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Abstract

The spatial and seasonal variability in finfish availability in the 
tropical Kali Estuary, in Karwar was studied from January 2017- May 
2019 at three stations. A total of 26 species belonging to 9 orders 
and 20 families were recorded from the Kali Estuary and the order 
Perciformes with 16 species dominated the group (62%) followed by 
order Mugilliformes and Pleuronectiformes (8%). Maximum 
abundance was observed during the pre-monsoon season in all the 
stations. Excluding Ambassis ambassis which was abundant in all 
the stations, Caranx ignobilis dominated in all the stations. Truly 
marine and estuarine species of fishes recorded dominated than the 
freshwater estuarine ones like Etroplus suratensis, Scatophagus 
argus, Aplocheilus lineatus. Number of species recorded at each 
station during the study ranged from 11 to 25 and it was significantly 
different between stations. The Shannon- Wiener diversity index 
ranged from 2.0 to 4.6, the minimum in station 1 and maximum in 
station 3. The seasonal analysis of diversity also showed minimum 
value during the monsoon season in station 1 and maximum value 
in station 3. The minimum value (2.2) of Margalef richness index was 
also recorded in Station 1 during monsoon season and maximum 
value (4.2) in Station 2. When comparing the relative abundance 
using Pielou’s evenness index (J’) the values were in the range of 
0.92 to 0.99 which was closer to one, indicating evenness in 
distribution. There was similarity in species composition according to 

different seasons except for monsoon season in Station 1. The same 
pattern was also evident in the MDS plot where seasonal aggregation 
was observed between the stations. In addition to the diversity 
studies, the surveys also threw light on the abundance and 
seasonality of candidate species suitable for mariculture like C. 
ignobilis, Lutjanus spp., Etroplus spp., etc. Judicious exploitation of 
the species could help brackishwater fish farmers.
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Introduction
Estuaries are a dynamic ecosystem which are often characterised 
by the presence of a high abundance and diversity of marine 
fishes and shellfishes (Haedrich, 1983; Elliott and Dewailly, 
1995). They are one of the most biologically productive and 
valuable ecosystems which provide nursery ground to many 
marine species (Able, 2005; Beck et al., 2001). The coastal areas 
of India with its estuaries and mangroves provides shelters 
to many finfishes and shellfishes (Pushparajan et al., 2012). 
Estuaries play an important role in the life cycle of many fishes 
and shellfishes (Barletta et al., 1998, 2005). Distribution of 
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fishes in estuaries are studied around the globe which is used 
as a baseline information which could be used for analysing 
the changes over a period of time due to anthropogenic and 
climatic disturbances (Barletta et al., 2005). Moreover, the 
finfish diversity study is one of the ways of assessing the state 
of health of the estuary (Bhat et al., 2014). India has around 
200 estuaries among which Kali Estuary, in Karnataka is one of 
them (Balasubramanian et al., 2002). The rivers of Karnataka 
flows east to west and all the rivers join Arabian Sea to form 
large estuaries along coastal Karnataka (Rao et al., 1989). The 
Kali Estuary located in the northernmost part of Uttara Kannada 
one of the three coastal district in Karnataka comprise of 
different types of habitats like mangroves, brackishwater, creeks 
and freshwater zones. Various biological studies done in Kali 
Estuary are limited to the studies of crustaceans, mangroves 
etc. (Naik, 2003; Roopa et al., 2011; Loka et al., 2016). The 
studies on seasonal abundance and diversity in finfishes in Kali 
Estuary is limited. Therefore, the present study is taken up to 
address the spatial and seasonal variability in finfish availability 
in Kali Estuary.

Material and methods

Kali Estuary (14o 50’21“N; 74o 09’05” E, Fig. 1.) situated in the 
south-west coast of India is one of the productive ecosystems 

in Uttara Kannada, Karnataka. The estuary is dynamic in nature 
which is strongly influenced by the monsoon and fluctuations in 
the salinity are observed based on the freshwater flow during 
monsoon showers (Balasubramanian and Khan 2002).

The present study was conducted from January 2017 to May 
2019 for a period of 29 months. Three stations were selected 
in the estuary (Fig. 1) for the collection of finfishes, station 1 
was near the barmouth area and station 3 the farthest point of 
collection with station 2 in between. Collection of finfishes was 
done during low tide biweekly using a cast net of 5 m diameter 
with 16 mm mesh and each cast net hauling covering an area 
of 20 m2. Three hauls were done at each station and the total 
finfishes caught were pooled for each station. The samples 
collected were cleaned, sorted and segregated. Total catch 
was recorded from each station. The segregated samples were 
identified to species level (Fischer and Bianchi, 1984; Froese 
and Pauly, 2017). Abundance was expressed as the average 
number per haul. The data collected for the study period was 
pooled and were categorised into four seasons namely pre-
monsoon (Feb- May), monsoon (June-Sept), post-monsoon 
(Oct-Jan) (Thomas et al., 2016).

For statistical analysis multivariate statistical tests and ordinations 
were used to determine the patterns of community structures 

Fig. 1. Study area in Kali Estuary, Karnataka and sampling stations
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Table 1. Season-wise and station-wise fish species collected from the Kali Estuary.

Order Family Scientific name Station 1 Station 2 Station 3

Pr M Pm Pr M Pm Pr M Pm

Mugiliformes Mugilidae Mugil cephalus + - - - + + - + +

Perciformes Lutjanidae Lutjanus argentimaculatus + + + + + + - + +

Perciformes Lutjanidae Lutjanus johnii + + + + + + - + +

Carangiformes Carangidae Caranx ignobilis + - + + + + + + +

Perciformes Lethrinidae Lethrinus lentjan + + + - - - + + +

Pleuronectiformes Psettodidae Psettodes erumei - - - + + + + + +

Pleuronectiformes Cynoglossidae Cynoglossus puncticeps + + - - + + + + +

Cyprinodontiformes Aplocheilidae Aplocheilus lineatus - - - + + + + + -

Beloniformes Hemiramphidae Hyporhamphus limbatus + + + + + + + + +

Scorpaeniformes Platycephalidae Platycephalus indicus + - - + + + + + -

Perciformes Ambassidae Ambassis ambassis + + + + + + + + +

Perciformes Serranidae Epinephelus diacanthus - - + - - + + + -

Perciformes Terapontidae Terapon jarbua + + - - + + + + +

Perciformes Terapontidae Terapon puta - - - - + - + + +

Perciformes Leiognathidae Leiognathus bindus + - + + - - + + -

Perciformes Leiognathidae Leiognathus blochii + - + + - + + + -

Perciformes Gerreidae Gerres limbatus - - + - + + + + -

Perciformes Gerreidae Gerres filamentosus - + + - + + + + -

Perciformes Sparidae Rhabdosargus sarba - - - - + + - + +

Perciformes Scatophagidae Scatophagus argus + - - + + - + + -

Cichliformes Cichlidae Etroplus suratensis + - - + + - + + -

Mugiliformes Mugilidae  Liza parsia + + + + + + - - -

Perciformes Siganidae Siganus vermiculatus - - - - + + - + +

Perciformes Siganidae Siganus javus - - - - + + - + +

Clupeiformes Engraulidae Stolephorus commersonnii - + - + + - - + +

Perciformes Sillaginidae Sillago sihama + + + + + + - + + 

+ Presence, -. Absence, M Monsoon, Pm Post-monsoon, Pr Pre-monsoon

using the statistical package, Primer v6 proposed by Clarke 
and Warwick (2001). This was used for calculating diversity 
indices (Shannon Weiner indices), SIMPER, hierarchical cluster 
analysis and non-metric multidimensional scaling (MDS). The 
square roots of the standardised abundances were used to 
reduce the considerable influence of the highly abundant 
species in the community analysis. The multivariate non-metric 
MDS technique was used to identify seasonal variations in 
fish composition based on Bray-Curtis similarity. MDS is an 
unconstrained ordination technique used to create graphical 
summaries of the relationships among samples based on the 
abundance of various species present and to highlight the spatial 
and temporal patterns of the community structure (Clarke and 
Warwick, 2001). The similarity in species between the seasons 
was analysed employing similarity percentage (SIMPER) analysis 
using species abundance data. MDS and SIMPER were carried 
out in Primer v6 software (Clarke and Warwick, 2001).

Results and discussion

A total of 26 species belonging to 9 orders and 20 families were 
recorded from the Kali Estuary during the period of study. The 
order Perciformes with 16 species dominated the group (62%) 
followed by order Mugilliformes and Pleuronectiformes (8%) 
Other orders were of lesser numbers in species representation. 
Since there was no significant variation between months, 
the data was pooled to different seasons viz., pre-monsoon, 
monsoon and post-monsoon for further analysis. The details of 
the species collected from three stations are given in Table 1. 
Maximum abundance was observed during the pre-monsoon 
season in all the stations.

From Gangolli Estuary which is in Udupi District of Karnataka, 
about 30 species of finfishes were recorded by Rajesh et al. 
(2015). About 24 species of finfishes were recorded from Kali 
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Fig. 3. Seasonal species composition of finfishes in Kali Estuary

Fig. 4. Shannon Weiner diversity (H’log2) index in three stations in  
Kali Estuary

Fig. 2. Percentage composition of species in three stations in Kali Estuary

Estuary during 2016 survey (Loka et al., 2016). However, it 
is lower than the reports of 46 species (Naik, 2003) and 37 
species (Roopa et al., 2011) from Kali Estuary during surveys 
done during 2003 and 2011. The species diversity recorded 
from Zuari Estuary was comparatively high (more than 200) 
when compared to the present study. The greater diversity is 
attributed to the diverse habitat characteristics including sandy, 
rocky, muddy and coral which attracts diverse fish assemblages 
to this estuary (Sreekanth et al., 2016). Comparing the results 
of small and large estuarine surveys from different locations 
worldwide, it was observed that the species composition is 
never large. About 23 species were recorded from Mystic 
river estuary by Haedrich and Haedrich (1974). Strydom 
and Whitefield (2000) recorded 30 species from Kromme 
Estuary in South Africa. The reasons for less number in the 
present study could be due to the sampling methods used in 
various study including gillnets and seine nets, whereas in 
the present study the cast net was used. Another reason for 
the low diversity when compared to the previous studies in 
same estuary during 2003 and 2011 could be due to various 
anthropogenic activities including sand mining occurring in 
the estuary.

When considering the overall abundance of the species in three 
stations, it was observed that Ambasis ambasis was the most 
abundant species in the estuary throughout all the seasons and 
stations. Excluding A. ambasis, Caranx ignobilis dominated in 
all the stations and contributed 24, 14 and 15% in Stations 1, 
2 and 3 respectively. Following C. ignobilis, Liza parsia (13%) 
dominated in Station 1, Scatophagus argus (8%) in Station 2 
and Gerres limbatus (6%) in Station 3 (Fig. 2).

were reported by Kantoussan et al. (2012), Murugan et al. (2014), 
Rajesh et al. (2015). All the dominating species in the survey 
are commonly reported from the survey conducted in various 
estuaries across the country (Murugan et al., 2014; Rajesh et 
al., 2015; Bhat et al., 2014, 2016). However, variations in the 
species composition has to be studied at regular intervals to 
assess the health of the estuarine ecosystem which is a nursery 
grounds to many of the marine species (Barletta et al., 2005).

The number of species recorded increased from the barmouth 
area to the interior. Number of species recorded during the survey 
ranged from 11 to 25 and it was significantly different between 
stations (p < 0.01). In station 1 minimum number of species (11) 
was recorded during monsoon season while maximum number of 
16 species was recorded during pre-monsoon season. In station 
2 and 3 maximum number of species 22 and 25 respectively was 
observed during monsoon season. Minimum number of species 
(16) was observed during pre-monsoon period in station 2 and 
16 numbers in post monsoon period in Station 3. The diversity 
increased from Station 1 to station 3, The Shannon- Wiener 
diversity index (H’log2) ranged from 2.0 to 4.6, the minimum in 
station 1 and maximum in station 3 (Fig. 4).
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While comparing the seasonal abundance, it was observed 
that the second dominant species during pre-monsoon was 
Leiognathus bindus (15%) in station 1, S. argus (7%) in Station 
2 and L. parsia (7 %) in Station 3 respectively (Fig. 3).

Truly marine and estuarine species dominated the fishes recorded 
than the freshwater estuarine ones like E. suratensis, S. argus, 
A. lineatus etc. The dominance of euryhaline species in estuaries 

There was significant difference in diversity between stations 
(p< 0.01). The seasonal analysis of Shannon –Weiner diversity 
index also showed minimum value during the monsoon season 
in station 1 and maximum value in the station 3. The minimum 
value (2.2) of Margalef richness index was also recorded in 
Station 1 during monsoon season and maximum value (4.2) 
in Station 2 (Fig. 5). When comparing the relative abundance 
using Pielou’s evenness index (J’), the values were in the range 
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of 0.92 to 0.99 which is closer to one indicating evenness in 
distribution. The Shannon- Wiener diversity index values reported 
from the present study is within the range of the diversity values 
reported in the studies from estuaries in different regions. 
The values in these estuaries ranged from 0.99 to 5.8. The 
evenness in distribution of the estuarine species were same 
as that observed in similar studies (Najim and Yousef, 1990, 
Pushparajan et al., 2012, Srilatha et al., 2013, Murugan, 2014, 
Rajesh et al., 2015).

The monsoon season in station 2 and 3 had maximum diversity, 
in contrast to the studies conducted in other estuaries in India, 
where the diversity was high during pre-monsoon or post 
monsoon period (Murugan et al., 2014; Rajesh et al., 2015; 
Bhat et al., 2014, 2016). The exact reasons which regulate 
the diversity and species composition in the estuaries is not 
clearly defined. The species are influenced by salinity gradients 
in estuary (Barletta et al., 2005) and to a lesser extent to the 
substratum characteristics (Weinstein et al., 1980). The estuaries 
along the Indian coast are highly influenced by rainfall during 
monsoon season. The heavy downpour combined with the 
high runoff from the rivers influence the species distribution 
and abundance in the estuary (Shetye, 2011). Kali Estuary is 
very much influenced by the southwest monsoon and when 
the intensity of the rain is more the salinity falls to nearly 0 

ppt. In the present study, station 1 is nearer to the barmouth 
where the water is a bit shallow, with less mangrove vegetation 
and other anthropogenic activities like sand mining, and clam 
picking are rampant in this station. The other two stations are 
with good mangrove vegetation and deeper than station 1. 
The disturbances will be less in the two stations compared to 
station 1 which could be one of the reasons for less diversity 
and species in station 1. The mangrove generally provides a 
well-protected area for the marine organisms to survive and 
thrive. (Shtye, 2011, Murugan, 2014).

Cluster analysis was done to study the grouping of stations 
belonging to various seasons (Fig. 6). Cluster analysis showed 
two major clusters. There was similarity in species composition 
according to different seasons except for monsoon season in 
Station 1. The first cluster was formed in the pre-monsoon 
season of three stations. The pre-monsoon composition of 
Station 1 and Station two showed maximum similarity (79%) 
to which pre-monsoon of Station 3 got linked (58%). The 
second cluster was formed with post-monsoon and monsoon 
seasons. The monsoon season of Station 2 and station 3 linked 
together with maximum similarity (78%) to which the post-
monsoon season Station 3, Station 2 and Station 1 got linked 
respectively. The species composition of monsoon season 
of Station 1 showed minimum similarity with other seasons 
and stations (average similarity of 46%). The same pattern 
was also evident in the MDS plot (Fig. 7) where seasonal 
aggregation was observed between the stations. The stress 
value which was overlaying on the MDS plot (0.1) showed a 
good ordination of the samples collected.

Cluster analysis was helpful in finding out the natural grouping 
of samples such that similar groups forms one cluster (Clark and 
Warwick, 2001). In this study hierarchical method was used 
in cluster analysis. The similarity in hydrographic conditions 

Fig. 5. Seasonal Shannon Weiner Diversity (H’log2) and Margalef 
richness index ( d) in Kali Estuary

Fig. 6. Dendrogram of Hierarchical clustering (group-average linking) for 
the finfish collected from three stations during various seasons
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in different seasons would have led to the similarity in the 
species composition between different seasons. However, 
dissimilarity in the species composition during monsoon 
season in Station 1 could be due to the shallow water and the 
increased turbidity during the monsoon season near barmouth. 
The fishes tend to move towards areas where protection is 
available (Shtye, 2011), in this case the mangrove vegetation 
in station 2 and 3.

The present study in Kali Estuary throws light on the variations in 
the species diversity in different locations. It was observed that 
sand mining is rampant in Station 1 which could be the reason 
for less diversity in Station 1. Also the mangrove vegetation which 
is absent in Station 1 and found in station 2 and 3 have helped 
in increasing the diversity in those zones. Environmental effects 
of various anthropogenic activities including sand mining cause 
changes in the rivers and estuaries which in turn could influence 
the biodiversity in the area. (Padmalal, 2008, Bhattacharya et al., 
2020). In the present study also decreased diversity observed in 
Station 1 could be attributed to the sand mining, less mangrove 
vegetation and shallowness of the area Estuaries along the 
coast of India are subjected to increasing pressures from various 
anthropogenic activities and climate change (Lotze et al., 2006). 
The importance of the estuarine environment, which includes the 
mangroves and the nursery habitat of many marine organisms 
and the threats to which it is exposed have resulted in increased 
interest in this environment. (Colwell and Coddington, 1994). 
Through finfish diversity study an attempt is made to assess the 
health of the estuary, which is exposed to various anthropogenic 
activities. Hence similar studies in regular intervals are required 
to develop a strong database for the estuary to assess the impact 
of any interventions in the ecosystem. In addition to diversity 
studies, surveys also throw light on the abundance and seasonality 
of candidate species suitable for mariculture like C. ignobilis, 
Lutjanus spp., Etroplus spp., etc. and judicious exploitation of 
the species could help brackish water fish farmers.
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