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Effect of Cyclone Aila on estuarine fish assemblages in the Matla River
of the Indian Sundarbans
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Abstract: The present study examined the effect of a catastrophic cyclone (Aila) on ichthyofaunal assemblages in a
tidal river of the Sundarban Delta. Sampling in six stations with a gill-net of 20-m length and 1-cm mesh size resulted
in the collection of 63 species in a pre-Aila survey. Among them, 16 species were not available in the year after the
cyclone. However, 12 new species were added to the assemblages in the post-Aila year during which 59 species were
recorded. Analysis of Similarity (ANOSIM) confirmed significant changes in fish assemblages after the cyclone with
a corresponding reduction of the species diversity and variation in the seasonal pattern of abundance. Hydrological
parameters also differed with a significant surge in nutrient concentrations. Tolerance to low dissolved oxygen seemed
to be a determinant factor as evident from the higher abundance of certain fishes viz. Harpadon nehereus, Liza parsia,
Pampus argentius, Tenualosa ilisha and Toxotes chatareus during post-Aila year. Despite the recovery of the ichthyofaunal
assemblages at the later stage of the study, a strong seasonal variation was persistent. The study therefore suggests
that environmental variation in terms of increasing temperature and salinity elicit greater response in an estuarine
community than temporary natural disturbances even as severe as cyclones.
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INTRODUCTION

Estuaries are among the most modified and threatened
environments of the world (Blaber et al. 2000). They are
prone to multiple violent disturbances caused by extreme
environmental conditions resulting from factors such
as sudden temperature changes (Gilmore et al. 1978),
large annual variation in rainfall or river discharge due
to climatic fluctuations (Garcia et al. 2001), excessive
contaminant loading (Marchand et al. 2002) or natural
catastrophic eventslike cyclones (Greenwood et al. 2006).
When major storms make landfall on or near an estuary,
their effects can be considerable, at least in the short term.
Wind and storm surge may cause inundation of sediment,
removal of submersed aquatic vegetation, formation of
devastating turbulence that can create short-term anoxic
or hypoxic conditions (Mallin et al. 1999). Estuaries
can even undergo changes in geomorphology (i.e. inlet
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formation or closure), which can disrupt their ecological
structure and function (Day et al. 1989). Cyclonic winds
can also defoliate or uproot trees and produce up to
twice the annual mean litter fall into the water (Lodge
& McDowell 1991), which elevates the nutrient level
(Lodge et al. 1991, Mallin et al. 2002, Schaefer et al.
2000). The rainfall associated with a slow-moving storm
leads to increased inflow into the estuarine water and
results in decreased salinity, increased nutrient input and
severe run-off pollution (Mallin et al. 1999). As a result,
an area of bottom-water hypoxia is created (Paerl et al.
2001).

These large and sudden fluctuations in physico-
chemical parameters in estuaries can adversely affect
fish assemblages (Almirén et al. 2000, Galacatos
et al. 2004). The severity of the disturbance, species
composition, size and structure of the assemblage
determine the degree of response. Connell & Slatyer
(1977) have found that moderate or severe hurricanes
can shift the fish assemblage composition. Under some
circumstances, hurricanes can cause massive mortalities
in fish, destruction of their habitats (Tabb & Jones
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1962), social/reproductive abnormalities, export and
loss of eggs and larval stages together with rise in
the incidence of fish disease (Mallin et al. 1999, Paerl
et al. 2001). Jung & Houde (2004) have noticed a
faunal shift due to the loss of most abundant fish
species.

A cyclone (Aila) passed over the eastern coast of India
andBangladesh on 25 May 2009 and affected a major part
of the Sundarban Delta with great devastation. Parallel to
the terrestrial agricultural land, the riverine system was
affected by rainwater inflow and uprooting of terrestrial
and submersed vegetation. Before the onset of the event,
a long-term study of the changes in fish assemblages of a
tidal river of the Sundarban Delta was being conducted
and pre-Aila data were thus obtained. The present study
was based on the hypothesis that the catastrophic cyclone
had an adverse effect on the estuarine ichthyofaunal
assemblages. Fish of the Matla River were sampled over 1
y after the cyclone and were compared with the recorded
data prior to Aila already available with us. Therefore, the
study was aimed to (1) detect changes in water quality
and fish assemblages of the Matla River following the
passage of the cyclone, (2) identify species which are
principally responsible for the change and (3) explore
possible reasons behind the change from the changing
water quality perspective.

STUDY AREA

The Sundarban Delta, formed at the estuarine phase of
the Ganges-Bramhaputra River system, is the largest
mangrove forest in the world. For its rich faunal diversity,
this area was declared a world heritage site by the [TUCN
in 1987. The area experiences a subtropical monsoon
climate with an annual rainfall of about 1600-1800
mm (Manna et al. 2010) and several cyclonic storms.
Two tidal rivers, namely the Matla and the Bidyadhari,
constitute the major riverine system of the Sundarban
estuary. The present study was conducted in the middle
part of the Matla River (22°00'82.86"-22°02'49.18"N,
88°37'24""-88°38724"'E) alongside Jharkhali Island. The
main channel of the river has a total length of more than
200 km between its source in Purandar and its mouth
into the Bay of Bengal. The freshwater connection and
discharge to this river have decreased in recent times
due to which salinity of the river water is relatively high
(Manna et al. 2010) and varies seasonally. A preliminary
study carried out over the entire study area indicated
no significant spatial variation in sample parameters.
Therefore, six replicate sites of nearly equal distance along
a stretch of approximately 50 km in length and 200 km?
in area, located on the main channel of the river, were
selected for sampling (Figure 1).
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Figure 1. Map showing the location of the Matla River stretch in and
around Jharkhali Island. The dots indicate the sampling sites. Distance
between any two sampling sites was approximately 8.5 km.

METHODS
Fish sampling design

To compare the seasonal fish assemblages following
Aila with those preceding the cyclone, the monthly
sampling data were grouped into seasonal periods
commencing in July and ending in June. Thus, July
2008-June 2009 was considered as pre-Aila and
July 2009-June 2010 was considered as the post-
Aila period. To test seasonal variation of species
abundance and environmental variables, seasons were
aggregated into ‘4-mo’ groups: south-west monsoon
(July—October), north-east monsoon or post-monsoon
(November—February) and pre-monsoon (March—June).
At each sampling site, 100—150-m stretches of the river
were covered for detailed sampling. Two gill nets, each of
20-m length and 1-cm spacing between adjacent knots
were placed simultaneously at different directions from
a centre point located at the middle of the river (about
0.75 km from the bank) at each sampling site. The gill-
nets were placed at the onset of high tide and kept for
approximately 6 h in order to ensure maximum fish
catch per unit effort during high tide. The replicate sites
were sampled simultaneously and for the same tenure to
minimize the sampling errors (two replicates from each
site, i.e. 12 replicates per month). The nets were released
from the water when the tidal current was low and fish
abundance data (number of individuals per species per
gill net) were recorded. A representative specimen from
each species was retrieved and identified following Day
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(1958), Shaw & Shebbeare (1937) and Talwar & Jhingran
(1991). Although gill-net abundance data do not provide
an unbiased estimate of species-relative density because of
the possible effects of seasonality such as tidal fluctuation,
variation in mean size of individuals and activity patterns
(e.g. migration or nesting), standardized samples can be
compared within and between years because the same
biases can be assumed to operate at each sampling
(Saint-Paul et al. 2000, Silvano et al. 2000, Tejerina-
Garro & De Merona 2001). Because we mainly aimed
atinvestigating inter-annual variation in fish assemblage
composition and kept the sampling method and period
constant through consecutive years, we have no reason
to suspect that the result would be influenced by the biases
mentioned above.

Quadrat sampling of mudskippers

Boleophthalmus boddarti (Pallas, 1770) and Perioph-
thalmus novemradiatus (Hamilton, 1822) (Perciformes;
Gobidae) are the two dominant mudskipper species
residing on the intertidal mudflats along the bank of
the Matla River. Being amphibious, they are uniquely
adapted to intertidal habitats; they survive the retreat
of the tide by hiding under wet seaweed or in tidal
pools and show fair activity when they are out of water.
Their abundance pattern is sensitive to environmental
alteration and thus can be used as indicator of the
changing environment. In the present study, seasonal
changes in density of the mudskippers were assessed
using a visual survey technique. Four temporary 20-
m transects were established randomly on selected
mudflats on each sampling occasion. The number of
Boleophthalmus boddarti and Periophthalmus novemradiatus
were recorded during low tide from 20 2 x 2-m quadrats
within the transects (five quadrats per transect). This
technique has been widely adapted to obtain accurate
abundance estimates of animals that are highly sensitive
to disturbances (Tytler & Vaughan 1983) and also
minimizes the impact of the survey on the animal
population.

Water sampling design

Subsurface river water samples were collected every
month simultaneously with fish sampling from a depth
of 25-30 cm at the midpoint of the rivers at respective
sampling sites. Altogether 13 hydrological variables were
measured. Air temperature and water temperature were
measured on the spot with a mercury thermometer with
0.1 °C graduations. Dissolved oxygen was measured
on the site using a Dissolved Oxygen Meter, Lutton,
DO-5509. Electrical conductivity and pH were also
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recorded in the field using portable testers (Eutech
instrument, cyber scan). For analysing the rest of the
hydrological parameters, water samples were collected
in amber-coloured, labelled glass bottles. Samples were
preserved at 4 °C without freezing and taken to the
laboratory within 3 h of collection for analysis as per
standard methods (APHA 1998). In the laboratory,
salinity was measured in practical salinity units (PSU)
by the Knudsen argentometric method (Strickland &
Parsons 1972). Total alkalinity was measured following
the acid titrimetric method, using H,SO,4 as titrant and
methyl orange as an indicator. Total acidity was assayed
following alkaline titrimetric method using NaOH as
titrant and phenolphthalin as indicator. Total hardness
was determined by EDTA titrimetric method. Inorganic
phosphate, reactive silicate, nitrate-nitrogen and nitrite-
nitrogen were estimated with a UV spectrophotometer
following standard sea water analysis methods (Grasshoff
1983, Grasshoff et al. 1983, Strickland & Parsons
1972).

Data analysis

A general linear model for repeated measures was used
(Zar 1999) using SPSS (version 11.0) software to compare
the effect of the cyclone on each hydrological variable
(between-year analysis). Shannon—-Weaver index (H')
(Shannon & Weaver 1949) was assessed on the basis
of the fish abundance data to test the seasonal and
inter-annual variability in fish diversity. Seasonal and
inter-annual variations in the ichthyofaunal assemblages
were analysed by performing hierarchical agglomerative
cluster analysis of their abundance. The tests were based
on a Bray—Curtis similarity matrix calculation. Prior to
the analysis, the abundance data were standardized by
logarithmic transformation (logi;y (x+1)) (Underwood
1997) to meet the standard assumptions. Results were
displayed using multidimensional scaling (MDS) plots, on
which percentage similarity levels were assigned based
on hierarchical cluster analysis (group-average linkage).
The resulting ordination reflects the relative similarity
of species composition, among samples (Clarke 1993).
The significance of inter-annual trends in the structure
of the assemblage was determined by ANOSIM (one-
way analysis of similarity) using the PRIMER (version
6.0) software. For carrying out the analysis, average
abundance data of the ichthyofaunal assemblages from
12 gill-net sets was considered as a single monthly
data, considering season and year as separating factors.
Similarity percentages (SIMPER) were used to identify
the species principally responsible for the average
dissimilarity of fish assemblage structure between two
successive years and reveal their percentage contribution
to it.
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Figure 2. Multidimensional scaling ordination of seasonal fish assemblages of the Matla River based on fish abundance data. The percentage similarity
levels were assigned by hierarchical cluster analysis, based on Bray—Curtis similarity matrix. The hollow symbols represent the data obtained after
the cyclone and solid symbols represent the pre-cyclone data. Sampling sites (represented by similar symbols), clustered within a single circle did

not show significant spatial variation (P > 0.05).

RESULTS

Altogether 10 312 fish from 63 species under 39 families
were collected in the pre-Aila year. Among them,
16 species were not available in the year after the cyclone.
However, 12 new species were added to the list in the
post-Aila year during which a total of 33 868 individuals
belonging to 59 species from 35 families were recorded.
The seasonal pattern of abundance of the inhabitants also
differed between the two years (Appendix 1).

A significant difference (R = 0.396, P = 0.001) was
found in fish assemblage structure between the two years
aswasrevealed from analysis of similarity (ANOSIM). This
was confirmed by the Bray—Curtis similarity index, which
revealed low similarity in fish assemblage composition
between any two similar seasons of two consecutive
years. The result was represented by the MDS ordination
(Figure 2). The ordination also confirmed negligible
spatial variation in fish assemblage structure among the
sampling sites.

Throughout the sampling tenure, fish assemblages of
the Matla River were found to be dominated by only
16 species accounting for 91.9% of the total fish catch.
Most of them showed significant variation (P < 0.05)
in percentage abundance between the two years. The
resultant average dissimilarity between two consecutive
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years contributed 90.6% to the total dissimilarity of the
fish assemblage structure of the Matla River (Table 1).
Amongst all, the average percentage abundance of
Coilia ramcarati (12.3% in pre-Aila year and 32.4%
in post-Aila phase) contributed most (21.9%) to the
dissimilarity. Likewise, significant dissimilarity in the
relative abundance of Harpadon nehereus (15.5) was
noted, which contributed 19.5% to the total dissimilarity.
Some other species such as Pseudapocryptes elongatus,
Liza parsia, Mystus gulio, Setipinna taty, Tenualosa ilisha,
Lates calcarifer and Bregmaceros mcclellandi showed higher
abundance in the post-Aila year and cumulatively
contributed to 24.9% to the total dissimilarity. In contrast,
the relative abundance of Gudusia chapra was markedly
reduced after the cyclone (from 25.2% in pre-Aila
year to 0.61% in post-Aila survey), contributing 8.14%
to the dissimilarity. Similarly, some species including
Coilia neglecta, Escualosa thoracata, Trichiurus gangeticus,
Nemapteryx nenga, Setipinna phasa and Himantura
walga showed lower abundance after the cyclone and
contributed 16.0% cumulatively to the dissimilarity in
the fish assemblage structure between the two years.
This variation in assemblage structure was associated
with lowering of species diversity in the year following
the cyclone as was confirmed by Shannon—Weaver index
(Figure 3).
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Table 1. Average percentage abundance and species per cent contribution of 16 species, which contributed most to the dissimilarity of fish
assemblage of the Matla River in pre- and post-implication sampling period. Cut-off for low contributions is 90%. Diss = Dissimilarity. Diss/SD =
Dissimilarity/Standard deviation. The significant test values (F) of the abundance are indicated by asterisks.

Average percentage

abundance Per cent contribution

Species Pre-Aila Post-Aila Average Diss. F- value Diss/SD By species Cumulative
Coilia ramcarati 12.3 32.4 17.4 31.1* 0.81 21.9 21.9
Harpadon nehereus 6.48 18.6 15.5 61.1* 1.21 19.5 414
Gudusia chapra 25.2 0.61 6.48 148* 1.13 8.14 49.6
Pseudapocryptes elongatus 4.12 6.08 5.45 22.8* 1.03 6.85 56.4
Coilia neglecta 7.65 5.65 4.92 12.4* 1.64 6.18 62.6
Liza parsia 6.58 8.34 4.66 0 1.12 5.86 68.5
Mystus gulio 1.93 4.33 3.61 20.4* 0.75 4.54 73.0
Escualosa thoracata 5.46 3.19 3.08 1.36 1.62 3.88 76.9
Trichiurus gangeticus 5.68 5.10 243 15.4* 1.66 3.05 79.9
Setipinna taty 1.78 3.86 1.97 23.2% 0.69 2.47 82.4
Tenualosa ilisha 0.60 2.86 1.76 14.5* 1.36 2.21 84.6
Lates calcarifer 0.70 1.02 1.56 34.1* 0.7 1.96 86.6
Nemapteryx nenga 3.8 0.31 0.87 42.9* 1.17 1.09 87.7
Bregmaceros mcclellandi 0.83 1.05 0.86 27.5% 0.83 1.09 88.8
Setipinna phasa 1.50 0.16 0.74 25.0* 0.77 0.92 89.7
Himantura walga 1.75 0.02 0.7 85.1* 0.73 0.88 90.6
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Figure 3. Seasonal comparison of species diversity of fish assemblage of
the Matla River in the pre-Aila and post-Aila surveys.

Boleophthalmus boddarti and Periophthalmus novemradi-
atus did not show much variation in population density
in successive years except during post-monsoonal months
where there was a stark decline in the population density
of both the fish species after the cyclone attack (Figure 4).

Most of the hydrological variables of the Matla River
showed significant differences between the two years as
was revealed from a general linear model for repeated-
measures (Table 2). Interestingly, the concentrations of
certain nutrients (inorganic phosphate, nitrate-nitrogen
and nitrite-nitrogen) showed a considerable surge in
the post-Aila year. The salinity value was significantly
reduced following floods associated with the cyclone but
returned to a higher value during the dry season. The
value of the dissolved oxygen content, conductivity and
acidity also decreased in the post-Aila period.
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after Cyclone Sadie (Mitchell et al. 1997), in Charleston
Harbor after Hurricane Hugo (Van Dolah & Anderson
1991), in Charlotte Harbor after Hurricane Charley
(Greenwood et al. 2007) and in the Cape Fear River
after Hurricane Fran (Mallin et al. 1999). The benthic
communities are mostly affected with increased mortality
of sessile animals due to low dissolved oxygen or salinity
stress (Paerl et al. 2001). Even in the more mobile sectors
of the community, the degree of freshwater inflow may
cause mortality and displace many taxa (Litaker & Tester
2003, Paperno et al. 2006).

The structure of fish assemblages of the Matla River
changed significantly after Cyclone Aila. Fewer species
were available in the catchment areas and the species
diversity declined markedly. The observation confirmed
the previous findings (Menge & Sutherland 1976). The
species that were more abundant after Aila included
those often associated with a non-vegetated bottom such
as Glossogobius giuris and Cynoglossus lingua (prefers
rock, gravel or sand bottoms) or could be found in the
water column viz. Tenualosa ilisha, Harpadon nehereus,
Setipinna taty and Coilia ramcarati. The uprooting of
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Figure 4. Seasonal comparison of population density (mean + SE) of the mudskippers (Periophthalmus novemradiatus and Boleophthalmus boddarti) as
estimated by visual counting in quadrats set up along transects on the mudflat during pre-Aila and post-Aila surveys.

submersed aquatic vegetation might have led to higher
predation risk for others and adversely affected the fish
assemblage structure (Greenwood et al. 2006). A few
species which were less abundant might have moved into
the damaged shorelines, presumably to take advantage of
detritus-based foods associated with the defoliation of the
mangroves.

The observed inter-annual variation in assemblage
structure could be explained by the substantially longer
period of floodplain inundation caused by the heavy local
rainfall during Aila, which favoured recruitment of a
large number of fishes (North & Houde 2003) in the
post-Aila year. Noticeable increase in the abundance of
prey species (e.g. Harpadon nehereus) and juveniles (e.g.
Coilia ramcarati, Setipinna taty and Liza parsia) after the
cyclone could be attributed to availability of refuge and

nursery habitats increasing their chances of survival
(Agostinho & Zalewski 1995, Lowe-McConnell 1987).
Extended periods of inundation on the other hand were
presumed to have affected predator survival negatively
by decreasing or delaying their foraging opportunities
(Agostinho & Zalewski 1995).

The uprooted trees and large amount of riparian
defoliation created debris dams within the water column
of the Matla River. These dams were observed in other
streams after major storms like hurricanes (Covich
et al. 1991, Dolloff et al. 1994) with leaf litter created
by the storm. Detritivores thrived in these conditions
(Waide 1991) and the increased microbial activity
and respiration led to reduced dissolved oxygen (Hill
et al. 1998). Another probable cause of lowering of
dissolved oxygen content was increased nutrient load

Table 2. Seasonal mean and SE of hydrological variables of two successive years in the Matla River along with their F-values of repeated-
measures analysis between two years. The parameters with significant test values (F) are indicated by asterisks.

Pre-Aila Post-Aila
Hydrological parameters Monsoon Post-monsoon Pre-monsoon Monsoon Post-monsoon Pre-monsoon F-value
Dissolved oxygen (mg L~!) 7.82+0.04 8.61+0.13 7.58+0.02 5.78+0.05 7.61+£0.04 6.53+0.03 4752*
Salinity (PSU) 249+0.33 17.2£0.33 26.7£0.06 16.8+£0.30 199+0.56 31.0+0.56 12.3*
Acidity (mg L~1) 83.3+3.09 420+2.01 864+246 47.1+241 29.8+148 29.6+1.46 178*
Alkalinity (mg L) 163 +1.18 151 4+1.82 181+1.67 108+1.38 121 +£2.05 114 +0.42 957*
Hardness (mg L™1) 85.6£3.08 683+1.23 86.8+2.15 452+£1.80 459=£2.52 58.5+2.44 236*
Water temp. (°C) 304+0.28 24.8+040 31.6£0.11 29.6£0.18 27.8£0.56 34.8+0.26 21.3*
Air temp. (°C) 3424+0.32 26.8+0.43 35.7+£0.28 33.1+0.45 30.3+0.24 37.7+0.38 9.50
Conductivity (mS cm™1) 3.33+0.05 2.78+0.21 2.89+£0.82 269+£1.23 493+142 2.30+0.24 64.7*
pH 7.86+0.02 7.00£0.02 798+0.07 6.83+0.02 6.99+0.02 7.14 £0.02 185*
Inorganic phosphate 1.30+0.12 0.144+0.01 1.04+0.03 2.33+0.51 0.79+£0.03 2.36=£0.16 48.6*
(umol L)
Nitrate-nitrogen (umolL~1)  2.06 £0.05 0.954+0.01 2.30+£0.14 2.40+043 2.65+0.35 2.16+0.54 254*
Nitrite-nitrogen (umol L™!)  0.35+0.02 0.574+0.06 0.31+£0.01 0.79+0.06 0.734+0.02 0.69+0.01 106*
Reactive silicate (umolL™')  16.7+£0.47 7.76+0.04 8.05+0.99 17.8+0.51 7.71+0.04 7.90+0.09 170*
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(Paerl 1988). The Matla River showed a clear short-term
pulse in the concentration of nutrients such as nitrate-
nitrogen, nitrite-nitrogen and inorganic phosphate from
the storm surge, which corroborated with previous
findings (Tomasko et al. 2005). The possible reason
might be nitrification of remineralized nitrogen in the
flood-derived organic matter. However, other possibilities
such as wind-driven upwelling or agricultural run-
off (Shiah et al. 2000) due to heavy rainfall could
not be ruled out. The increased load of nutrients
created bottom hypoxia in the aquatic system. Those
species which were intolerant to low dissolved oxygen
concentration might have been forced to migrate by
the depleted dissolved oxygen (Lowe-McConnell 1987).
Subsequently an increase in the abundance of those
species that could tolerate low dissolved oxygen was a
foregone conclusion. Those species could also occupy
habitats with large concentrations of organic debris.
These species were Tenualosa ilisha, Harpadon nehereus,
Panna microdon, Pampus argenteus, Cynoglossus lingua,
Toxotes chatareus, Callionymus sagitta and Liza parsia.
The ecosystem productivity was likely to be enhanced
due to a surge in nutrient concentration (McPherson
& Miller 1994). Therefore, the fish species that could
tolerate low dissolved oxygen seemed to benefit from
higher production and increased in abundance.

The marked decrease in salinity soon after the cyclone
due to the heavy and prolonged rain shifted the
composition of fish assemblages of the Matla River with
higher abundance of freshwater species such as Mystus
gulio and Glossogobius giuris. The result corroborated
with previous reports (Paperno et al. 2006, Vrancken &
O’Connell 2010).

However, along with the inter-annual variation, a
seasonal pattern was evident in the assemblage structure
which reflected the different recruitment period of
different species, as was observed in other intertidal areas
(Amara & Paul 2003, Beyst et al. 2001, Gibson et al.
1993, 1996). The subsequent decrease in numbers and
species diversity might be the result of a variety of factors,
including predation or declining temperature (Amara &
Paul 2003, Beyst et al. 2001, Ribeiro et al. 2006). Year-
to-year variation in densities of dominant species due
to variable recruitment success is not infrequent (Clark
et al. 1996, Jones & Clare 1977). Therefore, we could
not confirm that the observed inter-annual variation
in fish assemblages was entirely due to the cyclone. In
general, it is suggested that estuarine communities are
quite resilient to salt-water storm surges and exhibit
rapid recovery to pre-impact conditions (Greenwood
et al. 2007, Hutchinson & Williams 2003, Paperno
et al. 2006, Stevens et al. 2006). In an earlier report
(Mallin et al. 2002), no long-term decline in species
richness following a hurricane was observed. However,
following local short-term losses in diversity of the benthic
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communities, it is suggested that the community can
withstand periodic storm events. The changing physico-
chemical conditions of the estuary with changing global
scenario with regards to altered salinity, temperature
and nutrient concentrations have more pronounced and
long-term impacts on the piscine community than do
severe but temporary natural disturbances (Hutchinson
& Williams 2003). The evident rise in salinity with
concomitant increase of temperature in the later phase
of the study period explains the noticeable decrease of the
freshwater species (e.g. Gudusia chapra). It also suggests
the probable cause of the shift of the fish assemblage
composition. Therefore, an understanding of the role of
changing environment in structuring the estuarine fish
assemblages in the long term is of more significance in the
conservation and management of aquatic resources.
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Appendix 1. Recorded fish species from the Matla River with seasonal relative abundance and their individual code. Seasons are abbreviated
as Mo: Monsoon; Po: Post-monsoon; Pr: Pre-monsoon.

Relative abundance (%)

Pre-Aila Post-Aila
Species Po Pr Mo Po Pr Mo
Anguilliformes
Congridae
Uroconger lepturus (Richardson, 1845) 0.16 0.06 0.13 0.01 0.10 0
Muraenesocidae
Congresox telabon (Cuvier, 1829) 0.16 0.18 0.20 0.04 0.19 0.05
Muraenesox bagio (Hamilton, 1822) 0 0.12 0.40 0 0 0
Muraenesox cinereus (Forsskal, 1775) 0 0.09 0.18 0 0 0
Muraenidae
Strophidon sathete (Hamilton, 1822) 0.16 0.24 0.09 0.01 0.14 0
Uropterygius marmoratus (Lacepede, 1803) 2.73 0.46 0.18 0.06 0.62 0
Aulopiformes
Synodontidae
Harpadon nehereus (Hamilton, 1822) 6.63 0.06 11.1 2.42 33.7 42.3
Beloniformes
Belonidae
Strongylura strongylura (van Hasselt, 1823) 0.23 0.28 0.04 0.07 0.19 0
Hemiramphidae
Hyporhamphus limbatus (Valenciennes, 1847) 0 0.70 0.07 0 0 0
Clupeiformes
Clupeidae
Anodontostoma chacunda (Hamilton, 1822) 0 0.06 0.02 0 0 0
Escualosa thoracata (Valenciennes, 1847) 0 0.28 12.37 5.21 1.91 0
Gudusia chapra (Hamilton, 1822) 3.43 19.0 42.19 0 1.99 1.17
Raconda russeliana Gray, 1831 0 0 0 0 0.05 0.05
Tenualosa ilisha (Hamilton, 1822) 0.70 0.86 0.36 3.43 0 2.96
Engraulidae
Coilia neglecta Whitehead, 1967 4.75 9.33 8.09 9.97 0 0
Coilia ramcarati (Hamilton, 1822) 10.9 20.8 6.86 49.4 8.40 10.9
Setipinna phasa (Hamilton, 1822) 0 4.19 0.40 0.28 0 0
Setipinna taty (Valenciennes, 1848) 1.33 4.13 0.34 6.10 2.32 0.37
Pristigasteridae
Ilisha megaloptera (Swainson, 1839) 0.23 2.78 0.36 0.59 0.62 0.27
Pellona ditchela Valenciennes, 1847 0 0 0 0 0.14 0
Gadiformes
Bregmacerotidae
Bregmaceros mcclellandi Thompson, 1840 3.20 0.09 0.02 1.01 3.71 0.07
Mugiliformes
Mugilidae
Liza parsia (Hamilton, 1822) 16.6 2.42 3.91 12.5 9.09 0.44
Valamugil cunnesius (Valenciennes, 1836) 1.64 2.32 0.29 0.42 0 0
Perciformes
Callionymidae
Callionymus sagitta Pallas, 1770 0 0 0 0.01 0.38 1.67
Carangidae
Atule mate (Cuvier, 1833) 0 0.06 0.02 0 0 0
Carangoides malabaricus (Bloch & Schneider, 1801) 0 0 0 0 0.05 0
Parastromateus niger (Bloch, 1795) 0 0 0 0.07 0 0
Datnioididae
Datnioides polota (Hamilton, 1822) 0 0.06 0 0 0 0
Eleotridae
Butis butis (Hamilton, 1822) 0 0.18 0.02 0 0.05 0
Gerreidae
Gerres filamentosus Cuvier, 1829 0 0.09 0 0 0 0
Gobiidae
Drombus globiceps (Hora, 1923) 0 0.83 0.16 0 0.69 0
Glossogobius giuris (Hamilton, 1822) 0 1.99 0.31 0 2.37 2.44
Odontamblyopus rubicundus (Hamilton, 1822) 0 0 0 0 0.12 0
Pseudapocryptes elongatus (Cuvier, 1816) 13.6 1.38 0.71 0.06 6.96 16.7
Taenioides anguillaris (Linnaeus, 1758) 0 0 0 0.03 0 0
Trypauchen vagina (Bloch & Schneider, 1801) 0.39 0.76 0.16 0.02 0.10 0
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Haemulidae
Pomadasys hasta (Bloch, 1790) 0 0 0.09 0 0 0
Latidae
Lates calcarifer (Bloch, 1790) 2.65 0.09 0.02 0 7.46 0.33
Lobotidae
Lobotes surinamensis (Bloch, 1790) 0 0 0 0.01 0 0
Lutjanidae
Lutjanus johnii (Bloch, 1792) 0 0 0.04 0.01 0 0
Lutjanus russelli (Bleeker, 1849) 0 0.09 0.09 0.34 0 0
Polynemidae
Leptomelanosoma indicum (Shaw, 1804) 4.87 0.06 0.25 0.02 1.70 0
Polydactylus sexfilis (Valenciennes, 1831) 0 0.09 0.29 0.10 0.14 0
Polynemus paradiseus Linnaeus, 1758 0 0.06 0.04 0.05 1.58 0.04
Scatophagidae
Scatophagus argus (Linnaeus, 1766) 0 0.52 0.09 0 0.86 0
Sciaenidae
Johnius amblycephalus (Bleeker, 1855) 0.16 0.24 0.02 0.06 0 0
Johnius belangerii (Cuvier, 1830) 0 1.56 0.09 0.17 0.05 0
Johnius coitor (Hamilton, 1822) 0.16 0.49 0.07 0.09 0.05 0
Johnius glaucus (Day, 1876) 0 0 0.04 0.07 0 0
Panna microdon (Bleeker, 1849) 0 1.32 0.65 0.06 0.14 2.07
Scombridae
Scomberomorus commerson (Lacepéde, 1800) 0 0 0.31 0.01 0.02 0.04
Serranidae
Epinephelus diacanthus (Valenciennes, 1828) 0 0 0 0.01 0 0
Epinephelus malabaricus (Bloch & Schneider, 1801) 0 0 0.18 0 0 0
Sillaginidae
Sillaginopsis panijus (Hamilton, 1822) 0 0.18 0.34 0 0 0
Stromateidae
Pampus argenteus (Euphrasen, 1788) 0.31 0 0.09 0.29 0.29 0.27
Pampus chinensis (Euphrasen, 1788) 0 0.18 0.09 0.01 0 0
Terapontidae
Terapon jarbua (Forsskal, 1775) 0.31 0.73 0.36 0.04 0.53 0
Trichiuridae
Trichiurus gangeticus Gupta, 1966 16.9 4.04 0.45 6.50 7.96 1.40
Toxotidae
Toxotes chatareus (Hamilton, 1822) 0 0 0 0 0 1.40
Pleuronectiformes
Cynoglossidae
Cynoglossus lingua Hamilton, 1822 0 0 0.04 0.06 1.24 1.27
Paralichthyidae
Pseudorhombus javanicus (Bleeker, 1853) 0 0.18 0.02 0.02 0.05 0
Solidae
Synaptura commersonnii (Lacepede, 1802) 0.16 0 0 0 0 0
Rajiformes
Dasyatidae
Himantura bleekeri (Blyth, 1860) 0 0.64 0.16 0.01 0 0
Himantura walga (Miller & Henle, 1841) 0 4.19 0.96 0.02 0.07 0
Scorpaeniformes
Platycephalidae
Grammoplites scaber (Linnaeus, 1758) 0 0.06 0.02 0 0 0
Siluriformes
Ariidae
Arius arius (Hamilton, 1822) 0 3.79 0.13 0 0 0
Cephalocassis jatia (Hamilton, 1822) 0 0.06 0.02 0 0 0
Nemapteryx nenga (Hamilton, 1822) 0.23 5.54 4.67 0.05 2.15 0.05
Plicofollis dussumieri (Valenciennes, 1840) 0.23 0 0.04 0 0 0
Bagridae
Hemibagrus punctatus (Jerdon, 1849) 0 0 0 0.01 0 0
Mystus gulio (Hamilton, 1822) 6.66 0 0.63 0 1.55 13.4
Sperata seenghala (Sykes, 1839) 0 0.03 0.07 0 0 0
Pangasiidae
Pangasius pangasius (Hamilton, 1822) 0.43 1.07 0.20 0.04 0.14 0.04
Plotosidae
Plotosus canius Hamilton, 1822 0.16 0.92 0.29 0.03 0 0
Unidentified 1 0 0 0 0.25 0.10 0.27
Total abundance 2566 3269 4469 19199 4179 10488
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