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Abstract

Coastal Bays are productive habitats used by a variety of fishes and other benthic organisms but little information is available on the ecology and
population dynamics of benthic fishes of coastal bays in the tropical zones. This paper deals with the biodiversity, faunal assemblages, seasonal variations
in the benthic fish population of a shallow tropical Bay named Nizampatnam Bay, located in southern province of Bay of Bengal, East coast of India. The
standing stock of benthic fishes and associated environmental factors of the study area were also reported in this paper. Sampling was done in two
successive post monsoons and pre monsoons during 2006 to 2008. Water and sediment samples were collected from 20 stations covering 10, 20 and
30 m zones. Altogether, 128 biological samples were collected with a Naturalist's dredge. Thirty benthic fish species belonging to 21 genera, 12 families,
6 orders and 1 class were recorded in this study dominated by Cociella crocodilus and Pisodonophis boro. The mean of Shannon Wiener diversity index
H’ was recorded 1.3+0.4 during post-monsoon and 1.2+0.2 at pre-monsoon suggesting that the benthic fish diversity of this Bay was poor. Multivariate
(Bray-Curtis similarity) analyses typified two large groups of stations representing respectively the post monsoon and pre monsoon periods. The two
faunal associations recognized off the Nizampatnam Bay were, Cociella crocodilus, Cynoglossus lida, Cynoglossus punticeps and Astroscopus zephyreus
(Group I) representing post-monsoon and Pisodonophis boro, Trichonotus arabicus, Acentrogobius cyanosmos and Pseudorhombus elevatus (Group II)
representing pre-monsoon. Canonical correspondence analysis (CCA) showed that salinity, temperature, dissolved oxygen, % sand and sediment mean
particle diameter influenced seasonal variability in the distribution of benthic fish population. This study will provide the baseline information on the
biodiversity, ecology and seasonal variations in benthic fish associations of this area and will contribute to the Pisces list of Indian seas.
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Introduction

higher latitudes [4-10]. Even though on a world wide scale there are
probably many areas of shelf and slope that have not been explored,
they were evaluated to a little extent in tropical waters [11-14].
Yet, few benthic studies edging the Pisces have to be conducted in
the tropics compared with higher latitudes. In the Indian context,
demersal fish assemblages have been examined by few authors
over a few decades in Arabian Sea (west coast of India) [15-19].

Approximately 98% of all marine species are supposed to
belong to the benthos [1]. Benthic organisms link the primary
producers, such as phytoplankton with the higher trophic levels,
such as finfish, by consuming phytoplankton and then being
consumed by larger organisms. Many benthic fish species rely on
other bottom prey as food sources for part of, or in some cases, all

of their life history [2] and inturn become the rich source of food In the Bay of Bengal (east coast of India), comparatively less work

was done on the demersal fish component [20-22]. Even these are
mainly directed towards the whole demersal fish (collected with

for fishes in bathypelagic and mesopelagic zones. Hence, they play
a very important role in the marine food web. As benthic fishes are
a good source of food for mesopelagic and benthopelagic finfishes, . .
o C ] ) i huge trawl nets) community with cursory accounts of ecology
itis very important to know their status in an ecosystem for a better . . . . -
) ] and lists of fauna. But studies focusing exclusively on benthic fish
understanding of the fishery management. . - .
(collected with small Naturalist’'s dredge) component are scarce in

Communities of fishes on the continental shelf have rarely both temperate and tropical zones.

been studied beyond the compilation of species list for given The present study area, Nizampatnam Bay (Lat. 15¢ 28N’ to

152 48’ N and Long 802 17’ to 802 47’ E) is a shallow tropical Bay
located in the southern province of Andhra Pradesh, Bay of Bengal,
East coast of India. This Bay has a coastline of 122km occupying an
area of 1825Sq. Km with a maximum depth of 34m. The discharges

areas. Information on benthic fish assemblages is particularly
scarce in the Bay of Bengal where demersal fish are heavily
exploited as principal targets or as by-catch [3]. Most studies have
examined mega faunal assemblages, while, only few studies of
fish community structure have focused on patterns of spatial and from the river, saltpans, aquaculture ponds and mangroves built
temporal variation in composition, abundance and distribution of

) ) along the coastline are influencing the ecology of the bay fauna.
demersal fish assemblages of the continental shelf and slope at
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Hence; a study was conducted to evaluate the seasonal variability
in the diversity and faunal associations of macrobenthic population
and the effect of different physicochemical parameters on the same.
From the available macrobenthos data, benthic fish component was
segregated and evaluated for seasonal variability. This paper is the
first available data set on the benthic fish species density, diversity,
assemblages and influence of environmental factors on benthic
fishes from Bay of Bengal, East coast of India.

Materials and Methods

During this investigation, four cruises (FKKD-fishing trawler)
were conducted through two successive Post-monsoon seasons
(October 2006 and November 2007) and two pre-monsoons
(March 2006 and 2007) between latitudes 15° 28’ to 15° 48’ N and
longitudes 80° 17’ to 80° 47’ E in Nizampatnam Bay (Figure 1).
Observations on physicochemical characteristics of the seawater
temperature, dissolved oxygen and salinity were made using an
onboard WTW probe. Sediment samples were collected using a van
Veen grab (Hydrobios, Kiel, Germany) having a mouth area of 0.1m?.
These samples were oven dried at 60 °C and stored. The sediment
texture was estimated using a particle size analyzer Master sizer
2000, Malvin Instruments (USA) for soft sediments and Sieve
Shaker, Retsch instrument (Germany) for hard sediments. Organic
matter (%) content was determined by the Wet Oxidation method
of Walkley-Black using rapid titration procedure but as modified
by [21].
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Figure 1: Study Area: locations of 20 sampling sites in
Nizampatnam Bay.

Altogether 128 biological (dredge) samples were collected with
a Naturalist’'s dredge. On board, all the organisms were washed
with seawater in a large metal tray and after separation the animals
were carefully transferred into polythene containers, labeled
and preserved in 7% formaldehyde/methylated alcohol for later
study. In the laboratory, benthic fishes were segregated, counted
(ind. haul-1) and identified up to species level using standard
identification keys [23-26]. Debatable identifications were mostly
referred to taxonomists at the Zoological Survey of India, Kolkata.

The data was subjected to univariate analyses carried out in
PRIMER 6.1 [27]. Shannon-Wiener diversity (H' Loge), Margalef
richness (d) and Pielou’s evenness (J’) were determined according
to routines implemented in PRIMER. Multivariate analysis consisted

of estimating Bray Curtis similarity after suitable transformation
of sample abundance data. The similarity matrix was subjected to
both clustering (hierarchical agglomerative method using group-
average linking) and ordination (non-metric multidimensional
scaling, MDS) using PRIMER 6. Significance tests of sample
groupings were made using the ANOSIM (1-way) randomization
test. The contribution of each species to groupings noticed in
the clustering and ordination analysis was examined by SIMPER
(similarity percentages) implemented in PRIMER [28] to quantify
percentage contribution of each species to similarity within each
group (i.e. characteristic) of samples and to dissimilarity between
different groups. Other routines (e.g. BVSTEP), namely stepwise
searches of combinations of species considered to be ultimately
responsible for the observed pattern in the biotic assemblages,
were also carried out using PRIMER. Canonical Correspondence
Analysis (CCA) [29] was performed to possible correlations
between environmental variables, benthic fish species and variance
in site pattern, using a form of stepwise regression. A Monte
Carlo permutation test (unrestricted) was used to determine the
significance of species environment relations. Simple multiple
regressions of environmental parameters against biological indices
(H’, ] and d) were performed in SPSS 14 to explain the extent of
variance in the distribution of biological indices influence by a set
of environmental parameters.

Results

Hydrographical parameters
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Figure 2: Temperature (°C), Salinity (PSU) and Dissolved
Oxygen (ml.l"') from Nizampatnam Bay during different
seasons.

Bottom water temperature in the study area varied from
25.0 °C (st.9, pre-monsoon I) to 34.1 °C (st.13, post-monsoon II),
mean 29.3+0.18 indicating a significant variation through various
monsoon periods with much warmer bottom waters in post-
monsoon than pre-monsoon (P<0.01) (Figure 2a). On the whole,
bottom water salinity varied from 24.8 PSU (st.6, pre monsoon
I) to 36.8 PSU (st.4, pre-monsoon [ and st.18, pre monsoon II),
with mean 32.2+0.38. The bottom waters of this Bay were more
saline in pre-monsoon than in the post monsoon. The differences
in the bottom water salinity recorded during different monsoons
varied significantly (P<0.01) between themselves (Figure 2b). The
dissolved oxygen concentrations of bottom waters ranged from
1.34ml.I? (st.9, post-monsoon I) to 5.82mlI? (st.6, post-monsoon
II), mean 3.64+0.11. The pattern of distribution of dissolved
oxygen through different monsoons is in synchronization with the
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distribution of temperature in the Bay. The differences in the bottom
water dissolved oxygen concentrations were varying significantly
in between various monsoon periods (P<0.01) (Figure 2c).

Sediment characteristics

The predominant sediment texture in the Nizampatnam Bay
was clayey silt (11 stations) followed by sandy (5 stations), silty
(2 stations) and mixed type (more or less in equal proportions of
sand, silt and clay-2 stations) (Figure 3). At stations that lie nearer
to the shoreline, the sediments consisted of relatively soft (mud)
substrata (sts. 1, 2, 3, 4, 6, 7, 8, 11, 14, 15 and 20). Sand increased
towards the deeper regions (st. 9, 10, 13, 17 and 18), silt was
usually high in stations 5 & 12 and mixed type sediment is observed
in stations 16 & 19 (Figure 3). Organic matter (%) ranged from 0.26
% to 2.20 % (1.16£0.06) and negatively correlated with depth (r =
-0.327,p =0.008).
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Figure 3: Sediment texture in the Nizampatnam Bay.

Mean particle diameter (MPD) of sediment varied between
4.83um and 888.0pum (153.7+30.9) showing an inclination with
depth. From the above observations, it can be concluded that organic
matter, % silt and clay declined with inclination in depth, whereas
MPD and % sand increased with depth in the Nizampatnam Bay.
It is generally believed that sediments with coarse particles are
deficient in organic matter whereas fine grain sediments show
organic enrichment.

Population dynamics

During this study, 225 species of epifauna belonging to 129
genera and 59 families representing 11 divergent taxa were
encountered from phylum Porifera to Pisces. The benthic fish
component constituted 30 species belonging to 20 genera, 12
families, 7 orders and 1 class (Table 1). Altogether 348 individuals
of benthic fishes were encountered in the dredge samples collected
from the study area. Numerically Cociella crocodiles (86 nos.,
24.7%), Pisodonophis boro (72 nos., 20.7%), Cynoglossus punticeps
(37 nos., 10.6%), Trichonotus arabicus (32 nos., 9.2%), Cynoglossus
lida (31 nos., 8.9%), Acentrogobius cyanosmos (21 nos. 6.0%),
Pseudorhombus elevatus (20 nos., 5.7%), Astroscopus zephyreus (9
nos., 2.6%) dominated the total benthic fish population contributing
about 88.5% (Table 1).

Table 1: Taxonomic list of benthic fish species encountered
during the study.

Class: Osteichthyes

Subclass: Actinopterygii

Order: Anguilliformes

Family: Ophichthidae
Pisodonophis boro (Hamilton, 1822)
Order: Aulopiformes
Family: Synodontidae
Saurida undosquamis (Richardson, 1848)
Order: Gadiformes
Family: Bregmacerotidae

Bregmoceros macclellandi
Thompson, 1840

Order: Gobiesociformes
Family: Callionymidae
Callionymus neptunius (Seale, 1910)
Callionymus sublaevis McCulloch, 1926
Order: Scorpaeniformes
Family: Platycephalidae
Cociella crocodilus (Cuvier, 1829)
Grammoplites scaber (Linnaeus, 1758)
Kumococius rodericensis (Cuvier, 1829)
Sorsogona tuberculata (Cuvier, 1829)
Order: Perciformes
Family: Uranoscopidae
Astroscopus zephyreus Gilbert Starks, 1987
Family: Trichonotidae
Trichonotus arabicus Randall Tarr, 1994
Family: Gobiidae
Acentrogobius acutipinnis (Bleeker, 1849)
Acentrogobius cyanomos (Bleeker, 1849)
Taenioides buchanani (Day, 1873)
Parachaeturichthys ploynema (Bleeker, 1853)
Oxyurichthys microlepis (Bleeker, 1849)
Trypauchen vagina (Bloch & Schneider, 1801)
Order: Pleuronectiformes
Family: Bothidae
Engyprosopon grandisquama (Temminck & Schlegel, 1846)
Family: Paralichthyidae
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Pseudorhombus javanicus (Bleeker, 1853)
Pseudorhombus triocellatus (Bloch & Schneider, 1801)
Family: Soleidae
Aesopia cornuta Kaup, 1858
Heteromycteris oculus (Alcock, 1889)
Family: Cynoglossidae
Cynoglossus arel (Bloch & Schneider, 1801)
Cynoglossus carpentari Alcock, 1889
Cynoglossus cynoglossus (Hamilton, 1822)
Cynoglossus lida (Bleeker, 1851)
Cynoglossus punticeps (Richardson, 1846)

ynoglossus semifaciatus Day, 1877

Species diversity was estimated according to the Shannon-
Weiner H’ (loge), Pielou’s evenness (J') and Margalef richness “d”
indices. Benthic fish diversity (Shannon-Wiener H’) was recorded
high in the post-monsoons (1.8+0.4) than pre-monsoons (1.1+0.18)
and varied between 0.56 and to 2.20 (mean 1.27+0.35). Number
of benthic fish species (S) varied from 2 to 10 (4+2) and no. of
individuals (N) ranged between 4 and 19 (8+3). Species richness
(Margalef d”) varied from 0.62 to 3.51 (1.65+£0.63) and evenness ]’
ranged from 0.58 to 1.00 with mean 0.9+0.09. Bray-Curtis similarity
analysis (assemblages) followed by an ordination through MDS on
benthic fish abundance data (nos. haul-1) was undertaken. Figure 4
displays the hierarchical clustering, using group average linking on
species abundance data representing the stations grouping into two
clusters at 65% similarity. These consisted of Group I (28) samples
representing post-monsoon seasons and Group II (16) samples
representing pre-monsoon seasons. A corresponding cluster
of these sites/samples superimposed with season categories is
presented in the form of Multi Dimensional Scaling Plot-MDS plot

(Figure 4b). ANOSIM test for the 2 groups demonstrated significant
differences (Global R = 0.609, p<0.001).

The SIMPER analysis for benthic fish abundance of present
study showed characterizing species within each season group
indicating the existence of different faunal associations along /
among different seasons. The two faunal assemblages recognized
off the Nizampatnam Bay were, Group [ (post-monsoon)
constituted by Cociella crocodilus, Cynoglossus lida, Cynoglossus
punticeps and Astroscopus zephyreus association and Group II
(pre-monsoon) distinguished by Pisodonophis boro, Trichonotus
arabicus, Acentrogobius cyanosmos and Pseudorhombus elevatus
assemblage (Table 2).
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Figure 4: Benthic Fish Assemblages of Nizampatnam Bay
a) Dendrogram clustering

b) MDS ordination of sampling sites using group average
linking of Bray — Curtis Similarity (Square root transformed
data) at 60 % similarity.

Table 2: Results of SIMPER analysis for benthic fish species off Nizampatnam Bay: determining species (bold) for each season. Taxa

are ranked according to their average contribution to dissimilarity between seasons. Group [: post-monsoon; Group II: premonsoon;

Average dissimilarity = 87.42 %.

DL ERGERE0 Average Dissimilarity/
Species verage SD y % Contribution
Dissimilarity SD
Group 1 Group 2
Pisodonophis boro 0.18 1.94* 16.08 6.3 2.57 18.01
Cociella crocodilus 1.65* 0.13 14.48 6.4 2.25 16.22
Trichonotus arabicus 0.11 1.31* 11.62 5.2 2.23 13.02
Cynoglossus punticeps 1.08* 0 10.08 4.3 2.36 11.29
Pseudorhombus elevatus 0.05 0.94* 8.34 4.7 1.77 9.34
Cynoglossus lida 0.83* 0.15 7.22 5.4 1.34 8.09
Acentrogobius cyanosmos 0.18 0.80% 6.99 4.9 1.43 7.83
Astroscopus zyphereus 0.29* 0.06 2.8 2.8 1.01 3.14
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Canonical Correspondence Analysis (CCA) implemented in
CANOCO was used to ascertain the influence of environmental
factors on benthic fish species distribution at the study sites. We
found that the distributions were almost the same whether the
entire set of species or just the discriminating species identified
through BVSTEP analysis were used. The best subset of benthic
fish species found by the BVSTEP procedure seemed to be
comprised by the same eight species resulted in SIMPER from the
list of 30 species encountered from the study area. Monte Carlo
permutation tests (with forward selection) were used to identify
which environmental variables (out of 9) explained the variance
significantly (p<0.05 level) in benthic fish distribution and species
pattern. From the CCA, it was found that four ordination axes
cumulatively explained 98.6% of the species variance with the first

two axes being important explaining 87.9 to 92.0% of the species
variance (Table 3). The eigenvalues for the first two canonical
axes were 0.613 and 0.028 respectively. The environmental axis 1
(87.9%), strongly associated with depth (r =-0.716), temperature
(r = 0.8411), salinity (r = -0.4249) and dissolved oxygen (r =
0.5043). While axis 2 showed significant correlations with depth
(r = 6843) and dissolved oxygen (r = 0.5012), Axis 4 was strongly
associated with % sand (r = -0.6642), % silt (r = 0.6705) and
MPD (r = -0.6837). From the triplot, it was clearly evident that
the benthic fish community of this Bay was segregated into two
groups. Group I typified the stations monitored in post-monsoon
season constituted the Cociella crocodilus assemblage and Group II
contains the stations monitored during pre-monsoon represented
by Pisodonophis boro association.

Table 3: Results of CCA; eigenvalues, species-enivironment correlation and percentage variance for Nizampatnam Bay for benthic
fish species abundance data; weighted correlation between enivironment variables and CCA axes. Environmental variables identified
by Monte Carlo permutation tests based on forward selection with 499 unrestricted permutation; variance of environmental variables

accepted at P<0.05, * Significance at P<0.05(in bold).

Axis 1 2 3 4 Total Inertia
Eigen values 0.613 0.028 0.024 0.021 1.416
Species-environment 0.887 0.562 0.421 0.411
correlations
Cumulative percentage
variance
of species data 433 45.3 47 48.5
envirc())rfnsr?:rftlerse-lation 87.9 92 955 98.6
Sum of all eigenvalues 1.416
T pemues 0697
Correlation coefficient
Depth -0.0716* 0.6843* -0.2746 -0.2434
Temperature 0.8411* -0.3995 0.0181 -0.0067
Salinity -0.4249* -0.1894 0.0727 0.1937
DO 0.5043* 0.5012* 0.0004 -0.1225
Sand -0.2239 0.233 0.3152 -0.6642*
Silt 0.2552 -0.3167 -0.1924 0.6705*
Clay 0.0789 0.0108 -0.4147 0.3914
MPD -0.2411 0.1708 0.0383 -0.6837*
%~O0rganic Matter -0.1008 -0.4977* -0.2123 -0.1349

Discussion

Spatial and temporal heterogeneity among macro benthos in
Bay environments under tropical conditions has been assigned
to events taking place in sediment properties, ambient salinity
and such other environmental factors [30]. Several factors
like location, depth, and distance from shore, river proximity
and oceanographic environmental parameters (bottom water
temperature, salinity, dissolved oxygen, sediment organic matter,
mean particle diameter and texture) appeared to be important for
determining benthic fish distribution patterns in this study. In the
Bay water body at Nizampatnam, terrigenous inputs through river
discharge, materials flowing out of salt pans, estuaries, mangroves
and transport through neritic inflow appeared to determine the

hydrography and sediment granulometry that in turn could have
influenced distribution of benthic fishes [31].

Altogether 30 species of benthic fish species representing 20
genera, 12 families, 7 orders and 1 class were encountered in this
study. The average values of Shannon-Weiner diversity index H’
recorded during post-monsoon was 1.3+0.4 and in pre-monsoon
was 1.2+0.3. The benthic fish diversity of Nizampatnam Bay can
be considered as poor as the mean H’ recorded in this study was
1.3 and 1.2. Buchanan [32], Longhurst [33], Desai & Kutty [34]
have also indicated that species diversity was poor or moderate in
tropical benthic communities they studied.

Multivariate analyses (Bray-Curtis Similarity) defined two
distinctive benthic fish assemblages from the study area, namely
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Cociella crocodilus, Cynoglossus lida, Cynoglossus punticeps
and Astroscopus zephyreus association (Group I, samples from
post-monsoon) and Pisodonophis boro, Trichonotus arabicus,
Acentrogobius cyanosmos and Pseudorhombus elevatus assemblage
(Group II, samples from pre-monsoon). Generally, control by
physical forces (monsoons, temperature, and salinity), edaphic
factors, inter specific competitions through niche selection etc. has
the main criteria for the variability in benthic faunal assemblages in

tropical waters [35-38].

Using CCA routine implemented in CANOCO, benthic fish
communities were linked with environmental variables (depth,
bottom water temperature, salinity, dissolved oxygen, sediment
texture, mean particle diameter and organic matter). The first axis
of the CCA had an eigenvalues of 0.613, implying a large percentage
(87.9) of explained variance [28,39]. Together, the four ordination
axes cumulatively explained 98.6% of the species variance with
the first two axes being important explaining 87.9 to 92.0% of the
species variance (Table 3). The noteworthy feature, however, is the
high correlation (weighted correlation coefficient >0.4) between
faunal abundance and environmental variables on all 4 CCA axes.
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Figure 5: Canonical correspondence analysis (CCA)
showing scatter plot for 64 benthic fish samples from the
Nizampatnam Bay. (b) CCA showing 8 most important
benthic fish species and environmental variables.
Vector lines represent the relationship of significant
environmental variables to the ordination axes; their
length is proportional to their relative significance. DO:
Dissolved oxygen, MPD: Mean particle diameter.

From the triplot in CCA ordination (Figure 5), it is clearly
evident that the distribution of Pisodonophis boro, Trichonotus
arabicus, Acentrogobius cyanosmos and Pseudorhombus elevatus
(Group 1I, pre-monsoon) assemblage seemed to prefer high saline
waters and deeper areas with coarse sediments. The Nizampatnam
Bay’s salinity varies widely from season to season and from year
to year, depending on the amount of fresh water flowing from its
rivers. During drier months (pre-monsoon), the Bay is usually
saltier. Salinity also increases with depth. Fresh water remains at
the surface because itis less dense than salt water. The water on the
Bay’s eastern shore tends to be saltier than water on the western
side. This is due to two factors: Most fresh water enters the Bay from

its northern and western tributaries, through the Krishna River. So,
saltier water moving up the Bay veers toward the eastern parts of
the Bay. These high saline waters available in the deeper zones of
this Bay favoured the survival of Pisodonophis boro, Trichonotus
arabicus, Acentrogobius cyanosmos and Pseudorhombus elevatus
association which is sensitive to salinity fluctuations. These four
fishes that occur in the pre-monsoon are predatory as they are
surviving in sediments with high sand proportions dominated by
epifauna benthos [40].

In contrast, Cociella crocodilus, Cynoglossus lida, Cynoglossus
punticeps and Astroscopus zephyreus (Group I, post-monsoon)
association has a negative relation with salinity and preferred the
locations with soft (high mud clay and silt proportions) substratum.
During the post monsoon, the fluctuations in the bottom water
parameters (salinity, temperature and dissolved oxygen) were
high due to different mixing and circulation patterns resulted by
the influence of freshwater influxes from terrestrial systems. It is
obvious that, the sediments of the stations that lie nearer to the
coast were clayey silt, whereas stations that lie away from the shore
were dominated by sand. This point reflects the influence of river
water inflows into the Bay during post-monsoon. Consequently,
the Bay substratum exhibited clayey-silt and organic matter
rich with sediments in post-monsoon and in the stations that
lie nearer to shoreline. Cociella crocodiles, Cynoglossus lida and
Cynoglossus punticeps was mainly adapted to a bottom habitat
feeds on polychaetes and detritus, amphipods, copepods and small
molluscans [41]. In Nizampatnbam Bay, the abundance of infaunal
benthic organisms was higher during post-monsoon than pre
monsoon. These infaunal benthic organisms of Nizampatnam Bay
were dominated by amphipods and polychaetes [40]. The terrestrial
organic matter by land drainage and river runoff could contribute
significantly to the overall load of organic matter [42-44]. Several
workers documented that the relationship between the grain
size and sediment organic content showed a negative correlation
[45-47]. These organic matter enriched sediments favoured the
survival of infaunal which inturn favoured the survival of Cociella
crocodilus, Cynoglossus lida, Cynoglossus punticeps and Astroscopus
zephyreus during post-monsoon. These four fishes can also tolerate
wide ranges of fluctuations in bottom hydrography as all these
four fishes were habituated to survive in marine and brackish
water [48]. Hence, from the above findings, it is clearly evident
that differences in the distribution of benthic fish assemblages in
Nizampatnam Bay were influenced by monsoonal changes in the
salinity of bottom water and sediment morphology. Monte Carlo
permutation tests confirmed the significant association (p<0.05)
between environmental variables and the benthic fish species
distribution off Nizampatnam Bay, Bay of Bengal.
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