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Abstract: - This study aimed to determining the pollution and 

contamination of fishing harbor environment. Temperature  

(3.12, 1.874, 1.04, 1.25 oC), Salinity (2.05, 2.50, 2.49, 2.52 ppt.), 

pH (0.08, 0.10, 0.04, 0.06), Dissolved oxygen (0.56, 0.52, 0.53, 0.37 

ml/l), Total Nitrogen (0.05, 0.11, 0.19, 0.07 µg/g), Total 

phosphorous (0.03, 0.03, 0.09, 0.06 µg/g), Total organic carbon 

(1.16, 0.26, 0.87, 0.63 mg/g); Soil texture viz.  Sand (0.83, 0.99, 

1.57, 2.28 %), Silt (0.60, 1.26, 1.58, 1.44 %), Clay (0.43, 0.47, 0.23, 

1.36 %); Heavy metals are Cadmium (5.86, 3.58, 5.67, 0.05 µg/g), 

Copper (10.39, 54.74, 56.81, 15.98 µg/g), Lead (8.63, 9.05, 7.58, 

5.88 µg/g), Nickel (28.86, 34.20, 23.56, 5.48 µg/g), Zinc (44.18, 

48.19, 57.16, 52.56 µg/g), Chromium (28.06, 55.25, 38.23, 12.55 

µg/g), Mercury (20.61, 22.99, 12.50, 7.37 µg/g) at st.1,2,3,4 

respectively. Benthic faunal density ranged between 602 and 

2988 nos. /m2 with Shannon–Wiener index (H’) ranged 2.03 - 3.5, 

evenness (J’) 0.79 - 0.98, richness (d’) 1.24 - 6.49. According to 

these estimations point calimar (Station. 4) contains less pollution 

contamination than other stations; indicated by rich density and 

diversity of benthic fauna occurrence in this station.   

Key words: Benthic fauna; Soil; Heavy metals; Contamination; 

Pollution. 

I. INTRODUCTION 

n recent years the marine environments are contaminating 

from various waste discharge. Kinds of anthropogenic and 

industrial waste create pollution in particularly water 

environment due to their daily activity.  The marine 

environment is sensitive ecosystem for protect flora and fauna 
1
. When a benthic community is undergoing stress due to 

unfavorable environmental conditions there are presumed to 

be notable changes in community parameters such as 

diversity, abundances, dominance and biomass
2
.  Assessments 

of the benthic fauna communities depend on the variety of 

ecological factors with the biotic effect, facing kinds of 

phenomena, with that important parameters are climate, 

geology and geographical distributions
3
. 

Present days the global species dispersal affects the 

biodiversity in aquatic environment
4,5

. The composition of 

benthic macro invertebrate communities is influenced by a 

variety of environmental factors, main effects from chemical 

and biological factors, several benthic taxa especially 

indigenous gammarids and Asellus aquaticus tended to 

decline with increased densities of the invasive amphipod 

Dikerogammarus villosus
6
. 

Anthropogenic disturbance of marine habitats is 

constantly increasing in scope and severity; macro benthic 

invertebrates are useful for bio-indicators providing a more 

accurate understanding of changing aquatic conditions than 

other chemical analysis
7
. Plenty of research effort has recently 

focused on the development of methods for detecting such 

changes and understanding their consequences
8-12

. Some 

benthic fauna indicate pollution in particular environment 

based on the kinds of waste matters
13

.  

Biological monitoring is on important for species 

identification in the specific environment condition
14

, and 

used for industrial implementation
15

, with the coarser 

taxonomic has sensitive for environmental destruction
16

. 

Investigation of pollution impact is difficult to determine in 

the ecosystem
17

. These kinds of problems occur from the 

waste discharge to the environments
18

. The calculation of 

species richness and other taxonomical evidence to described 

various water pollution
15

 some of the species can tolerate the 

metal pollution
20

. The surrounding distribution of any water 

ecosystem will affect the macro invertebrates which provide 

the health to the environment
21, 22

. In this way the present 

study focused on four different areas besides the fishing and 

industrial activity along the Tamil Nadu coast. This often 

makes the interpretation of the disturbing effects of 

contaminants a complex and confounding process.  

II. MATERIALS AND METHODS 

Four different study areas were selected around the 

Tamil Nadu, Southeast coast of India from Chennai to 

Tuticorin with the location described below (Fig 1). 

I 
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1) Chennai (Station 1) = Lat.13
o
7’22.8’’N; Long. 

80
o
17’57.01’’E  

2) Cuddalore (Station 2) = Lat.13
o
14’06.1’’N; Long. 

080
o
19’43.4’’E 

3) Tuticorin (Station 3) = Lat.08º 47’25”  N; Long.78 º 

09’ 36” E 

4) Point calimere (Station 4) = Lat.10
°
16’21.53” N; 

Long.79°49’37.83” E 

Water and soil samples were collected from Chennai, 

Caddalore, Tuticorin and Point Calimar harbor area; season 

wise sampling was made from January – December 2014 (one 

year).  Water and soil quality was estimated through various 

analyses by the help of standard equipment with methodology.  

Physical, Chemical and biological parameters
23

, Soil texture
24

 

, organic carbon and heavy metals
25

, Biological parameter of 

benthic fauna collected triplicate samples was carried out 

using a long armed peterson grab which covered inner area of 

0.0251m
2 26

, benthic fauna identification 
27-31

. Data analysis 

used by SPSS (Ver. 20.0), Margalef’s species the richness 

(d’), Shannon – Wiener diversity (H′), Pielou’s evenness (J′), 

PRIMER (Plymouth Routines In Multivariate Ecological 

Research Ver. 6.0). Station. 1 Chennai: Pre-monsoon 

(CHPM); Post-monsoon (CHSM); Summer (CHPR); 

Monsoon (CHMO). Station. 2 Cuddalore: Pre-monsoon 

(CUPM); Post-monsoon (CUSM); Summer (CUPR); 

Monsoon (CUMO). Station. 3 Tuticorin: Pre-monsoon 

(TUPM); Post-monsoon (TUSM), Summer (TUPR); Monsoon 

(TUMO). Station. 4 Point Calimer: Pre-monsoon (POPM); 

Post-monsoon (POSM); Summer (POPR); Monsoon (POMO). 

III. RESULTS 

Station wise physico-chemical characteristics: 

Estimated parameters were varied based on the 

concentration of pollution discharge in the study area. The 

average range of temperature (
o
C) 30.63, 29.31, 29.21, 29.87, 

Salinity (ppt) 31.33, 31.00, 31.01, 30.71; pH 8.12, 8.09, 8.15, 

8.06; Dissolved oxygen (ml/l) 3.52, 3.62, 4.39, 5.23. Soil 

characters viz. Sand (%) 96.81, 95.43, 95.59, 94.26; Silt (%) 

2.45, 3.77, 3.83, 4.03, Clay (%) 0.74, 0.80, 0.58, 1.71; 

Chemical properties of Total Nitrogen (µg/g) 0.39, 0.36, 0.50, 

0.44; Total phosphorus (µg/g) 0.10, 0.19, 0.21, 0.17; Total 

organic carbon (mg/g) 3.07, 1.13, 3.58, 5.00; Heavy metal 

concentration of Cadmium (µg/g) 7.80, 3.28, 6.17, 0.23; 

Copper (µg/g) 178.00, 204.49, 178.55, 131.23; Lead (µg/g) 

14.12, 14.71, 11.51, 6.44; Nickel (µg/g) 40.63, 51.89, 39.42, 

14.31; Zinc (µg/g) 67.51, 55.32, 78.63, 64.93; Chromium 

(µg/g) 143.54, 158.04, 200.85, 100.18; Mercury (µg/g) 30.75, 

35.50, 23.50, 14.75 at St.1,2, 3 and 4 respectively. 

Station wise benthic composition: 

There are four major groups of macro benthic fauna 

were identified in four station soil samples, with this groups 

covered 61 species viz. polychaetes (34), bivalves (12), 

gastropods (9) and crustaceans (6) among the group’s 

polychates are dominant phyla than other groups. Maximum 

macro benthic density were recorded 901, 923, 1276 and 2985 

nos. /m
2 
followed by the station 1, 2, 3 and 4 respectively. 

Season wise physico-chemical characteristics: 

Maximum value of temperature 35.13 
o
C (CHSM), 

Salinity 34 ppt (CHSM, CUSM, TUSM, POSM), pH 8.2 

(CHPR, CHMO, TUSM, TUPR), DO 5.68 mg/l (POPM); Soil 

texture of  Sand 97.65% (CHSM), Silt 6.10% (TUPM), Clay 

3.74% (POMO), Organic nutrients are Total nitrogen 0.76 

µg/g (TUPM), Total phosphorus 0.32 µg/g (TUMO), Total 

organic carbon 5.75 (POPM); Heavy metals are Cadmium 

15.13 µg/g (CHMO), Copper 265.30 µg/g (CUMO), Lead 

26.65  µg/g (CUMO), Nickel 96.62 µg/g (CUMO), Zinc 

138.48 µg/g (TUPR), Chromium 256.20 µg/g (TUMO), 

Mercury 65.00 µg/g  (CUMO) was recorded at station 1,2,3, 

and 4 respectively. 

Minimum value of temperature 27.67 
o
C (CUSM), 

Salinity 29 ppt (CHMO, CUPM, CUMO, TUPM, TUMO, 

POPM, POMO), pH 8.0 (CHPM, CUPM, POPM), DO 3.02 

mg/l (CUSM):  Soil texture of Sand 91.65% (POMO), Silt 

1.61% (CHSM), Clay 0.36% (CUPM), Total nitrogen 0.23 

µg/g (CUPM), Total phosphorus 0.05 µg/g (CHPR), Total 

organic carbon 0.89 mg/g (CUPM); Heavy metals are 

Cadmium 0.17 µg/g (POPR), Copper 112.42 µg/g (POSM), 

Lead 2.14 µg/g (POPM), Nickel 8.46 µg/g (POSM), Zinc 

14.64 µg/g (POSM), Chromium 84.32 µg/g (POPR), Mercury 

6.00 µg/g (POPM) was noticed in station 1,2,3, and 4 

respectively with the detailed results were showed in fig. 2 - 5.   

Statistical analysis: 

Water quality parameters did not show any variation 

between the stations except temperature and dissolved 

oxygen. Temperature have highly positive correlated with 

richness in station 3 and station 4 (r=0.961; p<0.05) and 

(r=0.954; p<0.05) respectively. Dissolved oxygen 

significantly positive correlated (r=0.960; p<0.05) with 

richness of the species in station 3.  Sediment organic 

nutrients are positive correlated between total nitrogen with 

macro faunal diversity (r=0.994; p<0.01) at station 1. The 

evenness have positive correlation with total organic carbon 

(r=0.994; p<0.01) at station 2. Diversity of fauna positively 

correlated with total organic carbon (r=0.974; p<0.05); the 

diversity and evenness have the week negative correlation 

with total phosphorous (r=0.973; p<0.05) and (r=0.990; 

p<0.01) at station 3 .The sediment composition, sand 

positively correlated with richness (r=0.989; p<0.05) and 

diversity negatively correlated with silt (r=0.988; p<0.05) at 

station 4. The heavy metals such as cadmium, copper, nickel 

chromium and lead showed a week negative correlation with 

the species diversity, richness and evenness showed in table 1- 

4.  
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From the results of MDS ordination and hierarchical 

clustering, on species abundance data representing the four 

stations with seasons (Fig. 6 & 7). Cluster analysis showed 

that the grouping of macro faunal abundance, stations (Station 

1, 2 and 3) were combining, separate indication showed in 

station 4. The 2D stress value (0.11) indicated that the results 

are credible and also it confirmed by the MDS plots. 

Multiple k-dominance plots facilitate the 

discrimination of benthos according to species-relative 

contribution to standard stock. The k-dominance plot curve 

was drawn based on high- and low flow macro faunal 

community data. In the present investigation the data collected 

during various seasons and from all four stations was fed into 

to the dominance plot (Fig. 8). Highest dominance was 

observed at station 4 (POPM), where the macro faunal 

assemblage indicates high diversity. The curve for stations 1, 

2 and 3 showed the minimum diversity. The higher diversity 

was recorded in post monsoon season and lower diversity in 

the monsoon season in less disturbed area. The dominance 

curve did not show an ‘S’ shape due to the presence of 

opportunistic species in stations 1, 2 and 3. 

Species diversity indices: 

The Shannon–Wiener index (H′) ranged from 2.33 to 

3.50 with the maximum diversity value was found at station 4 

during summer and the minimum was found at station 1 

during post monsoon. The evenness (J′) varied from 0.79 to 

0.98 and with the maximum was found at station 3 during post 

monsoon and summer seasons and the minimum was found at 

station 4 during monsoon. The richness (d’) value varied from 

2.11 to 6.49 with the minimum was found at station 1 during 

post monsoon and maximum was found at station 4 during pre 

monsoon.  

The dendarogram results showed unequivocally that 

the stations of four areas were grouped separately. Among the 

study area, station 4 reflected linked at the higher level of 

similarity (80%) compared to other areas. To confirm this 

pattern of grouping, MDS (multi dimensional scaling) was 

performed and ordination map revealed the same grouping as 

observed in cluster analysis. 

IV. DISCUSSION 

Anthropogenic disturbances are affecting the benthic 

community in marine environment, which may result to 

change the growth of organism with increase mortality. Based 

on these phenomena, for estimate the faunal abundance and 

identified the species specification to use determined the 

environment condition
32

. Present study shows that the macro 

faunal assemblages of four station of Tamil Nadu coast 

exhibit marked variations. Macro benthic assemblages are 

characterized by temporal and spatial changes in the 

populations.  Macro faunal distribution pattern seems to be 

fully governed by the physico-chemical and biological 

characteristics of the environment. Benthic animals on the 

bottom have to endure a wide range of environmental 

changes
33

, based on this description also indicate this present 

study of benthic community varied due to the environmental 

changes.  

Pollution discharge was affecting the benthic 

community in tuticorine harbor environment
34

, Tamil Nadu, 

India.  Polycheates density was increased in organic pollution 

in soil that due to the total organic carbon 
35-37

, with these 

similar results was observed in these harbor soil. Polychaete 

and bivalve groups was abundant in Indian harbor sediment
38

. 

Hence the similar finding are observed in present study, its 

indicate domination of benthic species of Capitella capitata, 

Meretrix meretrix, Certhidia cingulata some crustaceans of 

Amphipods.     

The major group of bivalve and gastropods are richly 

placed in benthic environment, that’s due to the enriched 

nutrient availability in the bottom soil; specific species of 

Meretrix meretrix, Cerithidia cingulata was occurring
39-40

. 

Amphipods are widely distributed in organic waste spread 

environment of estuarine and mangrove soil
41

, which gives 

feed to the benthic fauna was reported in Vellar estuary and 

Pondicherry mangroves.  

Our present finding determined the physical, 

chemical and biological properties in four harbor 

environment, which is magnified the status of water and soil 

conditions. Among the four stations, the maximum faunal 

density and diversity was recorded in station 4 and minimum 

range of faunal dispersal in station 1. Hence, the meaning of 

healthy environment supposed to indicate the pollution free 

area.  Rich density and diversity of the benthic community are 

always occurring in the pollution free environment
42

; these 

reasons are similarly relevant in station 4.   

V. CONCLUSION 

Contaminated harbor water and soils are generating 

environmental issue to the benthic community, which create 

pollution in the ecosystem. Present study was evaluated the 

environmental quality of fishing harbor in Tamil Nadu. 

Comparison between the four stations, station 4 indicate 

pollution free fishing harbor. The reason was derived by 

parameters changes which are pointed out the benthic fauna 

density and diversity was more found in station 4 and the 

same duration, station 1 contain less density of benthic fauna, 

because station 4 has less organic and inorganic 

contamination was found than station 1. Whereas station 2 

and 3 found moderate water and soil contamination.  

ACKNOWLEDGEMENTS 

The authors grateful thanks to the Dean and Director 

CAS in Marine Biology, Faculty of Marine Sciences and 

authorities of Annamalai University for providing facilities. 



International Journal of Latest Technology in Engineering, Management & Applied Science (IJLTEMAS) 

Volume VI, Issue VI, June 2017 | ISSN 2278-2540 

www.ijltemas.in Page 9 
 

First author (VS) gratefully acknowledged the University 

Grants Commission (UGC), New Delhi, India (Ref. No.15-

1/2011-12/PDFWM-2011-12-SC-TAM-8979-SA-II) and 

second author (TV) (Ref.No. F./PDFSS-2014-15-SC-TAM-

8547) for financial support.  

REFERENCES 

[1]. Holland A F, Shaughnessy A and  Heigel M H,  Long-term 

variation in mesohaline Chesapeake Bay benthos, Spatial and 

temporal patterns. Estuaries, 10 (1987) 227–245. 
[2]. Pearson T H and Rosenberg R, Macrobenthos secession in relation 

to organic enrichment and  pollution of the marine environment. 

Oceanogr. Mar. Biol. Annu. Rev. 16 (1978) 229–237. 
[3]. Johnson R K and Goedkoop W, Littoral macroinvertebrate 

communities: spatial scale and ecological relationships. Freshw. 

Biol. 47 (2002) 1840–1854. 
[4]. Chandra S A, Gerhardt, Invasive species in aquatic ecosystems: 

issue of global concern. Aquat.  Invasions 3(1) (2008) 1–2. 

[5]. Sala O E, Global diversity scenarios for the year 2100. Sci. 287 
(2000) 1770–1774. 

[6]. Rene Gergs Karl and Otto Rothhaupt, Invasive species as driving 

factors for the structure of benthic communities in Lake 
Constance, Germany. Hydrobiologia 746 (2015) 245–254. 

[7]. Bhadja P, Poriya P and Kundu R. Community structure and 

distribution pattern of intertidal invertebrate macro fauna at some 
anthropogenically influenced coasts of Kathiwar Peninsula (India). 

Adv. Ecol. ID 547395 (2014) 11. 

[8]. Thomas J D, Biological monitoring and tropical biodiversity in 
marine environments: a critique with recommendations, and 

comments on the use of amphipods as bioindicators. J. Nat. Hist. 

27 (1993) 795 – 806.  
[9]. Clarke K R and Warwick R M, Changes in Marine Communities: 

an Approach to Statistical Analysis and Interpretation, Natural 

Environment Research Council, UK, (1994) 144. Nat. Environs. 
Res. Counc. (UK). 

[10]. Goni R. Ecosystem effect of marine fisheries: an overview. Ocean 

Coast. Manage. 40 (1998) 37– 64. 
[11]. Boyd S E, and Rees H L,  An examination of the spatial scales of 

impact on the marine benthos arising from marine aggregate 

extraction in the central English Channel. Estuarine, Coast. Self.  
Sci. 57 (2003) 1–16. 

[12]. Gubby S, Marine aggregate extraction and biodiversity: 

information, issues and gaps in understanding, Report to the Joint 
Marine Programme of the Wild life Trusts and WWF – UK. 

(2003) 24. 

[13]. Ellis D, Taxonomic sufficiency in pollution assessment. Mar. 
Pollut. Bull. 16 (1985) 459. 

[14]. Cranston P S, Biomonitoring and invertebrate taxonomy. Environ. 

Monit. Assess. 14 (1990) 265–273. 
[15].  Lenat D, R and Penrose D L, History of the EPT taxa richness 

metric. Bull. North. Am. Benthol. Soc. 13 (1996) 305–307. 

[16]. Hewlett R, Implications of taxonomic resolution and sample 
habitat for stream classification at a broad geographic scale. J. 

North. Am. Benthol. Soc. 19 (2000) 352–361. 

[17]. Clements W H and Kiffney P M, The influence of elevation on 

benthic community responses to heavy metals in Rocky Mountain 

streams. Can. J. Fish. Aquat. Sci. 52 (1995) 1966 –1977. 
[18]. Pond G J, Passmore M, E. Borsuk F A, Reynolds L C and Rose J, 

Downstream effects of mountaintop coal mining: comparing 

biological conditions using family – and genus-level 
macroinvertebrate bioassessment tools. J. North. Am. Benthol. 

Soc.27 (2008) 717–737.  

[19]. Lenat D R and Resh V H, Taxonomy and stream ecology – The 
benefits of genus- and species-level identifications. J. North. Am. 

Benthol. Soc.20 (2001) 287–298. 

[20]. Gray D P and Harding J S, Acid Mine Drainage Index (AMDI): A 
benthic invertebrate biotic index for assessing coal mining impacts 

in New Zealand streams. N. Z. J. Mar. Freshw. Res. 46 (2012) 
335–352.  

[21]. Sloane P I W and  Norris R H, Relationship of AUSRIVAS- based 

macroinvertibrate predictive model outputs to a metal pollution 
gradient. J. North. Am. Benthol. Soc. 22 (2003) 457– 471. 

[22]. Malmqvist B and Hoffsten P, Influence of drainage from old mine 
deposits on benthic macroinvertebrate communities in central 

Swedish streams. Water. Res. 33 (1999) 2415–2423. 

[23]. Strickland J D H and Parsons T R, A practical handbook of 
seawater analysis, Fishery Research Board. Canada (1972) 310. 

[24]. Buchanan J B, Sediment analysis, In: Holme, N.A., McIntyre, 

A.D., (Eds.), Methods for the Study of Marine Benthos, Blackwell 
Scientific Publications Oxford and Edinburgh, (1984) 41- 645. 

[25]. Walting R J, A manual of methods for use in the South African 

Marine Pollution Monitoring Programme. S. Afr. Natl. Sci. 
Programmes Rep. 44 (1981) 81. 

[26]. Mackie ASY, Collecting and preserving polychaetes. Poly. Res. 

16 (1994 ) 7 – 9. 
[27]. Fauvel P, The fauna of India including Pakistan, Ceylon, Burma 

and Malaya. Annelida: Polychaeta,  Allahabad  (1953) 507. 

[28]. Day J H, A monograph on the polychaete of southern Africa. Part 
1 and 2, British Museum (Nat. Hist.), London (1967) pp 878. 

[29]. Srikrishnadas B, Murugesan P and Ajmalkhan S, A monograph on 

the Polychaetes of Parangipettai coast. Annamalai University, 
India. (1998) pp 110. 

[30]. Shanmugam A, Rajagopal S, Nazeer and R, A. A monograph on 

the common bivalves of Parangipettai coast. Annamalai 
University, India, (1997) pp 67.  

[31]. Rajagopal S, Ajmal Khan S, Srinivasan M and Shanmugam A, A 

monograph on the gastropods of Parangipettai coast. Annamalai 
University, India. (1998) 38. 

[32]. Chapman M G, Underwood A J and Skilleter G A, Variability at 

different spatial scales between subtidal assemblages exposed to 
the discharge of sewage and two control assemblages. J. Exp. Mar. 

Biol. Ecol. 189 (1-2) (1995) 103–122. 

[33]. Stone A N and Reish D J, The effect of fresh water run-off on a 
population of estuarine polychaetous annelids, Bull. South. Calif. 

Acad. Sci. 64 (1965) 111. 

[34]. Murugesan P, Ajmalkhan S, Ajithkumar T, Temporal changes in 
the benthic community structure of the marine zone of velar 

estuary, southeast coast of India. J. Mar. Bio. Ass. Ind.  49 (2) 

(2007) 154 – 158. 
[35]. Ansari Z A, Ingole B S, Benerjee G A, Parulekar H, Spatial and 

temporal change in benthic macro fauna from Mondovi-Zuari 

estuaries of Goa, West coast of India.  J. Mar. Bio. Ass. Ind. 15 
(1986) 223–229. 

[36]. Prabha Devi L, Ecology of Coleroon estuary: studies on benthic 

fauna. J. Mar. Bio. Ass. Ind.  36(1–2) (1994) 260–266. 
[37]. Sankar G, Studies on the hydrobiology, benthic ecology and 

fisheries of Muthupet lagoon. Ph.D., thesis, Annamalai University, 

India, (1998)105. 
[38]. Musale A S, Desai D V, Distribution and abundance of macro 

benthic polychaetes along the South Indian coast. Env. Mon. Ass. 

178 (2011) 423–436. 
[39]. Muniasamy M, Muthuvelu S, Balachander K and Murugesan P, 

Diversity of benthic fauna in coleroon estuary, southeast coast of 

India. Int. J. Recent. Sci. Res. 4 (10) (2013) 1617-1621. 

[40]. Sanagoudra S N and Bhat U G, Species diversity and 

environmental relationships of marine macrobenthic in Gulf of 
Kutch, Gujarat, west coast of India. Am. J. Ma.r Sci. 1(1) (2013) 

33-37. 

[41]. Hemalatha A, Ansari K G M T, Rajasekaran R and Fernando O J, 
Diversity of infaunal macrobenthic community in the intertidal 

zone of velar estuary (Southeast Coast of India). Int. J. Mar. Sci. 4 

(47) (2014) 1-11. 
[42]. Khan A S, Murugesan P and Lyla P S, A new indicator macro-

invertebrate of pollution and utility of graphical tools and diversity 

indices in pollution monitoring studies. Curr. Sci. 87 (2004) 1508-
1510. 



International Journal of Latest Technology in Engineering, Management & Applied Science (IJLTEMAS) 

Volume VI, Issue VI, June 2017 | ISSN 2278-2540 

www.ijltemas.in Page 10 
 

 

Fig. 1. Map showing study locations in Tamil Nadu coast 

 

Fig.2.a = Seasonal variation of Temperature in water 

 

Fig.2.b =Seasonal variation of Salinity in water 

 

Fig.2.c=Seasonal variation of pH in water 

 

Fig.2.d =Seasonal variation of D.O in water 
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Fig.2. Seasonal variation of physico-chemical parameters in St.1,2,3,4 

 

Fig.3.a = Seasonal variation of TOC in sediment 

 

Fig.3.b = Seasonal variation of TN in sediment 

 

Fig.3.c = Seasonal variation of TP in sediment 

Fig. 3 (a-c) Seasonal variation of  chemical parameters 

 

Fig.4. (a). Soil texutre in post monsoon 

 

Fig.4. (b) Soil texutre in summer 

 

Fig.4. (c). Soil texutre in pre – monsoon 

 

Fig.4. (d). Soil texutre in monsoon 

Fig. 4 (a-d): Seasonal variation of soil texture 
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Fig.5.b =Copper (Cu) 

 
Fig.5.c =Lead (Pb) 

 
Fig.5.d =Nickel (Ni) 

 
Fig.5.e =Zinc (Zn) 

 
Fig.5.f =Chromium (Cr) 

 
Fig.5.g =Mercury (Hg) 

Fig. 5 (a-g). Seasonal variation of heavy metal in station 1,2,3 and 4 

 

Fig.6.  Dendrogram showing the macro faunal abundance in between stations and seasons 
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Fig.7. MDS plots for macro faunal abundace in between stations and seasons 

 

Fig.8. k- Dominance curve for all the stations and seasons 
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Table 1  Correlations between  the physico-chemical, biological parameters and heavy metals at station.1 

   Parameters Temp. Salinity pH DO Sand Silt Clay TN TP TOC Cd Cu Pb Ni Zn Cr Hg Diversity Richness Evenness 

Temp. 1.00                                       

Salinity 0.89 1.00                                     

pH -0.34 -0.45 1.00                                   

DO -0.57 -0.87 0.28 1.00                                 

Sand 0.83 0.992** -0.42 -0.92 1.00                               

Silt -1.00 -0.92 0.33 0.63 -0.87 1.00                             

Clay -0.23 -0.64 0.35 0.91 -0.73 0.29 1.00                           

TN 0.45 0.03 0.41 0.33 -0.06 -0.41 0.68 1.00                         

TP 0.46 0.13 -0.50 0.37 0.01 -0.40 0.54 0.52 1.00                       

TOC 0.86 0.79 -0.76 -0.42 0.72 -0.84 -0.22 0.18 0.69 1.00                     

Cd -0.37 -0.68 0.83 0.72 -0.71 0.40 0.81 0.64 -0.01 -0.62 1.00                   

Cu -.15 -.11 .91 -.15 -.05 .11 -.05 .23 -.72 -.63 .53 1.00                 

Pb -0.56 -0.83 0.78 0.81 -0.84 0.59 0.81 0.47 -0.06 -0.72 0.974* 0.45 1.00               

Ni -0.57 -0.86 0.64 0.91 -0.90 0.61 0.89 0.47 0.10 -0.63 0.94 0.26 0.979* 1.00             

Zn -0.59 -0.89 0.49 0.972* -0.93 0.64 0.92 0.41 0.21 -0.56 0.86 0.09 0.93 0.983* 1.00           

Cr -0.58 -0.88 0.60 0.93 -0.91 0.62 0.90 0.45 0.13 -0.62 0.92 0.21 0.967* 0.999** 0.992** 1.00         

Hg -0.52 -0.79 0.81 0.79 -0.81 0.55 0.80 0.51 -0.06 -0.71 0.985* 0.49 0.998** 0.970* 0.91 0.956* 1.00       

Diversity 0.53 0.11 0.31 0.30 0.01 -0.48 0.66 0.994** 0.59 0.29 0.56 0.14 0.39 0.40 0.35 0.39 0.43 1.00     

Richness 0.49 0.05 0.11 0.42 -0.07 -0.43 0.74 0.94 0.78 0.39 0.49 -0.12 0.35 0.41 0.41 0.41 0.37 0.963* 1.00   

Evenness 0.40 0.16 0.72 -0.04 0.13 -0.40 0.29 0.81 -0.05 -0.09 0.60 0.72 0.42 0.29 0.14 0.25 0.47 0.77 0.57 1.00 

                     

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table  2 Correlations between  the physico-chemical and biological parameters and heavy metals at station 2 

  Parameters Temp. Salinity pH DO Sand Silt Clay TN TP TOC Cd Cu Pb Ni Zn Cr Hg Diversity Richness Evenness 

Temp. 1.00                                       

Salinity -0.17 1.00                                     

pH 0.90 0.27 1.00                                   

DO 0.89 -0.54 0.65 1.00                                 

Sand -0.26 0.69 0.12 -0.33 1.00                               

Silt 0.16 -0.88 -0.28 0.38 -0.94 1.00                             

Clay 0.13 0.93 0.50 -0.33 0.42 -0.70 1.00                           

TN 0.06 0.52 0.38 0.03 0.93 -0.85 0.32 1.00                         

TP -0.21 0.61 0.14 -0.24 0.993** -0.91 0.34 0.961* 1.00                       

TOC 0.56 -0.58 0.22 0.55 -0.94 0.83 -0.24 -0.79 -0.93 1.00                     

Cd 0.56 -0.39 0.45 0.79 0.21 -0.01 -0.41 0.52 0.32 -0.05 1.00                   

Cu 0.90 -0.23 0.82 0.93 0.01 0.02 -0.07 0.36 0.09 0.27 0.85 1.00                 

Pb 0.79 -0.38 0.66 0.93 0.03 0.08 -0.28 0.39 0.14 0.19 0.951* 0.968* 1.00               

Ni 0.67 -0.08 0.69 0.75 0.38 -0.27 -0.07 0.68 0.47 -0.13 0.94 0.91 0.94 1.00             

Zn 0.57 -0.33 0.49 0.78 0.25 -0.06 -0.35 0.56 0.36 -0.08 0.998** 0.87 0.954* 0.957* 1.00           

Cr 0.67 -0.46 0.52 0.88 0.06 0.11 -0.42 0.40 0.17 0.12 0.985* 0.91 0.984* 0.92 0.981* 1.00         

Hg 0.77 -0.17 0.74 0.84 0.22 -0.14 -0.11 0.56 0.32 0.03 0.94 0.966* 0.976* 0.987* 0.952* 0.95 1.00       

Diversity 0.04 0.56 0.19 -0.38 -0.22 -0.11 0.76 -0.37 -0.32 0.28 -0.79 -0.36 -0.58 -0.56 -0.76 -0.71 -0.52 1.00     

Richness -0.21 0.73 0.04 -0.62 0.03 -0.33 0.82 -0.20 -0.08 -0.02 -0.85 -0.54 -0.73 -0.62 -0.82 -0.83 -0.63 0.951* 1.00   

Evenness 0.59 -0.49 0.29 0.53 -0.91 0.77 -0.14 -0.76 -0.91 0.994** -0.09 0.28 0.17 -0.13 -0.11 0.08 0.03 0.36 0.06 1.00 

 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 3 Correlations between  the physico-chemical, biological parameters and heavy metals at station 3 

 Parameters Temp. Salinity pH DO Sand Silt Clay TN TP TOC Cd Cu Pb Ni Zn Cr Hg Diversity Richness Evenness 

Temp. 1.00                                       

Salinity 0.73 1.00                                     

pH 0.14 0.74 1.00                                   

DO -.988* -0.63 -0.03 1.00                                 

Sand -0.29 0.43 0.87 0.42 1.00                               

Silt 0.17 -0.54 -0.89 -0.31 -.989* 1.00                             

Clay 0.81 0.77 0.20 -0.73 -0.01 -0.14 1.00                           

TN -0.17 -0.71 -0.69 0.02 -0.75 0.84 -0.61 1.00                         

TP -0.92 -0.46 0.10 0.968* 0.57 -0.48 -0.55 -0.22 1.00                       

TOC 0.70 0.13 -0.31 -0.80 -0.74 0.70 0.20 0.58 -0.92 1.00                     

Cadmium -0.89 -0.42 0.12 0.95 0.59 -0.51 -0.49 -0.28 0.998** -0.95 1.00                   

Copper -0.85 -0.27 0.34 0.92 0.74 -0.66 -0.50 -0.35 0.971* -0.94 0.969* 1.00                 

Lead -0.75 -0.34 0.02 0.83 0.50 -0.47 -0.23 -0.42 0.92 -.955* 0.95 0.87 1.00               

Nickel -0.87 -0.35 0.20 0.93 0.65 -0.58 -0.46 -0.34 0.992** -.962* 0.997** 0.984* 0.94 1.00             

Zinc -0.77 -0.15 0.52 0.83 0.81 -0.72 -0.57 -0.30 0.86 -0.80 0.85 0.95 0.66 0.87 1.00           

Chromium -0.81 -0.46 -0.08 0.87 0.43 -0.38 -0.33 -0.30 0.94 -0.92 0.956* 0.86 0.992** 0.94 0.66 1.00         

Mercury -0.76 -0.32 0.05 0.83 0.54 -0.50 -0.24 -0.43 0.94 -.966* 0.956* 0.89 0.999** 0.950* 0.69 0.989* 1.00       

Diversity 0.82 0.24 -0.31 -0.90 -0.73 0.67 0.40 0.42 -.973* .974* -.981* -.991** -0.92 -.993** -0.90 -0.91 -0.93 1.00     

Richness 0.961* 0.80 0.20 -0.91 -0.15 0.01 0.94 -0.40 -0.78 0.49 -0.74 -0.72 -0.54 -0.71 -0.70 -0.63 -0.55 0.65 1.00   

Evenness 0.92 0.53 0.02 -.960* -0.47 0.39 0.52 0.19 -.990** 0.91 -.991** -0.93 -.950* -.976* -0.78 -.973* -0.95 0.94 0.77 1.00 

 

 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 4 Correlations between  the physico-chemical, biological parameters and heavy metals at station 4 

 Parameters Temp. Salinity pH DO Sand Silt Clay TN TP TOC Cd Cu Pb Ni Zn Cr Hg Diversity Richness Evenness 

Temp. 1.00                                      

Salinity 0.81 1.00                                    

pH 0.32 0.25 1.00                                  

DO -0.46 -0.13 -0.90 1.00                                

Sand .981* 0.69 0.25 -0.47 1.00                              

Silt -0.85 -0.58 -0.75 0.85 -0.83 1.00                            

Clay -0.75 -0.54 0.37 -0.12 -0.80 0.33 1.00                          

TN -0.13 -0.17 -.971* 0.78 -0.03 0.58 -0.56 1.00                        

TP 0.87 .991** 0.21 -0.15 0.77 -0.62 -0.63 -0.10 1.00                      

TOC 0.19 -0.04 -0.81 0.51 0.31 0.25 -0.78 0.93 0.06 1.00                    

Cd -0.94 -0.58 -0.17 0.45 -.989* 0.78 0.83 -0.06 -0.68 -0.41 1.00                  

Cu -0.30 -0.66 0.52 -0.66 -0.22 -0.19 0.56 -0.52 -0.65 -0.43 0.16 1.00                

Pb -0.53 -0.52 0.62 -0.48 -0.55 0.00 0.92 -0.74 -0.59 -0.82 0.57 0.81 1.00              

Ni -0.59 -0.74 0.45 -0.44 -0.55 0.09 0.83 -0.53 -0.78 -0.59 0.52 0.93 0.94 1.00            

Zn -0.15 -0.48 0.70 -0.79 -0.10 -0.37 0.55 -0.68 -0.48 -0.55 0.07 .976* 0.83 0.88 1.00          

Cr -0.76 -0.43 -0.79 0.93 -0.76 .985* 0.24 0.62 -0.47 0.28 0.73 -0.36 -0.12 -0.07 -0.52 1.00        

Hg -0.10 -0.19 0.90 -0.80 -0.14 -0.43 0.69 -0.93 -0.24 -0.87 0.18 0.79 0.90 0.80 0.89 -0.54 1.00      

Diversity 0.73 0.61 -0.40 0.21 0.77 -0.28 -.988* 0.57 0.70 0.76 -0.78 -0.68 -.959* -0.90 -0.66 -0.16 -0.74 1.00    

Richness .954* 0.65 0.11 -0.35 .989* -0.74 -0.88 0.12 0.74 0.45 
-
.993** 

-0.28 -0.65 -0.62 -0.19 -0.67 -0.27 0.84 1.00  

Evenness 0.56 0.50 -0.60 0.42 0.60 -0.05 -0.95 0.73 0.58 0.84 -0.62 -0.76 -.997** -0.92 -0.78 0.07 -0.88 .973* 0.70 1.00 

 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

 

 


