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ABSTRACT

The present study investigated the fish diversity and distribution in
relation to environmental variables along the South Andaman coast from
October 2012 to September 2014. Bimonthly sampling was carried out
using cast net and six environmental variables via air temperature, water
temperature, salinity, pH, Dissolved oxygen and Biological oxygen demand
were measured. A total of 136 fish species belonging to 76 genera and
43 families were encountered during the study. Sardinella melanura,
Sardinella fimbriata, Sardinella gibbosa, Liza macrolepis, Valamugil seheli,
Stolephorus commerosnii, Gerres abbreviates, Carangoides malabaricus
and Oreochromis mossambica were the most abundant species in the
creek. Principal Component analysis, non-Metric Multi-dimensional scaling
and cluster analysis revealed grouping of months into three seasons
(Season -I, Il and -lll). Seasonal variation of environmental variables
was observed, with high Air temperature, water temperature, salinity
and Biological oxygen demand from February to April (S- lll), whereas
high Dissolved oxygen and pH from May to September (S- ). Fish species
richness (16.57) and diversity (4.49) were recorded higher during 2012-13
and evenness (0.99) during 2013-14. In general high fish species diversity
was recorded during wet season and low during dry season. RELATE
(R=0.45) and BIOENV (R= 0.59) analysis revealed environmental variable
significantly (P=0.1%) influencing fish assemblage of the creek. Water
temperature and salinity were best influencing the fish assemblage of
Carbyn’s Cove creek. The study depicted Carbyn’s Cove mangrove habitat
was endowed with diverse fishery which were significantly influenced by
environmental variables. Thus it is recommended the habitat to be utilized
with proper planning for better conservation and sustainable fishery.

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 regions is high due to heavy leaf production,
litter fall and rapid decay to form detritus 2. 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 ®. Consequently due to the utilization of these habitats as spawning, nursery, feeding, breeding and
hiding ground by numerous ecologically important faunal communities %1, 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 ""12, Further are known as the supplier of
enormous ecological services for development of local community 31!, According to Teixeira et al., [*" studies on spatial temporal
variation of biodiversity, especially of fish community are significant to determine environmental quality. Moreover aspects such
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as diversity, richness and evenness parameter are useful to analyse the communities from a specific environment 8., In Indian
context mangrove ecosystems are of great significance, since they are known for its crucial role in coastal biodiversity of the
country %20 India’s third largest mangrove cover (13%) is present in Andaman and Nicobar islands 2. Island mangrove fauna
were initially studied by Das 22 and first list of about 35 species of mangrove ecosystem of the islands was compiled by Das
and Dev Roy ¥ and it was later revised to 139 species 2. The list was further updated to 290 species of fish by Devi and Rao
(251 However till date no comprehensive 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 Carbyn’s Cove mangrove and influence of environmental variables.

MATERIALS AND METHODS

Study area

Carbyn’s Cove mangrove creek is located in the midst of the capital city (Port Blair) of South Andaman district of Andaman
and Nicobar islands (92°44.400’ E Lat, 11° 38.313" N Long) (Figure 1). The creek channel runs around 1km long and 50 m
wide and is influenced by the domestic sewage from the city at one end and by the open sea at the other. Avicenna marina is the
dominant mangrove species of the creek, besides Sonneratia alba, Rhizophora mucronata and Rhizophora apiculata are also
observed.
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Figure 1. Map showing study area.
Sampling protocol

Bimonthly sampling was conducted from October 2012 to September 2014 mostly using cast nets (1.5 - 3.5 m depth;
10 - 20 mm mesh; stringless and stringed). Since cast nets are non-selective gears commonly operated in mangrove
regions of the islands ?%. Netting was performed by artisanal fishermen twice during low tide (at receding or increasing
tide) without craft in shallow and with craft in deeper areas of the creek. About five to eight hauls were made at each point,
roughly at equal distance and the entire creek was covered in similar manner. Environmental parameters viz. water and air
temperature (mercury thermometer, °C), salinity (refractometer, PSU), pH (ESICO model 1010), Dissolved oxygen (DO ml/I)
[26. 271 and Biological oxygen demand (BOD ml/l) were measured monthly. Fish obtained during the study were identified
following Fischer and Bianchi 28, Rao et al. *°! and Devi and Rao ?°. To assess the seasonal variation of fish assemblage
the following three diversity indices were used (a) Margalef's species richness (b) Shannon-Weiner diversity index (H') (c)
Pielou’s evenness index (J') 3932271 To understand the influence of environmental parameters on fish assemblages of creek,
multivariate analysis BIOENV and RELATE were performed.

Data analysis

The abundance data of commercial fish were square root transformed, diversity indices, Multi-Dimensional Scaling
(MDS) and cluster analysis were performed. Similarly environmental data were (log (x+1)) transformed and Principal
Component Analysis (PCA) was carried out. RELATE and BIOENV analysis within the PRIMER was performed to scrutinize
the relationship between the biological data and environmental data and similarity matrix was compared with spearman
rank correlation coefficients (q), with g = 1 indicating a perfect match 12334, The entire year was divided into three seasons
based on rainfall and temperature data obtained from meteorological department 3%, Season - | (May to September) with
heavy rainfall and low temperature, Season - Il (October to January) with moderate rainfall and moderate temperature and
Season - Ill (February to April) with least rainfall and high temperature. All the statistical analysis was carried out using
PRIMER software v6.
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RESULTS AND DISCUSSION

Phyisco-chemical properties of Creek

Air temperature ranged between 27°C and 33°C and water temperature from 25 to 32°C, pH altered from 7.7 to 6.6 during
the present study (Figure 2). Dissolved oxygen (DO) varied from 3 to 4.1 ml/I, Biologjcal oxygen demand (BOD) varied from 0.6 to 1.4
ml/l and salinity fluctuated from 10 to 33 PSU. The highest air, water temperature, salinity and BOD were recorded in Season -lll and
lowest in Season -I. The maximum values of DO and pH were recorded in Season -I while the least in Season -lll. The highest values of
environmental parameters were recorded during 2013-14 except for DO. The Principal component analysis plot based on environmental
parameters showed a significant variation between the seasons (Figure 3). The PCA plot has shown season- | influenced by dissolved
oxygen and season- lll by salinity, air and water temperature. In general the present study recorded highest temperature in Season
-lll and lowest in Season -I. The minimum temperature in season -l could be attributed due to heavy rainfall by means of south-west
monsoon. Similar observation of minimum temperature during monsoon was recorded by Kannappan and Karthikeyan 28 in Manakudy
estuary Southwest coast of India (Tamil Nadu). The highest DO during season -l and lowest in season -lll could be due to the decrease
in oxygen solubility as a result of increase in temperature and salinity of the water during the summer season 2437, The wide variation
in salinity in the creek between season -l and season -lll can be attributed to the variation in rainfall between these seasons and is in
agreement with the results obtained by Kumaran et al. *® in Giriyampeta Estuary, Yanam.
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Figure 2. Fluctuation of environmental parameters.
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Figure 3. PCA (Principal component analysis) plot of environmental parameters (F-SE-I= First year Season -1, F-SE-II= First year Season-Il, F-SE-
Ill= First year Season-lll, S-SE-I= Second year Season -1, S-SE-ll= Second year Season-Il, S-SE-Ill= Second year Season-lll).
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Fish diversity and distribution

A total of 136 species belonging to 76 genera and 43 families were recorded during the study (Table 1). 2012-13 recorded
more species (96) number of species than 2013-14 (88) (Table 2). Out of 136 about 94 species were of food value, while others
were of no commercial use hence considered as discard (Table 1). Earlier study by Devi and Rao ?® of the islands 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 single creek. Month wise analysis has recorded highest individuals in April (11.4%) during
2012-13 and in January (9.7%) during 2013-14 (Figure 4). Sardinella melanura (8.63%), S. fimbriata (7.73%), S. gibbosa (4.99%),
Liza macrolepis (4.42), Valamugil seheli (3.74%), Stolephorus commersonii (3.55%), Gerres abbreviates (2.98), Carangoides
malabaricus (2.91%) and Orechromis mossambica (2.52) were the ten most dominant species of the creek (Figure 5). Species
diversity values varied from 3.81 to 4.33, evenness from 0.983 to 0.995 and richness from 10.44 to 15.53 (Table 2). Species
richness (16.57) and diversity (4.49) was higher in 2012-13, evenness (0.99) in 2013-14. During 2012-13 highest richness
(15.1) and diversity (4.3) was recorded in October (S- Il), evenness (0.9952) in December (S -ll), while lowest richness (11.38),
diversity (3.941) and evenness (0.9833) in April (season -3). The consecutive year 2013-14 recorded highest richness (15.53)
and diversity (4.335) in July (S- 1), evenness (0.9957) in September (S -I), while lowest richness (10.44), diversity (3.81) in March
and evenness (0.9855) in April. In general high diversity and richness was recorded in wet season (S- | and S- 1), while lowest
was recorded in dry season (S- lll) during the study period. Dry season was dominated by few fishes hence it was less diverse
compared to the wet seasons where species of all origin are evenly represented. Similarly Castillo-Rivera et al. ¥ also recorded
greater fish diversity during rainy season than dry months in tropical estuarine system of Mexico. The results of cluster and MDS
separated the seasons into four groups connected by 70% and greater similarity (Figure 6). Season -I1ll (February, March, April) of
2012-13 and 2013-14 grouped with 71% resemblance, these months recorded lowest species richness, diversity and evenness.
Season -l and -Il (July to January) of 2012-13 grouped with 75% resemblance and Season -I and -1l of 2013-14 grouped with
72% resemblance, these months recorded high species richness, diversity and evenness. However no statistical difference was
recorded between the similar seasons of initial and consecutive year.

Table 1. Species contribution and utilization status of finfishes.

Family Species Status*
. Apogon_hyalosoma NU, C
Apogonidae Apogon_lateralis NU, C
. Acanthurus mata F,C
Acanthuridae .
Acanthurus_triostegus F, C
Ambasis_urotaenia NU, D
Ambassis_buruensis NU, D
Ambassidae Ambassis_buton NU, D
Ambassis_interruptus NU, D
Ambassis_spp NU, D
- Anguilla_bengalensis_bengalnsis F, C
Anguillidae Anguilla_bicolor_bicolor FC
Atherinidae Antherina_duodecimalis F, C
. Tylosurus_crocodilus_crocodilus F, C
Belonidae
Tylosurus_strongylurus F, C
Bothidae Pseudorhombus_arsius F, R
Pseudorhombus_elevatus F, R
Alectis_indicus F, R
Alectis cilaris F, R
Carangoides_caeruleopinnatus HP, C
Carangoides_chrysophrys HP, C
Carangidae Carangoides_ferdau HP, C
Carangoides_malabaricus HP, C
Caranx_ignobilis HP, C
Caranx_sexfasciatus HP, C
Scomberoides commersonnianus HP, C
Centropomidae Lates_calcarifer F, R
Cichlidae Oreochromis_mosambica F, C
Sardinella fimbriata F, D
. Sardinella_gibbosa F, D
Clupeidae Sardinella_melanura F, D
Herklotsicthys quadrimaculatus F, D
Cynoglossidae Cynoglossus_arel_ F, C
Drepanidae Drepane_longimana F,C
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Engraulidae

Gerreidae

Haemulidae

Hemiramphidae

Leiognathidae

Lutjanidae

Lobotidae
Megalopidae
Monodactylidae

Mugilidae

Mullidae

Platycephalidae

Plotosidae

Pomacentridae

Scatophagidae
Scorpaenidae

Serranidae

Siganidae
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Stolephorus_commersonii
Stolephorus_indicus
Gerres_abbreviatus
Gerres_filamentosus
Gerres_oblongus
Gerres_oyena
Plectorhinchus_gibbosus
Pomadasys_argyreus
Pomadasys_guoraca
Pomadasys_kaakan
Pomadasys_maculatum
Hemiramphus_far
Hyporhamphus_dussumieri
Zenarchopterus_buffonis
Zenarchopterus_dispar
Gazza_minuta
Gazza achlamys
Leiognathus_brevirostris
Leiognathus_daura
Leiognathus_equulus
Leiognathus_fasciatus
Leiognathus_splendens
Secutor_insidiator
Secutor_ruconius
Lutjanus_argentimaculatus
Lutjanus_bohar
Lutjanus_decussatus
Lutjanus_fulviflammus
Lutjanus_kasmira
Lutjanus_rivulatus
Lutjanus_russelli
Lobotes_surinamensis
Megalops_cyprinoides
Monodactylus_argenteus
Mugil_cephalus
Liza_carinata
Liza_macrolepis
Liza_melinoptera
Liza_Subvirdis
Liza_viagiensis
Valamugil_buchanani
Valamugil_cunnesius
Valamugil_seheli
Upeneus_sulphurous
Upeneus_tragula
Upeneus_vittatus
Platycephalus_indicus
Cociella_crocodile_
Plotosus_canius
Plotosus_lineatus
Neopomacentrus_sp
Abudefduf_bengalensis
Scatophagus_argus
Pterois_volitans
Epinephelus_areolatus
Epinephelus_bleekeri
Epinephelus_longispinis
Siganus_guttatus
Siganus_javus
Siganus_vermiculatus
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F,C
F,C
F,C
F,C
F,C
F,C
F,R
F,C
F,C
F,C
F,C
F,D
F,D
F,D
F,D
F,C
F,C
F,C
F,C
F,C
F,C
F,C
F,C
F,C
F,C
F,C
F,C
F,C
F,C
F,R
F,C
F,R
F,C
F,C

HP, D

HP, C

HP, D

HP, D

HP, C

HP, C

HP, D

HP, D

HP, D
F,C
F,R
F,C
F,C
F,C
F,C
F,C

NU, R

NU, R
F,C

NU, R
F,R
F,R
F,R
F,C
F,C
F,C
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. Hippocampus_kuda NU, R
Syngnathidae pipe_fish NU, R
Nemipteridae Scolopsis_ciliates F, R

Sillaginidae Sillago_sihama F, D
Scianidae Otolithus_ruber F, R
Sphyraenidae Sphyraena_jello F, C

) Saurida_gracilis F, C

Synodontidae Saurida_undosquamis F, C
Terapon_jarbua F,C

Teraponidae Terapon_theraps F,C
Pelates_quadrilineatus F, R

Arothron_reticularis_ NU,C

Arthron_immaculatus NU,C

Tertraodontidae Arthron_stellatus NU,C
Chelodon_patoca NU,C

Lagocephalus_lunaris NU,C

Tetraodon_fluviatilis NU, R

Toxotidae Toxotes_jaculator F,C

Triacanthidae Triacanthus biaculeatus NU, C
Elopidae Elops_machnata F, R

Ophieleotris_aporos NU, C

Bostrichthys_sinensis NU, C

Eleotridae Buti_gymnopomus NU, C
Butis_butis NU, C

Eleotris_fusca NU, C

Acentrogobius_bontii NU, C

Acentrogobius_viridipunctatus NU, R

Bathygobius_fuscus NU, C

Callogobbius_hasseltii NU, C

Exyrias_puntang NU, C

Glossogobius_biocellatus NU, C

Glossogobius_giuris NU, C

Oplopomus_caninoides NU, R

Gobiidae Opolo;?omt_ls_opolopomus NU, C
Istigobius_ornatus NU, C

Oxyurichthys_papuensis NU, C

Oxyurichthys_tentacularis NU, C

Periophthalmus_argentilineatus NU, R

Periophthalmus_barbarus NU, R

Periophthalmus_kalolo NU, C

Periophthalmus_malaccensis NU, C

Yongeichthys_criniger NU, C

Stenogobius_gymnopomus NU, C

*F, C, R, D, HP and NU stands for Food fish, Common, Rare, Dominant, Highly Priced and No commercial use (Discard).

Table 2. Fish diversity indices.

Sample Month/Year Species d (Margalef richness) J' (Pielou's evenness) H'(loge)
F-SE-II Oct-12 74 14.69 0.9908 4.264
F-SE-II Nov-12 68 13.72 0.9904 4.179
F-SE-II Dec-12 70 14.07 0.9904 4.208
F-SE-II Jan-13 75 14.92 0.9915 4.281
F-SE-llI Feb-13 57 11.74 0.986 3.986
F-SE-III Mar-13 55 11.46 0.9836 3.942
F-SE-lI Apr-13 515 11.38 0.9833 3.941
F-SE-I May-13 67 13.61 0.9884 4.156
F-SE-| Jun-13 59 12.18 0.9902 4.038
F-SE-I Jul-13 62 12.7 0.9918 4.093
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F-SE-| Aug-13 62 12.79 0.9909 4.09
F-SE-I Sep-13 63 12.99 0.989 4.097
2012-13 96 16.57 0.9855 4.498
S-SE-I Oct-13 76 15.1 0.9928 4.3
S-SE-lI Nov-13 72 14.79 0.9896 4.232
S-SE-II Dec-13 69 13.86 0.9952 4.214
S-SE-lI Jan-14 72 14.33 0.9932 4.248
S-SE-IlI Feb-14 52 11.03 0.9892 3.908
S-SE-II Mar-14 48 10.44 0.9864 3.819
S-SE-II Apr-14 52 11.13 0.9855 3.894
S-SE-| May-14 76 15.147 0.9934 4.302
S-SE-I Jun-14 73 14.62 0.9939 4.264
S-SE-| Jul-14 78 15.53 0.995 4.335
S-SE-I Aug-14 76 15.09 0.9954 4.311
S-SE-| Sep-14 75 14.93 0.9957 4.299
2013-14 88 15.37 0.99 4.432
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Figure 4. Fish monthly abundance (%).
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Figure 6. Cluster and MDS (Non-metric Multi-Dimensional Scaling) Dendrogram based on abundance data of the fish distribution of species
during the study.

Relation between environmental variables on fish assemblage

The multivariate RELATE analysis have shown a correlation value of r= 0.448 between the environmental variables and
fish assemblage which was significant at 0.1% (Figure 7). Likewise BIOENV analysis has also shown a good correlation value of
r= 0.595 which was significant 0.1% with water temperature and salinity as the best variables influencing the fish assemblage.
It is an agreement with the earlier studies stating abiotic factors to influence fish assemblages in estuaries 1“9 including salinity
(41,42 temperature “3 and dissolved oxygen ¥* 4%, Pombo et al. “®and Nandan et al. "' also found temperature and salinity
significantly predicting the fish assemblages. According to Little et al. [*8 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.
Thus fishery obtained was dominated by small sized fishes indicating the importance of habitat as a breeding and nursery ground
for the fishery resources. Maximum individuals of fishes were recorded in middle of the dry season (April) in the year 2012-13
and at the end of wet season (January) during 2013-14. The dominance of fish during dry season was due to the domination
of Clupeidae family in the catch, these fishes migrate into the creek for feeding, breeding in large numbers during dry season.
The domination of Clupeidae family during dry season is in agreement with Kumaran et al. 38, who explained that the mangrove
ecosystems are utilized as breeding and feeding grounds for the migratory fishes.
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Figure 7. Multivariate analysis Dendrogram (Spearmen correlation method).
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CONCLUSION

The present study investigated the fish diversity of Carbyn’s cove creek in relation to environmental variables. It was
concluded that the creek was endowed with diverse and rich fish community and was found influenced by environmental variables
at a significant level. Water temperature and salinity were the major parameters influencing the fish assemblage of the creek.
Further the dominance of small sized fished fishes in the creek highlighted the study area as nursery and spawning ground for
commercial fishery. Moreover it provides food source to the coastal community residing near the creek. Hence it is very much
essential to monitor proper condition of the creek for better sustainable fishery in the future as well.
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