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The by-catch composition, catch rates of major species in by-catch and its seasonal variation was studied from 53 trawl hauls of 

a commercial shrimp trawler for the period from December 2013 to December 2014.  From 330.036 kg of by-catch, 27,854 

specimens were obtained belonging to 248 taxa (89 families) from which 216 were identified upto species level. Contribution of 

teleosts and invertebrates to the total by-catch biomass was 87.49% and 11.48% and to the total number of individuals in by-

catch was 86.83% and 13.05%. Portunidae, Carangidae, Penaeidae, Sciaenidae, Apogonidae, Engraulidae, Synodontidae and 

Leiognathidae were the eight most speciose families accounting for 41 % of the species. Photopectoralis bindus was the most 

numerically abundant (16.92%). Mean catch rates of total by-catch differed significantly between seasons with higher catch rates 

in post fishing ban period for biomass and number. Seven teleost and four invertebrate species had mean catch rates higher 

during post fishing ban period, while one each had higher catch rate during pre fishing ban period. 
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Introductions 

Trawl by-catch is a globally recognized 

issue with intensified effects in tropical waters 

affecting both the ecosystem function and 

biodiversity, as well as causing physical damage 

and habitat loss
1
. Trawling in localized 

ecosystems removes rare and endangered species, 

causing loss of biodiversity. Between 6.8 million 

tonnes
2
 and 20 million tonnes

3
 of bycatch are 

being caught by the world fisheries each year. 

Demersal prawn (shrimp) trawl fisheries are 

responsible for about one-third of that
4
. These by-

catches are usually returned to the water either 

dead or dying
5, 6

. Vulnerable or protected species 

such as sea turtles and sea snakes are also 

components of this bycatch in tropical prawn 

trawl fisheries. Major issue in tropical trawl 

fisheries is by-catch due to its multispecies 

fisheries. Species composition of multispecies 

trawl fishery suggests that the enormity of by-

catch resulting from such fishing operations is 

inevitable, causing loss of species and physical 

damage to the ecosystem
7, 8

. 

In India, trawlers contribute a major part 

of the total marine fish production 
9
. A wide range  

 

of non-targeted species is captured by trawl nets, 

including juveniles of species that would have 

otherwise contributed to a commercial catch of 

larger fish at a later time 
4, 7

. For ensuring 

sustainability of all non-target species being 

impacted by trawling, long-term by-catch 

monitoring program is needed. Detailed 

information on the historic dimensions of by-

catch is not available for many fisheries, and thus 

continued monitoring is necessary to assess trends 

and to measure the effectiveness of new 

technologies designed to minimize by-catch
7, 10

. It 

is also essential to develop a fisheries database to 

enable evaluation of the impacts on fisheries and 

biodiversity of the region, for developing macro-

level policies in fisheries management
11

. In view 

of the above, the present study was undertaken to 

describe the by-catch composition with seasonal 

variation and the catch rates of by-catch species.  

 

Materials and Methods 

Andhra pradesh, with a coastline of about 

974 km (Lat:19°01ʹ21ʹʹN–13°18ʹ36ʹʹN, Long: 

84°52ʹ29ʹʹE–80°24ʹ04ʹʹE) facing the Bay of 

Bengal, supports diversified ecological features  
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and forms an integral part of the central east coast 

of India. It has a continental shelf area of about 

33,000 sq.km. The proposed study area covers the 

potential fishing grounds along the coastal areas 

off north Andhra pradesh. The trawlers operate in 

a wide area from Gopalpur in the north to 

Kakinada in the south along the Bay of Bengal.  

Sampling consisted of 53 trawls hauls was 

conducted by trained crew from a 15 m long 

commercial shrimp trawler during day time at 

fortnightly interval. The sampling period extended 

from December 2013 to December 2014 with 

exceptions during monsoon ban. Altogether 19 

samples were taken from the pre fishing ban 

period (December to mid-April) and 34 samples 

from the post fishing ban period (June to 

November) 

A trawl net with 22 m head and foot rope 

lengths and mesh sizes of 30 mm at mouth, 18 

mm in the middle and 11 mm at cod end was 

towed at a speed of about 2–3 knots in depth 

between 10m to 70m. Once the haul was taken on 

board, 2-3 random sub-samples of approximately 

4-5 kg each were collected prior to sorting to 

assess total species composition. Quantitative 

assessment i.e. weight measurements of different 

faunal groups in target and commercial by-catch 

was done on-board of the shrimp trawler. All the 

samples were temporarily preserved in ice and 

brought to the laboratory. This method of sub 

sampling adequately represented the by catch 

composition
12

. 

In the laboratory, animals from each 

subsample were identified to the lowest 

taxonomic level (usually species) and counted. 

The total weight of each taxa was recorded (0.1 

g), and 20 randomly chosen individuals
13

 from 

each species were measured for their standard 

length (SL in mm) or total length (TL in mm) 

depending on species. Taxa other than teleosts 

were measured for their total length (sharks), disc 

width (rays), snout-vent length (sea snakes), 

carapace length or width (crustaceans) and mantle 

length (cephalopods). 

The number of individuals and the 

biomass of each species from each trawl haul 

were calculated by multiplying the subsample by 

a raising factor based on the subsample to total 

bycatch weight ratio
14

. The catch rates of numbers 

(n h
−1

) and biomass (kg h
−1

) of each species were 

standardized to account for seasonal differences.  

The entire duration of study was divided 

into two seasons i.e. pre-fishing ban (December-

mid April) and post-fishing ban (June-November).  

 

The taxa (those which contributed more than 

0.5% to a monthly aggregate abundance) data 

were selected for cluster analysis. Abundance data 

were normalized using the square root 

transformation function, converted into a lower 

triangular matrix using the Bray–Curtis Similarity 

Coefficient
15

 and dendrogram plots were 

constructed using the group average function in 

‘Plymouth Routines in Multivariate Ecological 

Research’ (PRIMER) v.6 ‘data analysis sofware
16

. 

The significance of the cluster groups (p < 0.05) 

was tested by similarity profile (SIMPROF) 

analysis. Abbreviations used to represent species 

are given in the Appendix. The significant 

differences between seasons in the mean biomass, 

the number of species in the overall catch, the 

mean number of individuals and biomasses of the 

10 most abundant by-catch species for both 

teleosts and invertebrates were analysed by using 

a single factor analysis of variance (ANOVA). 

 

Results 

A total of 330.036 kg of by-catch was 

processed from 53 trawl subsamples which 

consisted of 27, 854 individuals from 248 taxa (89 

families), of which 216 species were identified 

upto species (Table 1). The contribution of 

teleosts, invertebrates, elasmobranchs, turtles and 

sea snakes to the total by-catch biomass was 

87.49%, 11.48%, <0.5%, <0.5% and <0.5% 

respectively. Numbers of individuals in the by-

catch were also dominated by teleosts (86.83%), 

with invertebrates (13.05%), elasmobranchs 

(<0.1%), turtles (<0.1%) and sea snakes (<0.1%) 

contributing fewer individuals. 

The eight most speciose families 

accounted for 41% of the species. These were 

Portunidae, Carangidae, Penaeidae, Sciaenidae, 

Apogonidae, Engraulidae, Synodontidae and 

Leiognathidae (Table 1). Scombridae contributed 

nearly 39.21 % to the total by-catch biomass, 

mainly due to the large contribution by 

Rastrelliger kanagurta. Carangidae and Mullidae 

also contributed significantly to the biomass: 6.75 

and 6.94 %, respectively. Leiognathidae was the 

most numerically dominant family, contributing 

31.09% of the by-catch because of large 

contribution of Photopectoralis bindus (16.92%). 

Photopectoralis bindus was the most numerically 

abundant (16.92%) of all the by-catch species. 

Teleost species with the highest mean catch rates 

were Decapterus russelli, Upeneus vittatus, 

Rastrelliger kanagurta, Secutor insidiator, 

Photopectoralis bindus and Lagocephalus lunaris 

(Table 1). 
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A total of 60 invertebrate species from 27 

families was recorded from the by-catch 

subsamples. Portunidae and Penaeidae were the 

most speciose, represented by seven and thirteen 

species each respectively. Portunidae contributed 

the most to the invertebrate by-catch: 6.56 % of  

the total biomass, and 31.18% by weight and 

28.12% by number of the invertebrate component. 

Portunus sanguinolentus was the most 

numerically abundant among all invertebrates 

(Table1), and accounted for 5.85 % of the total 

invertebrate biomass.  

 
Table 1: Percentage occurrence and mean catch rates of by-catch species from Visakhapatnam waters 

 

By-catch group Species Family Mean biomass (kg/h) ± 

(S.E) 

Mean number (n/h) ± 

(S.E) 

Teleosts Pennahia anea Sciaenidae 5.200±0.350 50.302±8.179 

 Johnius carutta Sciaenidae 3.136±0.122 114.615±.635 

 Pennahia macrophthalmus Sciaenidae 2.293±0.173 40.365±2.240 

 Nibea maculata Sciaenidae 4.652±0.244 72.543±2.582 

 Kathalla axillaris Sciaenidae 3.811±0.878 111.446±46.195 

 Johnius sp. Sciaenidae 1.408±0.385 29.263±6.140 

 Decapterus russelli Carangidae 65.253±7.040 1642.642±589.4 

 Selar boops Carangidae 2.830±0.329 29.473±4.353 

 Alepes sp. Carangidae 2.259±1.044 41.077±12.864 

 Thryssa hamiltoni Clupeidae 3.347±0.245 108.145±2.935 

 Thryssa mystax Clupeidae 1.966±0.114 157.336±12.126 

 Stolephorus indicus Clupeidae 13.174±1.961 3052.153±550.033 

 Dussumieria acuta Clupeidae 4.355±0.503 116.820±6.607 

 Ilisha megaloptera Clupeidae 1.205±0.010 40.367±1.846 

 
Upeneus sulphureus 

Mullidae 
7.941±0.189 382.057±36.844 

 Upeneus vittatus Mullidae 105.190±5.023 4186.052±29.49 

 Upeneus mollucensis Mullidae 8.236±0.285 201.688±21.148 

 Saurida undosquamis Synodontidae 13.119±0.131 1200.921±29.28 

 Saurida tumbil Synodontidae 11.206±0.115 609.790±42.33 

 Nemipterus randalli Nemipteridae 19.722±0.401 1605.836±44.37 

 Nemipterus japonicus Nemipteridae 2.530±0.128 429.523±20.69 

 Priacanthus hamrur Priacanthidae 29.393±0.833 903.475±53.24 

 Priacanthus tayenus Priacanthidae 3.090±0.123 67.642±2.57 

 Rastrelliger kanagurta Scombridae 371.055±121.055 4651.784±2290.78 

 Rastrelliger faughni Scombridae 2.321±0.801 19.280±7.07 

 Secutor insidiator Leiognathidae 208.044±12.831 8004.363±454.24 

 Photopectoralis bindus Leiognathidae 118.220±3.007 10757.207±521.08 

 Leiognathus elongatus Leiognathidae 4.757±0.307 1590.198±19.98 

 Pentaprion longimanus Leiognathidae 14.151±0.645 1088.802±65.682 

 Gazza minuta Leiognathidae 11.887±0.674 332.277±43.064 

 Leiognathus equulus Leiognathidae 8.788±0.575 134.132±28.919 

 Eubleekeria splendens  Leiognathidae 3.213±0.192 186.080±20.87 

 Trichiurus lepturus Trichiuridae 20.920±0.203 476.076±50.04 

 Lepturacanthus savala Trichiuridae 38.213±39.467 2255.442±125.31 

 Apogon poecilopterus Apogonidae 1.0360.286 420.637±95.63 

 Apogonichthyoides taeniatus Apogonidae 1.523±0.227 500.575±9.638 

 Apogon sp. Apogonidae 1.331±0.136 466.251±14.07 

 Ostorhinchus fasciatus Apogonidae 1.334±0.116 224.352±7.768 

 Lagocephalus lunaris Tetraodontidae 10.21±17.806 199.825±49.702 

 Lagocephalus inermis Tetraodontidae 5.727±1.469 210.463±87.463 
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 Pseudotriacanthus strigilifer Triacanthidae 1.676±0.218 79.516±4.303 

 Platycephalus indicus Platycephalidae 5.893±0.329 310.579±45.456 

 Cynoglossus sps Cynoglossidae 2.876±0.290 25.773±.919 

 Fistularia petimba Fistulariidae 0.930±0.280 55.294±13.294 

 Sphyraena sp. Sphyraenidae 7.254±0.267 59.987±5.226 

 Eel  3.089±0.432 42.372±2.838 

 Valenciennea sexguttata  Gobiidae 2.942±0.379 30.301±5.178 

 Pomadasys maculata Haemulidae 2.504±0.381 59.867±6.135 

Invertebrates Uroteuthis duvaucelii Loliginidae 6.946±0.304 599.194±10.929 

 Sepia aculeata Sepiidae 1.782±0.204 58.209±6.913 

 Sepiella inermis Sepiidae 3.797±0.062 159.248±5.965 

 Sepia prashadi Sepiidae 6.895±0.228 177.782±17.341 

 Sepia sp. Sepiidae 2.043±0.278 20.505±2.618 

 Charybdis natator Portunidae 1.681±1.560 307.901±2.211 

 Portunus sanguinolentus Portunidae 5.846±0.071 638.791±13.221 

 Metapenaeus monoceros Penaeidae 1.216±0.107 60.601±6.004 

 Oratosquillina pentadactyla  Squillidae 1.731±0.133 169.578±2.553 

Elasmobranchs Himantura imbricata Dasyatidae 2.021±0.321 15.123±6.231 

 Torpedo panthera Torpedinidae 1.230±0.125 23.023±8.213 

 Torpedo sinuspersici Torpedinidae 1.120±0.102 15.213±6.314 

 Narke dipterygia Narkidae 1.021±0.103 16.213±6.781 

 Narcine brunnea Narkidae 1.001±0.36 10.213±5.213 

 

Note: Species landed in by-catch with a mean biomass greater than 1 kg/h are included 

 

Table 2: Comparison of mean catch rate between prefishing ban and post fishing ban for total bycatch, total   teleosts and 

important species 

 

Groups Mean biomass (kg/h) ± SE 

  

Mean number (n/h) ± SE  

  

Prefishing ban Postfishing ban Prefishing ban Postfishing ban 

Total bycatch 75.693 ± 2.840 176.596 ± 23.670 4549.7679±355.960 10375.93±766.109 

Total teleosts 81.972± 10.640 162.322± 25.101 3679.001± 130.017 8458.674± 257.801 

Finfishes   

Upeneus vittatus  16.039±0.204 83.8309±0.196 96.51±11.860 745.35±20.178 

Nemipterus randalli  0.533±0.166 1.855±0.190 21.84±7.250 61.43±7.910 

Lepturcanthus savala  1.668±0.452 7.563±0.560 34.607±11.720 2903.17±227.720 

Photopectoralis bindus  1.484±0.023 21.87±1.410 161.59±2.560 2081.64±62.400 

Stolephorus indicus  1.439±0.185 12.69±0.318 268.17±53.950 1969.43±125.390 

Priacanthus hamrur  0.159±0.004 4.965±0.661 5.704±0.223 155.25±7.530 

Thryssa setirostris  0.193±0.068 2.21±0.211 9.567±1.855 233.064±27.710 

Leiognathus equulus  1.536±0.253 0.178±0.113 20.625±10.560 1.418±0.094 

Invertebrates         

Portunus sanguinolentus  0.033±0.001 0.968±0.113 0.349±0.050 4.759±1.350 

Metapenaeus monoceros  0.15±0.015 0.073±0.015 10.399±0.44 1.148±0.340 

Metapenaeus barbata  0.015±0.002 0.973±0.014 5.99±0.147 50.257±1.515 

Octopus membranaceus  0.188±0.016 10.068±0.110 8.039±2.990 73.7±5.713 

Sepia aculeata  0.238±0.027 0.23±0.017 7.207±0.610 4.07±0.280 
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Five elasmobranch species were 

identified in the subsamples. Himantura  

imbricata was the most abundant and contributed 

64% of the total number of elasmobranchs caught. 

Total of 32 sea turtles were accidentally captured 

as bycatch in trawl net from 28 trawl hauls. The 

most common was olive ridley turtle 

(Lepidochelys olivaceae). This accidental capture 

was mostly from September to March. Most of 

the captures occurred within 5 km of the shoreline 

and at a depth of less than 10m. 

 

Mean catch rates of total by-catch 

differed significantly between seasons with higher 

catch rates in post fishing ban (PSFB) period for 

biomass (F = 4.65; P < 0.05) and number (F = 

4.43; P < 0.05) (Table 2). However, the mean 

number of species did not differ significantly 

between pre and post fishing ban period (F = 

3.123; P > 0.05). 

Teleosts showed a similar pattern to the 

total by-catch. The mean catch rates differed 

significantly between pre fishing ban period 

(PFB) and post fishing ban period (PSFB) with 

higher catch rates in PSFB for biomass (F = 

10.55; P < 0.001) (Table 2 ) and number (F = 

9.12; P < 0.001). However, the mean number of 

teleost species did not differ significantly between 

two seasons (F = 4.956; P > 0.05). The mean 

catch rates of invertebrate by-catch did not differ 

significantly between PFB and PSFB for biomass 

(F = 0.145; P > 0.05) and number (F = 0.4268; P 

> 0.05), nor was there any difference in the mean 

number of invertebrate species (F = 0.8531; P > 

0.05) between seasons. 

Of the 10 most abundant teleost species, 

eight had mean catch rates (by biomass and 

number) that differed significantly between 

seasons. The catch rates of Upeneus vittatus, 

Nemipterus randalli, Lepturacanthus savala, 

Photopectoralis bindus, Stolephorus indicus, 

Priacanthus hamrur and Thryssa setirostris were 

higher during PSFB (Table 2), while for 

Leiognathus equulus, the catch rate was higher 

during PFB (Table 2). For the 10 most abundant 

invertebrate species, five differed significantly in 

their catch rates (by biomass and number) 

between seasons. Four species (Portunus 

sanguinolentus, Metapenaeus monoceros, 

Metapenaeus barbata and Octopus 

membranaceus) had higher catch rates during post 

fishing ban period (PSFB) while Sepia aculeata 

had higher catch rates in pre fishing ban period 

(PFB) (Table 2). 

 

 
 

Figure 1 (a) Dendrogram showing clustering of species during pre fishing ban period 
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Cluster analysis of bycatch revealed the 

presence of four major clusters in pre-fishing ban 

and post fishing ban seasons. In the pre fishing 

ban season (Fig. 1a); cluster I comprised of 

Leiognathus equulus, Nemipterus delagoe, 

Pomadasys maculate, Priacanthus tayenus, 

Bothus myriaster, Lagocephalus inermis, 

Ariomma indica, Selar boops, Upeneus 

sulphureus, Trachinocephalus myops, 

Platycephalus indicus, Sepia aculeate and 

Podopthalmus vigil; cluster II comprised of 

Uroteuthis duvaucelii, Harpiosquilla annandeli, 

Upeneus mollucensis, Harpiosquilla harpax, 

Metapenaeus longipes, Gastropods, Lagocephalus 

lunaris, Lepturacanthus savala, Nemipterus 

japonicas and Penaeus indicus; cluster III 

comprised of Apogonichthyoides taeniatus, 

Apogon poecilopterus, Apogon sp., Eubleekeria 

splendens, Leiognathus elongates, Pentaprion 

longimanus, Saurida undosquamis, Upeneus 

vittatus and Nemipterus randalii and cluster IV 

comprised of Thryssa setirostris, Thryssa mystax, 

Dussumieria acuta, Thryssa hamiltoni, 

Stolephorus commersoni and Metapenaeus 

dobsoni.  
 

During the post-fishing ban period (Fig. 

1b), cluster I was composed of Lagocephalus 

lunaris, T. lepturus, N. japonicas, Apogon sp., 

Harpiosquilla annandeli, Stolephorus 

commersonii, Thryssa hamiltoni, Solenocera 

crassicornis, N. delagoe and Bregmaceros 

macclellandi; cluster II was composed of M. 

granulosa, unidentified red prawns, 

Apogonichthyoides taeniatus, Apogon 

poecilopterus, Sepiella inermis, Pennahia anea, 

Alepes kleinii, Johnius dussumieri, Metapenaeus 

barbata, Kathalla axillaries, Thryssa mystax, 

Upeneus sulphureus and Gazza minuta;  cluster 

III was represented by Decapterus russelii, 

Pentaprion longimanus, Upeneus vittatus and 

Saurida undosquamis and cluster IV comprised of 

Saurida tumbil, Nemipterus randalli, Priacanthus 

hamrur, Platycephalus indicus, small crabs, 

Charybdis sp., Upeneus mollucensis, Octopus 

membranaceus, Lagocephalus inermis and 

Uroteuthis duvaucelii. 

 

 
 

Figure 1(b) Dendrogram showing clustering of species during post fishing ban period 

 

Discussion  

The present investigation on the catch 

composition of shrimp trawl revealed that teleosts 

constituted 86.83 % by number and 87.49 % by 

biomass of total by-catch. A total of 155 teleost 

species representing 60 families and 60 

invertebrate species representing 27 families were 

recorded. Photopectoralis bindus was the most 

numerically abundant (16.92%) of all by-catch 

species, whereas Portunus sanguinolentus was the 

most numerically abundant among invertebrates. 

Portunidae and Penaeidae were the most speciose 

among invertebrates, represented by seven and 

thirteen species respectively. Similar opinion was 
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expressed and reported on family Portunidae (13 

species) to be the most speciose family in 

crustacean by-catch landed from trawl fishery 

along north Tamilnadu coast
17

. In an earlier study 

from Visakhapatnam waters, 65 species of 

finfishes, 20 species of crustaceans and 6 species 

of mollusks have been reported from low value 

by-catch
18

. Higher occurrence of teleosts in trawl 

by-catch with 228 species of finfishes was also 

observed in an earlier study at 

Vishakhapatanam
19

. 

Scombridae, because of large contribution 

by Rastrelliger kanagurta, contributed nearly 

39.21% to the total by-catch biomass, indicating 

the presence of small pelagic species in trawl. The 

occurrence of large amounts of small pelagic 

resources in trawls is a recent phenomenon 

attributed to the response of fish to seawater 

warming 
20

. With warming of seawater, small 

pelagics such as oil sardine and Indian Mackerel 

extend their area of distribution to deeper waters.  

Similar, to the present study
21

, earlier 

authors have observed more than 70% of turtle 

captures in shrimp trawls at distances of 5 km 

from shore during October to May along Odisha 

coast. This incidental capture of endangered 

species as by-catch in shrimp trawls is a matter of 

great concern for the future. It is to be noted that 

along Odisha coast, more than 1,00,000 dead 

olive ridley turtles have been reported since 1994, 

mainly due to fisheries-related mortalities, 

resulting in possible decline in their population
22

. 

Present study revealed a significantly 

larger biomass and abundance of by-catch during 

post fishing ban seasons as compared to pre 

fishing ban seasons. Several other tropical shrimp 

trawl studies have also reported temporal 

variation in by-catch assemblages
10, 13

. The 

monsoon trawl ban helped in the recoupment and 

regeneration of favorable benthic prey items, and 

this could support higher by-catch biomass in post 

ban period
23

. The seasonal variations in 

temperature and salinity could also have 

contributed to this variation in faunal assemblage 

structure. Temporal variations in biotic factors 

viz., peak spawning season, spawning stock 

biomass and recruitment strength might also have 

influenced the by-catch biomass and abundance
24

.
 

In our study, Stolephorus indicus, Thryssa 

setirostris, Upeneus vittatus, Nemipterus randalli, 

Priacanthus hamrur, Photopectoralis bindus, 

Lepturacanthus savala, Leiognathus equulus, 

Portunus sanguinolentus, Metapenaeus 

monoceros, Metapenaeus barbata, Sepia aculeata 

and Octopus membranaceus accounted for the 

major differences in biomass and numbers 

between seasons. 

The fact that shrimp trawl fishery has an 

important impact on the benthic community 

structure is evident from the density and biomass 

changes in invertebrate by-catch. Selective trawl 

harvesting of species may alter benthic faunal 

composition. The organisms most affected by 

shrimp trawling include epibenthic species of 

mollusks, echinoderms, crustaceans, sponges, 

hydrozoans, bryozoans and fish
25, 26

. Studies have 

shown that by-catch alters the character of species 

assemblages
4, 27, 28

. Such shifts potentially alter the 

prey/predator relationships, increase the food for 

scavengers and modify the benthos ecosystem 

structure and function
4
. In light of the above, by-

catch management assumes paramount 

importance for formulating fisheries management 

measures. 

In the pre fishing ban period, cluster I 

comprised of predatory fish species with other 

benthic and pelagic species. These predatory 

species are known to feed on other species 

observed in this cluster suggesting the existence 

of predator and prey relationship. Cluster II 

comprised of mostly epibenthic species except 

Lepturacanthus savala suggesting sharing of 

habitat. Two species viz., Nemipterus japonicus 

and Penaeus indicus exhibited a prey-predator 

relationship
29

. Cluster III comprised of mostly 

demersal carnivores suggesting sharing of 

habitat
30

.  Cluster IV comprised of a mixture of 

benthic and pelagic species indicating bentho–

pelagic coupling of food chains or trophic 

interactions owing to the shallow depth of coastal 

waters
31

.  

During post fishing ban season, species 

associations were attributed to feeding 

aggregations. Coastal waters serve as nurseries for 

a variety of marine species
32

. They support a high 

density of juveniles
33

 and contribute significantly 

to recruitment
34

. Cluster I comprised of predatory 

fish species (N. japonicus, T. lepturus, L. lunaris 

and N. delagoe) with other benthic and pelagic 

species. These predatory species are known to 

feed on other species observed in this cluster 
29, 30 

suggesting the existence of a prey–predator 

relationship. Cluster II comprised of carnivores 

and planktivorous species, and their association 

also suggested a prey–predator relationship
30

. 

Cluster IV comprising of benthic and demersal 

carnivores
30

 use this habitat for their feeding and 

spawning. Platycephalus indicus and small crabs 

exhibit a prey–predator relationship, as P. indicus 

is known to feed on small crabs
30

.  Hence this 

2043 



INDIAN J. MAR. SCI., VOL. 46, NO. 10, OCTOBER 2017 

cluster is attributed to both habitat use and 

predator-prey relation. 

In 1999, Government of Andhra Pradesh 

imposed a fishing ban for 45 days (April 16
th
 to 

May 31
st
), as a conservation measure and it is in 

practice till date. A cursory analysis of data 

indicates an increase in catch and catch rates after 

the ban period, when compared to the pre-ban 

period. However, it is difficult to assess whether 

this increase is due to the impact of ban alone, as 

the fishery undergoes seasonal changes with 

respect to the efficiency of trawlers, duration of 

fishing and range of exploited area
35

.  

Additionally, biotic and abiotic factors 

could also play a role on this. It is generally 

believed that closure of fishery for a period of 

time manifest in an increase in landings by 

allowing the stocks to rebuild 
36, 37,38,39

. However, 

it is not possible to revive depleting resources 

entirely by imposing closed season without a 

restriction on the number of operating fishing 

vessels
36, 40

. By-catch reduction in the trawl 

fishery at Visakhapatnam can be achieved by 

reducing the effort, by increasing the cod end 

mesh size and by increasing the seasonal closure 

of the fishery. This, in turn, will preserve the 

ecosystem structure and function and maintain 

biodiversity. 
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