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ABSTRACT This paper deals with the spatial distribution and diversity of fish and their relationships between physico-chemical
parameters of the water and soil. Among the different ecosystems of mangrove fish faunal diversity, density and
richness were the highest dominance index at Manakudy mangrove community. The similarities among the fish at

different water parameters were determined using correlation coefficient. The diversity of fish fauna the total number of 43 species belonging
to 23 families have been identified in the waterways at the study area. The presence of species like Lates calcarifer, Mugil cephalus, Etroplus
suratensis, Hilsa ilisha and Chanos chanos is an indicator of the productive well being of mangrove ecosystem especially with Mugil cephalus
which occurs only in mangrove waters. The species density was high during monsoon and pre-monsoon periods and low during summer and
post-monsoon periods. Seasonal variation of environmental variables was observed, with high Air temperature, water temperature, salinity
and Biological oxygen demand from summer season, whereas high Dissolved oxygen, nutrients like nitrate and nitrite from monsoon season.
Fish species richness (36), density (2.5+0.2) and diversity (0.04+0.01) were recorded higher during monsoon season. In general high fish species
diversity was recorded during post monsoon season. Water temperature and salinity were best influencing the fish assemblage of mangroves.
The study depicted Manakudy mangrove habitat was endowed with diverse fisheries which were significantly influenced by environmental
variables. Thus it is recommended that the habitat to be utilized with proper planning for better conservation and sustainable fishery potential.
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INTRODUCTION

Mangrove ecosystems are one of the most productive and bio-diverse
wetlands on Earth providing a critical habitat for the diverse marine
and terrestrial flora and fauna. The biological productivity of these re-
gions is high due to heavy leaf production, litter fall and rapid decay
to form detritus (Clough, 1992). Thus they are utilized by numerous
fisheries of commercial importance as feeding ground. Moreover the
entangled masses of mangrove roots provide security for numerous
fishes from predators and hence are utilized as hiding ground (Dando,
1984). Consequently due to the utilization of these habitats as spawn-
ing, nursery, feeding, breeding and hiding ground by numerous eco-
logically important faunal communities. As a result faunal diversity of
these habitats is found to be high and is also recognized to enhance
the biodiversity of adjacent habitat as well. Further are known as the
supplier of enormous ecological services for development of local
community (Aluri Swapna et al., 2016). According to Teixeira (2005)
studies on spatial temporal variation of biodiversity, especially of
fish community are significant to determine environmental quality.
Moreover aspects such as diversity, richness and evenness parameter
are useful to analyse the communities from a specific environment
(Ramamurthy et al., 2009). In Indian context mangrove ecosystems
are of great significance, since they are known for its crucial role in
coastal biodiversity of the country. Coastal lagoons are shallow water
bodies lying parallel to the coastline and separated from the open sea
by a narrow strip of land or sand bank. They are often highly produc-
tive and serve as a habitat for variety of plants and animals. They also
function as nurseries for fishes and act as ideal sites for aquaculture.
They, however, generally experience widely fluctuating physicochem-
ical regimes that induce immense stress on the organisms inhabiting
them. Therefore, an adequate knowledge of the prevailing physico-
chemical regime in a coastal lagoon is important for the understand-
ing of its ecology and for its management.

Odum and Heald (1972) collected a large number of fishes, crabs
and insect larvae from mangroves in southern Florida and identified
fifty-three species of fishes, five species of Decapoda, five species of
Amphipoda and 3-80 species each of Isopod, Cumacea, Mysidecca,
Copepoda, Ostracoda, Mollusca, Ciliata and Chironomid larvae. About
400 species of fishes are reported to depend on mangrove habitat
(World Resources, 1996-1997). A more comprehensive data produced

by Rao (1987) indicates that mangrove ecosystems of the world have
193 plant species, 397 fishes, 259 crab species, 256 molluscan species,
450 insect species and more than 250 species of mammals and other
associated species of plants and animals (Ramamurthy et al., 2012).

The mangrove forest at Manakudy is located on the southern ex-
tremity of Indian Peninsula (Lat 8°2'N Long 77°30'E) along the south
west coast of India, about 10 km from Kanyakumari. Manakudy es-
tuary which has an area of about 150 ha is situated about 8 kilom-
eters northwest of Cape Comorin in Kanyakumari District. It is the
confluence of river pazhayar, which has its origin from the Western
Ghats. The Manakudy mangroves is abound with varied habitats
that include shallow open waters, sandy beaches, muddy flats, man-
grove forest, river delta and sea grass. Mangroves are a significant
ecosystem in the estuary with a luxuriant growth on the mud flats.
The litters on the mangrove floor undergo humification and miner-
alisation and the nutrients are leached into the mangrove water due
to surface run-off adding to the productivity of the estuary. There is
luxuriant growth of mangroves on the mud flats of Manakudy man-
groves.

There may be other such impacts on fish communities that have not
yet been noticed. Accumulated debris of boulders and broken coral
can simulate ‘reefs’ in shallow coastal waters that can lead to a tem-
porary increase in local fish diversity. Such a diverse fish community
is however unstable and may soon succumb to predation. Some of
the newer fish habitats and communities that the tsunami created in
mangrove in particular are likely to adapt locally and diversify. Such
mangroves are ‘natural experiments’ and would offer a lot of scope
for the scientific study of succession in marine and coastal fish com-
munities (Ramamurthy et al, 2009). Unfortunately however, the
mangroves are already being fished rather intensely as the fishermen
have not been going to the sea. Elsewhere, the mangroves are being
used as local garbage disposal pits. However till date no comprehen-
sive information is available on the diversity and distribution of fish
species and influence of environmental variables on fish assemblage
of mangrove habitat of these remote islands. Therefore the present
study was undertaken to assess the diversity of fish species inhabiting
Manakudy mangrove and influence of environmental variables.
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MATERIALS AND METHODS

The fish and water was collected from Manakudy mangroves situated at
Kanyakumari district, Tamil Nadu, India. A sampling programme consist-
ing of a series of monthly water quality survey was conducted for one
year (2014 - 2015). The fishes were identified with the help of fish identifi-
cation manuals of FAO fish identification sheets (1994). Physico-chemical
characteristics of water were done according to the Standard Methods
(APHA, 1998). The temperature and pH of the water were measured at
the station itself. All the determinations were replicated thrice and the
mean values were used to obtain representation of samples.

The individual and total fish fauna densities for different seasons,
years, climatic season and regions of the mangrove were calculated.
Guest et al. (2003) found that seine nets are more appropriate for de-
termining the relative proportion of species in a water habitat and for
estimating the density of most species. The data were converted and
expressed in 100 m? area. The representative specimens were collect-
ed and preserved in 5% formalin. The fishes were identified consult-
ing the references of Jones and Kumaran (1980). In order to investi-
gate the variations in diversity of fish species and ecological groups
during different seasons of the study period of the mangrove, the
species diversity was calculated using Shannon wiener index (1949).
Species richness was measured by the number of fish species record-
ed on different regions of the mangroves during the study periods.
The species richness was also enumerated for all the fishes and water
(Balaji, 2008).

Basic statistics Via arithmetic mean and standard deviation were cal-
culated for all the replicate variables and are given as X+1 SD. Sta-
tistical analysis were performed by using window based statistical
packages Via . Microsoft Excel, Minitab (Ryan et al,, 1992). Statistical
inferences were made by following Sokal and Rohef (1981) and Zar
(2000). The fish density, diversity, richness and environmental factors
are correlated with the help of SPSS software. The P value of was in-
dicate the statistically significant variable in correlation equation by
using SPSS software.

RESULTS AND DISCUSSION

Atmospheric temperature varied between 30.9 and 32.1°C in post
monsoon and pre monsoon respectively. The minimum (28.5°C) was
recorded during monsoon season in November and the maximum
(34.2°C) was observed during summer in May. Surface water temper-
ature ranged from 28.3 to 31.3°C in post monsoon and pre monsoon
respectively. The minimum (27.4°C) was recorded during monsoon
season in November while the maximum (33.4°C) was during summer
in May. The environmental parameters showed variations in different
seasons in the study region depending on the topography. Salinity
showed the highest values (29.1 ppt) in summer nearer to the coastal
environment associated with low phosphorus (0.901 mg/l) concentra-
tions. The lowest value of salinity (23.8 ppt) was noticed in monsoon
seasons, accompanying high phosphorus (1.655 mg/l) concentration
due to the freshwater zone of this aquatic environment. Low DO (5.1
mg/l) values in summer season may be due to the stagnant not con-
ditions of the water with increasing waste load in the mangrove en-
vironment. This in turn enhances the concentrations of ammonia (7.3
mg/l) and nitrite (5.7 mg/l) at these monsoon periods. High nitrate
(17 mg/l), inorganic phosphorus (1.091 mg/l) and organic phospho-
rus (0.620 mg/l) concentration observed in the monsoon periods indi-
cates the impact of terrestrial runoff (Table 1).

Ramamurthy et al. (2008) reported that Muthupet mangrove water
was slightly alkaline and contained high amounts of pH, total hard-
ness, calcium, magnesium, chloride, total, inorganic and organic
phosphate, ammonia, nitrite and nitrate in all the four seasons record-
ed. Estuarine mangrove waters in general have relatively low stocks
of inorganic phosphorus and nitrogen (Alongi et al. 1992). In some
cases, the degree of human impact seems to control nutrient pro-
files (Nedwell, 1975), while in others the degree of upland influence
and the hydrology of the system appear to be of greater importance
(Ovalle et al 1990, Ramamurthy and Raveendran, 2010). In the pres-
ent study, the ecosystem was found to be nutrient rich and the ratio.s
of N: P (9: 1) as well as TN: TP (7: 1) were low. The water pH, temper-
ature and salinity fluctuations in the Manakudy mangrove are con-
sistent with seasonal cycles. However, the influence of the Manakudy
mangrove on hydrographic conditions was observed at the sampling
stations. The spatial and temporal differences in physicochemical var-

iations indicate the diversity of habitats that exist within this lagoon.
Monsoon season and post monsoon have a lower temperature and
salinity than the pre monsoon.

The present investigation total of 43 species of fishes belonging to
27 families has been identified in the different season of the study
area. The highest numbers of fishes were recorded in the monsoon
(192.6+3.4) season followed by pre monsoon (180.4+2.8), post mon-
soon (177.5+2.4) and summer (174.7+1.5) respectively. Earlier study
by Devi and Rao (2007) of the mangrove regions recorded 290 fish
species where the mangrove ecosystems of the whole islands was
taken into consideration however the present study was restricted to
a mangroves. In general high diversity and richness was recorded in
monsoon season, while lowest was recorded in post monsoon sea-
son during the study period. Dry season was dominated by few fishes
hence it was less diverse compared to the monsoon seasons where
species of all origin are evenly represented. Similarly Castillo-Rivera
(2002) also recorded greater fish diversity during rainy season than
dry months in tropical estuarine system of Mexico.

The highest diversity of fishes was recorded in the Post monsoon
(0.05+0.01) to compare with other season like summer (0.04+0.01),
pre monsoon (0.04+0.01) and monsoon (0.04+0.01). In overall study
the moderate fish diversity was recorded in all the season during the
study period. Relationship between diversity of fish and the water
quality variables revealed that the air temperature, water tempera-
ture, electrical conductivity, turbidity, total dissolved solid, alkalinity,
nitrate, total hardness, calcium, magnesium, chloride, sulphate, salin-
ity, silicate, sodium and potassium levels were negatively correlated.
The pH, free CO,, dissolved oxygen, ammonia, nitrate, total phospho-
rus, inorganic phosphorus, organic phosphorus, BOD and COD levels
were positively correlated. No significant levels (P>0.05) are present in
the water quality variables (Table 2). It is an agreement with the earli-
er studies stating abiotic factors to influence fish assemblages in estu-
aries (Kupschius and Tremain, 2001) including salinity (Wagner, 1999;
Martino and Able, 2003), temperature (Maes, 2004) and dissolved
oxygen (Weisberg, 1996; Eby and Crowder, 2004). Pombo (2005)
and Nandan (2012) also found temperature and salinity significant-
ly predicting the fish assemblages. According to Little (1988) salinity
has been recognized as a key factor influencing the occurrence and
composition of species in brackish water habitats in the tropics and
subtropics. Nearly 80% of the fishery caught in the study was utilized
by the coastal community for own consumption and was marketed
seldom due to smaller size.

Density of fishes observed were slightly higher in monsoon (2.5+0.2)
followed by pre monsoon (2.3+0.2), post monsoon (2.2+0.1) and
summer (2.2+0.1) seasons. Correlations between density of fish and
the water quality parameters revealed that the pH, air temperature,
water temperature, electrical conductivity, turbidity, total dissolved
solid, alkalinity, free CO,, total hardness, calcium, magnesium, chlo-
ride, sulphate, salinity, silicate, sodium, potassium and COD levels
were negatively correlated. The ammonia, nitrate, nitrite, total phos-
phorus, inorganic phosphorus and organic phosphorus levels were
positively correlated. The dissolved oxygen (995**) and BOD (953%)
were positively correlated with fish density and its significant level of
P<0.01 and P<0.05 respectively (Table 3).

Highest richness of fish was observed in the monsoon (36) and sum-
mer (36) and followed by pre monsoon (35) and post monsoon (34)
seasons of the study periods. Correlations between fish richness and
the water quality parameters revealed that the pH, air temperature,
water temperature, electrical conductivity, turbidity, alkalinity, free
C0,, ammonia, nitrate, total hardness, calcium, magnesium, chloride,
salinity, silicate, sodium and potassium levels were positively corre-
lated. The dissolved oxygen, nitrite, sulphate, total phosphorus, in-
organic phosphorus, organic phosphorus, BOD and COD levels were
negatively correlated. The total dissolved solid (959**) was positively
correlated with fish richness and its significant level of P<0.05 (Table
4). The highest species richness was recorded in monsoon. Together
with pre and post monsoon, the mangrove least influenced these
seasons. This finding agrees with earlier findings that estuaries and la-
goons have a smaller number of species than the surrounding regions
(Allen, 1982). Fish assemblages it seasonal monsoons were similar.
These seasons were also similar with respect to hydrographic condi-
tions and the number of species.
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Species richness based on the ICE index also shows a higher richness
rating for the western side, but does not take into account any kind of
population analysis data. It is based solely on the number of species
seen and the total number of days was observed by Mallette Spencer
(2013). This can be supported by studies comparing different ecosys-
tems such as mangroves, seagrass beds and mudflats. Nagelkerken et
al. (2000) reported that species richness was nearly four times great-
er in mangroves than seagrass beds, and nearly seven times greater
than mudflat areas. So even such a low comparison between two
similar ecosystems shows how unalike these the mangrove stands
are. It is possible to once again attribute this to the lower diversity
in the extractive zone than in the non-extractive zone, but the differ-
ence between these two local habitats should not be so great.

The present study was observed the fish diversity of Manakudy man-
grove in relation to environmental variables. It was concluded that
the mangrove was endowed with diverse and rich fish community
and was found influenced by environmental variables at a signifi-
cant level. From the present study, it could be concluded that the
hydrography, nutrients and pollution are the major factors responsi-
ble for fluctuation in fish assemblages in the study area. Water tem-
perature and salinity were the major parameters influencing the fish
assemblage of the mangroves. Moreover it provides food source to
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Table 3. Correlation between Fish Density and Environmental variables of Manakudy mangrove water (Oct. 2014 to

Sep. 2015)

*Correlation is significant at the 0.05 level
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