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Abstract

Mudskippers (Oxudercidae) a highly evolved group of fishes, are
distributed exclusively in the mudflats of estuary and mangroves
of Indo-West Pacific region. The distributional record of Indian
mudskippers is rare and hence the present study was aimed to
study the species diversity and assemblage of mudskippers in the
mudflats environments of five major mangroves of east coast of
India especially a selective part for sampling along the
Sundarbans, Bhitarkanika, Coringa, Pichavaram and Muthupettai.
The samples of mudskippers were collected from the mudflats by
scoop net and handpicking methods. Mudskipper specimens
were identified and preserved. Diversity indices were calculated
for statistical analysis. The results revealed that, of the 17 species
recorded, the genus Periophthalmus was the dominant group
with 6 species, while the genus Boleophthalmus, Scartelaos and
Parapocryptes were the next dominant group with 2 species
each. Among the five stations for sampling of fishes, station (1)
(Sundarbans) dominated with 17 species of mudskippers followed
by station 2 (Bhitarkanika) (9 species), station 4 (Pichavaram) (7
species), station 5 (Muthupettai) (6 species) and station 3
(Coringa) (5 species). The species richness Margalef index (d)
ranged between 7.966 (Station 1) and 14.826 (Station 3).
Similarly, the species evenness (Pielou’s evenness index) varied
from 0.765 (station 5) to 0.974 (station 2). The species diversity

index (Shannon diversity index) varied from 0.568 (Station 3) to
1.146 (station 1). Monitoring of species diversity and the
endemic nature of mudskippers helps to understand the health of
the ecosystem as they act as ecological indicators of mudflats in
estuaries and mangroves.
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Introduction

Mudskippers (Oxudercidae) inhabit the mudflats of estuary
and mangroves of Indo-Pacific region. Studies on the
distribution of mudskippers were reviewed by Murdy (1989),
Clayton (1993) and Parenti and Jaafar (2017). They comprise
predominantly of five genera (Boleophthalmus, Periophthalmus,
Periophthalmodon, Pseudapocryptes and Scartelaos) which are
air-breathing and amphibious (Ishimatsu et al., 2007) using
the bucco-pharyngeal- opercular cavity as a respiratory organ
(Aguilar et al., 2000). They build burrows to a depth range of
25 to 150 cm (Ravi et al., 2004) for sheltering to raise their
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young ones and also for escaping from predators (Stebbins
and Kalk, 1961). Their burrows are always waterfilled up
to the brim even during low tides. Mudskippers have greater
population density on tidal mudflats of estuary and mangroves
(Edun et al., 2010). Sasekumar and Chong (1998) described that
the vegetation enhances this fish population as they provide
organic matter and detritus as a food source. Mudskippers feed
mainly on diatoms (Ravi, 2013) and crustacean appendages,
polychaetes and insect parts (Bob-Manuel, 2011) during low
tide. Mudskippers are known for their remarkable behavior
like skipping, rolling, digging, confronting, partial swimming,
partly climbing on pneumatophores and mangrove trees during
low tide and they also have the capacity on zonal recovery
or direction-finding ability (Berti et al., 1992). Mudskipper
species of Boleophthalmus pectinirostris and Pseudapocryptes
elongatus have a high potential for coastal aquaculture (Hong
etal., 2007; Minh et al., 2010) and consequently the number
of intensive farms of mudskippers are increasing along coastal
areas (Minh et al.,, 2010). Mudskipper fishery is carried out on
P elongatus in Mekong Delta, Vietnam (Minh et al., 2010) and
B. boddartiin Namkhana region (Sundarbans mangroves), India
(Ravi et al., 2013) and their nutritional values were described
by Banerjee et al. (1997); Andem and Ekpo (2014). Mangroves
act as shelter for a variety of living organisms (Macnae, 1968;
Kathiresan and Bingham, 2001). Studies on mudskippers
distribution on mangrove environment were carried out by
Jung and Lee, 1994; Daud et al., 2005; Lawson, 2011; Ravi,
2013; Udoh et al., 2013; Mahadevan and Ravi, 2015; Su and
Lim, 2016; and Budi et al., 2018. The distributional record of
Indian mudskippers are rare (Ravi et al., 2013; Mahadevan
and Ravi, 2015; Das and Palita, 2015) and hence the present
study was aimed to study the species diversity and assemblage
of mudskippers in the mudflats environments of five major
mangroves of east coast of India especially a selective part
for sampling along the Sundarbans, Bhitarkanika, Coringa,
Pichavaram and Muthupettai.

Material and methods
Study areas and sampling of Mudskippers

Fishes (mudskippers) were identified (Murdy, 1989; Polgar
et al., 2010) and then preserved in 10% formalin buffer
solution. Samples of mudskipper species were collected from
5 stations namely the mangroves of Sundarbans (Station 1),
Bhitarkanika (Station 2), Coringa (Station 3), Pichavaram
(Station 4) and Muthupettai (Station 5) (Fig.1) through
intensive field work (January 2013- December 2015) in the
mudflats during low tide. The details of description of the
study areas are given below:

Diversity of mudskippers along the mangroves

Station 1. Sundarbans mangrove forests: Sundarbans is
one among the world’s largest delta consisting 10,200 sq.
km of mangrove forest, spread over India (4200 sq. km of
Reserved Forest) and Bangladesh (6000 sq. km approx. of
Reserved Forest). Indian Sundarbans is bound to be supported
on the west by river Muriganga and on the east by rivers
Harinbhahga and Raimangal. There are other major rivers
such as Saptamukhi, Thakuran, Matla and Goasaba flowing
through this eco-system.

Lothian Island of the western Sundarbans is a small island of
approximately 38 sq. km area, which extends from 88°18'10"E
to 88°21'30"E longitude and 21° 32'50“N to 21°42' 30"N
latitude. The island is regularly inundated by diurnal tide up to
a certain distance from the northern coast. Mangrove species
are found distributed (Joshi and Ghose, 2003) in the Lothian
Island such as Acanthus ilicifolius, Aegialitis rotundifolia,
Aegiceras corniculatum, Avicennia alba, Avicennia marina,
Avicennia officinalis, Ceriops decandra, Dalbergia spinosa,
Derris trifoliate and Excoecaria agallocha. In the present
study, the survey of mudskippers was made at low tide during
the study period along the mudflats near Bhagabatpur and
Surendar Nagar area. The mudflat is located on the northern
bank of the river. Many boats land along the vast mudflats
and mangroves.

Station 2. Bhitarkanika mangrove forests: Bhitarkanika mangrove
forest covers an area of 650 km2 in the river delta of the Brahmani

INDIA

HEMAR . Outline Map

FRA HIALFLITES,

* &t 1 Sundarba

18RV

* St 2 Bhitarkanika

* 5t 3 Coringa .

(ESTE TIER TS

* 5t 4 Pichavaram

TR * 5t 5 Muthupettal

g X 't ELap

I N B0 AN 0 C E AN

Fig. 1. Map showing the study areas
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and Baitarani rivers of Odisha State. Next to the Sundarbans,
Bhitarkanika (20°4'-20°8" N; 86°45'-87°50" E) is the second
largest viable mangrove eco-system in India harbouring more
than 70 species of mangrove and its associates. The survey of
mudskippers was carried out in two stations in the mudflats of
Bhitarkanika mangrove forests in the present study,

Station 3. Coringa mangrove forests: Coringa mangrove (Lat.
16°44" to 16°53'N and Long. 82°14" to 82°22'E) is located
south of Kakinada Bay, Andhra Pradesh State, India. Coringa
mangroves receive freshwater from Coringa and Gaderu rivers,
distributaries of Gautami Godavari River and neritic waters
from Kakinada Bay. Numerous creeks and canals traverse
this ecosystem.

Station 4. Pichavaram mangrove forests: Pichavaram
mangrove (Lat.11°27'N; Long.79°47'E) is situated amidst
the Vellar Estuary in the north and the Coleroon Estuary in
the south in Tamil Nadu. It is a repository of rare, endemic
and endangered species of mangroves. Mudflats selected
for the present study lie at Muzhukkuthurai (Lat. 11°27°20N;
79°47'00E). During low tide, the mudflats are exposed and
the numerous mudskipper’s burrows, crabs, gastropod
(Telescopum telescopim) can be seen. The buffer zone is
covered with thick Casuarina plantation.

Station 5. Muthupettai mangrove forests: Muthupettai mangrove
forests (Lat.10°18'N; Long. 79°49'E) are found as lagoon
environments. It is situated on the southern part of Cauvery
deltaic region along the southeast coast of India. Mangroves
spread to an area of about 6800 ha. in which A. marina is the
single dominant mangrove species accounting for about 95%
of the vegetative cover. Other mangroves include Aegiceras
coniculatum, Excoecaria agallocha, Lumnitzera racemosa and
Acanthus ilicifolius. Mudflats of this forest are vast spread
to an area of about 4 km length. This mudflat is of special
category since it is directly exposed to the open sea (Bay of
Bengal). Mudskippers are quite actively involved in feeding
and exhibiting several behaviors.

Statistical analysis

The biodiversity indices (Shannon and Weiner, 1949; Margalef,
1968; Pielou, 1966) were used to evaluate relative abundance
and evenness of species diversity. For Cluster analysis, Bray-
Curtis similarity was performed to assess natural grouping of
mudskippers (Bray and Curtis, 1957).

Diversity index: In the present study, a- diversity was used, which
is the diversity of species within a community or habitat. The
diversity index was calculated by using the Shannon — Wiener
(1949) diversity index.

Diversity index = H = — > Pi In Pi
where Pi = S/N

S = number of individuals of one species; N = total number of
all individuals in the sample; In = logarithm to base e

Species richness: Margalef's index was carried out as a simple
measure of species richness (Margalef, 1958).

Margalef's index = (S—1)/In N

Where, S = total number of species; N = total number of
individuals in the sample; In = natural logarithm

Species evenness: Species evenness was calculated following
the Pielou’s Evenness Index (e) was used (Pielou, 1966).

e=H/InS

where, H = Shannon — Wiener diversity index; S = total number
of species in the sample

Results

Distribution of Mudskippers in the study
areas

The distribution of mudskippers, especially the total number of
species, genus and abundant species are given in (Table 1 and
Fig.1-3). Of the 17 species recorded, the genus Periophthalmus
was found to be the dominant group with 6 species while the
genus Boleophthalmus, Scartelaos and Parapocryptes, were
the next dominant group with 2 species each. The genera
Apocryptes, Apocryptodon, Oxuderces, Pseudapocryptes and
Periophthalmodon had only one species each.

New records of the mudskippers were noticed in the study
areas such as Scartelaos histophorus (Stations 1 and 2), S. gigas
(Station 1), Pseudapocryptes elongatus (Stations 1 and 2),
Periophthalmus (Ps) argentilineatus (Station 1), Ps. chrysospilos
(Stations 1,4, 5), Ps. novemradiatus (Stations 1-5), Ps. variabilis
(Stations 1-5), Ps. walailakae (Station 1 and 4) and Ps. waltoni
(Station 1).

The station (1) dominated with 17 species of mudskippers
followed by station 2 (9 species), station 4 (7 species), station 5
(6 species) and station 3 (5 species). The genus- wise composition
of mudskippers were found high in station (1) with 9 different
genera, followed by 7 genera in station 2. The other stations
had 3 genera each in stations 3, 4 and 5 respectively.
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Table 1. Distribution of mudskippers in the study areas

Diversity of mudskippers along the mangroves

Sundarbans

Species name
P (st 1) (5t2)

Bhitarkanika

Coringa Pichavaram Muthupet
(St3) (St 4) (St 5)

Phylum Chordata
Subclass Vertebrata
Class Actinopterygii
Order Gobiiformes
Family Oxudercidae
Subfamily Oxudercinae

Tribe Oxudercini

Parapocryptes rictuosus

Parapocryptes serperaster

Apocryptodon madurensis

5| A | A
+

Oxuderces dentatus

Tribe Periophthalmini

-
4

Apocryptes bato

Pseudapocryptes elongatus

Scartelaos gigas

+‘

Scartelaos histophorus

Boleopthalmus boddarti

Boleopthalmus dussumieri

Periophthalmodon schlosseri

Periophthalmus argentilineatus

Periophthalmus chrysospilos

Periophthalmus novemradiatus

Periophthalmus variabilis

Periophthalmus walailakae

+
) s |
+

Periophthalmus waltoni

Total species recorded 17 9

-+ JpiEsEi; + + 'abundant ;—absent/not recorded

Species abundance was estimated based on the dominance by the
structure of population in the study areas. In station (1), 6 species
were found as abundant species followed by 3 species in station 2;
2 species in station 5; 1 species each in stations 3 and 4 respectively
in the study areas. It could be observed that the mudskipper
B. boddartiwas the single most dominant and abundant species,
which was uniformly distributed in all the stations. Similarly, the
mudskippers such as B. dussumieri, P schlosseri, R novemradiatus
and P variabilis were also found commonly in the study areas. On the
contrary, certain species like P rictuosus, Apocryptodon madurensis,
Oxuderces dentatus, S. gigas, P argentilineatus, P chrysospilos and
P waltoni was recorded only in station 1 (Sundarbans).

Biodiversity indices of the mudskippers
calculated

The species richness ranged between 7.966 and 14.826.
Minimum value was found in Station 1 and maximum was

noticed in Station 3. Similarly, species evenness for the study
areas is presented in Table 2 and Fig. 2. The species evenness
varied from 0.765 to 0.974 in stations 5 and 2 respectively.
Species diversity index differed from 0.568 to 1.146 in stations
3 and 1 respectively (Table 2 and Figs.2 and 3).

Analysis of Cluster (Bray-Curtis similarity
measure)

Transformation of data effectively limits the distortion by outlying
values on the Bray-Curtis similarity measure, which represents
an effective method of using cluster analysis in distinguishing
biotopes of mudskippers. Similarity was studied through Bray-
Curtis Cluster Analysis and they are shown in Fig.3. Stations,
Pichavaram and Muthupet formed grouping with highest level
of similarity (84%), followed by next level of similarity in Coringa
with Pichavaram (62%) and Muthupet (54%). The next level of
similarity in Bhitarkanika was with Coringa (55.8%), Pichavaram
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Table 2. Biodiversity indices for the study areas

Stat Total no. of species  Total no. of Margaleff M Base 10. Pielou's J' Shannon H' Log Base 10.
tations ey ) R
() individuals (N) (Richness) (Evenness) (diversity)

Sundarbans (St 1) 17 102 7.966 0.931 1.146
Bhitarkanika (5t2) 9 31 10.728 0.974 0.88
Coringa (St3) 5 12 14.826 0.944 0.568
Pichavaram (St4) 7 17 13.003 0.835 0.705
Muthupet (St5 6 21 12.101 0.765 0.595

18 -

16

14 mNo. of species =No. of genus No. of abundant species

Bhitarkanika

Sundarbans

Coringa

Pichavaram Muthupet

Fig. 2. Total number of mudskippers recorded in the study area

(41%) and Muthupet (38%). Sundarbans linked to the above
groups at lowest level of similarity (Fig.3). The genus level
of dominance is displayed in Fig.4. The results showed that,
among the genera, Apocryptes (82%), Apocryptodon (80%),
formed grouping with highest level of similarity, followed by
Parapocryptes (89%), Oxuderces (94%), Pseudapocryptes (90%),
Scartelaso (90%) and Periophthalmodon (65%). Periopthalmus
and Boleophthalmus linked to the above groups at lowest level
of similarity (Fig.4).

Discussion

Intertidal habitats receive special attention to establish their
value for the species that use them at different stages of their
life cycle (Franca et al., 2008), juveniles of several fish species
(Vinagre et al., 2006), feeding ground by large populations
of resident and migratory birds (Moreira, 1999) and as a
nursery area by many fish species (Cabral, 2000). Mudflats
are unique intertidal habitat harboring high productivity in
comparison with subtidal areas (Elliot and Dewailly, 1995)
as they constitute a high abundance and diversity of fauna,
including infauna, epifauna, as well as fauna that periodically
enter it during high tide (Laegdsgaard and Johnson 2001; Chong
et al. 1990). Mudskippers live on intertidal mudflats and are
exposed to a daily regime of alternating terrestrial and aquatic
environments (Clayton, 1993). Among Actinopterygians, the
divergent adaptation in the functional morphology is extreme
in mudskippers. The pectoral fins of mudskippers are used for
their primary mode of locomotion on land and pectoral fins in
conjunction with the axial musculature and caudal fin to move
in water (Pace and Gibb, 2009).

Fig. 3. Biodiversity indices (Cluster analysis) for the mudskippers in the
study areas

In the present study, totally 17 species of mudskippers were
recorded in the study areas. The genus Periophthalmus was
found to be the dominant group with 6 species while the
genera Boleophthalmus, Scartelaos and Parapocryptes, were
the next dominant group with 2 species each. The genera
Apocryptes, Apocryptodon, Oxuderces, Pseudapocryptes and
Periophthalmodon were found to have only one species each.

uuuuu

Fig. 4. Biodiversity indices (Cluster analysis) for the mudskipper genera
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Among the stations studied, Sundarbans mangroves (the
station, 1) dominated with 17 species of mudskippers followed
by 9 species in Bhitarkanika mangroves (station 2), 7 species
in Pichavaram mangroves (station 4), 6 species in Muthupet
mangroves (station 5) and 5 species in Coringa mangroves
(station 3). The genus-wise composition of mudskippers was
high in station (1) with 9 different genera, followed by 7 genera
in station 2. The other stations had 3 genera each in station
3, 4 and 5 respectively. The abundant species were estimated
based on the dominance by the structure of population in the
study areas. Consequently, 6 species were found in station (1) as
abundant species followed by 3 species in station 2; 2 species
in station 5; 1 species each in stations 3 and 4 respectively in
the study areas. Thus, it could be observed that the mudskipper
B. boddartiwas the single most dominant and abundant species,
which was uniformly distributed in all the stations. Similarly, the
mudskippers B. dussumieri, P schlosseri, P novemradiatus and
P variabilis were also found commonly in the study areas. On the
contrary, species like P rictuosus, A. madurensis, O. dentatus,
S. gigas, P argentilineatus, P chrysospilos and P waltoni were
found recorded only in station 1 (Sundarbans). The family
Oxudercidae (Order Gobiiformes) contain about 86 genera and
about 598 species (Nelson et al,, 2016). The mudskipper species
is widely distributed in Indo-West Pacific region (Murdy, 1989;
Clayton, 1993). Three species of mudskippers were reported
from Tamil Nadu (Rema Devi, 1992), whereas Venkateswarlu
et al. (1998) mentioned seven species of mudskippers from
Mahanadi estuarine region. Similarly Koumans (1953)
described eight species with three new records (Periophthalmus
chrysospilos, P malaccensis and Pseudopocryptes borneansis)
while Berry (1972) noticed five species with one new record,
Periophthalmus argentilineatus. Larson et al. (2008) described
a total of 149 gobioid species including mudskippers from
Singapore. New records of mudskippers are also described.
Takita et al. (1999) reported eight species with a new record
Boleopthalmus dussumeiri. Khaironizam and Rashid (2003)
listed 13 species adding on four new records Periophthalmus
spilotus, P walailakae, Periophthalmodon septemradiatus and
Parapocryptes serperaster, representing seven genera. Most
recently, Parenti and Jaafar (2017) recognized forty-three valid
species of oxudercine gobies classified in ten genera. Ansari
et al. (2014) described that the mudskippers are recognized
as potential bio-indicator in environmental monitoring and
assessments of coastal waters and tropical or subtropical soft
bottom intertidal systems. Mudskippers are strongly associated
with mangrove ecosystems and tropical mudflats (Ansari et al.,
2014). In the present study, Sundarbans mangroves support
high density and abundance of mudskippers as it has a vast
area of potential mudflats. However the clayey dominated
periphery/bunds of the riverine system of Sundarbans face
damage through soil erosion during floods, which replace the
soft muddy area where mudskippers inhabit.

Diversity of mudskippers along the mangroves

Mudflats of coastal regions are inhabited by mudskippers
and thus mudflats act not only as feeding ground but also as
breeding and nursery ground. Mudskippers diversity helps to
understand the health of coastal regions, hence needs adequate
conservation of the resource. Hence conservationists, government
and non-governmental agencies have a major role to play in
creating public awareness and support for the conservation of
mudskipper species in the study areas.
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