fohigher in 2007 and lower in 2008. Northern Arabian
males and indeterminates were significantly differentSea is strongly influenced by monsoon regime, which
between northern Arabian Sea and northern BOB. Aauses significant variations in seasonal and annual
congenial feeding environment for juveniles andproductivity!. These variations in annual productivity
males in northern Arabian Sea caused by intenseould explain the possible differences observed in the
upwelling could have resulted in more weight gainproportion of mature females and 1G over the years.
of fishes per unit of length. However, higher ‘b’ values These observations on the spawning season of
individually for male and female in comparison to T. lepturusfrom northern Arabian Sea and northern

Females dominated the commercial catches of
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BOB are further supported by the size progression oimportant food items in northern BOB. Feeding
yolked ova during different months. James andntensity varied within years along northern Arabian
Baragf! and Narasimhafrstated that two major lots Sea and northern BOB. This variation could be
of ova mature and succeed one anoth@rlepturus  attributed to the annual differences in productivity
Similarly in the present study from both the regions,and trophic enrichment caused by the annual
the ripe ovaries of. lepturuscontained two batches fluctuations in upwelling and monsoon. Food item
of ova, one maturing and the other mature. Khan analysis in relation to body size from both the regions
reported fecundity in the range of 4900-81000 withdepicted that juveniles fed mostly on prawns and
relative fecundity of 65 ova per g body weight. Similar cephalopods and adults preferred finfisfiekepturus
estimates on 100.6 ova per g body weight forexhibited monthly differences in diet composition and
T. lepturus were reported by Abdussamad ef.al feeding intensity. Ontogenetic switches in feeding
Higher fecundity and higher ova per g body weighthabits are a general phenomenon among fish and
recorded in the present study from both northermesult from increases in body and mouth size that
Arabian Sea and northern BOB as compared to thoggermit fish to capture a broader range of prey sizes
recorded earlier from subtropical waters is becausand type¥. The response df. lepturusto monthly
fish tends to produce large batches of eggs irthanges in prey availability reflected the opportunistic
temperate waters with marked variations in annuabehaviour and the trophic adaptability of this
temperature. Variation in temperature was highempredatot’. Similar results on the sizewise feeding
along northern Arabian Sea when compared to thgireferences were reported from Mediterranean
of northern BOB?® and this explains the higher coast. Young and immatur€. lepturushave pointed
fecundity observed along northern Arabian Seateeth and are plankton feeders while adults possessing
Higher food availability along northern Arabian Sea increased number of hooked canine teeth are
possibly resulting in an increase in body lipid and itspiscivorou$®. Fishes with empty guts dominated
subsequent conversion to gonadal tissue might alsiiiroughout the year. Shock and suffocation to which
contribute to the higher fecundity observed in thisthe fish were subjected while being trapped in the
region. Relationship between fecundity and bodytrawl net and subsequent hauling probably caused
length and between fecundity and body weight fromsuch high incidence of empty stomachs. Feeding
both the regions indicated that the increase irintensity varied between younger, middle aged and
fecundity in relation to the weight of fish is much older fishes. This could be attributed to the fact that
lower than that of the length of fish. as fish grows in size and age several morphological
changes occur in the form of increase in mouth size
and improvement in locomotion ability which alters
ttheir prey catching efficiency.

T. lepturusis a voracious carnivore with strong
cannibalistic behaviour. Fin fishes were the mos
preferred prey group in the diet df lepturus
followed by crustaceans and cephalopods. Similar The growth and mortality of. lepturus was
results were expressed from Vizhinj&#m different along northern Arabian Sea and northern
Visakhapatnarmf) southwestern Taiwah BOB. Lo was higher in the former region because
Mediterranean coa¥tand South China S&a the largest fish sampled from this region was much
Intensity of feeding was more in northern Arabianhigher than the largest fish sampled from the latter
Sea than northern BOB probably because of moreegion. Differences in cod end mesh sizes of trawl
availability of prey items in the former region. Trophic nets operated along these two regions could have
richness of Arabian Sea LME makes it one of theattributed to this difference in sampling. Growth
most productive regions of the wotfldNon penaeid performance index in the present study obtained from
prawns and juveniles of ribbonfishes formed anboth theregions conforms fully to earlier published
important component of the diet in northern Arabianreport$94°4 Growth performance index is consistent
Sea, while penaeid prawns and carangids weréor a particular species and so the valuescofdnd
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K will compensate each other to arrive at the indexhorthern BOB and lower natural mortality in northern
valué’. This variation in the growth parameters could Arabian Sea in the present study corresponded to high
also possibly be due to factors related to ecosystemrowth coefficient and low & in northern BOB and
and biological phenomena like maturity stageslow growth coefficient and high & in northern
feeding behaviour, competition for food, etc. FisheryArabian Sea. The M/K ratio from both the regions
along the northern BOB was dominated by fishes ofyvas well within the normal range of 1-255
two to four year classes, as also observed earlier fromExploitation ratio observed indicated overexploitation
Visakhapatnarih However along northern Arabian along northern BOB and underexploitation along
Sea, fishery was dominated by fishes of four to sixyorthern Arabian Sea. However, Abdussamizal®,
year old classes which contradict earlier refiort Reuberet al” and Ghoslet ali° recorded much higher
where fishery was dominated by fishes of one to fouratip of exploitation than that of the present study.
year old classes. Length at first capture along northerfie|q per recruit because of lower annual recruitment
BOB was low when compared to the length at first, ,mbers was marginally higher in northern BOB
maturity indicating that majority of them were caught,, ,an compared to northern Arabian Sea. The yield

before they could mature and spawn at least once IBer recruit obtained in the present study conforms to

their life. This indicated stress on spawning stock an‘i’hat reported earlier from Veravabut differs from
could be addressed by increasing their size and age ose reported earlier from Kakindda Lower

at exploitation. Similar length at first capture as exploitation ofT. lepturusalong northern Arabian Sea
compared to the present study was reported earlier

i . . as resulted in higher biomass and biomass per recruit.
from Kakinad& However in northern Arabian Sea, g P

: It is evident from the results along northern BOB that
the length at first capture was more or less equal to.

. . . ... since the value of E are marginally higher than the
the length at first maturity suggesting that majority
of them could mature and spawn at least once in the’?tnaX value of 0.58 and th? values of MSY, Total B,
life before being caught. Recruitment was muchF|sh B and SSB are margln.ally lower than the values
higher along northern Arabian Sea than that oftf @nnual catch, Total B Fish § and SSB, the
northern BOB. A combination of trophic enrichment StOCK is under slightly higher fishing pressure than
and concentration and retention processes in northeff€ Sustainable level. A small increase in yield is
Arabian Sea provides a favourable reproductiveObta'ned by decreasing the present F of 0.81 to 0.73
regime for pelagic fishes. Monsoon and upwelling— 0-76. At the decreased F of 0.73 — 0.76, Total B,
with consequent replenishment of nutrients affect & 1Sh B and SSB values are in agreement to the values
plankton bloom giving better chance for the larvae to®f Total B, ;, Fish B ;and SSB. Therefore the present
survive as food is plenty. Moreover, growth becomed™ is marginally above optimum and can be reduced
faster and the larvae pass quickly through the criticafrom 0.81 to 0.73-0.76 for rationally exploiting the
stages. Faster growth of fish larvae in northerrresource ofT. lepturusfrom northern BOB. The
Arabian Sea is the reason for the higher length asituation is reverse in northern Arabian Sea, where
recruitment observed in this region. Continuousthe E is much lower than the Evalue of 0.75 and
recruitment ofT. lepturuswith three peaks observed the MSY is higher than the annual catch allowing for
in this study from northern Arabian Sea and northerran increase in F from the present 0.18 to 0.34. This
BOB conforms to earlier published reports from theincrease in F results in an increase in yield and yield
waters off VisakhapatnaihKakinaddand VeravaP.  per recruit without compromising on the biomass and
Beverton and Hott pointed out that the natural biomass per recruit values which are still more than
mortality coefficient of a fish is directly related to the values of their biological reference points (Total
the growth coefficient (K) and inversely related to B, Fish B ,and SSB,). Thus, the present F is below
the asymptotic length k). The same appeared to be optimum and can be increased from 0.18 to 0.34 for
true forT. lepturusfrom northern Arabian Sea and optimally exploiting the resource ®flepturusalong
northern BOB. The higher natural mortality in northern Arabian Sea.
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Conclusion

Annual catch off. lepturushas increased along
both northern Arabian Sea and northern BOB over
the years. Along northern BOB, the stock is
marginally overexploited but along northern Arabian
Sea the stock is underexploited with ample scope fog
increasing the exploitation rate. Mean length was
higher along northern Arabian Sea with isometric
growth while growth was allometric in northern BOB. 9
Females dominated the catches in both northern
Arabian Sea and northern BOB with higher length at
first maturity and higher fecundity in the former
region. Feeding intensity was more in northern10
Arabian Sea. Juveniles from both the regions fed
mostly on prawns and cephalopods while adults
preferred finfishes.
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