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1. Introduction 
West coast of Sri Lanka is a site of considerable economic development for the past few centuries and with increasing population and investment opportunities, pressure on estuarine environments and coastal resources had escalated with time. Being located in coastal estuaries, sea grass, mangrove and salt marsh ecosystems which are exclusively tropical, have shown signs of deterioration in structure and function due to pollution and physical destruction. Reclamation of estuaries for housing, road construction and industrial development, and shrimp farming have been identifies as the majors causes for this destruction. It is only recently that the biological functioning of these ecosystems has been studied in relation to anthropogenic threats. The present study was carried out to determine the distribution of macrobenthos in relation to land based activities in Negombo estuary (706’–7012’ N; 79049’–79053’ E) (Fig. 1), a shallow basin estuary in the west coast of Sri Lanka.

Materials & Methods
Benthic samples were obtained from eight sampling sites that are subjected to pollution resulting due to hospital drainage (T1), domestic waste (T2), industries (T3), agriculture (T4), municipal drainages (T5 & T8), shrimp farms (T6) and hotels (T7) (Fig. 1). Sampling was done at monthly intervals from April 2005 to January 2006. At each sampling site, line transects which were 200 m in length were laid perpendicular to the shore of the estuary. Triplicate samples of benthos were taken at every 50m intervals throughout the transect using a Peterson grab and location of each point was recorded using a hand held GPS. The macrobenthos were separated by wet sieving and identified as much as possible. Depth, salinity, temperature, pH, dissolved oxygen content, soil texture, organic matter content, nitrate, nitrite and phosphate contents at each sampling site were also measured. The sea grass and mangrove cover at each site were noted and their abundance was recorded using an arbitrary scale.
The diversity and evenness of macrobenthos were determined using Shannon-Wiener and Pielou’s index respectively. Statistical significances of the correlation coefficients at p=0.05 calculated using Minitab ver14. The similarities among the macrobenthic communities at different sampling points were determined using Bray-Curtis similarity coefficient and ordinations of Non-metric Multidimensional Scaling (MDS). The BIO-ENV function of PRIMER-5 software package (Version 5.2.2) was used to relate the multivariate community structure to environmental variables and to determine the most responsible variables for the inter-site variability of the benthic community. 
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Fig. 1: Locations of the transects used for sampling benthic fauna at the points of pollution inputs

2. Results
Thirty-eight species of invertebrates were recorded in the macrobenthic community during the present study. Among them were 16 species of polychaetes, 3 species of gastropods, 8 species of bivalves and 11 species of crustaceans. Among the total of 76 species of benthic invertebrates belonging to 41 families recorded from Negombo estuary [1], present study reported 48%. During the present investigation, mollusks and polychaetes formed the bulk of the macrobenthic fauna. Mollusks were mainly dominated by bivalves followed by gastropods. Further, some of the species recorded in the present study, such as some amphipods and polychaetes have not been reported in Sri Lanka in previous studies. The ranges of salinity, depth, pH and dissolved oxygen content of water were 0 - 35 g/kg, 0.1 - 2.5 m, 6 - 10 and 1 - 9 mg/l respectively. The ranges for the percentages of Sand, Silt, Clay, organic matter, Nitrate, Nitrite and Phosphate contents were 0-98%, 0-98%, 0-10%, 0-15%, 0-2.5 mg/l, 0-0.3 mg/l and 0-2 mg/l respectively. Mean values of measured environmental parameters and Standard Error given in Table 1.
Table 1. Summery of the physico-chemical parameters of the study transects (Mean±S.E)
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Grain size distribution of surface sediment showed that there is clay sediments in the distance part and sandy sediments closer to the point of discharge of transects. In all sampling sites diversity of macrobenthos was low or zero at the points of discharge. Results indicate that there is a significant relationship between Nitrate and Phosphate contents of the water and distribution of macrobenthos in transects T3, T4, T6 and T8 (p<0.05). In the region which receives effluents from a shrimp farm (T6) since 1998, green algae and cyanobacteria blooms were noted over seagrass beds. The abundance of benthic invertebrates were also very low in this area. Meretrix casta was the dominant species followed by Modiolus undulates in the transect 8 (T8) located near the Dandugam oya (major freshwater inlet of the estuary) throughout the year. Meretrix meretrix were also resent in considerable numbers along this transet. While adults dominated the samples during the premonsoon period, juveniles were abundant during the post monsoon season. 
3. Discussion & Conclusion
Dominance of mollusc species has been observed in most estuarine transects where deterioration of water quality is evident [2]. The presence of unusually large populations of benthic organisms can be used as indicators of pollution in brackish water bodies. Therefore high abundance of Meretrix casta at T4, Gammerids at T1 & T6, Cerithidea cingulata at T3, Eupagurus sp at T8 may indicate considerable pollution at those transects. Toxicants derived from a range of agricultural, industrial and domestic sources can have lethal and sub-lethal effects on benthic organisms. Under contaminated conditions, communities tend to become simplified i.e., they become dominated by fewer number of species that are capable of surviving and reproducing under such conditions [3]. The absence or lower abundance of macrobenthos in the point of discharge of transects indicate the heavy pollution that cannot be tolerated by any species of macrobenthos.
Exchange of water between sea and the estuary is important for the continuation of estuarine functions. However this may change due to various anthropogenic activities such as illegal land reclamation, ad-hoc mangrove planting, boat and fishing gear operations and discharge of industrial effluents into the estuary. Although this estuary is subjected to variety of anthropogenic activities, the abundance of mangroves and sea grasses were found to be significant factors that affect the diversity and abundance of macrobenthos (p<0.05). According to present study occurrence of benthic fauna in high densities and diversities especially in the sea grass areas gives an indication that the pollution of water body due to land base activities has not reached dangerous levels. 
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