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Abstract  In order to find out hydrographical parameters influences over macrobenthic density and diversity, fifteen 
stations were sampled in Chilika lagoon. They were grouped into macrophytes dominated areas from Station 1 to Station 10 
(St1 to St10) and Phragmites karka dominated areas from Station 11 to Station 15 (St 11 to St 15).The value of Pearson’s 
correlation matrix in  the macrobenthic density was found to be positive significant relationship with transparency (r=0.548, 
p<0.05), depth (r=0.8006, p<0.01) and pH (r=0.72, p<0.01). Whereas macrobenthic biomass was significant positive 
relationship with transparency (r=0.656, p<0.01), depth (r=0.8006, p<0.01), pH (r=0.516, p<0.05) and dissolved oxygen 
(r=0.671, p<0.01). The diversity index values were found highest in between St1 to St10 and decreased sharply in between 
St11 to St15. The Non-metric Multidimensional Scaling (NMDS) resulted three clusters of stations in the study area which 
were characterized  as live macrophyte, live and dead macrophyte and Phargmites karka in Cluster I, Cluster II and Cluster III 
respectively. Progressive decreasing trend was observed in macrobentic density and diversity with the hydrographical 
parameters of depth, transparency and dissolved oxygen from cluster I to Cluster III. The total numbers and biomass of wet 
weight of macrobenthic were observed 26075 no m-2 (1738 ± 3341) and 277 gm m-2 (18.47±38.83) in the sampling stations. 
Bivalves followed by Polychaets were dominated in the first group of stations where as Polychaet and Chronomid was 
dominated in the second group of stations.  
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1. Introduction  
Coastal lagoons covers 13% of the total coastline of the 

world , and  generally  characterized  as  shallow depth , 
brackish water mass, strong seasonal variat ion in  salin ity 
thermal stratificat ion, elevated tidal amplitude, wind and tide 
generated waves. These are known as transitional water mass 
and formed between fresh and marine water habitat. These 
“ecotones” are found  to  be h igh ly  p roduct ive to  the 
enrichment of nutrients by receiving silt bone and nutrient 
rich fresh water inputs from rivers and  rivulets, catchment 
area and from marine zone[1] and poses limited exchange 
with the adjacent sea[2,3]. The definit ion of coastal lagoon 
was  p roposed by[4] as “a shallow coastal water body 
separated from the ocean by a barrier, connected at least 
intermittently to the ocean by one or more restricted inlets, 
and usually oriented shore-parallel. Thus the characteristics 
of coastal lagoon were more or less controlled by the riverine 
and  ma r ine  in f lu enced  fo l lo wed  by  nat u r a l and 
anth ropogen ic inputs . In  recen t  years  occurrence o f  
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eutrophication is getting momentum in coastal shallow 
waters due to excess nutrient load that further helped for 
higher primary productivity[5, 6, 7]. 

The coastal water hypoxia on physiological responses and 
survival for benthic organisms can be very complex 
depending on the structure of food webs and life history of 
affected species. Larval stages are often more sensitive than 
adult individuals to low oxygen concentrations and hence 
less tolerant to hypoxia[22]. 

Chilika lagoon is the largest brackish water lagoon in Asia 
located at east coast of India. It is regarded as Ramsar Site 
due to it’s vast biodiversity and enriched fishery resources. 
This lagoon is connected with Bay of Bengal through two 
inlets. Due to its shallow nature, it often serves as good 
nursery breeding and feeding ground for birds, fishes and 
shellfishes. The north-western part of Chilka lagoon showed 
infestations macrophytic weeds in general and Phragmites 
Karka in part icular which restricted for navigation and 
fishery. Less attention has been paid to understand the 
hydrography and biological characterization of such weed 
infested areas. Hence present study was observed to find out 
some basic information pertain ing to the hydrography and 
distribution of macrobenthic organisms on spatial scale. 

2. Material and Methods  
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2.1. Study Site 

The lagoon Chilika is the world's second largest brackish 
water wetland ecosystem where different marine brackish 
and freshwater habitat coexists. It is located between 19

o 
28' 

and 190
 
54' N and 850

 
05' and 850 38' E covering three 

districts like Khurda, Puri and Ganjam of Orissa State in 
India. This lagoon looks like pear-shaped measured length 
about 64.5 km long and its width varies from 5 km to 18 km. 
The water spread area varies seasonally from 906 to 1165 sq. 
km. It bears a wide range of sub ecosystems like such as 
marshes, mudflats, freshwater zone, sand bars Islands etc. 
Different vegetation types are commonly seen which include 
submergent, emergent, mixed, reed bed and grassland, sea 
grass beds, sea weed areas. Hydrographically, the lagoon is 
broadly divided into northern sector (fresh water zone), 
central sector (brackish water zone), southern sector 
(brackish water cum marine zone) and outer channel area 

(marine zone).there is 32 kilometre long sand spit that run 
parallel to the bay of Bengal and opened to it through two 
openings such as “Gobakunda” inlet and “Shipakuda” in let. 

2.2. Sampling Stations  

This study was carried out in 15 stations located in and 
around the macrophyte belts from central and northern sector 
of lagoon (Fig  1). The sampling stations were broadly 
grouped into two such as the first group contains stations 
numbered from St1 to St10 ranged from “Chandraput” to 
“Sorana” village (Central sector) covering massive 
submerging and surface floating macrophytes and the second 
group ranged as St11-St15 (Northern sector) covering 
“Kalupadaghat” to “Bhusandapur” village. The locations 
were marked by using a standard GPS device (Fig 1). 

 
Figure 1.  Map showing sampling station locations 

 
Figure 2.  Represents sand, silt  and clay percentage (mean) in the two groups of stations 
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2.3. Sampling Methodology 

Water and sediment samples were collected during the 
post monsoon season from 15 pre-fixed stations for the 
analysis of different physico-chemical parameters like Depth 
(cm), Transparency (cm) and Salinity (psu), Conductivity 
(s/m), temperature (℃) pH, Turb idity (NTU), Dissolved 
Oxygen (mg/l). In bio logical parameters the macrobenthic 
density and biomass samples were collected for analysis. 
Sediment samples were collected by using garb sampler of 
known surface area (0.04 m2) in triplicate, one is kept for 
texture analysis and other samples were wet sieved through 
0.5 mm mesh size to collect the macrobenthic organisms and 
the collected samples were preserved with 5 % neutralised 
formalin-Rose Bengal solution. The macrobenthic 
organisms were identified up to their possible lowest 
taxonomic level and g rouped in four major groups such as 
Polychaeta of Oligochaeta, Crustacea of Mysids, Bivalve of 
Gastropod and Misc. The Miscellaneous group contains 
nematodes, Chironomids, etc. The population density was 
expressed in number per sq. meter area (no m-2) while the 
biomass is expressed in gram per sq. meter area (gm m-2). 

3. Results 
3.1. Sediment Texture  

The analysis of sediment texture showed two types in two 
different regions of the lagoon. In first group of region 
between St1 to St10, the clay content was dominated, 
whereas in other group between St11 to St15 Silt was 
dominated. 

In the first group the sand, silt and clay percentage was 
10 %, 25 % and 65 % and in second group it was 5%, 50% 
and 45 % respectively. There is a visible spatial 
heterogeneity was observed in the sampling location (Fig 2) 

3.2. Hydrography 

During the study period the water depth was ranged from 
20 to 121 cm (76±20). The transparency of light in the water 

column was ranged from 8 to 117 cm (50.6±28). There was a 
progressive decrease of depth and transparency values from 
St1 to St15 and similar spatial variat ion among the station 
were recorded  and found to be the significant at 95% 
(ANOVA; P<0.05). Turbid ity value was ranged from 
3.7-289 NTU (49±72). There was a progressive increase of 
turbidity value from station St1 to St15. The salinity was 
ranged from 0 to 5.7 (2±2). Progressive decrease trend was 
observed on spatial scale and the variation between the 
stations was observed significant (ANOVA; p<0.05). 
Dissolved oxygen was varied from 3.2 to 12.7 mg/ l (7±3) 
with large fluctuations between St1 to St10; whereas the last 
five stations have showed decreasing trend between St11 to 
St15. Water temperature was not found to be fluctuated too 
much except few d ifference in spatial scale with range from 
26.1 to32 0C (29.3±2). The pH value of the sampling  location 
was found alkaline in  nature and was ranged from 6.8 to 
8.81(8±1).The population density and biomass in St 8 was 
comparatively good; ranged from 20 to 11475 no m-2 and 
0.01 to 141 gm m-2 respectively, and (mean ± standard 
deviation) was (1743±3339 no.m-2 and 18.4±38 gm m-2) as 
shown in Table-1. The ANOVA test revealed strong spatial 
variation in hydro-bio logical parameters (P<0.05).  

3.3. Correlation Matrix 

The Table-2 showed the result of Pearson’s correlation 
matrix between physicochemical parameters with 
macrobenthic population density and biomass. The results 
revealed that macrobenthic population density was positive 
significant relat ionship with transparency (r=0.548, p<0.05, 
N=15), depth (r=0.8006, p<0.01, N=15) and pH (r=0.72, 
p<0.01,N=15). Similarly macrobenthic biomass showed 
significant relationship with transparency (r=0.656, p<0.01, 
N=15), depth (r=0.8006, p<0.01, N=15), pH (r=0.516, 
p<0.05, N=15) and dissolved oxygen (r=0.671, p<0.01, 
N=15). Turbid ity showed moderate influence to population 
density and biomass. Other parameters were insignificant 
with macrobanthic population as shown in Table-2.  

Table 1.  Represents the minimum, maximum, mean and standard deviation of hydrographical parameters, macrobenthic density and biomass 

Parameters Minimum Maximum Mean St.dev(±) 

Transparency (in cm) 8 117 51 28 

Depth (in cm) 49 121 84 20 

Turbidity (NTU) 3.7 289 49 72 

Water Temperature (0C) 26.1 32 29 2 

pH 6.8 8.81 8 1 

Salinity (PSU) 0 5.7 2 2 

DO (mg/l) 3.2 12.7 7 3 

Macrobenthic density (no. m2) 25 11475 1743 3339 

Macrobenthic  biomass  (gm m2) 0.01 141.95 18 39 
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Table 2.  Represents the result of Pearson’s Correlation Matrix 

 
 

3.4. Population Density and Biomass 

All total 26075 no m-2 (1738 ± 3341) o f numbers and 277 
gm m-2 (18.47 ± 38.83) of b iomass (wet weight) number of 
macrobenthic organisms were encountered during the study. 
Among the first group of stations from St1 to St10, the 
highest population 11475 no/m2 density was observed at St8 
followed by 7350 no/m2 at St3 and minimum 150 no/m2 was 
observed at St4. In second group from St11 to St15, the 
highest value of population density was in St14 and the 
lowest value of density was marked in St13. However the 
St11, St12, and St13 were no contribution to the total 
macrobenthic bulk (Fig 2). So  far the biomass values were 
concerned among first group of stations, St8 was the highest 
of 142 gm/m2 and lowest in St7 of 4 gm/m2. Among the 
second group of stations St14 was highest of 1 gm/m2. The 
average biomass was found (18.7 ±38.8) gm/sq m (Fig 2). 

3.5. Group and S pecies Composition 

All total seven macrobenthic groups were encountered 
during the study period. In  the first group Bivalves were the 
most dominant group represented by Modiolus striatulus, 
Theora opalina etc. Polychaets were recorded as the second 
most dominant group of representing the species like Nereis, 
Nepthys, Capitella, Heteromastus etc. Crustaceansrepresent
ed 13.91% with contributing amphipod and isopoda.  

The dominate genus of amphipoda were, Orchestia, 
Ampelisca, Gammarus, while the isopoda group contributed 
Apseudes chilkensis, Cirolana, Tanais, etc. Oligochaets 
contributed 1.75%. However less contribution was 
represented by gastropoda of Nassarious, Indoplanorbis 
Hydrobia, and Lymnea. Mysids chironomids contributed 
0.97 % and 0.49 % respectively. In  contrast to first group, the 

second group only contributed polychaeta which was 
dominated mostly and represented by 80 % with Capitella 
capitata, Heteromasts sp. Followed by second dominated 
group Chironomid and third dominated group with 
Crustacean represented by Gammarus and Isopoda 
represented with Apseudes chilkensis. 

3.6. Macrophytes 

Common macrophytes observed in the first group of 
stations were Hydrilla verticillata, Vallisneria spiralis, 
Ceratophyllum demersum, Utricu laria Scirpus littoralis, 
Ipomea, Nymphaea and Cyperus sp. Potamogeton pectinatus, 
Potamogeton, Ruppia maritima, Najas sp., Najas graminea 
etc. In the second group of stations were emerged 
macrophytes such as Phragmites Karka which  was the most 
dominant emergent species followed by the Eichornia and 
Hydrilla.  

3.7. Univariate, Multivariate analysis and Diversity 
Indices 

The diversity indices of the two sampling groups of 
stations are represented in the figure-6. The Simpson’s 
species dominance of the two groups of stations showed 
sharp variations representing the fact that none of the group 
of stations exhib its any dominant of species. Species 
diversity which often reflects the status of the sampling site 
was exhib ited higher value in  the first group as compared to 
the second group of stations which was dominated with 
Phragmites karka. Species evenness was also found to be 
more in the first group. There was a consistently decrease in 
diversity indices from first group of stations to second group 
of stations (Fig 6) 

         

 

Parameters Trans. Depth Turbidity W.Temp. pH Salinity DO PD BM 
Trans.(cm) 0         
Depth (cm) 0.1223 0        
Turbidity(NTU) 0.0332 *0.6189 0       
Water Temp. 0.0392 *0.5151 0.1386 0      
pH 0.0191 0.1078 *0.4265 0.0406 0     
Salinity (PSU) 0.0029 0.2005 0.1706 0.0228 0.0256 0    
DO(mg/l) 0.0137 0.0823 **0.6779 0.0046 0.0129 0.027 0   
PD(No./m2) *0.548 **0.965 0.4401 0.1558 **0.7212 0.0913 *0.6333 0  
BM(gm/m2) **0.656 **0.8006 0.464 0.138 *0.5162 0.1951 **0.6712 0.0001 0 

Values marked * are different from 0 significant at 95 % confidence limit.  
Values marked ** are different from 0 significant at 99 % confidence limit  
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Figure 3.  Environmental and biological parameters of study area 
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Figure 4.  Box whiskers plot of hydrographical parameters of sampling stations 

 
Figure 5.  Relative abundance of macrobenthic groups 

 
Figure 6.  A: Invading weed Phragmites karka and B: Other macrophytes from the sampling stations 
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Table 3.  The values of three cluster groups of stations as obtained from NMDS and cluster analysis 

Parameters 
Cluster I 

(Live macrophyte) 
 

Cluster II 
(live and dead macrophyte) 

Cluster III 
( Phragmites Karka dominated ) 

 

Transparency (in cm) 73.8 51.0 18.7 

Depth(in cm) 91.5 85.3 72.3 

Turbidity (NTU) 15.2 38.1 125.0 

Water Temp.(0C) 30.4 29.7 27.0 

pH 8.2 8.0 7.5 

Salinity (PSU) 4.2 1.6 0.3 

DO (mg/l) 7.7 6.8 4.3 

PD (no/sq m) 6018.8 250.0 25.0 

BM(gm/sq m) 58.0 5.5 0.01 
 

3.8. Non-metric Multi Dimensional Scaling (NMDS ) 

To explore the similarity between the stations a NMDS 
was carried out and the results were superimposed over on 
clusters with the similarity level of 62. The finding of 
non-metric Mult i Dimensional Scaling (NMDS) revealed 
that there was a strong spatial heterogeneity in  the water 
quality parameters in general and the macrobenthic density 
and biomass in  particular. Three main clusters appeared from 
NMDS were grouped as Cluster -I, Cluster II and Cluster III. 
The mean values of hydrographical parameters along with 
macrobenthic density and biomass were reported (Table 3) 
which was pooled out from NMDS and cluster analysis. 

4. Discussion 
Shallow water coastal lagoons are more susceptible to 

eutrophication condition due to high influx of nutrient rich 
fresh water runoff from catchment  and recycling of nutrient 
by the decomposition of organic matter. Again frequent 
sediment-water coupling due to wind mediated wave and 
tidal action effect the trophic status of the lagoon 
habitat[8].The variat ion in  dissolved oxygen concentration in 
trophic enriched lagoon is a  major concerned. Being a life 
supporting parameters the dissolved oxygen plays an 
important role on sustainability of wide range of organisms 
and their lower values due to the decay and decomposition in 
macrophytes dominated areas shows adverse impact on other 
liv ing organisms[9]. However long-term hypoxia causes 
anoxic condition[10]. The present study which was made at 
north-western region of Chilika lagoon revealed that there 
was instances of less depth, low values of transparency and 
high turbidity. Turbidity of the water column is a main factor 
which determines the light availab ility for primary 
production, and high turbidity in the water column interrupts 
the light availability to the bottom environment which 
facilitates more decomposition than production of organic 
matter[10]. In the present study, turbidity value was found 
higher in the Phragmites Karka infested areas St11 to St 15 

as compared to other (Fig.3). 
From correlation matrix population density and biomass 

of macrobenthic organisms showed good correlation with 
transparency and depth which implies that good photic 
property of water favours good macro benthic density and 
biomass. Turbidity showed good correlation with dissolved 
oxygen might be due to the presence of surface floating 
macrophyte or microalgae in the water co lumn. Both pH and 
dissolved oxygen imparted strong relationship over 
macrobenthic density and biomass (p<0.01). Th is can be 
believed as the macrobenthic organisms prefer little alkaline 
condition of ambient water and high values of dissolved 
oxygen for better growth and proliferation (Table-2). 

The diversity index values were found high in  first group 
of stations as compared to the second group. Non-metric 
Multi Dimensional Scaling and cluster analysis (Fig 8A and 
8B) described that high macrobenthic density and standing 
crop were observed in those areas where turbidity was found 
low with increased dissolved oxygen value but reverse trend 
was marked when the Cluster I was compared with Cluster 
III which was characterized by high turbidity, low 
transparency and dissolved oxygen value which further 
concomitantly fo llowed by decreased values of 
macrobenthic density and biomass. Our finding could be 
highly corroborated with the observations made at other 
lagoons which are reported elsewhere[11, 12, 13, 14].  

Increase in the organic input has adverse influence on 
community  structure, composition and distribution of 
macrobenthos in the trophicated aquatic ecosystems, is well 
documented[15, 16, 17] where the larger and long lived 
organisms were replaced with short lived and smaller sized 
organisms[18]. Other parameters to access the trophic status 
of the sampling site are the estimat ion of population density 
and biomass of macrobenthos due to which it is used as bio 
indicators of environmental stress[19]. A sharp reduction in 
species diversity with less species richness, evenness and 
abundance of benthic macroinvertebrates towards 
Phragmites Karka invade station indicated an adverse 
condition to frequent colonizat ion of macrobenthos. But our 
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study revealed that few organisms were observed in 
Phargmites Karka dominated areas. These were Cap itella 
Capitata (Polychaeta), Chirnomids (Dipteran larvae), 
Gammarus sp. (Gammarid amphipod) and Apseudes 
chilkensis (isopoda). The Polychaeta of Capitella Capitella  
is commonly observed in the organically enriched sediment 

due to of its opportunistic nature[20]. Similarly the 
appearance of chironomids in the nutrient enriched water 
was also reported elsewhere. Thus they can be used as the 
important organisms for the study of eutrophication in the 
shallow water coastal aquatic ecosystem[21].  

  
Figure 7.  Mean and ± values of different species diversity indices of sampling station Legends- D = Simpson’s species dominance, H’=Shannon’s species 
diversity index, J = Pielou's species evenness and SR= Margalef’s species richness 

 
Figure 8A.  Non- Metric Multi-Dimensional Scaling showing three different groups 
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Figure 8B.  Cluster analysis of sampling stations (complete linkage)

5. Conclusions  
Chilika lagoon normally influences by nutrient 

enrichment due to influx of large fresh water and 
anthropogenic activity. Hence results the large variation of 
macrobenthic diversity and biomass in the lagoon. Dissolved 
oxygen played a crucial ro le in the region. The h igher values 
of dissolved oxygen resulted in sampling stations as 
mesotrophic than eutrophic in the region. The Non-metric 
Multidimensional Scaling resulted as live saprophyte, live 
and dead macrophyte and Phragmites Karka dominated 
stations in Cluster I, Cluster II and Cluster III respectively in 
the lagoon. Progressive decreasing trend was observed in 
depth, transparency, dissolved oxygen, macrobenthic density 
and diversity from cluster I to Cluster III. Therefore cluster 
represented the region of dominance of macrobenthic 
population. Bivalves followed by Polychaets were 
dominated in the first group of stations where as Po lychaeta 
and Chronomid dominated in the second group of stations. 
The study also showed the macrobenthic presence of 
Capitella in the region. However the study is required to get 
more valuable in formation on macrobenthic relation with 
macrophytes understanding better food web and ecosystem 
modelling. Further proper management practice should be 
developed to reduce the instances of eutrophication in the 
lagoon and maintain the healthy macro benthic population in 
sustainable ecosystem. 
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