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PREFACE 



Water, the inseparable component of all kinds of life on this blessed 

planet earth, covers almost 71% of it's surface. This extensive sheet of water 

comprising varied ecosystems can be categorised as oceanic (saltwater), 

estuarine (brackish water) and inland (freshwater). The inland waters, principally 

the freshwater consisting of a kaleidoscopic range of water bodies- springs, 

streams, rivers, ephemeral pools, puddles ponds, lakes and reservoirs, constitute 

a dismal fraction of only 2.8% including snow, while 97.2% is the saltwater found 

in seas and oceans (Jonasson,1993). Thus, freshwater bodies are one of the two 

major components of aquatic ecosystems that sustain the biosphere as a whole 

(Smith,1990). Freshwater has been of vital importance for maintenance of 

nature's balance and sustenance of life. Water is used for drinking, rearing of 

cultivable fishes, irrigation of crops, as also for several domestic chores. 

Therefore, naturally, establishment, growth, development and prosperity of all the 

known ancient civilisations took place in and around river valleys and freshwater 

bodies. 

Though, drink, food and means of cleansing were the primeval man's 

only concern with water, as time went on his descendants could hardly resist the 

mysteries of water. By early nineteenth century, with the invention of the 

microscope, his attention was drawn by 'plankton' the wondering plants and 

animals drifting in the water medium. Gradually the elucidation of several other 

factors which controlled the growth of these minute organisms and in turn the 

other life forms opened a new field of science/ ecology, generally called 

limnology. The term limnology was derived from the Greek word meaning pool. 

Though studies of certain water based organisms, their feeding habits, 

propagation and behavior in water was undertaken during late 17 th  and 18th 

 centuries, they were more of a 'hydrobiological' nature rather than fitting into the 
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limnological domain. Therefore, Elster (1974) covered barely a period of over 

hundred years in his attempt to write the history of limnology. Even though, Jung 

and Forbes were first to treat natural waters as 'microcosms', F. A. Forrel of 

Switzerland is considered as the founder of modern limnology, whose original 

work on the Swiss lakes was published in a classic entitled "Le Lemane" (Lake 

Geneva), a limnological monograph in French (Schwoerbel,1991 and Das, 1995). 

He was the first to study and elaborate the physical, chemical and biological 

characteristics of lakes and name the area of his study as 'Limnology'. The credit 

of writing the first book on limnology in the year 1901 in German - "Handbuch der 

Seankunde All Gemene Limnologie" also goes to him. Further at the founding 

conference of the International Association of Theoritical and Applied Limnology 

in 1922 in Kiel, flowing waters were also assigned to the subject area of 

limnology, which therefore ceased to be merely the study of science of lakes and 

became instead the science of inland waters (Rodhe, 1974). Thus limnology is 

regarded as that branch of science which deals with the study of all phenomena 

pertaining to inland waters. Hence it is a composite of subjects like Zoology, 

Botany, Chemistry, Physics, Bacteriology, Meteorology, Geology in this omnibus 

study. It is now defined as the branch of science that deals with biological 

productivity of inland waters and all causal influences which determine it. 

Globally, birth, early_ development and growth of limnology has been 

primarily in developed countries of temperate regions. This is because the initial 

impetus for freshwater investigations was felt almost concomitantly in both 

Europe and North America. Most of the pioneering work by the early limnologists 

and also that of their contemporaries got culminated into classic indispensable 

treatises on the subject (Hutchinson, 1957, 1967, 1976; Edmondson,1959; 
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Rawson, 1960; Reid, 1961; Ruttner, 1968; Macan, 1970; Wetzel, 1975; 

Schwoerbel, 1991). 

The limnological investigations in underdeveloped and developing 

countries of tropics and subtropics caught up relatively late (Tailing, 1965; Belone 

and Coche, 1974; Peters, 1986). In Indian subcontinent, though the limnological 

research took off in early 1930's through the work of Pruthi and Sawell (Das, 

1995), the pace was extremely slow for almost 3 decades that followed. But 

through the later period of over 3 decades there was a spurt in the limnological 

work along the length and breadth of the country. However, no extensive 

overviews/ reviews have come out embodying the scattered and assorted work, 

unlike in the west. All the same noteworthy few teams of workers in the field are 

Das, Kaul, Vasist and Zutshi and their co-workers in northern and central India; 

Jana, Michael and Bose and his associates in eastern India; and Chacko, 

Ganapati and his colleagues, Munawar, Sreenivasan and Zafer in southern India 

(references in mini-reviews and compiled books by Michael, 1980; Tonapi, 1980; 

Tripathi and Pandey, 1990; Shastree, 1991; Mishra and Trivedi,1993; Das, 

1995). 

Goa, the smallest state of the Indian Union covers an area of 3705 km 2 

 on the west coast and lies wedged between the states of Maharashtra and 

Karnataka. It was liberated after 400 years of the colonial Portuguese yoke much 

later than the rest of India in the year 1961. Unfortunately, the region was starved 

of higher educational facilities and noteworthy scientific pursuits for long unlike 

major counterpart of the country under the British rule. In the year 1966 the 

establishment of National Institute of Oceanography with it's headquarters in Goa 

gave a thrust to oceanographic/ estuarine research off the coast of the state 

along with rest of India (Kuchhal, 1991). But the limnological studies on the 
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limited freshwater resources of the state, to best of my knowledge, are confined 

to a couple of publications each on Mayem lake and Khandepar river by Desai 

and his associates (Desai, 1987, 1995; Desai et al., 1995; Bandiwdekar and 

Desai, 1998). However, all these studies were of relatively short duration of a 

year each with a slant on the effect of pollution through mine effluents. The work 

on Khandepar river is on physicochemical properties of water and on biological 

productivity, while one of that on Mayem lake centers around bacterial profile and 

the other encompasses physicochemical properties of water along with 

qualitative/ semi-quantitative picture of plankton and benthos in terms of "few, 

rare and common". Thus in reality, there was a near total lack of long term 

limnological information from a wholistic consideration on any water body of the 

region covering various angles like, physicochemical properties of water, 

plankton, productivity, macrophytes, fishes and the waterfowl. 

Goa being a coastal state, the fishery is catchment oriented rather than 

culture intensive. Of late, brackish water fish culture has already come under 

heavy clouds of uncertainty in the country as a whole. The ingression of 

freshwater aquifers by saltwater and the deterioration of soil fertility to the point of 

no return - the two backlashes of the practice led to the intervention of the apex 

court of the land in the matter. Therefore the chances of revival and, especially 

the expansion/ intensification of brackish water fish culture are meagre. Under 

the circumstances, it is all the more important that our attention is diverted 

towards freshwater pisciculture, at least extensive, if not intensive to cater to the 

ever increasing demand for animal protein by the human population. Selvaraj et 

al (1994) on the basis of his studies in Tamil Nadu showed that the inland fishery 

resources can be substantially augmented by suitably utilising the small tanks 

and reservoirs with an yield of even 100 kg/ha. Techno-economic survey (Anon, 
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1964) of erstwhile Union Territory of Goa Daman and Diu conducted immediately 

after liberation of the region from colonial rule stated that "...however, the 

detailed information about the sheet of water, their suitability for fish culture are 

not available". Even after a lapse of 3 decades since then, the situation is not 

much different with regard to comprehensive knowledge of freshwater bodies of 

the state. 

Most of the freshwater bodies in Goa are shallow and are skirted by 

wetlands which are defined as "lands of transition between terrestrial and aquatic 

systems wherein water table is usually at or near the surface or the land is 

covered by shallow waters" (Woltsencroft et al., 1989). Some of the earlier 

reports (Whiteker,1991; Heblekar and Shanbhag 1992) showed that major 

wetlands in Goa harboured a considerable population of waterfowl. Further, 

Heblekar and Shanbhag (1992) not only recorded perceptible difference in the 

adjoining wetlands in terms of bird fauna supported by them, but also expressed 

their inability to delineate reasons for the difference, owing to the lack of 

systematic and detailed limnological information on these bodies. After Ramsar 

convention in the year 1971, the waterfowl and the inseparable entity the 

wetlands have been rightly attached with due importance, as the birds depending 

on their varied food habits occupy different trophic levels in the food web and 

play a significant role in the specialised ecosystem in more than one ways 

(Woltsencroft et at., 1989; Hussain and DeRoy,1993; Qopal,1995). The first ever 

report on the birds in general of Goa was only in the year 1976 by none other 

than the legendary birdman of India, late Dr. Salim All and his associate (Grubh 

and Ali, 1976). Later marginal additions and corrections to the list (Ripley, 1978; 

Saha and Mukherjee, 1981; Rane ,1984) as compiled by Zoological Survey of 

India accounted for a total of 208 birds (Saha and Dasgupta, 1992). All these 
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reports were based on a short duration opportunistic surveys generally not 

exceeding a week, the longest being that by Grub and All (1976) spread over 16 

days. Authors themselves were open in admitting the inadequacy and 

incompleteness of the survey in these words- "The following list is obviously 

incomplete. It doesn't include many other species which might certainly occur in 

Goa either as residents or as immigrants, and it is hoped that further more 

extensive survey will be possible for the record to be completed". Of late a 

considerably long duration study on birds of Goa is being published (articles yet 

to be concluded as it seems to be in series) by Lainer (1999). It is to be noted 

that all these reports are more in the form of checklists and sight/ sound records, 

at the most accompanied by morphometric annotations of early collections and 

don't have any bearing on ecosystem/ habitat based ecological approach. 

Further, most of these studies except for the one under publication by Lainer 

were from forest belts rather than encompassing low lying areas and wetlands of 

coastal plains. Thus information on the wetland birds and their ecology in the 

coastal state of Goa is extremely scanty and sketchy, mostly in the form of 

compilations like Asian midwinter waterfowl census and outline information in the 

directory of Indian wetlands (Gramopadhye and Gowthaman, 1993; Sardesai et 

al, 1995). Not only was the Asian midwinter fowl census unable to proceed as 

planned, but also many of the compilers and participants themselves were 

skeptic about the plans, modalities and outcome (Menon, 1990). 

Short duration studies as of today in the form of preliminary reports 

(Whiteker, 1991; Heblekar and Shanbhag 1992), midwinter water fowl census 

(Hussain, 1990), naturalist's and tourism promoters checklists (Wagh, 1989; 

Harris, 1992,1996) highlighted the importance of one of the major wetlands of the 

state, the Carambolim Lake, as an abode of reasonably good number of 
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migratory birds besides resident species. Unfortunately a mega railway project - 

Konkan Railway, as per the original plan was to bisect the lake along it's course. 

But timely intervention and stiff resistance by bird watchers, nature lovers, 

environmentalists and NGOs resulted in the realignment of the railway track 

along the western edge of the lake. The non-existence of systematic and 

scientific information on the lake ecology and biodiversity was not only an 

impediment in the settlement of dispute between the environmentalists and 

railway authorities, but also would have continued to be the handicap towards the 

assessment of post-implementation impact of the project on the lake in general 

and avifauna in particular. Though by the time I could take up the work, the track 

alignment was already in progress, truly going by the phrase 'better late than 

never' it was considered to be a prudent exercise to study all round limnological 

profile of the lake along with the detailed information on the avifauna utilising the 

fleeing moments before the trains started rolling, to serve as baseline data for 

comparison and also to continue the studies thereafter to gauge immediate 

impact of the developmental project, if any. 

Since the advent of modern civilisation, ever increasing population, 

unabated industrialisation, callous negligence towards pollution, increased 

human greed has led to gross misuse of valuable resources of water, particularly 

freshwater. Unfortunately, it took large scale calamities such as Minamata 

tragedy of Japan, and acid rain of north America/ Canada, to generate an 

awakening about the vital need for checking pollution, reclaiming of derelict 

waters, and conservation/ judicious utilisation of water resources. In view of all 

this, considerable attention is being paid towards the study of inland waters by 

scientists, technologists and engineers alike (Patil and Gouder, 1981). As Goa is 

a small state with an ever increasing floating population owing to revenue 
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generating tourism, unescapable mining, infrastructural development projects 

such as road/ rail network, and expeditious urbanisation has been taking a heavy 

toll of smaller freshwater bodies along with the adjoining wetlands. Under the 

circumstances the words of Einstein, " We can't solve the problems of today with 

the same level of thinking as we had when we created them", are all the more 

relevant. Therefore, not only hands-off protection of resources, but also proactive 

management is the need of the hour. This is feasible only when elaborate 

contextual information is readily available. 

In this background, it was decided to conduct a detailed limnological 

analysis of 3 freshwater bodies namely Pilar Lake (PL), Carambolim Lake (CL) 

and Santa Monica Lake (SML) from the southern part of Tiswadi taluka of Goa. 

The study, being first of it's kind in the region on such an extensive scale, was 

expected to lay the foundation, pave way, and stimulate studies of similar nature 

in future. It was also hoped that the study would throw light on the fishery 

potential of these lakes, initiating the process of judicious exploitation of these 

water bodies towards pisciculture, at least on an extensive plane. A clear picture 

was anticipated to emerge on culmination of the study on the biology of 

associated wetland birds, facilitating ecotourism, one of the lifelines of state's 

revenue. The study was also expected to help find an answer as to whether there 

was any impact of an immediate nature on the migratory/ resident bird fauna 

owing to rail alignment and traffic by the edge of CL. 

Why one more limnological study? And why these 3 water bodies only? 

1) All the water bodies, small or large are supposed to be highly individualistic 

habitats. And hence the flora and fauna are usually known to vary widely and 

often unpredictably between the water bodies even within the same geographical 

area (Friday, 1987). 2) All the 3 lakes chosen for the study were located in 
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central Goa within --distance from Goa University, our headquarters, and hence 

readily accessible for intensive studies at regular intervals.3) Though they were 

close to one another, within a radius of 3 km they differed widely among 

themselves in many respects providing built in natural experimental set up for 

comparison. PL a natural permanent water body, smallest of the 3 with a surface 

area of just 3.34 ha.was the smallest of the three. CL and SML were man made 

lakes, the former being the largest and semi-permanent one with 40 ha of water 

spread while the later a permanent one with an intermediate size of 8.85 ha. 4) A 

multinational industry, the Novartis India Ltd (formerly Hindustan Ciba Geigy Ltd) 

within whose premises SML, one of the lakes chosen for the study was located 

came forward to lend laboratory space and support which came in handy as field 

station for on the spot analytical work whenever needed. 

The comparative limnological study from a holistic perspective, thus 

carried out with special reference to life of water fowl, centered around five major 

arenas- physicochemical properties of water, plankton and planktonic primary 

productivity, sediment and the benthos, macrophytes and fishes and the 

waterfowl have been presented in the form of five separate chapters to follow. 



STUDY AREA 



1 0 

Goa is the smallest state of the Indian union lying along the West Coast. 

It is located between latitudes 15 °48'33"N and 14°53'54"N longitudes 74 °20'13"E 

and 73°40'33"E situated at 1,022 m above sea level. The three lakes chosen for 

the present limnological studies are Pilar lake (PL), Carambolim lake (CL) and 

Santa Monica lake (SML). These are located close to one another in Tiswadi 

Taluka of Corlim district in north Goa, 12-16 kms away from the capital city 

Panaji. Of these, PL is located at 73°54'N and 15°27'E. CL at 73°55'N and 

15°30'E and SML at 73°57'N and 15°31'E. A distance of 3 km separates PL and 

CL while SML lies 1 km away from Carambolim lake (Map: 0.1). 

PL, the smallest of three lakes is a natural water body spread over an 

area of 3.34 ha (Fig: 0.1). It is flanked by a road on its north and east. On its 

southern and western sides Pilar village is situated in the immediate 

neighborhood. On the northeast corner of the lake the village road joins another 

main road passing through Carambolim and Neura village connecting the two 

highways NH 17 and NH 4A (Map: 0.2).Towards the northwest corner of the lake, 

lies the village crematorium (Fig: 0.2). A small agricultural plot (area=100*20m) in 

its north encroaching into the lake is used for growing vegetables during summer 

exposure. The lake water is used mainly by the villagers for various purposes like 

washing of clothes, cattle, vehicles and irrigation of agricultural plots located in 

the immediate vicinity. The lake also serves as a dumping ground for post 

cremation remnants like ash and bones. During summer, the exposed and 

completely dry eastern edge is used as an amusement park/recreation ground by 

children and village folk. 

CL is a unique man-made minor irrigation tank. It is the largest of all the 

three lakes under study spread over an area of 70 ha. of which central 40 ha. is 

chiefly water laden and surrounded by grassland (Fig: 0.3). As shown in map 0.3 
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the top southern embankment serves as the approach road linking Carambolim 

village with neighboring Pilar. The railway route on the western edge of the lake 

cuts an area of about 1 ha while an agricultural plot of about 150 * 30 m 2  area 

encroaches into the lake along the eastern edge (Fig: 0.4). The lake besides 

serving the purpose of minor irrigation is largely used as a dumping ground for 

waste, for making religious offerings, bathing the cattle and also as sanitation 

ground. 

SML is a permanent man-made wetland situated inside the industrial 

premises of Novartis India Ltd (Map .: 0.4). On the southern edge of the lake lies 

the NH 4A and the Cumbarjua canal on its north. The lake, spread over an area 

of 8.85 ha. gets divided into two unequal parts a larger A in the east and a 

smaller B in the west, by an approach road to the industry, running in northsouth 

direction and linking the NH4A. Lake A (Fig: 0.5) with the surface area of 7.34 ha. 

and lake B (Fig: 0.6) with a surface area of 1.50 ha. are connected to each other 

trough two culverts beneath the approach road. 

Water Regime 

Contour maps indicating the bathymetric profile of the lakebeds PL, CL 

and SML are presented in Map 0.5, 0.6 and 0.7 respectively. While seasonal 

variations in the volume of water in the lakes through different seasons are 

presented in table: 0.1 and its monthly variations are presented in Graph: 0.1. 

At PL, the bed being bow shaped, retains most of its water in the central 

region. Monsoonal precipitation and surface run off are the only sources of water 

to the lake. Maximum depth of the lake was up to 1.70 m in the eastern end. 

Maximum volume of water in the lake was recorded during August being upto 

10,30,61.28 m3  while it was minimum during June being 230,457.64 m 3 . The 
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lake was full during mid monsoon and post-monsoon, The water column which 

receded continuously through winter and summer reached the lowest ebb during 

late summer/early monsoon. 

The lake bed at CL is more or less uniformly flat except for the deeper 

region more towards the southern end of the lake in the vicinity of sluice gates 

(Fig: 0.7), where in the depth was 2.75 m. The major source of water to this lake 

is surface run-off directed towards it through culverts situated beneath the railway 

tracks on the western edge. The sluice gates in the southern region are manually 

operated. The sluice gates are closed by mid July or early August thereby 

flooding the lake upto 20,34,211.12 m3  by end of August. The regular water flow 

irrigates the Rabi crop of paddy in the lower reaches grown during winter period 

(Fig: 0.8 and 0.9). The maximum volume of water attained by end of August 

remains within higher limit till post monsoon and starts depleting precipitously 

through winter and reaches the lowest limit by late summer. Unlike PL, at CL, the 

volume of water during summer/early monsoon is minimum, only in the form of a 

zigzag watercourse running diagonally across the lake. Harvesting of the 

naturally grown fish in the lake is initaited during depletion of the water column 

due to irrigational use, which culminate with the dtawdown of the lake water by 

late summer. This provides the additional revenue to the village commune called 

'Communidade'. 

The topography of SML is not very uniform as it has a number of small 

islands and mud embankments/bunds that get exposed by late summer retaining 

pools of water in deeper depressions of the lake. Like other two water bodies, the 

source of water for SML is also precipitation/ surface run-off. Metallic sluice gates 

adopted in eastern dam regulate the volume of the water (Fig: 0.10), if it is 

unusually in excess during monsoon. At the top of the sluice gates series of 
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outlets take care of routine overflow during the season. Water flow in SML is 

strictly unidirectional; through narrow outlet opening into the Cumbarjua canal. To 

control the excessive loss of water by surface evaporation from the lake, the 

managemerit regularly practices addition of Cythyl alcohol especially during 

summer. For this purpose a chain of P.V.0 barrels containing the chemical are 

placed on a thermocol base serving as a float spread across the lake (Fig: 0.11) 

from which the chemical seeps at slow pace forming a thin film on the surface of 

water. 

During the year 1996 maximum depth of the lake was 2.50 m. following 

desiltation in the lake carried out during summer season of second year the 

depth further increased by a meter. The volume of the water is maximum during 

monsoon, which starts reducing from post monsoon onwards reaching lower limit 

by winter and summer. 

Weather 

Like any subtropical region, in Goa also, seasons are strongly 

influenced by heavy rainfall due to southwest monsoon predominantly during 

J1 ine to September. Therefore generally the seasons are thus categorised in 

relation to monsoon as pre-monsoon, monsoon and post-monsoon. However, in 

the present study, as the emphasis was on bird fauna, sizeable population of 

which was constituted by winter visitors, the post monsoon period was 

differentiated into post monsoon and winter for the sake of convenience. The pre-

monsoon season is the warmest period of the year and experiences occasional 

showers towards the end of May. The annual atmospheric temperature for the 

state shows two peaks one in October, when the warmest conditions exist and 

second peak is during May, the hottest month of the year. On an average the 
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summer temperature fluctuates between 24.00°C to 32.00°C.The southwest 

monsoon extending from June to September receives most of its rainfall with an 

average of 3000 m. The average relative humidity may range upto 80 %. And 

average wind speed varied upto about 13 Km/Hr blowing westerly during 

monsoons, easterly during summer and north easterly during winter. The post-

monsoon period extending from October to November show temperature range 

between 21.00°C to 32.20°C. Seasonal variations in climatological parameters 

during the present study as obtained from the Indian Meteorological Department, 

Goa Observatory Panaji, Goa is provided in table: 0.2 along with its monthly 

variations in Graph: 0.2. 

Temperature: 

Maximum atmospheric temperature during the present investigation 

varied between 29.00°C in July to 34.00°C in May. During the year 1997 it was 

highest during summer followed by that of post-monsoon, winter and was lowest 

during monsoon. During the year 1998 it was highest during post-monsoon 

followed by that of summer and winter and was lowest during monsoon. 

Minimum atmospheric temperature varied between 18.90°C to 27.90°C. 

Sunshine Hours: 

Total mean sunshine hours varied from 4.40 hours in June to 7.78 hours 

in March. Maximum sunshine hours were during summer followed by winter post-

monsoon and were lowest during monsoon. 

Rainfall: 

Rainfall during study period varied from 000.10 mm in March 1997 to 

1210.50 mm in July 1997. The monsoonal precipitation very often extends in to 

post-monsoon period some time encroaching in to early winter. During the year 
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1996 the rainfall went up to October while during the year 1997 it continued up to 

December. 

Relative Humidity: 

Mean humidity during the study ranged from 71.00 % in May 1997 to 

92.00 % in August in 1997. It was highest during monsoon and lowest during 

summer. 

Wind Speed: 

Mean wind speed during study period varied from 1.00 Km/Hr in 

February in 1997 to 15.09 Km/Hr in July 1997. Like humidity the wind speed was 

maximum during monsoon but minimum during post monsoon. 

Vegetation 

The northern embankment of PL supported thick vegetation mainly of 

Anacardium occidentale, Mangifera indica and Cocus nucifera followed by few 

shrubs of Calotropis and Zizyphus. The vegetation was flanked by a narrow strip 

of grazing area. The lake harboured extensively the hydrophytes like Portulaca 

oleracea, Nymphea stellata, Nelumbo sp. Utricularia aurea, Hydrilla verticillata 

and Trapa natans. The eastern edge of the lake being rocky and barren the 

Department of forest has planted Peltophorum ferrugineum and Polyalthia sp. 

along this edge, under afforestation program. 

Carambolim lake along with its grazing marsh land is surrounded by lush 

green growth of vegetation. It is enclosed by embankment on all the four sides. 

The north-east embankment supports rich plantation of Cocus nucifera, Tectona 

grandis, Anacardium occidentale, Mangifera indica and Artocarpus integrifolia. 

On the western edge of the lake the forest department has planted thick stand of 

Acacia auriculiformes. A mat of luxuriant grass surrounding Nymphea bed covers 
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the marshland.The quantum of aquatic vegetation varies depending on the 

degree of flooding of the lake. The lake when flooded supports diverse 

macrophytic vegetation such as Nymphea stellata, Nymphoides cristata, N. 

indica, Utrictilaria aurea, Hydrilla verticillata, and Oryza rufipogon. During 

summer the lake gradually turns into a dry grassland with seasonal die-out of 

rooted and submerged macrophytes. The surrounding lateritic soil supports 

several variety of grasses namely Dactyloctenium aegyptium, Eleuine indica, 

Echinochloa colonum, Panicum psilopodium, Sacciolepis interrupta, Cyperus sp. 

and herbs like, Altemanthra tenela, Emilia sonchifolia, Asteraceae sp., Sesbania 

sp. etc. 

In SML, the sector A supports relatively less dense vegetation. Northern 

end supports Coconut plantation and eastern edge is with wild trees like 

Tamarindus, Tremma orientalis, Ficus racemosa, Bougainvillaea spectabilis and 

Mangifera indica. The southern bank is skirted with patches of Polygonum 

glabrum in the littoral zone and Acacia auriculiformes all along the road. The 

western edge running along the main approach road is also lined by plantation of 

Polyalthia longifolia. 

Lake B in its the south-west region is mainly surrounded by dense forest 

represented by tall wild and cultivated trees such as of Tectona grnadis, Bridelia 

spinosa, B.stipularis, Boerhavia diffusa, Bombax ceiba, Zizyphus sp, Peltophorun 

ferrugineum, Ficus racemosa, Alstonia grandis, Dalbergia sympthatica along with 

climbers namely 1pomea quamoclit, I. Maxima I. Obscura, Merrimia vitifolia, 

Mucuna sp, Trichosanthus cucumeria etc. The lake is mainly encompased with a 

belt of Polygonum glabrum on all sides. The eastern bank along the approach 

road also supports wild herbs and grasses like Cynotis cristata, Cyperus and 

Wedilia trilobata besides a avenue trees of Polyalthia longifolia plantation. 
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Seasonal variations in Volume of Lake water in m 3  at Pilar, 
Carambolim and Santa Monica Lakes from 

March 1996 to May 1998  

YEAR / 
SEASONS 

PILAR 
LAKE 

CARAMBOLIM 
LAKE 

SANTA MONICA 
LAKE 

1996 Mean ±S.E (max,min) Mean ±S.E (max,min) Mean ±S.E (max,min) 

SUMMER 57010.95 ± 32954.30 437001.09 ± 252601.78 33886.66 ± 19587.67 
(52416.42,63232.00) (20172.06,919360.81) (11050.00,57460.00) 

MONSOON 88550.99 ± 44275.50 1416421.57 ± 708210.79 177463.00 ± 88731.50 
(49616.00,102843.81) (5228.02,1945766.72) (44200.00,221884.00) 

POST- 102503.26 ± 72697.34 1945766.72 ± 1379976.39 168623.00 ± 119590.80 
MONSOON (102503.26) (1945766.72) (146302.00,190944.00) 

WINTER 87907.50 ± 50813.58 1738309.50 ± 1004803.17 53629.33 ± 30999.61 
(77732.55,98348.92) (1621114.53,1857899.54) (110058.00,33150.00) 

1997 
SUMMER 58242.61 ± 33666.25 371529.52 ± 214756.95 57312.66 ± 33128.71 

(54415.00,70341.11) (34593.60,890621.08) (5304.00,65858.00) 

MONSOON 81596.97 ± 40798.48 1509502.31 ± 454751.15 262769.00 ± 131384.50 
(31616.00,103061.28) (5256.75,2034211.12) (130832.00,306748.00) 

POST- 102705.13 ± 72840.51 2034211.12 ± 1442702.92 234260.00 ± 166141.80 
MONSON (102705.13) (2034211.12) (216580.00,251940.00) 

WINTER 87443.99 ± 50545.66 1826301.81 ± 1055665.80 133189.33 ± 76988.05 
(70142.33,102705.13) (1611245.33,2034211.12) (94588.00,171054.00) 

1998 
SUMMER 55104.01 ± 31852.02 870186.90 ± 502998.21 47588.66 ± 27507.90 

(40836.02,65456.14) (9546.50,1536853.21) (26962.00,69836.00) 



Table:0.2 

Weather changes in Goa from March 
1996 to May 1998  

Year / 
Seasons 

Mean 
Maximum 
atmospheric 
temperature 
(°C) 

Mean 
Minimum 
atmospheric 
temperature 
CC) 

Mean 
Sunshine 
(Hrs) 

Actual 
Rainfall 
(mm) 

Mean 
Relative 
Humidity 
(%) 

Mean Wind 
Speed 
(km/Hr) 

1996 Mean ±S.E 
(max,min) 

Mean ±S.E 
(max,min) 

Mean ±S.E 
(max,min) 

Mean ±S.E 
(max,min) 

Mean ±S.E 
(max,min) 

Mean ±S.E 
(max,min) 

SUMMER 33.00 ± 0.17 25.20 ± 0.58 9.53 ± 0.25 0.43 ± 0.22 78.00 ± 2.52 10.00 ± 0.58 
(32.7,33.33) (24.20,26.20) (8.78,9.78) (0.00,0.70) (75.00,83.00) (9.00,11.00) 

MONSOON 29.85 ± 0.53 32.83 ± 0.29 4.53 ± 0.83 661.32 ± 249.73 89.50 ± 1.50 11.00 ± 1.41 
(29.00,31.20) (24.30,25.50) (2.61,5.93) (131.90,1131.80) (85.00,91.00) (7.00,13.00) 

POST- 
31.80 ± 1.10 22.75 ± 0.45 7.96 ± 1.17 114.95 ± 108.87 82.50 ± 2.51 8.00 ± 1.00 

MONSOON (30.70,32.90) (22.30,23.30) (6.80,9.13) (6.40,223.50) (80.00,85.00) (7.00,9.00) 

WINTER 31.73 ± 0.34 19.90 ± 0.58 9.30 ± 0.29 4.00 ± 2.21 78.66 ± 1.20 8.10 ± 2.69 
(31.30,32.40) (18.90,20.90) (9.90,9.45) (4.40,7.60) (78.00,81.00) (8.00,8.30) 

1997 
SUMMER 33.13 ± 0.47 24.60 ± 0.69 9.53 ± 0.47 0.03 ± 0.03 75.66 ± 4.18 9.47 ± 0.65 

(32.40,34.00) (23.70,26.00) (9.23,9.66) (0.00,0.10) (71.00,84.00) (8.25,10.45) 

MONSOON 30.17 ± 0.63 24.62 ± 0.17 4.71 ± 1.08 794.92 ± 256.37 89.00 ± 1.29 12.15 ± 1.63 
(28.90,31.30) (24.20,25.00) (2.78,7.31) (57.60,1210.50) (86.00,92.00) (7.63,15.09) 

POST- 
33.35 ± 0.35 24.50 ± 0.15 8.19 ± 0.43 54.70 ± 3.41 85.00 ± 0.00 8.00 + 0.00 

MONSOON (33.00,33.70) (24,40,24.70) (7.77,8.62) (51.30,58.10) (83.00,84.00) (8.00) 

WINTER 32.16 ± 0.20 21.60 ± 0.59 9.39 ± 0.44 23.36 ± 23.39 83.12 ± 1.16 8.41 ± 0.30 
(22.70,32.50) (20.70,22.70) (8.66,10.18) (0.00,70.10) (81.00,85.00) (8.00,9.00) 

1998  

SUMMER 33.45 ± 0.20 25.63 ± 1.46 9.21 ± 0.17 22.80 ± 22.83 79.66 ± 2.67 8.60 ± 0.50 
(22.70,32.50) (22.90,27.90) (8.94,9.54) (0.00,68.40) (77.00,85.00) (7.80,9.53) 



Graph 0.1 : Monthly variations in the volume of lake water at PL, CL and SML 
from January 1996 to June 1998. 

Graph 0.2 : Fluctuations in the climatological parameters at monthly intervals 
from January, 1996 to June, 1998. 
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Map 0.1: The outline map of Tiswadi taluka of Goa indicating the location of 
Three lakes, Pilar (PL), Carambolim (CL) and Santa Monica Lake 
(SML) in relation to the Konkan railway track and the two major rivers of 
the state. 
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Map 0.4 : Site map of SML along with the location of Santa Monica Plant within 
industrial premises of Novartis lnddia Ltd. The location of National 
Highway 4 A and bank of Cumbarjua canal linking the 2 major rivers of 
the state, Mandovi and Zuari can be seen. 
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Fig 0.1 : The birds eye view of PL in completely flooded state with the 3 sampling 
stations (P1 to P3) indicated. 

Fig 0.2 : Village crematorium by the edge of PL, which is supposed to be one of 
the major sources of excessive PO 4  getting in to the lake in the form of 
post-cremation remnants washed down through monsoon torrents. 



Fig: 0.1 

Fig:0.2 



. Fig 0.3 : The view of CL in the flooded state from southeastern side. The railway 
station and the embankment serving as the base for railway track can 
be seen in the background. Two (C1 to C2) of the 5 sampling stations 
lying on the western and northeastern side are indicated. 

Fig 0.4 : Eastern bank of the CL. Reclamation and encroachment in the form of 
vegetable garden in the fore ground and the approach road linking 
Carambolim and Pilar villages in the back ground can be seen. Three 
(C3 to C5) of the 5 sampling stations lying on southern, southeastern 
and northeastern sides of the lake are also indicated. 
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Fig 0.5 : The view of the larger eastern sector, A of SML with 3 (S1 to S3) of the 
total 5 sampling stations indicated. In the foreground rich stand of 
Polygonum glabrum can be seen. 

Fig 0.6 : The view of the smaller western sector, B of SML with the 3 (S4 to S6) 
sampling stations indicated. In the foreground the rich stand of 
Polygonum glabrum can be seen. 
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Fig 0.7 : The only sluice gate at CL on its southeastern side, which is used for 
regulating the water supply for irrigating the paddy fields and also for 
final draw down of water during late summer. 

Fig 0.8 : The main canal supplying the water from the CL to the paddy fields in 
the lower reaches of the lake. 



' 



Fig 0.9 : The paddy saplings raised for rabi crop and the fields being readied for 
transplantation, in the lower reaches of CL, being irrigated by the water 
from the lake. 

Fig 0.10 : The dam in the northeast of SML reinforced with steel sheets. The 
series of outlets on its upper portion meant for outflow of excess water 
likely to flow in to the lake during monsoon can also be seen. 
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Fig 0.11 : Chain of P.V.C. barrels containing cythyl alcohol kept afloat to provide 
a thin film facilitating prevention of excessive loss of water through 
surface evaporation at SML.. 
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Chapter I 

PHYSICO-CHEMICAL 
PROPERTIES OF WATER 
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INTRODUCTION 

Water as a medium plays significant role in maintaining the integrity of the 

entire ecosystem by the internal balance of its physical and chemical 

characteristics (Reid and Wood, 1976). This in turn decides its ability to support 

life forms, patterns of aquatic biota as well as its primary and secondary 

productivity (Gosselink and Turner, 1978 and Mittal et a/., 1990). Therefore a 

host of interacting physical and chemical characteristics in the form of 

hydrological factors contribute to the trophic structure of water bodies, their total 

biomass and aquatic food web (Hutchinson, 1957 and Wetzel, 1975). 

The hydrogen ion concentration (pH) of water is considered to be the 

reflection of many chemical and biological processes that take place in natural 

waters. The change in pH is known to primarily indicate the metabolic change in 

CO2-0O3-HCO3  content of water (Sreenivasan,1970) which in turn reflects the 

extent of phytoplankton production and photosynthetic activity (Hutchinson,1975 

and Kerkes et al., 1990). Acidic conditions are known to greatly influence the 

biotic population by increasing the extinction rate, thereby lowering species 

richness (Magnuson,1976; Townsend et a1.1983 and Parker et al., 1992). 

Therefore, Minns (1989) was of the belief that pH can be used as an index of 

production influencing habitat diversity. 

Conductivity of the water is known to indicate dissolved and suspended 

organic matter which provides large pool of energy for the organisms that utilise 

these components (Sepers,1977). Hence conductivity has been used as the 

index of nutrient status of the water body which significantly affects macrophytic 

distribution (Crowder et al., 1970). Therefore, classification of water quality 

proposed by Rawson (1960) based on ionic concentration of waters measured as 
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electrical conductivity is of high practical value. According to this classification, 

waters with conductivity values more than 200 prnhos are considered eutrophic. 

Briggs et al., (1985) reported a close correlation between conductivity and 

chlorides. A similar strong relation between organic pollution and chloride levels 

has also been shown (Klein, 1957). Munawar (1970) believed that chloride levels 

can be used as effective indices of pollution of animal origin, which has been 

further substantiated by Trivedi and Gurudeep Raj (1992). 

The total alkalinity of the water is predominantly due to Ca ++  and Mg ++ 

 ions (George 1966). The high levels of calcium have been considered to be the 

signs of eutrophic state of water bodies (Sahai and Sinha, 1969). The total 

alkalinity in the range of 40mg /L has been ascribed to be the separating line 

between soft and hard waters (Moyle, 1946). Like calcium levels, the total 

alkalinity as a whole is also supposed to indicate extent of production (Mathew, 

1975). 

Dissolved oxygen, is an indirect measure of photosynthesis in surface 

waters (Devraj et al., 1988). This is supposed to be an important tool to assess 

the water quality (McManus et aI.,1996) and the physico-chemical processes 

influencing the distribution of zooplankton (Winslewski and Blezki, 1989) and 

fishes (Wickins, 1981). Another gas, the free CO 2  of the water, has been 

observed to be inversely proportional to DO (Michael,1968). The changes in free 

CO2  contents of the water body are known to indicate the nature of biological 

activities taking place in it (Sondergaard and SandJenson, 1978). 

The nutrients such as total nitrogen and phosphorus are the two 

important limiting factors which play vital role in overall production of aquatic 

organisms (Odum, 1975 and Wetzel, 1990). Phosphates play a key role in the 

eutrophication processes in the water bodies (Shapiro, 1973). Appreciable 
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quantities of nitrates in the surface waters have been regarded as warning of 

sewage contamination (Hutchinson, 1975). Though there is no general 

consensus, most of the studies indicate that nitrogen deficiency is the 

characteristic feature of tropical waters (Khan and Chowdhury,1994; 

Sreenivasan, 1974 and Jana, 1979). Holmgren (1984) demonstrated that 

enrichment of waters by nitrogen and phosphorus increased phytoplankton 

production by 50-60 times in Scandinavian lakes. 

The sharp changes in the atmospheric temperatures and day light hours 

through the seasons in the temperate regions are known to bring about the 

characteristic changes in the physico-chemical parameters and in turn the biotic 

configuration of the lakes of the region. Whereas in the tropics and subtropics, as 

fluctuation in afore said weather parameters are within narrow ranges, the rainfall 

and associated changes such as surface runoffs, increased water volume etc. 

are considered to be pivotal factors bringing about overall changes in the water 

bodies. 

The concise information in the ongoing paragraphs is a clear indication 

that the physico-chemical parameters as a whole portray the general health of 

the water body, its productivity status, pollution, if any, its extent and nature. 

Hence, their analysis becomes a prerequisite and an integral part of serious 

limnological study of any water body. Therefore, the physical parameters such as 

ambient and water temperatures, turbidity, pH, conductivity and chemical 

parameters such as dissolved oxygen, free carbon dioxide,' chlorides, total 

alkalinity, biological oxygen demand, total organic carbon, total hardness, 

phosphate phosphorus, nitrate nitrogen and ammonical nitrogen of water were 

estimated at monthly intervals for a period of two and a half years for the three 

lakes under study- PL, CL and SML. 
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MATERIALS & METHODS 

A) Sampling stations: 

The size of the lake, accessibility to the location and compartmentation 

of the lake if any was taken into account while deciding the sampling stations for 

collecting samples of water for assessing physico-chemical parameters, 

planktonic densities, sediment samples and analysis of macrovegetation. 

As PL is the smallest of the lakes studied, samples were collected from 

three locations P1, P2 and P3. A station each was located on the northeastern, 

southern and western side of the lake as shown in fig: 0.1. Samples at CL were 

collected from five stations C1, C2, C3, C4 and C5 being on the northeastern, 

eastern, southeastern, western and northwestern sides of the lake as shown in 

Fig: 0.3 & 0.4. As SML had distinct compartment A and B the samples were 

collected from three sampling stations from each compartment. The sampling 

stations S1, S2 and S3 were located on the northern, southern and western side 

of sector A as shown in Fig: 0.5 while remaining three stations S4, S5 and S6 

were located on the northwestern, southern and eastern side of the sector B as 

shown in Fig: 0.6 

B) Sampling: 

Water samples were collected from pre-determined sampling stations in 

all the three water bodies at monthly intervals. Sampling was carried out during 

morning hours (8:00 — 10:00 a.m.) on two consecutive days. Water samples were 

collected from sub-surface level into one liter plastic bottles for estimation of 

various physico-chemical parameters following standard methods (Trivedy et al., 

1987; APHA,1989). Temperature (ambient and water) and dissolved oxygen 
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were assessed and fixed in the field itself while other parameters were analysed 

later in the laboratory. 

Physico-chemical Analysis of water: 

1) Temperature: Surface water temperatures and immediate ambient 

temperatures on the field was recorded with the help of mercury thermometer 

that measured changes to a level of 0.1 °C. 

2) Hydrogen ion concentration (pH): The pH of the water was recorded using 

pH meter of Systronic make. 

3) Conductivity: It was recorded with the help of conductivity bridge and the 

value was expressed as p.mho. 

4) Turbidity: Turbidity was measured using a Nephelo-Turbidity meter 

(Systronic make) and results were expressed as nephelometric turbidity unit's 

(N.T.U). 

5) Free CO 2  (FCO2): It was estimated with the help of phenolphthalein as an 

indicatOr and titrating against standard alkali (0.05 N NaOH) solution. To 50 ml of 

water sample, two drops of above indicator were added. Solution remained 

colourless which indicated the presence of free CO 2  in the sample. Then it was 

titrated against the alkali. End point was determined by the appearance of light 

pink colour. Calculations were made as follows; 

FCO2  (mg/L) = (ml * N) of NaOH *1000 *44 

ml of sample 

6) Dissolved oxygen (DO): It was estimated by the Winkler's volumetric method 

with azide modification. The sample was collected in BOD bottle without bubbling 

and was fixed with 2 ml of alkaline iodide. The resultant brown precipitate was 

dissolved by the addition of 2 ml of conc: H 2SO4  and 50 ml of the above solution 
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was titrated against 0.025 N Na 2S2O3  using starch as an indicator. DO was 

calculated using following formula: 

DO 2  (mg/L) = 8 * 1000 * N *  

V 2 

Where, V 1  = Volume of titrant 

V 2 = Volume of sample titrated 

N = Normality of Na2S2O3  

7) Chloride (CI): It was estimated by argentotitrimetric method, using 50 ml of 

water sample, 2 ml Potassium chromate as indicator and AgNO 3  as titrant. The 

contents were titrated against 0.02 N AgNO 3  untill a persistent brick red colour 

appeared. Calculations were made as follows, 

Chloride (mg/L) = (ml * N) of AgNO 3* 1000 *35.5  

ml of sample 

8) Total alkalinity: It was determined by titrating 50 ml of sample with a strong 

acid (0.02 N H 2SO4). The contents were titrated till the pink colour disappeared or 

they reached a pH of 8.3. Volume of titrant used was noted (A). Further 2-3 drops 

of methyl orange were added and titration was continued till orange colour 

chnged to pink or the contents reached pH 4.5. Volume of titrant used was 

again noted (B). Based on the readings, phenolphthalein alkalinity (P) and Methyl 

orange alkalinity (M) and total alkalinity were calculated as follows, 

P alkalinity = A * 1000 / ml sample 

M alkalinty = B * 1000 / ml sample 

Total alkalinity (mg/L) as CaCO 3  = (A + B) * 50000 

ml sample 

9) Biological Oxygen Demand (BOD): Biological oxygen demand was 

calculated by incubating the water sample & so also a blank in BOD bottles of 
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300m1 capacity. Incubation was carried out in BOD incubator for 3 days at 27 °C. 

This was followed by estimation of DO described earlier. 

Prior to incubation the water samples were diluted in the ratio of 1:5 with 

dilution water. The dilution water was prepared by adding 2 ml of artificial 

nutrients in the form of FeCl 2 , MgSO3 , CaCl2  and PO 4  buffer per liter seeded with 

2-3 drops of raw sludge. The blank was prepared with plain distill water. BOD 

was calculated as per the formula shown, 

BOD (mg/L) = Blank DO — Sample DO * 1000 

Volume of sample/L 

10) Total Organic Carbon (TOC): TOC was calculated by deducting the 

inorganic carbon (IC) content from the total carbon (TC) content. i.e. 

TOC in mg/L = TC — IC. 

Total carbon (TC): Total carbon content was analysed using Total organic 

carbon Analyser (TOC analyser — 5000 A model, Germany). A standard solution 

of potassium hydrogen phthalate (26 i_LL) was injected thrice into the analyzer at 

range 5. The analyzer accordingly automatically plotted an area and calculated 

standard deviation & coefficient of covariance against the three standard values 

by taking the average of three standard readings. This was followed by injection 

of a clear filtered sample. Amount of carbon getting oxidized to CO 2  through 

combustion was measured by the infra red rays (Infra red analyzer) indicating the 

carbon content of the sample. 

Inorganic carbon (IC): IC content was also analyzed using TOC analyzer in 

similar way like TC but using a standard solution (33 pt) comprising Na 2CO 3  and 

NaOH. 
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11) Total Hardness (T.H): It was determined by using EDTA complexometric 

titration method with Eriochrome black —T as indicator. To 50 ml of sample half a 

tablet of Eriochrome black —T was added. To it 1 ml of ammonia buffer was 

added followed by 1 ml of NaOH (2 N),which developed wine red colour. The 

above solution was then titrated with EDTA (0.01 M) till the end point was 

reached by development of blue colour. Calculations were made as follows; 

T.H (mg/L) = ml of titrant * 1000  

ml of sample 

12) Calcium hardness (Ca.H): To 50 ml of sample 1 ml of NaOH ( 2 N) and a 

pinch of Eriochrome black —T were added. The sample was titrated with EDTA 

(0.01 M) till pink colour changed to purple. The calculations were done as under, 

Ca.H (mg/L) = ml of titrant * 1000  

ml of sample 

13) Total solids (T.S): T.S content was analysed by gravimetric method. Well 

mixed 100 ml sample was taken in a 150 ml beaker of known weight. The 

contents were evaporated to dryness at 100°C. After complete dryness the 

beaker was cooled in a dessicator and weighed for final weight. T.S was 

estimated as per the formula shown below, 

T.S (mg/L) = Initial wt of beaker — final wt of beaker  * 1000 

ml of sample 

14) Phosphate- Phosphorus (PO4-P): It was estimated spectrophotmetrically. 

To 50 ml of filtered water sample 2 ml of ammonium molybdate reagent was 

added followed by 5 drops of SnCl 2  solution. Blue colour developed was then 

subjected to absorbance at 690 nm using distill water as a blank. The values 

were compared with standard curve and expressed as mg/L. 
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15) Nitrate-Nitrogen (NO 3 -N)_ This was determined by phenol di-sulphonic acid 

method spectrophotometrically. Water sample of 50 ml was filtered and heated to 

dryness. To this 2 ml of phenol di-sulphonic acid was added and the final volume 

was made to 50 ml with distill water. Further addition of 10 ml of potassium 

hydroxide developed yellow colour. The reading was taken at 410 nm on a 

spectrophotometer with distill water as blank. The values were compared with 

standard curve and expressed as mg/L. 

16)Ammonical nitrogen (NH4-N): It was estimated using Nessler's reagent. To 

50 ml filtered sample 1 drop of EDTA was added followed by 2 ml of nessler's 

reagent which gave yellow colour to the sample. The colour was measured at 

410 nm on a spectrophotometer with distill water as blank. The values were 

compared with standard curve and expressed as mg/L. 

B) Statistical Analysis: 

All the data were generally provided as mean and standard errors. The 

standard errors were calculated by using the formulae given below, 

Mean =  I,x  
N 

S.D = 	(x —X' ) 
N — 1 

S.E = S.D 
.N/ N 

All the variables were log transformed to meet the assumptions of 

parametric tests. The linear relationships between the two variables were 

assessed by calculating simple bivariate correlation coefficients r as per the 

formula shown below: 
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r = 	N Exy - (ix) (EY) 

' {N yx2 - (Ex 2)} {NEy2  — (V)} 

Correlation coefficients were tested for their significance using 't' test 

t= r  -qn —2 
4142  

't' values in the probability range P<0.05 were considered significant, while those 

in the range of P<0.01 were considered as highly significant. 

One-Way ANOVA (F Test): 

Whenever the group sample size was 5 or more, variance between different 

parameters was assessed by applying one way analysis of variance. 

Kruskall-Wallis (H-test) test: 

Whenever group sample size was less than 5 this test was conducted to assess 

as to whether the variations in different parameters through the seasons were 

statistically significant. 

The statistical analysis was carried out using SPSS (version 6.1.3 for 

windows) Package. 
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RESULTS 

Monthly averages of all the physical and chemical parameters of water 

at PL, CLand SML on biannual basis are provided in table:1.1. Their seasonal 

variations of water at PL, CL and SML are presented in table 1.2,1.3 and 1.4 

respectively. While the correlation matrices among the various parameters are 

presented in tables: 1.5,1.6 and 1.7. 

Ambient temperature: (Graph:1.1). 

At PL, the ambient temperature was highest in June (32.00°C) while it 

was lowest during December (22.00°C). Seasonally, the temperature was 

maximum during monsoon (28.95 °C - 29.30°C) followed by summer (27.60°C & 

29.80°C), post-monsoon (24.80°C -26.65°C) and was lowest during winter 

(22.43°C-25.83°C). Seasonal variation in ambient temperature was statistically 

significant (H=8.23,P<0.05). Ambient temperature correlated positively with 

rainfall (r=0.49,P<0.01), wind speed (r=0.62,P<0.01) and negatively with 

sunshine hours (r= -0.53,P<0.01). 

At CL, also it was maximum during June (35.30°C) and minimum during 

December (24.00°C). The higher temperature during monsoon (30.02°C - 

30.62°C) were followed by those of summer (28.40°C & 28.83°C), post-monsoon 

(25.65°C - 27.60°C) and winter (24.30°C-25.10°C). Seasonal variation in ambient 

temperature was statistically significant during both the years (H=8.05, 8.72, 

P<0.05). Ambient temperature correlated positively with rainfall (r=0.65,P<0.01), 

wind speed (r=0.79,P<0.01) and correlated negatively with sunshine hours (r= - 

0.57,P<0.05). 

At SML, it was highest during June (31.50°C) and lowest during January 

(24.80°C) instead of December as at PL and CL Seasonally it showed similar 
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picture as PL and CL. It was maximum during summer (29.45°C -29.83°C) 

followed by that of monsoon (29.35 °C & 29.45 °C), post-monsoon (24.80 °C — 

28.65 °C) and minimum during winter (23.90 °C -24.70°C). Seasonal variation in 

ambient temperature was statistically significant during the year 1997 

(H=8.14,P<0.05).•lt correlated positively with rainfall (r=0.37,P<0.01), wind speed 

(r=0.60,P<0.01) and negatively with sunshine hours (r= -0.42,P<0.05), 

Average ambient temperature at PL (27.00 °C), CL (28.00 °C) and SML 

(27.90 °C) were ranged very close to one another throughout the study period. 

Water temperature: (Graph:1.1). 

In PL, the water temperature was highest during June (34.00°C) and 

lowest during January (24.00°C). Season wise, the temperature was recorded to 

be the maximum during monsoon (30.40°C - 31.05°C) followed by that of 

summer (30.06°C & 31.20°C), post-monsoon (27.30°C —29.95°C) and was least 

during winter (24.20°C — 27.23°C). Water temperature correlated positively with 

rainfall (r=0.49,P<0.01), wind speed (r=0.62,P<0.01) and minimum mean 

temperature (r=0.45,P<0.01) and negatively with sunshine hours (r= - 

0.48,P<0.05). 

The water temperature profiles at CL and SML were exactly similar to 

that at PL. In CL, it was recorded to be maximum during June (38.60°C) and 

minimum during January (24.00 °C). Season wise, it was high during monsoon 

(31.07°C -33.05°C) followed by that of summer (28.73°C & 30.60°C), post-

monsoon (29.30°C — 30.30°C) and least during winter (26.10°C - 27.36°C). 

In SML also it was highest during June (32.00 °C) and lowest during 

January (24.80°C). Season wise, it was maximum during summer (28.06°C & 

31.54°C) followed by that of monsoon (29.25 °C — 31.12 °C), post-monsoon 
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(29.00 °C — 29.40 °C) and was minimum during winter (25.66 °C — 26.76 °C). 

Water temperature correlated positively with rainfall (r=0.37,P<0.01) and 

negatively with sunshine hours (r= -0.42,P<0.05). 

Overall the mean water temperature at PL (29.00 °C), CL (29.80 °C) and 

SML (29.7 0 °C) did not show any significant difference during the study. 

pH: (Graph:1.2). 

The waters at PL were all through mildly acidic, pH being highest during 

June (6.90) and lowest in May (5.50). Seasonally, it was high during monsoon 

(6.17 - 7.30) followed by that of winter (6.00), post-monsoon (5.85) and being 

least in summer (5.53 & 5.73). It correlated positively with rainfall (r=0.64,P<0.01) 

and negatively with maximum mean temperature (r= - 0.57,P<0.01). 

In CL, pH recorded was maximum in August (6.80) and minimum in 

March (5.00). Season wise it was high during monsoon (6.35 — 6.60) followed by 

that of post-monsoon (6.34 — 6.50), winter (6.30 — 6.46) and was minimum during 

summer (5.53 & 5.66). 

In SML, pH was highest in the month of October (7.10) and lowest 

during that of May (5.90). Season wise during the year 1996 it was maximum 

during post-monsoon (6.95) followed by that during winter (6.80). During 1996 

the order was opposite, as it was high during winter (6.93) followed by at of post-

monsoon (6.85). The peak values were followed by those of monsoon (6.65 — 

6.57) and were least during summer (6.13 & 6.33). It correlated negatively with 

minimum mean temperature (r= -0.63,P<0.01). 

Mean pH value in PL (6.13), CL (6.20) and SML (6.60) were mildly 

acidic throughout the study. 
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Conductivity: (Graph:1.3). 

In PL, conductivity was highest in June (298.00 pmho) and lowest in 

October (42.60 pmho). Season wise, it was recorded maximum during summer 

(181.46 pmho & 207.00 pmho) and minimum during post-monsoon (49.65 pmho 

-57.65pmho). During the year 1996 summer peak values were followed by those 

of winter (81.43 pmho) and monsoon (76.65 pmho). Unlike this during the year 

1997 the order was reversed wherein the summer values were followed by those 

of monsoon (131.47) and winter (81.50). The conductivity was correlated with 

minimum mean temperature (r=0.43,P<0.05) and maximum mean temperature 

(r= 0.41,P<0.01). 

In CL conductivity was highest in May (1893.30 pmho) and lowest in 

October (114.60 pmho). Season wise, it was recorded to be maximum during 

summer (696.80 pmho & 813.73 pmho) followed by those of monsoon (295.57 

pmho —351.87 pmho), winter (196.33 pmho — 200.53 pmho) and was minimum 

during post-monsoon (126.50 pmho-135.10 pmho). It correlated with minimum 

mean temperature (r= 0.58,P<0.01). 

In SML, conductivity was highest in May (298.30 pmho) and lowest in 

August (78.60 pmho). Season wise, it was recorded maximum during summer 

(222.83 pmho & 232.96 pmho) and minimum during winter (128.00 pmho — 

138.70 pmho). During the year 1996, high summer values were followed by 

those of monsoon (104.20 pmho) and post-monsoon (99.75 pmho). During the 

year 1997, instead, the high summer values were followed by those of post-

monsoon (120.65 pmho) and monsoon (110.97 pmho). Conductivity showed 

significant seasonal difference during the year 1996 (H=7.67,P<0.05). It 

correlated positively with sunshine hours (r=0.48,P<0.01), minimum mean 

temperature (r=0.39,P<0.05) and maximum mean temperature (r=0.71,P<0.01). 
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On biannual basis mean conductivity of water in CL (373.59 pmho) was 

substantially higher than PL (113.11 pmho) and SML (145.46 pmho). 

Turbidity: (Graph:1.7). 

At PL turbidity was highest in June (27.60 N.T.U) and lowest in February 

(0.00 N.T.U). On seasonal basis, it was maximum during summer (18.63 N.T.0 & 

20.30 N.T.U) followed by that during monsoon (12.47 N.T.0 -12.97 N.T.U), 

winter (11.10 N.T.0 - 12.00 N.T.U) and was minimum during post-monsoon 

(10.60 N.T.0 - 11.45 N.T.U). 

Like PL, in CL turbidity was highest in June (72.00 N.T.U) but unlike at 

PL it was lowest in December (28.00 N.T.U). Seasonally it was maximum during 

summer (37.16 N.TU - 42.10 N.T.U) and minimum during post-monsoon (20.00 

N.T.0 - 26.99 N.T.U). During 1996, the summer peak values were followed by 

winter (35.96 N.T.U) and monsoon (34.64 N.T.U) while during 1997 the situation 

was reversed. They were higher during monsoon (35.40 N.T.U) and lower during 

winter (28.30 N.T.U). 

However in SML turbidity was highest in May (46.00 N.T.U) and lowest 

in January (7.70 N.T.U). Seasonally it was maximum during summer (27.96 

N.T.0 & 35.16 N.T.U) followed by that of monsoon (16.95 N.T.0 - 18.97 N.T.U), 

post-monsoon (14.65 N.T.0 - 15.10 N.T.U) and was minimum during winter 

(10.40 N.T.0 -12.60 N.T.U). During the year 1996 seasonal variations in turbidity 

were significant (H=7.57,P<0.05). 

On an average, turbidity was noticeably high in CL (33.89 N.T.U) than at 

SML (19.60 N.T.U) and PL (13.60 N.T.U). 
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Dissolved Oxygen: (Graph:1.4). 

In PL, DO was highest in August (8.00 mg/L) and lowest in November 

(1.40 mg/L). Season wise it was maximum during monsoon (5.02 mg/I —5.32 

mg/I) followed by that of summer (3.43 mg/L - 3.70 mg/L), winter (2.86 mg/L — 

3.00 mg/L) and was minimum during post-monsoon (2.60 mg/L - 3.00 mg/L). The 

DO content was negatively correlated with sunshine hours (r= -0.66,P<0.01) and 

maximum mean temperature (r= -0.57,P<0.01) while positively correlated with 

rainfall (r=0.57,P<0.01). 

In CL, DO was highest in July (8.50 mg/L) and lowest in December (1.05 

mg/L). Seasonally, it was maximum during monsoon (5.57 mg/L — 5.58 mg/L) 

and minimum during winter (3.11 mg/L — 2.13 mg/L). During the year 1996, the 

monsoonal high levels of DO were followed by those of summer (4.63 mg/L) and 

post-monsoon (4.14 mg/L). The situation reversed during 1997 where in 

monsoon values were followed by those of post-monsoon (3.80 mg/L) and 

summer (3.54 mg/L).The seasonal variation in DO were significant during the 

year 1997 (H=7.73,P<0.05). DO levels correlated positively with minimum mean 

temperature (r=0.39,P<0.05), rainfall (r=0.37,P<0.05) and wind speed 

(r=0.42,P<0.05) while negatively with sunshine hours (r= -0.66,P<0.01) and 

maximum mean temperature (r= 0.46,P<0.05). 

In SML, DO was highest in October (7.50 mg/L) and lowest in February 

(14.00 mg/L). Season wise, it was maximum during post-monsoon (6.32 mg/L — 

7.50 mg/L). During 1996 higher post-monsoon levels were followed by those of 

winter (6.11 mg/L), summer (5.86 mg/L) and monsoon (5.28 mg/L). But during 

1997 post-monsoon levels were followed by those of monsoon (6.45 mg/L), 

summer (5.63 mg/L) and winter (5.06 mg/I). 
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On the average basis DO was high in SML (6.01 mg/L) followed by CL 

(4.31 mg/L) and PL (3.78 mg/L). 

Free carbon-di-oxide: (Graph:1.4). 

In PL free CO2  was highest in May (48.00 mg/L) and lowest in 

November (7.04 mg/L). In terms of seasons, it was maximum during summer 

(25.66 mg/L & 34.76 mg/L) followed by that of winter (15.90 mg/L - 19.96 mg/L), 

monsoon (8.50 mg/L - 9.22 mg/L) and was minimum during post-monsoon (6.80 

mg/L - 8.17 mg/L). Free CO 2  significantly varied during different seasons 

(H=9.61, 8.79; P<0.05). It correlated negatively with rainfall (r= -0.63,P<0.01) and 

positively with maximum mean temperature (r =0.63,P<0.01). 

In CL, free CO2  was highest in April (30.00 mg/L) and lowest in June 

(3.50 mg/L). Season wise, it was maximum during summer (21.20 mg/L & 23.83 

mg/L) followed by those of post-monsoon (10.18 mg/L - 12.30 mg/L) and winter 

(8.05 mg/L - 9.46 mg/L). It was minimum during winter (8.05 mg/L-8.90 mg/L). It 

correlated positively with sunshine hours (r=0.42,P<0.01) and maximum mean 

temperature (r= 0.45,P<0.05) while negatively with rainfall (r= -0.60,P<0.01). 

In SML, free CO2 was highest in June (18.90 mg/L) and lowest in 

January (3.80 mg/L). On the basis of seasons, it was maximum during summer 

(11.06 mg/L & 12.23 mg/L) followed by those of monsoon (8.53 mg/L - 9.22 

mg/L), post-monsoon (6.70 mg/L - 7.02 mg/L) and was minimum during winter 

(5.73 mg/L). It correlated positively with minimum mean temperature 

(r=0.74,P<0.01). 

On average, Free CO2  levels at PL (16.65mg/L) and CL (14.45 mg/L) 

are almost in close ranges, while that at SML was considerably lower (8.51 

mg/L). 
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Chlorides: (Graph:1.3). 

In PL, highest chloride values were recorded in June (44.00 mg/L) and 

lowest values were recorded in September (8.5 mg/L). Season wise, they were 

maximum during summer (24.90 mg/L & 26.20 mg/L) followed by those of 

monsoon (18.00 mg/L- 18.30 mg/L), winter (17.76 mg/L - 18.92 mg/L) and were 

minimum during post-monsoon (17.20 mg/L-18.30 mg/L). Chloride contents at PL 

correlated positively with maximum mean temperature (r= 0.38,P<0.05). 

In CL, highest chloride values were recorded in May (265.00 mg/L) and 

lowest values were recorded in January (10.00 mg/L). Seasonally it was 

maximum during summer (85.36 mg/L &108.76 mg/L) followed by those of 

monsoon (30.29 mg/L - 42.26 mg/L), post-monsoon (17.48 Mg/ - 18.95 mg/L) 

and was minimum during winter (14.72 mg/L-19.26 mg/L). It correlated positively 

with minimum mean temperature (r=0.72, P<0.01). 

In SML, chloride content was highest in May (383.00 mg/L) and lowest 

in December (0.05 mg/L). On the basis of seasons it was maximum during 

summer (146.43 mg/L & 155.23 mg/L) followed by that of monsoon (83.36 mg/L 

- 113.75 mg/L), post-monsoon (36.29 mg/L - 41.80 mg/L) and was minimum 

during winter (27.06 mg/L-33.66 mg/L). The values varied significantly during 

both the years (H=8.37, 7.91; P<0.05). It correlated positively with minimum 

mean temperature (r=0.80, P<0.01) and negatively with sunshine hours (r= - 

0.38,P<0.05) and rainfall (r=0.39,P<0.01). 

On the basis of biannual average, the chloride levels were very high at 

SML (85.04 mg/L) being almost double than that at CL (43.03 mg/L) whereas the 

water at PL had least chloride content (20.35 mg/L). 
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Total alkalinity: (Graph:1.6). 

In PL, total alkalinity was recorded highest during May (250 mg/L) and 

lowest during June (175.00 mg/L). From seasonal point of view it was maximum 

during summer (169.00 mg/L & 205.53 mg/L) and minimum during monsoon 

(99.82 mg/L -103.32 mg/L). During 1996 higher summer levels were followed by 

those of post-monsoon (154.08 mg/L) and winter (146.63 mg/L). The order was 

reversed during 1997 where in summer values were followed by winter (151.53 

mg/L) and post-monsoon (145.00 mg/L). It correlated positively with sunshine 

hours (r=0.59,P<0.01). 

In CL, peak rise in total alkalinity was recorded in May (297.00 mg/L) 

and lowest during September (33.30 mg/L). On seasonal basis, it was maximum 

during summer (155.00 mg/L & 177.80 mg/L). During 1996 high summer values 

were followed by those of monsoon (155.00 mg/L), winter (155.00 mg/L) and was 

least during post-monsoon (106.30 mg/L). Unlike 1996 during 1997 summer 

values were followed by pmt-monsoon (138.30 mg/L), winter (103.00 mg/L) and 

was least during monsoon (83.30 mg/L) in a reverse order. It correlated positively 

with minimum mean temperature (r=0.50,P<0.01). 

In SML, total alkalinity was at its peak in June (397.30 mg/L) while it was 

at its ebb during December (22.60 mg/L). In terms of seasonal variations it was 

high during summer (205.10 mg/L & 294.20 mg/L) followed by that of monsoon 

(217.05 mg/L - 226.50 mg/L), winter (112.38 mg/L - 113.10 mg/L) and was 

lowest during post-monsoon (47.80 mg/L - 51.65 mg/L). 

On average total alkalinity was high in SML (184.96 mg/L), whereas that 

at PL (143.50 mg/L) and CL (122.03 mg/L) were in close range. 
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Biological oxygen Demand (BOD): (Graph:1.5). 

BOD values in PL were highest in May (16.00 mg/L) and were at the 

lowest in September (2.30 mg/L). Seasonally they were at their peak during 

summer (11.30 mg/L & 14.76 mg/L) followed by those of winter (5.53 mg/L - 6.10 

mg/L) and monsoon (4.72 mg/L - 5.00 mg/L). The least values were during post-

monsoon phase (3.25 mg/L-3.40 mg/L). BOD showed positive correlation with 

maximum mean temperature (r=0.62,P<0.01). 

In CL, BOD values were at their maximum in May (9.60 mg/L) and 

minimum in September (1.30 mg/L). Higher ranges in summer (6.03 mg/L & - 

8.00 mg/L) were followed by those of winter (3.76 mg/L - 4.10 mg/L) and post-

monsoon (3.1 mg/L - 3.3 mg/L) the least being during monsoon (2.40 mg/L - 

3.14mg/L). Seasonal variations were significant during the year 1997 

(H=9.03,P<0.05) and correlated with sunshine hours (r=0.58P<0.01) and 

maximum mean temperature (r=0.73,P<0.05). In PL and CL high BOD levels 

during summer rendered the water yellowish brown while yellow with onset of 

monsoon. 

In SML, BOD was at its maximum in April (7.20 mg/L) and minimum in 

November (1.30 mg/L). It was high during summer (5.46 mg/L & 6.62 mg/L) 

followed by that of monsoon (3.75 mg/L - 3.98 mg/L) and winter (2.66 mg/L - 

2.73 mg/L). BOD was least during post-monsoon (.30 mg/L - 2.10 mg/L). The 

Biological oxygen demand varied through seasons significantly during both the 

years 1996 and 1997(H=8.17, 8.76; P<0.05) and had positive correlation with 

minimum mean temperature (r=0.50,P<0.01). 

On biannual basis mean BOD was maximum in PL (6.92 mg/L) whereas 

it was almost in identical range at CL (4.38 mg/L) and SML (4.00 mg/L). 
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Total Organic Carbon (TOC): (Graph:1.7). 

In PL, highest level of TOC was recorded in May (33.50 mg/L) and 

lowest in November (11.00 mg/L). Seasonally, it was maximum during summer 

(18.90 mg/L & 22.03 mg/L) followed by those of monsoon (15.65 mg/L - 16.45 

mg/L), winter (14.46 mg/L -16.00 mg/L) and during post-monsoon (12.30 mg/L-

12.35 mg/L). 

In CL, the level of TOC was highest in May (35.70 mg/L) and lowest in 

October (3.90 mg/L). Seasonally, it was maximum during summer ranging 

between 23.07 mg/L - 31.70 mg/L, followed by that during winter (11.16 mg/L-

19.63 mg/L). These were followed by those of post-monsoon (8.65 mg/L) and 

monsoon (6.60 mg/L) during the year 1996, while during the succeeding year, 

the order was reverse i.e., monsoon (8.75 mg/L) and post-monsoon (5.10 mg/L). 

In SML, TOC content was recorded to be highest in June (46.80 mg/L) 

and lowest in November (5.50 mg/L). Seasonally, it was maximum during 

summer (15.70 mg/L -22.64 mg/L) followed by those of monsoon (16.09 mg/L - 

16.75 mg/L), winter (8.73 mg/L - 10.56 mg/L) and was minimum during post-

monsoon i.e. 5.40 mg/L - 6.78 mg/L. During 1996 variations in TOC were 

significant (H=7.60 P<0.05) and were correlated positively with rainfall 

(r=0.41,P<0.05). 

On an average, the TOC levels were within limits of one another ranging 

from 14.37 mg/L (CL & SML) to 16.24 mg/L (PL). 

Total hardness (T.H): (Graph:1.6). 

In PL, T.H was recorded high in May (33.00 mg/I) and low in August 

(5.20 mg/I). Seasonally, it was maximum during summer ranging from17.76 mg/L 
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to 20.70 mg/L followed by that during winter (16.90 mg/L- 17.76 mg/L), monsoon 

(13.05 mg/L-15.20 mg/L) and was minimum during post-monsoon (12.60 mg/L-

13.25 mg/L). 

In CL, T.H was high in April (65.30 mg/L) and low in July (11.50 mg/L). 

Seasonally, it was maximum during summer (44.26 mg/L & 61.00 mg/L) followed 

by winter (26.86 mg/L - 31.53 mg/L), monsoon (22.65 mg/L - 23.00 mg/L) and 

was minimum during post-monsoon (20.49 mg/L - 23.00 mg/L). Seasonal 

variations were statistically significant during the year 1996 (H=8.07,P<0.05). 

In SML, T.H was recorded high in May (82.00 mg/L) and low in 

December (16.50 mg/L). Seasonally it was maximum during summer (48.26 

mg/L & 71.66 mg/L) followed by that during monsoon ( 46.56 mg/L - 48.72 

mg/L), winter (34.7 mg/L - 39.83 mg/L) and was at its minimum during post-

monsoon (27.02 mg/L -31.00 mg/L). 

On the whole total hardness was maximum at SML (14.81 mg/L) while it 

was minimum at PL (16.63 mg/L). 

Calcium hardness (Ca.H): (Graph:1.6). 

In PL, level of Ca.H was high in February (15.00 mg/L) and lowest in 

September (3.60 mg/L). Seasonally, it was maximum during winter (9.96 mg/L-

11.70 mg/L), followed by that during summer (7.33 mg/L & 9.30 mg/L), monsoon 

(8.00 mg/L - 8.77 mg/L) and was minimum during post-monsoon (6.10 mg/L -

6.30 mg/L). It correlated positively with minimum mean temperature (r= 

0.40,P<0.05). 

In CL, levels of Ca.H was highest in April (53.00 mg/L) and lowest in 

September (6.30 mg/L). Seasonally, it was maximum during summer (27.76 

mg/L & 36.96 mg/L) followed by that during winter (16.10 mg/L - 19.63 mg/L), 
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post-monsoon (13.00 mg/L - 18.33 mg/L) and being minimum during monsoon 

(9.02 mg/L -11.89 mg/L). Seasonal variations were significant during both the 

years 1996 and 1997 (H=8.65, 8.75; P<0.05) and correlated positively with 

sunshine hours (r=0.51,P<0.01) and maximum mean temperature 

(r=0.61,P<0.05). 

In SML, Ca.H was highest in May (15.00 mg/L) and lowest in November 

(12.60 mg/L). Seasonally, it was maximum during summer (40.53 mg/L - 46.00 

mg/L) followed by that during monsoon (32.08 mg/L - 35.50 mg/L), winter (22.16 

mg/L- 28.98 mg/L) and was at its minimum during post-monsoon (14.30 mg/L-

17.30 mg/L). 

On biannual basis each was considerably higher at SML (30.20 mg/L) 

compared to that at CL (18.97 mg/L) and PL (10.00 mg/L). 

Total Solids (T.S): (Graph:1.7). 

In PL, T.S were recorded high in May (193.30 mg/I) and low in 

December (4.30 mg/L). Seasonally, the content was maximum during summer 

(134.06 mg/L & 169.56 mg/L) followed by that during monsoon (50.00 mg/L-

71.75 mg/L) and winter (36.06 mg/L - 38.46 mg/L) and was minimum during 

post-monsoon (14.00 mg/L-16.20 mg/L). 

In CL, the level of T.S was high in May (360.00 mg/L) and low in 

September (115.00 mg/L). Seasonally, it was maximum during summer ranging 

between 291.77 mg/L to 276.22 mg/L and was minimum during post-monsoon 

(108.30 mg/L - 113.60 mg/L). During the year 1996 high summer values were 

followed by those of monsoon (216.60 mg/I) and winter (205.73 mg/L) while 

during the year 1997-98 the case was reversed with winter values (239.30 mg/L) 
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were followed by those of monsoon (196.22 mg/L). Seasonal variations were 

significant during the year 1996 (H=7.67,P<0.05). • 

In SML, content of T.S was high in May (453.60 mg/L) and low in 

December (56.00 mg/L). Seasonally, it was maximum during summer ranging 

between 307.03 mg/L to 368.23 mg/L followed by that during monsoon (194.50 

mg/L - 286.70 mg/L) and winter (122.56 mg/L - 139.46 mg/L). It was minimum 

during post-monsoon (66.40 mg/L -77.50 mg/L). Seasonal variations were 

significant during both the years (H=7.83, 7.64; P<0.05). 

In general, T.S were also maximum in C.L (214.08 mg/L) followed by 

SML (208.20 mg/L) and PL (68.58 mg/L). 

Phosphate (PO 4): (Graph:1.8). 

In PL, PO4  content was high in September (7.80 mg/L) and low in 

December (1.83 mg/L). Seasonal basis, it was maximum during monsoon 

ranging between 5.70 mg/ L to 6.12 mg/L followed by that during summer (3.50 

mg/L - 4.34 mg/L) and winter (3.09 mg/L - 4.21 mg/L) and was minimum during 

post-monsoon period (2.35 mg/L -2.75 mg/L). 

In CL, PO4  level was high in May (8.40 mg/L) and low in October (0.00 

mg/L). From seasonal angle, it was maximum during summer (4.61 mg/L to 6.76 

mg/L) followed by that of winter (2.08 mg/L -2.13 mg/L) and monsoon (0.70 mg/L 

- 0.97 mg/L). During post-monsoon phase the level was minimum (0.035 mg/L - 

0.09 mg/L). The PO 4  content varied significantly through the seasons (H=8.14, 

8.83; P<0.05). 

In SML, PO4  value was highest in June (4.83 mg/L) and lowest in 

December (0.09 mg/L). Season wise, it was maximum during summer ranging 

between 3.43 mg/L to 3.46 mg/L followed by those of monsoon (3.32 mg/L - 3.37 
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mg/L) and post-monsoon (1.65 mg/L - 1.90 mg/L). The phosphate levels were 

minimum during winter (1.03 mg/L -1.40 mg/L). Seasonal variations were 

significant during both the years (H=8.18, 8.57;P<0.05) and were correlated 

positively with rainfall (r=0.38,P0.01) and negatively with sunshine hours (r= - 

0.48,P<0.01). 

On the whole the phosphate levels were high in PL (4.38 mg/L), while 

they were on par in SML (2.60 mg/L) and CL (2.00 mg/L). 

Nitrate (NO3): (Graph:1.9). 

In PL NO3  was high in May (3.50 mg/L) and low in October (0.02 mg/L). 

Seasonally, it was maximum during summer (3.06 mg/ L to 3.25 mg/L) and 

minimum during post-monsoon (0.01 mg/L - 0.025 mg/L). The summer peak was . 

followed by lesser levels of monsoon (1.52 mg/L) and winter (1.10 mg/L) during 

1996-97. The situation was interchanged during 1997-98, wherein the peak 

summer levels were succeeded by those of winter (1.20 mg/L) and monsoon 

(1.04 mg/L) in decreasing order. The variations were statistically significant 

during the year 1996 (H=7.95;P<0.05). 

In CL, NO3  level was high in May (3.40 mg/L) and low in July (0.02 

mg/L). Seasonally, it was maximum during summer ranging between 1.02 mg/L - 

2.20 mg/L followed by that of winter (0.10 mg/L - 0.50 mg/L), monsoon (0.08 

mg/L - 0.11 mg/L) and was minimum during post-monsoon (0.01 mg/L). 

In SML, NO3  content was high in May (4.95 mg/L) and low in December 

(0.01 mg/L). Seasonally it was maximum during summer (3.73 mg/L -4.43 mg/L) 

followed by that of monsoon (2.06 mg/L -2.32 mg/L), winter (1.17 mg/L - 1.90 

mg/L) and was minimum during post-monsoon phase (0.58 mg/L -0.65 mg/L). 
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The variations correlated positively with minimum mean temperature 

(r=0.37,P<0.05). 

On the average, NO3  content was high in SML (2.10 mg/L) followed by 

that at PL (1.31 mg/L). But it was considerably low at CL (0.38 mg/L). 

Ammonical nitrogen (NH4-N): (Graph:1.9) 

In PL, NH4-N was highest in May (21.00 mg/L) and lowest in November 

(0.06 mg/L). On seasonal consideration, it was maximum during summer ranging 

from 9.16 mg/L to 8.83 mg/L followed by that of monsoon (3.07 mg/L - 5.15 

mg/L), winter (1.50 mg/L - 2.02 mg/L) and was minimum during post-monsoon 

(0.73 mg/L-1.03 mg/L). Seasonal changes were significant during the year 

1996.(H=7.91;P<0.05). 

In CL, NH 4-N was highest in May (8.50 mg/L) and lowest in July (0.16 

mg/L). Season wise it was maximum during summer (4.73 mg/L to 6.51 mg/L) 

followed by that of post-monsoon (3.30 mg/L - 3.90 mg/L), winter (2.20 mg/L - 

2.86 mg/L) and was minimum during monsoon (1.27 mg/L -1.50 mg/L). During 

both the years ammonical nitrogen varied significantly through the seasons 

(H=9.22,8.66;P<0.05). 

In SML, NH4-N level was highest in June (4.80 mg/L) and lowest in 

December (0.00 mg/L). Seasonally, it was maximum during summer ranging 

between 3.73 mg/L to 3.93 mg/L followed by that of monsoon (3.17 mg/L - 3.32 

mg/L). During the year 1996 monsoon values were followed by those of post-

monsoon (1.85 mg/L) and winter (2.00 mg/L). While, they are followed by those 

of winter (1.43 mg/L) and post-monsoon (1.80 mg/L) during the year 1997. 

Seasonal variations were significant during the year1997 (H=8.91;P<0.05). It 
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correlated positively with rainfall (r=0.41,P<0.05) and minimum mean 

temperature (r=0.55,P<0.01). 

Biannually, levels of NH 4-N were maximum in PL (4.14 mg/L) followed 

by those at CL (3.18 mg/L) and SML (2.90 mg/L) in descending order. 

The physico-chemical parameters of water at PL and CL did not show 

any statistically significant differences amongst the three years of study on year 

to year basis. But SML unlike PL and CL showed. statistically significant 

difference with respect to water temperature (F=4.85,P<0.01) and dissolved 

oxygen (F=5.60,P<0.01) during the year 1997. 
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DISCUSSION 

The ambient temperatures at all the lake sites under study, though in 

subtropical belt, oscillated with a magnitude of about 12.00°C between winter low 

and summer high. Among the 3 sites, on the whole, the ambience at CL was 

warmer than the other two locations, at least by a degree or two. This could be 

because, the CL is a vast expanse without any tree in the middle or on the 

immediate banks, and hence exposed to the sun all through the day. On the 

other hand, the surroundings at SML are thickly vegetated by wild and planted 

trees, while PL is smallest of the 3 water bodies with an overhung canopy of the 

huge trees by the edge at least on two sides. The ambient temperature and 

temperature of surface waters showed a distinct seasonal cycle with a peak in 

late summer / early monsoon and an ebb during winter. The phenomenon may 

be attributed to the high solar radiation of summer and low sunshine hours of 

winter as opined earlier by Sharma and Datta Munshi (1995) in connection with 

their work on Kawar lake in Bihar. 

In all the 3 lakes, the water temperature closely followed the broad 

pattern of ambient temperature and almost always remained higher by a few 

degrees. In none of the water bodies under investigation, the deepest part was 

more than 3.50 meters and hence the observations are in consonance with such 

a phenomenon, characteristic of shallow water bodies (Efford, 1967; Munawar, 

1970). Goswami (1982) also had showed a similar close correlation between the 

seasonal cycle of ambient temperature and water temperature in shallow coastal 

zones based on his work on estuaries and backwaters of Goa. 

In general, pH of waters in all the three lakes were mildly acidic oscillating 

within a narrow band of 6 — 7. Only during late summer, pH of waters at PL and 
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CL dipped upto 5, while rarely, especially at PL it reached marginally alkaline 

limit of 7.9 during monsoon. The findings once again authenticated the principle 

conceptualized by pioneer limnologist, Hutchinson (1976) and confirmed later by 

Rump and Krist (1988) that, "every case where the water is neither very acidic 

nor very alkaline, it may justly be assumed that pH is regulated by carbon dioxide 

— bicarbonate — carbonate system". It is pertinent to note here that none of the 

water bodies, under study received any kind of severely acidic/alkaline industrial 

discharges or domestic sewage. Organic material from dead and decaying 

substances of plant origin are known to release humic and fulvic acids. These 

acids from autocthonous and allocthonous origin, and so also decreasing volume 

of water may be collectively contributing to the increased acidity in summer at CL 

as well as PL. Such a phenomenon is not obvious at SML as volume of water in 

the lake is scrupulously maintained by the industry within a reasonable limit by 

curtailing the utility during summer, and the lake appears to be relatively poor in 

submerged macrophytes. The water pH 6.10 to 6.63 is known to be most suitable 

for aquatic life (Trivedi and Gurdeep Raj, 1992). Therefore, all the 3 lakes 

appeared to be with great potential for rich aquatic biota, as the pH of water in 

them ranged between 6 and 7 during most part of the year. 

Electrical conductivity of waters is known to depend on concentration 

and dissociation of ions, as well as temperature (Sharma and Datta Munshi, 

1995). Therefore it is considered to be an indicator of dissolved and dissociated 

substances in water. The conductivity in all the water bodies under study showed 

a definite seasonality with peak values in summer/early monsoon. It fell steeply 

with monsoon precipitation and remained in that state all through post-monsoon 

and winter. At CL, by and large the conductivity remained moderately higher, but 

well within the range of other 2 lakes through most of the year, but the summer 
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peaks were unusually high being almost 7 times the maximum values at PL and 

SML. Unlike PL and SML, CL is a semi permanent water body, wherein the bulk 

water is released in late summer through widely open sluice gates. This 

invariably led to death and decay of aquatic vegetation and possibly animals, 

naturally enriching the nutrients in already depleted water column and in turn 

increasing the conductivity. Similar observations were made by Sharma and 

Datta Munshi (1995) at Kawar lake in Bihar. Rawson (1960) classified waters 

with conductivity values above 200 pmho as eutrophic. According to Crowder et 

a/., (1970) conductivity not only reflected the nutrient status but also signified the 

distribution of macrophytes. Of the 3 lakes under investigation, at PL and SML, 

except in summer, the conductivity crossed the limit prescribed by Rawson very 

rarely. But at CL more often through the year it crossed the earmark, being 

extremely high during summer. Therefore, going by the yardstick designed by 

Rawson and Crowder, CL topped the scale of eutrophication followed by PL and 

SML in that order. 

The organic waste is one of the main contributors for the chloride 

contents in freshwater bodies. Hence chlorides are known to increase with 

increased eutrophication. Therefore, Trivedi and Gurdeep Raj (1992) considered 

chloride contents as the index of pollution through fecal contamination. Williams 

(1966) and Briggs et at., (1985) noticed a close correlation between conductivity 

and chlorides and were of the belief that it is a common feature of wetlands. The 

chloride levels of CL and PL were almost the same through most of the year, but 

summer peak of their content at CL was relatively higher than that at PL. The 

organic waste arising out of extensive death and decay of macrophytes because 

of mass release of water, and defecation by the large herds of grazing cattle 

during late summer at CL unlike at PL might be responsible for the difference. At 



47 

SML, throughout the year the chloride levels were generally higher than the other 

two water bodies under study, and the rise during summer was greater than at 

CL. But, both the factors presumed to be instrumental for the chloride levels at 

CL cannot be true for that at SML, as it is insulated from the grazing cattle and 

holds relatively less submerged macrophytic vegetation. Therefore, for the higher 

levels of chlorides throughout the year and sharp peak in summer at SML, one 

plausible factor appears to be underground seepage of saltwater in the lake from 

the estuarine limits of the Banastari river in the proximity. It may be relevant to 

note here that once, SML was within the backwater limits of Banastari river 

having chloride levels ranging from 50 ppm in monsoon to 20,000 ppm during 

summer. Thus, selective combination of factors such as droppings of cattle and 

birds, depleting volume of water, degenerating aquatic vegetation and 

underground seepage of salt water might be responsible for changing chloride 

levels in the lakes under study. However they were within the W. H. 0. limits 

(Dhamija and Jain, 1995). 

The DO in water is built up due to diffusion from atmosphere and so also 

the photosynthetic activity of aquatic autotrophs. The loss of oxygen from water 

is primarily because of respiration of aquatic biota, decomposition and 

mineralization of organic matter, and diffusion to the atmosphere. The balance 

between these two sets of processes regulates the DO in water 

(Schowerbel,1991). Therefore, DO is considered to be an important tool for 

identifying the cause and effects of perturbations in aquatic environs (McManus 

et al., 1996). At CL and PL, the DO, which was in the lower ranges during post-

monsoon and winter started rising through summer and reached perceptible 

peaks during mid-monsoon. The peak levels of DO in them during monsoon 

could be primarily because of it's influx through rainwater as perceived by earlier 
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workers at Kapti lake of Bangladesh (Khan and Chowdhury, 1994) and at River 

Ganga (Saxana et al., 1996). Secondary source could be the stabilised 

photosynthetic activity of aquatic autotrophs, the macrophytes in particular. The 

rising levels of water during monsoon retarded the death and decay of 

vegetation, augmenting their growth and in turn the photosynthesis. The process 

must also have been facilitated by the allocthonous import of nutrients through 

surface runoff. According to Zajic (1971) photosynthesis of macrophytes led to 

greater oxygen saturation. The inferences drawn here are further strengthened 

by the positive correlation shown by DO with rainfall and the negative correlation 

with temperature as well as sunshine hours. Unlike at CL and PL, at SML the DO 

peaks were observed during summer and early winter, and the pattern was 

disturbed during the second year of study. It may be noted here that SML is poor 

in floating and submerged macrophytes. Hence, there was ample scope for 

increased growth of phytoplankton and their photosynthetic activity during the 

seasons under reference, unaccompanied by death and decay of macrophytes 

and hence the rise in DO. The cycle was grossly upset during second year of 

study, which may be because of excessive evacuation of water accompanied by 

extensive desiltation undertaken by the industry during the summer of the year. 

The respiration of aquatic biota and decomposition of organic matter are 

the two major processes responsible for the FCO 2  in water (Hutchinson,1957). 

FCO2  also acts as an important buffer system, influencing the concentration of 

carbonate and bicarbonate ions in the water. In the course of study, in all the 3 

lakes, increased levels of FCO 2  were recorded during the late summer and early 

monsoon. This is obvious in view of the observed death and putrefaction of biota 

in general and macrophytes in particular during the period, accelerated by 

increasing atmospheric temperature. The positive correlation of FCO 2  with 
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atmospheric temperature and negative correlation with rainfall obtained in the 

study substantiate the viewpoint. 

Several measures have been developed for assessment of the water 

quality and management of aquatic systems. One widely used measure of water 

quality, the BOD, represents the amount of oxygen required for microbial 

decomposition of organic matter in the water. The increased BOD and 

accompanied discolouration can also be considered as the symptom of pollution 

(Walden, 1981). Sharma and Durve (1990) used water clarity as an index of 

eutrophication. The BOD levels were uniformly high during summer in all the 3 

water bodies studied with a clearcut positive correlation with atmospheric 

temperature and sunshine hours. Besides, the waters of PL and CL were brown 

during summer and yellow during monsoon. In the background of no known 

pollutant loaded inflow in these water bodies, the observations can safely be 

considered as the indicators of eutrophication, particularly at PL and CL in 

accordance with Maitland's (1978) classification. The development of green 

colour at SML in summer can also be tell tale sign of eutrophication primarily 

owing to production of phytoplankton as reported by Saxena and Chauhan 

(1993) at Agra in River Yamuna. At this juncture, it may be relevant to take note 

of generalisation drawn by Sreenivasan (1970), that discolouration of waters 

observed in south India is the characteristic feature of tropical/subtropical waters. 

Total alkalinity, T.H and Ca.H showed almost identical seasonal profile 

in all the 3 lakes under investigation. All these parameters which were at their 

minimum during late monsoon and post-monsoon, started rising through winter, 

reached a peak in summer and declined through mid-monsoon. Alkalinity in 

freshwaters mainly refers to the composition of anions such as CO 3, HCO3  and 

OH (Trivedi and Gurdeep Raj, 1992). In the present study total alkalinity and T.H 
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showed statistically significant positive correlation with each other, as observed 

earlier by Varghese et al., (1992) and Kapoor (1993) elsewhere in the country. 

The total alkalinity in all the 3 lakes was positively correlated with chlorides and 

conductivity, but had negative correlation with DO and pH. Secondly, in all the 3 

water bodies alkalinity was noticeably higher than T. H. This amounts to indicate 

that basic salts of other elements such as that of Na must also be responsible for 

the alkalinity to a good degree in these waters. According to Spence (1964) 

alkalinity levels above 60 ppm are the signs of nutrient richness in the water 

bodies. Alkalinity level prescribed by W.H.O. is 120 mg/L. In this background the 

consistently higher alkalinity levels in all the lakes under study amount to their 

being categorised as eutrophic, and more so during summer. The negative 

correlation of alkalinity with pH and volume of water noted in the current study is 

in corroboration with similar earlier findings by Sharma and Datta Munshi (1995). 

Nitrates and Phosphates being the principal nutrients meant for the 

growth and reproduction of autotrophs, are considered as the good indicators 

signaling likely pollution and eutrophication. (Thresh et al., 1993). PO4  in all the 3 

lakes never exceeded the limit of 10 mg/L, thereby placing the water bodies in 

the oligo-mesotrophic category, according to classification proposed by 

Vollenweider, (1968). Summer high of PO 4  in CL and SML could be due to the 

decreased water volume and increased organic enrichment. This view is 

supported by the statistically significant positive correlation observed between 

the PO4  levels and the organic carbon in these lakes. Jana and Das (1995) 

arrived at similar conclusions in the course of their study in aquatic systems. 

Unlike at CL and SML, the waters of PL had lower PO 4  contents in summer and 

two peaks — one each during mid monsoon and mid winter. The lower levels 

during summer and bimodal seasonality of PO 4  content in PL needs a greater 
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insight. The PL is relatively a small natural water body without any major outlet. 

Thus, even during summer it retains good amount of water and submerged 

macrophytes, which must be drawing PO 4  continuously leading to their reduced 

levels. The crematorium, just by the edge of the lake seem to be a major source 

of PO 4  during monsoon, as the surface runoff is bound to wash down ash and 

remnants of cremated bodies, especially bones in to the lake. Surface runoff as 

noteworthy vehicle for enrichment of PO 4  in water bodies has been reported here 

before (Ganapati and Sreenivasan, 1968 and Campbell,1978). On the other hand 

excreta of the migratory birds in the small water body might be the factor 

responsible for higher PO 4  levels during winter. 

NO3  and NH4-N, which were in higher ranges in all 3 lakes during late 

summer, declined steadily by late monsoon or early winter. The observations 

were similar to those by Pathak (1979) and Scott et al. (1977), while contrary to 

that by and Rao and Govind (1964), wherein floods were considered to be 

instrumental for nitrogen enrichment. The seemingly contradictory findings may 

be having their answer in the fact that, the growing and recuperating enormous 

emergent and submerged macrophytic vegetation during monsoon and early 

winter at all the sites might be utilising the nutrients on a large scale keeping 

them under check in waters. It may be pertinent to take note of a wetland 

management experiment by Stachowicz et al. (1994), wherein nutrients were 

retained in water by mowing the macrophytes, thereby promoting the 

phytoplankton density. Nitrogen deficiency is considered to be the characteristic 

of tropical waters, and fluctuations in their concentration have been ascribed to 

changing volume of waters through seasons (Khan and Chowdhury, 1994). In 

accordance with the above view, in the present study also the nitrate levels were 

considerably low in all the lakes under investigation, being within 5mg/L. 



Table:1.1 

Biannual Monthly averages of various Physico-chemical 
Parameters of water at Pilar, Carambolim and Santa 

MonicaLakes during the year 1996-1997.  

S.NO: PARAMETERS FILAR 
LAKE 

CARAMBOLIM 
LAKE 

SANTA MONICA 
LAKE 

(Mean ± SE, max & min) (Mean ± SE, max & min) (Mean ± LE, max & min) 

1 Ambient 27.03 ± 0.50 28.07 ± 0.51 27.91 ± 0.46 
temperature ( °C) (22.00,31.30) (24.30,35.30) (21.80,31.30) 

2 Water 29.01 ± 0.48 29.83 ± 0.52 29.66 ± 0.34 
temperature( °C) (24.00, 32.30) (26.00,33.00) (26.00,32.33) 

3 pH 6.13 ± 0.14 6.19 ± 0.09 6.60 ± 0.06 
(5. 00,7.90) (5.10,6.60) (5.90,7.10) 

4 Conductivity 113.11 ± 14.54 373.59 ± 89.88 145.46 ± 10.90 
(umho) (51.00,292.70) (114.60,1863.30) (78.60,298.80) 

5 Turbidity (N.T.U) 13.61 ± 1.27 33.89 ± 1.91 19.15 ± 1.98 
(6.30, 27.60) (16.00,60.00) (7.70,38.50) 

6 Free carbon-di 3.78 ± 0.29 14.54 ± 1.52 8.51± 0.81 
oxide (FCO2) (1.40,7.10) (6.10,22.60) (3.80,18.90) 

7 Dissolved oxygen 3.78 ± 0.29 4.31 ± 0.33 6.01 ± 0.15 
(DO) (1.40,7.10) (1.05,7.36) (4.80,7.50) 

8 Chloride 20.35 ± 1.85 43.03 ± 11.49 85.04 ± 16.48 
(8.50,43.80) (10.00,257. 30) (22.10,322.60) 

9 Alkalinity 143.48 ± 1.30 122.03 ± 13.30 184.96 ± 21.68 
(10.60,48.70) (33.30, 226.40) (25.00,397.30) 

10 Biological oxygen 6.92 ± 0.87 4.38 ± 0.39 4.00 ± 0.36 
demand (BOD) (3.00,18.00) (1.30,9.60) (1.30,7.20) 

11 Total Organic 16.24 ± 0.88 14.38 ± 1.77 14.37 ± 1.48 
Carbon (TOC) (11.00,33.50) (3.90,35.70) (5.00,32.30) 

12 Calcium 10.00 ± 0.83 18.97 ± 2.02 30.18 ± 2.80 
hardness (Ca. H) (3.60,23.00) (6.30,40.30) (12.30,60.00) 

13 Total hardness 16.63 ± 1.17 32.29 ± 3.05 41.81 ± 
(T.H) (5.20,24.00) (11.90,75.10) (5.00,32.30) 

14 Total Solids (T.S) 68.58 ± 12.00 214.83 ± 14.16 208.18 ± 25.60 
(7.60,229.40) (96.60,317.66) (41.60,453.60) 

15 Phosphate (PO4) 4.38 ± 0.33 2.00 ± 0.36 2.60 ± 0.22 
(1.83, 7.80) (0.00, 5.60) (0.09,4.83) 

16 Nitrate (NO3) 1.31 ± 0.25 0.38 ± 0.10 2.07 ± 0.26 
(0.01,4.00) (0.00,1.83) (0.01,4.95) 

17 Ammonical 4.14 ± 0.92 3.18 ± 0.36 2.87 ± 0.19 
nitrogen (N H4 -N) (0.40,20.00) (0.20, 6.53) (1.00,4.80) 

Note: All measurements in mg/L unless stated. 



Table:1.2 

Seasonal variations in Physico-chemical parameters of Pilar 
Lake Water (January 1996 - June 1998) 

;.NO: PHYSICO- 
CHEMICAL 
PARAMETERS 

SUMMER 
(Mar-May) 

MONSOON 
(Jun-Sept) 

POST-MONSOON 
(Oct-Nov) 

(Mean .±S.E, min & max) (Mean *S.E, min & max) (Mean +S.E, min & max) 

1 Ambient 27.66 ± 1.73 29.30 ± 0.75 26.65 ± 0.34 
temperature ( ° C) (24.60,30. 60) (28.00,31.00) (26.30,27.00) 

2 Water 30.06 ± 0.89 31.05 ± 0.54 29.95 ± 1.34 
tem•erature ° C (28.60,31.60 (30.00,32.00 (28. 60, 31.30 

3 pH 5.73 ± 0.33 6.17 ± 0.17 5.85 ± 0.14 
(5.30, 6.40) (5.80, 6.60) (5.70, 6.00) 

t Conductivity (pirnho) 207.06 ± 47.26 76.55 ± 24.92 57.65 ± 6.66 
(118.30,279.30) (45.60,150.00) (51.00,64.30) 

5 Turbidity (N.T.U) 18.63 ± 4.22 12.97 ± 4.82 11.45 ± 1.85 
(10.30,24.00) (6.30,27.00) (9.60,13.30) 

5 Free carbon-di oxide 34.76 ± 7.26 8.50 ± 1.83 6.80 ± 0.1 . 7 
(23.00,48.00) (3.10,11.00) (6.70,7.04) 

7 Dissolved oxygen 3.43 ± 0.20 5.32 ± 0.91 3.00 ± 1.19 
(3. 10,3.80) (3.50, 7.10) (1 .80,4.20) 

3 Chloride 24.96 ± 4.05 18.00 ± 8.60 17.20 ± 0.01 
(16.80,29.10) (8.50,44.00) (10.40,24.00) 

) Alkalinity 205.53 ± 37.69 99.82 ± 26.87 154.80 ± 6.61 
(178.00,280.60) (66.00,180.00) (143.00,166.60) 

10 Biological oxygen 14.76 ± 2.30 4.72 ± 1.96 3.25 ± 1.71 
demand (10.30,18.00) (2.30,11 .00) (3.00,3.50) 

11 Total organic carbon 22.30 ± 5.74 15.65 ± 1.16 12.35 ± 0.29 
(15.70,33.50) (12.60,18.00) (11.80,12.90) 

12 Calcium hardness 8.66 ± 0.66 7.96 ± 1.57 6.30 ± 0.29 
(8.00, 10.00) (4.60,12.00) (6.00,6.60) 

13 Total hardness 20.70 ± 6.17 13.05 ± 3.73 12.60 ± 0.59 
(13.30,33.00) (8.20,23.00) (12.00,13.20) 

14 Total solids 134.06 ± 20.07 71.75 ± 31.55 14.00 ± 3.60 
(92.60,155.00) (22.00,163.00) (10.40,17.60) 

15 Phosphate 3.50 ± 0.35 5.70 ± 1.02 2.35 ± 0.34 
(3.00,4.20) (3.00,7. 80) (2.00,2.70) 

16 Nitrate 3.10 ± 0.45 1.52 ± 0.58 0.01 ±0.00 
(2.20,3.60) (0.00,2.30) (0.01) 

17 Ammonical nitrogen 8.83 ± 4.59 3.07 ± 0.78 0.73 ± 0.64 
(3.70,18.00) (1.70, 5.30) (0.06,1.40) 

Contd--- 



S.NO: PHYSICO- 
CHEMICAL 
PARAMETERS 

WINTER 
(Dec-Feb) 

. 

SUMMER 
(Mar-May) 

MONSOON 
(June-Sept) 

(Mean *S. E, min & max) (Mean ±S. E, min & max) (Mean *S. E, min & max) 

1 Ambient 22.43 ± 0.29 28.03 ± 0.88 28.95 ± 1.00 
temperature ( °C) (22.00,23.00) (27.00, 29. 80) (27.00,28.00) 

2 Water 24.20 ± 0.09 31.20 ± 0.95 30.40 ± 0.70 
temperature ( °C) (24.00,24. 30) (29. 30, 32.30) (29.00, 32.00) 

3 pH 6.00 ± 0.11 5.53 ± 0.29 7.30 ± 0.35 
(5. 80, 6.20) (5.10, 6.10) (6. 50,7.90) 

4 Conductivity (.1mho) 81.43 ± 1.94 180.30 ± 43.15 131.47 ± 58.86 
78.30,85.00) (95.30, 235.30) (44.00,293.00) 

5 Turbidity (N.T.U) 11.10 ± 3.15 19.16 ± 3.32 12.47 ± 5.05 
(7.00,17.30) (12.60,23.30) (6.60, 8.60) 

6 Free carbon-di 19.96 ± 0.06 30.16 ± 4.80 9.22 ± 1.57 
oxide (19.90,20.10) (23.00,39.30) (5.70,13.00) 

7 Dissolved oxygen 3.00 ± 0.34 3.50 ± 0.05 5.02 ± 1.11 
(2.40,3.60) (3.40, 3.60) (3.20,8.00) 

8 Chloride 17.76 ± 2.64 26.03 ± 5.02 18.92 ± 7.15 
(12.80, 21.80) (16.09, 32.20) (9. 30,40.00) 

9 Alkalinity 146.63 ± 19.56 182.20 ± 36.88 103.32 ± 28.50 
(116.60,183.30) (123.30, 250.00) (55.00,175.00) 

10 Biological oxygen 5.53 ± 0.39 11.30 ± 1.96 5.05 ± 2.00 
demand (5.00,6.30) (8.30,15.00) (2.60,11.00) 

11 Total organic carbon 14.46 ± 1.98 18.90 ± 2.80 16.45 ± 1.50 
( 12.00,18.40) 14.00,23.70 (13.00,19.00 ) 

12 Calcium hardness 9.96 ± 1.17 9.30 ± 0.66 8.77 ± 2.30 
(8.60,12.30) (8.00,10.00) (3.60,14.00) 

13 Total hardness 16.90 ± 0.90 18.66 ± 2.66 15.20 ± 4.75 
(15.20,18.31) (16.00,24.00) (7.80,21.00) 

14 Total solids 36.06 ± 17.08 169.56 ± 44.80 50.00 ± 17.20 
(7.60, 66.60) (82.00, 229.40) (22.00,100.00) 

15 Phosphate 4.09 ± 2.80 4.34 ± 0.46 6.12 ± 0.75 
(2. 80, 6.40) (3.43, 5.00) (4, 30,7.60) 

16 Nitrate 1.10 ± 12.97 3.25 ± 0.37 1.04 ± 0.62 
(0.10, 0.39) (3.00,4.00) (0.06, 2.60) 

17 Ammonical nitrogen 1.50 ± 0.10 9.16 ± 5.42 5.15 ± 1.40 
(1. 00, 2.30) (3.30,20.00) (3.10,9.00) 

Contd-- - 



S.NO: PHYSICO- 
CHEMICAL 
PARAMERTERS 

POST-MONSOON 
(Oct-Nov) 

WINTER 
(Dec-Feb) 

SUMMER 
(Mar-May) 

(Mean ±S.E, min & max) (Mean ±S.E, min & max) (Mean +S. E, min & max) 

1 Ambient 24.80 ± 0.80 25.83 ± 0.92 29.80 ± 2.24 
temperature ( °C) (24.00,25.60) (24.00,27.00) - (25.70,33.00) 

2 Water 27.30 ± 1.29 27.23 ± 0.67 31.16 ± 2.20 
temperature ( ° C) (26.00,28.60) (26.20,28.50) (27.00,34.50) 

3 pH 5.85 ± 0.85 5.93 ± 0.40 5.63 ± 0.18 
(5.00,6.70) (5.20,6.60) (5.40,6.00) 

4 Conductivity (umho) 49.65 ± 7.36 81.50 ± 6.33 181.46 ± 41.69 
(42.30, 57.00) (69.00, 89.50) (98.30,227. 30) 

5 Turbidity (N.T.U) 10.60 ± 0.00 12.00 ± 3.00 20.30 ± 4.11 
(10.60) (9.00,18.00) (12.10,25.00) 

6 Free carbon -di 8.17 ± 1.12 15.90 ± 2.34 25.66 ± 1.53 
oxide (7.04,9.30) (12.00,20.10) (23.20,28. 50) 

7 Dissolved oxygen 2.60 ± 1.19 2.86 ± 0.29 3.70 ± 0.29 
(1.40,3.80) (2.30,3.30) (3.10,4.00) 

8 Chloride 18.30 ± 5.31 22.43 ± 3.53 26.20 ± 3.80 
(13.00,26.00) (18.60,29. 50) (8.60,30.00) 

9 Alkalinity 145.00 ± 15.04 151.53 ± 14.25 169.00 ± 11.16 
(30.00,160.00) (136.60,18.00) (152.00,190.00) 

10 Biological oxygen 3.40 ± 0.19 6.10 ± 1.24 12.30 ± 1.95 
demand (3.20, 3.60) (4.00,8.30) (9.30,16.00) 

11 Total organic carbon 12.30 ± 1.29 16.00 ± 1.73 20.36 ± 2.15 
(11.00,13.60) (13.00,19.00) (17.60,24.60) 

12 Calcium hardness 6.10 ± 0.09 11.70 ± 2.82 7.33 ± 0.66 
(6. 00,6.20) f 6. 30, 15. 00) (6. 00,8.00) 

13 Total hardness 13.25 ± 0.64 17.76 ± 1.93 17.76 ± 1.35 
(12.60,13.90) (14.30,21.00) (15.30,20.00) 

14 Total solids 16.20 ± 1.60 38.46 ± 2.46 150.66 ± 46.94 
(14.60,17. 80) (8.10, 87.30) (96.00,244.00) 

15 Phosphate 2.75 ± 0.24 4.21 ± 1.23 3.70 ± 0.40 
(2. 50,3.00) (1.83,6.00) (3.20,4. 50) 

16 Nitrate 0.025 ± 0.01 1.20 ± 0.52 3.06 ± 0.21 
(0.02,0.03) (0.20,2.00) (2.80,3.50) 

17 Ammonical nitrogen 1.03 ± 0.63 2.02 ± 0.73 9.70 ± 5.65 
(0.40,1.66) (0.66, 3.20) (3.60,21.00) 

Note: All measurements in mg/L unless stated. 



Table:1.3 

Seasonal variations in Physico-chemical parameters of 
Carambolim Lake Water (January 1996 - June 1998)  

S.NO: PHYSICO- 
CHEMICAL 
PARAMETERS 

SUMMER 
(Mar-May) 

MONSOON 
(Jun-Sept) 

POST-MONSOON 
(Oct-Nov) 

(Mean ± LE, min & max) (Mean ± LE, min & max) (Mean ±S.E, min & max) 

1 Air temperature ( °C) 28.83 ± 1.47 30.62 ± 1.65 27.6 ± 0.00 
(26.60,31.60) (28.00,35.00) (27.60) 

2 Water 30.3 ± 1.25 33.05 ± 1.89 30.3 ± 1.65 
temperature( °C) (28.30,32.60) (30.00,39.00) (29.30,31.30) 

3 pH 5.53 ± 0.23 6.34 ± 0.11 6.35 ± 2.56 
(5.10,5.90) (6.00,6.50) (6.10,6.60) 

4 Conductivity (gmho) 770.53 ± 547.07 351.87 ± 108.54 126.5 ± 7.36 
(220.00,1863.00) (144.00,657.00) (126.00,127.00) 

5 Turbidity (N.T.U) 37.16 ± 37.16 34.64 ± 5.45 26.99 ± 0.36 
(36.00,38.00) (26.00,50.00) (19.33,34.66) 

6 Free carbon-di 21.2 ± 0.59 7.90 ± 1.85 10.18 ± 6.31 
oxide (20.70,22.60) (3.50,12.00) (2.70,17.66) 

7 Dissolved oxygen 4.63 ± 0.35 5.57 ± 0.94 4.14 ± 1.77 
(4.10,5.30) (2.90,7.36) (2.46,5.83) 

8 Chloride 85.36 ± 63.92 30.29 ± 8.32 17.48 ± 3.76 
(18.30,213.00) (14.30,50.00) (17.04,17.93) 

9 Alkalinity 155.13+/-46.10 115.00+/-2.41 106.3+/-54.58 
(69.00,226.40) (23.00,34.00) (46.60,166.00) 

10 Biological oxygen 8.00 ± 0.99 3.15 ± 0.74 3.30 ± 1.07 
demand (6.20,9.60) (2.00,5.30) (3.00,3.60) 

11 Total organic carbon 23.07 ± 3.65 6.60 ± 1.38 8.65 ± 3.84 
. (18.48,30.27) (4.20,11.00) (5.23,12.08) 

12 Calcium hardness 36.96 ± 2.53 11.89 ± 2.70 18.33 ± 6.44 
(32.00,40.30) (6.60,19.00) (17.33,19.33) 

13 Total hardness 61.00 ± 9.64 22.65 ± 4.45 20.49 ± 6.94 
(42.60,75.10) (13.00,34.00) (17.33,23.60) 

14 Total solids 291.20 ± 34.92 216.50 ± 44.39 113.6 ± 29.80 
(250.00,360.00) (115.00,295.00) (100.60,126.60) 

15 Phosphate 5.10 ± 0.32 0.70 ± 0.38 0.09 ± 0.12 
(4.50,5.60) (0.01,1.51) (0.08,0.10) 

16 Nitrate 1.02 ± 0.44 0.11 ± 0.09 0.01 ± 0.04 
(0.34,1.83) (0.00,1.40) (0.0,0.02) 

17 Ammonical nitrogen 6.51 ± 1.16 1.50 ± 0.52 3.3 ± 1.15 
(4.50,8.50) (0.16,2.70) (3.00,3.60) 

Contd--- 



S.No: PHYSICO- 
CHEMICAL 
PARAMETERS 

POST-MONSOON 
(Oct-Nov) 

WINTER 
(Dec-Feb) 

SUMMER 
(Mar-May) 

(Mean I SE, min & max) (Mean ± SE, min & max) (Mean ± SE, min & max) 

1 Air temperature ( °C) 25.65 ± 1.35 25.1 ± 0.67 28.53 ± 0.27 
(24.30,27.00) (24.00,26.30) 	. (28.00,28.80) 

2 Water 29.3 ± 1.71 27.36 ± 0.42 28.73 ± 0.37 
temperature( °C) (27. 60, 31.00) (26.90,28.20) (28.00,29.20) 

3 pH 6.50 ± 0.10 6.46 ± 0.17 5.66 ± 0.41 
(6.40, 6.60) (6.00,6.80) (5.00, 6.40) 

4 Conductivity (pirnho) 135.1 ± 20.56 196.33 ± 20.10 696.8 ± 369.03 
(114.60,155.60) (157.00,223.00) (284.70,1432.30) 

5 Turbidity (N.T.U) 20.80 ± 4.81 28.03 ± 2.51 49.36 ± 4.03 
(16.00,25.60) (23.70,32.40) (42.10,56.00) 

6 Free carbon-di oxide 12.30 ± 3.01 9.46 ± 2.95 23.83 ± 3.40 
(9. 30,15. 30) (3. 60,12. 80) (18. 30,30.00) 

7 Dissolved oxygen 3.80 ± 0.10 2.13 ± 0.41 2.90 ± 0.21 
(3.70,9.90) (2.00, 2.90) (2.50, 3.20) 

8 Chloride 18.95 ± 0.35 19.26 ± 0.64 108.76 ± 78.22 
(18.60,19.30) (18.00,20.00) (28.90,265.00) 

9 Alkalinity 138.30 ±51.85 103.33 ± 53.41 177.80 ± 61.37 
(86.60,190.00) (48.00,210.00) (91.60,296.40) 

10 Biological oxygen 3.10 ± 0.50 4.10 ± 0.21 7.30 ± 1.18 
demand (3.60,3. 80) (3. 80, 4.50) (5.00, 8.90) 

11 Total organic carbon 5.10 ± 1.20 11.16 ± 2.49 26.16 ± 3.50 
(3.90,6. 30) (7. 00,15.60) (20. 00, 32.10) 

12 Calcium hardness 13.00 ± 2.01 16.10 ± 1.60 27.76 ± 12.64 
(11.00,15.00) 	- (13.00,18.30) (16.10,53.00) 

13 Total hardness 23.00 ± 2.01 26.86 ± 3.68 44.26 ± 15.34 
(21.00,25.00) (20.30, 33.00) (23.00, 74.00) 

14 Total solids 108.30 ± 11.73 239.30 ± 47.37 276.22 ± 35.79 
(96.60,120.00) (145.00, 293.00) (218.00, 341.26) 

15 Phosphate 0.035 ± 0.04 2.13 ± 0.98 6.76 ± 0.83 
(0.00, 0.07) (0.20, 3.40) (5.70, 8.40) 

16 Nitrate 0.01 ± 0.01 0.10 ± 0.68 2.20 ± 0.79 
(0.00,0.02) (0.00, 0.20) (0.70,3.40) 

17 Ammonical nitrogen 3.90 ± 0.65 2.2 ± 0.61 5.23 ± 0.66 
(3.30,4.65) (1.20,3.30) 	14.10,6.40) 

Note: All measurements in mg/L unless stated. 



Table:1.4 

Seasonal variations in Physico-chemical parameters of Santa 
Monica Lake Water (January 1996 - June 1998)  

S.NO: PHYSICO- 
CHEMICAL 
PARAMETERS 

SUMMER 
(Mar-May) 

MONSOON 
(Jun-Sept) 

POST-MONSOON 
(Oct-Nov) 

(Mean ±S.E, min & max) (Mean ±S.E, min & max) (Mean ±S.E, min & max) 

1 Ambient 29.45 ± 0.93 29.35 ± 0.60 28.65 ± 1.85 
temperature ( °C) (28.5,31.3) (28.30,31.00) (26.80,30.50) 

2 Water 31.54 ± 0.77 31.12 ± 0.40 29.40 ± 1.60 
temperature (° C) (30.00,32.33) (30.30,32.00) (27.80,31.00) 

3 pH 6.33 ± 0.03 6.57 ± 0.12 6.95 ± 0.05 
(6.30,6.40) (6.20,6.80) (6.90,7.00) 

4 Conductivity (gmho) 232.96 ± 33.47 104.20 ± 13.81 99.75 ± 0.25 
(188.00,298.30) (78.60,135.00) (93.50,106.00) 

5 Turbidity (N.T.U) 29.53 ± 5.84 18.97 ± 3.95 14.65 ± 1.85 
(18.60,38.50) (13.50,31.00) (12.80,16.50) 

6 Free carbon-di oxide 12.23 ± 3.48 9.22 ± 3.28 6.70 ± 0.70 
(6.00,18.00) (4.30,19.00) (6.20,7.60) 

7 Dissolved oxygen 5.86 ± 0.13 5.25 ± 0.23 6.32 ± 0.18 
(5.60,6.00) (4.80,5.90) (6.15,6.50) 

8 Chloride 546.43 ± 88.38 83.36 ± 7.96 36.29 ±9.80 
(482.00,322.60) (65.00,102.00) (26.50,46.09) 

9 Alkalinity 294.20 ± 29.39 226.50 ± 64.69 47.80 ± 9.80 
(236.00,316.60) (86.60,397.00) (38.00,57.60) 

10 Biological oxygen 6.62 ± 0.31 3.75 ± 0.99 1.30 ± 0.0 
demand (6.16,7.20) (2.00, 6.70) (1.30) 

11 Total organic carbon 22.22 ± 2.01 16.09 ± 5.43 6.78 ± 0.42 
(18.26,24.80) (9.85,32.00) (6.36,7.20) 

12 Calcium hardness 45.56 ± 6.22 32.08 ± 7.09 14.30 ± 1.70 
(39.30,58.00) (12.30,45.00) (12.60,16.00) 

13 Total hardness 63.70 ± 5.96 46.56 ± 5.97 27.02 ± 3.78 
(54.80,78.00) (23.00, 50.00) (23.25,30.80) 

14 Total solids 366.23 ± 53.65 286.70 ± 53.54 66.40 ± 10.40 
(268.80,453.60) (163.00,416.00) (56.00, 76.80) 

15 Phosphate 3.51 ± 0.40 3.32 ± 0.57 1.65 ± 0.15 
(3.00,4.30) (2.10,4.80) (1.50,1.80) 

16 Nitrate 3.73 ± 0.72 2.06 ± 0.61 0.58 ± 0.08 
(2.46,4.95) (0.91,3.60) (0.50,0.66) 

17 Ammonical nitrogen 3.93 ± 0.23 3.32 ± 0.57 1.85 ± 0.35 
(3.65,4.38) (2.10,4.80) (1.50,2.20) 

Contd-- 



S.NO: PHYSICO- 
CHEMICAL 
PARAMETERS 

WINTER 
(Dec-Feb) 

SUMMER 
(Mar-May) 

MONSOON 
(June-Sept) 

(Mean ±S.E, min & max) (Mean ±S.E, min & max) (Mean ±S. E, min & max) 

1 Ambient 23.90 ± 1.05 29.83 ± 1.16 29.45 ± 0.96 
temperature ( °C) (21.80,25.10) (27.30,31.100) (27.00,31.00) 

2 Water 26.76 ± 0.27 30.40 ± 0.89 29.25 ± 1.16 
temperature ( °C) (26.50,27.30) 129.10,32.10) (26.00,32.00) 

3 pH 6.80 ± 0.15 6.13 ± 0.15 6.65 ± 0.17 
(6.50,7.00) (5.90,6.40) (6.20,7.00) 

4 Conductivity (p.mho) 138.70 ± 15.86 224.30 ± 40.80 110.97 ± 12.75 
(118.60,17.00) (148.60,288.00) (87.00,145.00) 

5 Turbidity (N.T.U) 10.46 ± 1.90 35.16 ± 7.41 16.95 ± 4.83 
(7.70,14.10) (21.00,46.00) (9.10,31.00) 

6 Free carbon-di 5.73 ± 0.93 11.88 ± 2.71 8.53 ± 2.03 
oxide f4.20,7.40) ___(7.04,16.40) (6.50,15.00) 

7 Dissolved oxygen 6.11 ± 0.68 5.63 ± 0.15 6.45 ± 0.21 
(5.20,7.45) (5.40,5.90) (6.00, 7.00) 

8 Chloride 27.03 ± 5.51 163.56 ±109.75 113.75 ±20.94 
(20.70,38.00) (49.10,383.00) (78.00,169.00) 

9 Alkalinity 113.10 ± 46.45 293.30 ± 33.38 217.05 ± 65.25 
(22.66,  176.66) (230.00,343.00) (87.00,393.00) 

10 Biological oxygen 2.73 ± 0.59 6.16 ± 0.78 3.98 ± 0.41 
demand (2.00,3.90) (4.60, 7.00) (3.00,4.80) 

11 Total organic carbon 10.56 ± 2.52 22.64 ± 2.29 16.75 ± 3.90 
(6.70,15.30) (19.30,27.04) (8.90,27.00) 

12 Calcium hardness 22.16 ± 6.03 40.53 ± 10.37 35.50 ± 9.59 
(12.60,33.33) (24.60,60.00) (17.00,55.00) 

13 Total hardness 34.70 ± 8.25 48.26 ± 22.81 48.72 ± 5.95 
(18.72,46.20) (4.80,82.00) (33.00,61.00) 

14 Total solids 122.56 ± 54.44 368.10 ± 39.82 194.50 ± 5.95 
141.60,226.10) (295.00,432.00) (71.00,294.00) 

15 Phosphate 1.03 ± 0.52 3.43 ± 0.50 3.37 ± 0.44 
(0.09,1.90) (2.50,4.20) (2.40,4.50) 

16 Nitrate 1.17 ± 0.61 3.78 ± 0.55 2.32 ± 0.24 
(0. 01, 2.10) (2.90,4.80) (1.90,3.00) 

17 Ammonical nitrogen 2.00 ± 0.55 3.73 ± 0.23 3.17 ± 0.28 
(2.00,2.90) 1330,4.10) (2.60,3.80) 

Contd-- 



S.NO: PHYSICO- 
CHEMICAL 
PARAMETERS 

POST-MONSOON 
(Oct-Nov) 

WINTER 
(Dec-Feb) 

SUMMER 
(Mar-May) 

(Mean ±S.E, min & max) (Mean ±S. E, min & max) (Mean ±S.E, min & max) 

1 Ambient 24.80 ± 0.30 24.70 ± 0.15 29.60 ±1.09 
temperature (°C) (24.50,25.10) (24.50,25.00) (27.00,30.50) 

2 Water 29.00 ± 0.50 25.66 ± 1.67 28.06 ± 0.88 
temperature ( °C) (28.50,29.50) (24.00,29.00) (26.30,29.00) 

3 pH 6.85 ± 0.25 6.93 ± 0.07 6.23 ± 0.20 
(6.60,7.10) (6.80,7.00) (5.90,6.60) 

4 Conductivity (prnho) 120.65 ± 8.35 128.00 ± 8.72 222.83 ± 26.48 
(112.30,129.00) (112.00,142.00) (174.00,265.00) 

5 Turbidity (N.T.U) 15.10 ± 3.50 12.60 ± 3.28 27.96 ± 4.13 
(11.60,18.60) (8.00,19.00) (20.70,35.00) 

6 Free carbon-di 7.02 ± 0.02 5.73 ± 0.68 11.06 ± 1.95 
oxide (7.00, 7.04) (5.00,7.10) (7.20,13.50) 

7 Dissolved oxygen 7.50 ± 0.0 5.06 ± 1.07 5.20 ± 0.31 
(7.50) (4.00, 7.20) (4.80,5.80) 

8 Chloride 41.80 ± 11.30 33.66 ± 7.75 155.23 ± 82.49 
(30.50,53.10) (24.00,49.00) (65.70,320.00) 

9 Alkalinity 51.65 ± 8.35 112.38 ± 45.65 205.10 ± 65.28 
(43.30,60.00) (25.00,133.14) (80.00,300.00) 

10 Biological oxygen 2.10 ± 0.50 2.66 ± 0.46 5.46 ± 0.55 
demand (1.60,2.60) (1.90,3.50) (4.40,6.20) 

11 Total organic carbon 5.40 ± 0.10 8.73 ± 2.03 15.70 ± 1.55 
(5.30,5.50) (5.00,12.00) (14.00,18.80) 

12 Calcium hardness 17.30 ± 4.65 28.98 ± 7.83 46.00 ± 1.15 
(12.70,22.00) (13.45,38.50) (44.00,48.00) 

13 Total hardness 31.00 ± 2.30 39.83 ± 12.09 71.66 ± 4.91 
(28.70,33.30) (16.50,57.00) (63.00,80.00) 

14 Total solids 77.50 ±16.30 139.46 ± 55.06 307.03 ± 43.99 
(61.20,93.80) (56.00,243.40) (262.10 395.00) 

15 Phosphate 1.90 ± 0.10 1.40 ± 0.20 3.46 ± 0.48 
(1.80,2.00) (1.20,1.80) (2.50,4.00) 

16 Nitrate 0.65 ± 0.15 1.90 ± 0.96 4.43 ± 0.23 
(0.50,0.80) (0.02,3.20) (4.00, 4.80) 

17 Ammonical nitrogen 1.80 ±0.30 1.43 ± 0.30 3.03 ± 0.43 
(1.50,2.10) (1.00,2.00) (2.30,3.80) 

Note: All measurements in mg/L unless stated. 
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Correlation matrix of Physico-chemical parameters of Pilar lake Water 

PARAMETERS 

Air temperature 

Water temperature 

pH 

Conductivity 

Turbidity 

Free carbon di-oxide 

Dissolved oxygen 

Chloride 

Alkalinity 

B.O.D 

T.O.0 

Calcium hardness 

Total hardness 

Total solids 

Phosphate 

Nitrate 

Ammonical nitrogen 

1 

0.85** 

0.28 

0.42* 

0.29 

-0.05 

0.55** 

0.21 

-0.08 

0.27 

0.36* 

-0.02 

0.25 

0.56** 

0.33 

0.3 

0.59** 

2 

0.06 

0.51** 

0.52** 

-0.16 

0.51** 

0.26 

0.02 

0.32 

0.36* 

-0.17 

0.18 

0.62** 

0.19 

0.3 

0.60** 

3 

-0.16 

-0.40* 

-0.42* 

0.52** 

0.01 

-0.52** 

-0.28 

-0.18 

0.18 

0.05 

-0.03 

0.33 

-0.05 

0.15 

(January 1996 - June 1998) 
4 	5 	6 	7 	8 

0.74** 

	

0.46* 	0.38' 

	

0.04 	-0.07 	-0.15 

	

0.62** 	0.70** 	0.29 	-0.06 

	

0.59** 	0.62** 	0.53** 	-0.53** 	0.49** 

	

0.89** 	0.69** 	0.71** 	-0.11 	0.67** 

	

0.47** 	0.53** 	0.63** 	0.06 	0.38* 

	

0.38* 	0.03 	0.21 	-0.16 	0.33 

	

0.75** 	0.56** 	0.34 	-0.15 	0.65** 

	

0.77** 	0.52** 	0.47** 	0.33 	0.45* 

	

-0.03 	-0.27 	-0.01 	0.44* 	-0.37* 

	

0.79** 	0.44* 	0.48** 	0.17 	0.52** 

	

0.67** 	0.47** 	0.43* 	0.51** 	0.49** 

9 

0.67** 

0.36* 

0.38* 

0.59** 

0.56** 

M.53** 

0.37* 

0.15 

10 

0.59** 

0.44* 

0.68** 

0.79** 

-0.11 

0.78** 

0.64** 

11 

0.38* 

0.40* 

0.47** 

0.13 

0.38* 

0.62** 

12 

0.68** 

0.26 

0.01 

0.50** 

0.21 

13 

0.46** 

-0.12 

0.57** 

0.46* 

14 

0.16 

0.80** 

0.81** 

15 

0.09 

0.39* 

16 

0.71** 

* = P<0.05, ** = P<0.01 



Conductivity 	 0.53** 	0.47** 	-0.34 

Turbidity 	 0.42* 	0.2 	0.37* 	0.73** 

Free carbon di-oxide 	-0.22 	-0.38* 	-0.28 	-0.02 	0.01 

Dissolved oxygen 	0.43* 	0.33 	0.19 	-0.03 	-0.22 	0.05 

Chloride 	 0.52** 	0.54** 	-0.23 	0.90** 	0.58** 	-0.07 	0.08 

Alkalinity 	 0.2 	0.27 	-0.21 	0.53** 	0.53** 	-0.02 	-0.09 	0.63** 

B.O.D 	 0.09 	-0.08 	0.49** 	0.55** 	0.56** 	0.38* 	-0.23 	0.39* 	0.43* 

T.O.0 	 0.01 	-0.17 	0.57** 	0.55** 	0.64** 	0.49** 	-0.38* 	0.39* 	0.33 	0.78** 

Calcium hardness 	-0.01 	0.01 	0.65** 	0.45* 	0.47** 	0.3 	-0.29 	0.28 	0.41* 	0.75** 	0.76** 

Total hardness 	0.05 	0.06 	0.65** 	0.41* 	0.38* 	0.42* 	-0.28 	0.28 	0.42* 	0.57** 	0.69** 	0.83** 

Total solids 	 0.36* 	0.06 	0.37* 	0.68** 	0.68** 	0.22 	-0.1 	0.43* 	0.19 	0.63** 	0.72** 	0.50** 	0.44* 

Phosphate 	 0.13 	-0.07 	0.49** 	0.46* 	0.53** 	0.33 	-0.29 	0.26 	0.07 	0.65** 	0.79** 	0.55** 	0.52** 	0.83** 

Nitrate 	 0.06 	-0.01 	0.53** 	0.63** 	0.70** 	0.21 	0.47* 	0.45* 	0.31 	0.75** 	0.82** 	0.68** 	0.59** 	0.71** 	0.82** 

Ammonical nitrogen 	-0.21 	-0.17 	0.39* 	0.16 	0.08 	0.47** 	0.36* 	0.19 	0.14 	0.56** 	0.47** 	0.50** 	0.53** 	0.01 	0.22 	0.55** 

:1.6 

Correlation matrix of Physico-chemical parameters of Carambolim lake Water 
(January 1996 - June 1998) 

PARAMETERS 	1 	2 	3 	4 	5 	6 	7 	8 	9 	10 	11 	12 	13 	14 	15 	16 

Air temperature 

* --= P<0.05,** = P<0.01 
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Correlation matrix of Ph sico-chemical l arameters in Santa Monica lake 
PARAMETERS 	12 	3 	(January 1996 - June 1998) 

	

4 	5 	6 	7 	8 	9 Air temperature 

Water temperature 	0.47** 

PH 	 M.42* -0.47** 	- 

Conductivity 	 0.21 	0.19-0.70** 

Turbidity 	 0.42* 0.47" 	-0.87" 	0.70** 
Free carbon di-oxide 	0.41* 	0.50** 	M.71** 	0.67** 	0.83** 
Dissolved oxygen 	0.01 	0.26 	0.18 	-0.05 	-0.13 	0.16 
Chloride 	 0.55** 0.52** 	-0.73** 	0.46** 	0.74**0.73** 	0.04 
Alkalinity 	 0.28 	0.28 	-0.57** 	0.33 	0.54** 	0.3 	-0.56** 	0.43* 13.0.D 	 0.43* 	0.34 	M.82** 	0.62** 	0.69** 	0.54** 	-0.35 	0.65** 	0.78* T.O.0 	 0.44* 	0.36* 	-0.74" 	0.48** 	0.75** 	0.61** 	-0.26 	0.66" 0.67** 0.80** Calcium hardness 	0.24 	0.15-0.66** 	0.54** 	0.62** 	0.41* 	-0.49** 	a59** 085** 	** Total hardness 	 0.63** 0.85** 0.83 

Total solids 	

0.24 	0.17 	-0.40* 	0.37* 	0.40* 	0.24 	-0.26 	0.48** 	0.43* 	0.47** 	0.43 	0.61** 

Phosphate 	

0.35 	0.35 	-0.67** 	0.45* 	0.75** 	0.55** 	-0.26 	0.66** 	0.72** 0.77** 	0.80** 	0.74** 	0.38* 

Nitrate 	

0.52** 0.49** 	-0.63** 	0.21 	0.64" 	0.47** 	-0.22 	0.70** 	0.62** 0.63** 	0.62** 	0.57" 	0.47** 	0.64** 

	

0.41* 	0.18 	-0.56** 	0.260.60** 	0.29 	-0.53** 	0.56** 	0.78** 0.68** 	0.66** 	0.70** 	0.52** 	0.67** 	0.81** 
Amn.tonical nitrogen 	0.59** 0.57** 	-0.76** 	0.37* 	0.70** 	0.52** 	-0.21 	0.73** 0.72** 0.82** 	0.82** 	0.65** = P<0.05, ** = P<0.01 	 0.41* 	0.72** 	0.80** 0.79** 

10 
	

11 
	

12 
	

13 
	

14 	15 	16 



Graphs 1.1 to 1.9 : The comparative profiles of physicochemical parameters of 
waters of PL, CL and SML in the form of monthly variations 
from January, 1996 to June 1998 as listed below : 

Graph 1.1 : Ambient temperature and the temperature of water 

Graph 1.2 : pH 

Graph 1.3 : Conductivity and chloride content 

Graph 1.4 : Free carbon dioxide and dissolved oxygen 

Graph 1.5 : Biological oxygen demand 

Graph 1.6 : Total alkalinity, total hardness and calcium hardness 

Graph 1.7 : Total solids, turbidity and total organic carbon 

Graph 1.8: Phosphates 

Graph: 1.9: Nitrates and Ammonical nitrogen 

-r- 

4_. 



A
m

b
t &

 w
a

te
r  

T
e

m
p  

(°
C

)  

CL 

A
m

bt
  &

 w
a

te
r  

Te
m

p 
 (

°C
)  

A
m

bt
 &

 W
a

te
r  

T
em

p
  (

°C
)  

PL 	 Graph:1.1 

--o—Ambt 
—is--Water 

JFMAMJJASONDJFMAMJJASONDJFMAMJ 
	 1996 	I I 	 1997 	I I 

Months/Year 

 

1998 

  

SML 



Graph:1.2 

8.0 

7.5 

7.0 

6.5 

0. 
6.0 

5.5 

5.0 

4.5 
JFMAMJJASONDJFMAMJJASON DJFMAMJ  

1996 	I I 	 1997 	I I 1998_ 
Months/Year 



Graph:1.3 

400 - 

350 -

,.. 300-
J

- 

E o) 250 - 

0  200 - 
P 
0 150 - 
E 

ioo 

50 - 

0 

2000 

1800 

1600 - 
0 

1400 - 
1200 

1000 

= e  800 - 
0 

o

• 

600 - 

• 400 -

200 -

0 

JFMAMJJASONDJFMAMJJANDJFMAMJ 

I 	 1996 	 I I 	 1997 	I I 	1998_ 

Months/Year 



Fr
ee

  C
ar

bo
n  

D
i O

x
id

e  
(m

g
/L

)  
D

is
so

lv
ed

  O
xy

ge
n  

(m
g

/L
)  

Graph:1.4 
A 

JFMAMJJ ASONDJ FMAMJJASONDJ FM AMJ 

1 	 1996 	I I 

 

1997 1 i 	1998_ 

   

Months/Year 



Graph:1.5 

20 

18 

16 

14- 

- 
12- 

cb 
10- 

0 
0 	8 

JFMAMJJ A 

	 1996 	 II 
	

1997 

Months/Year 



A 

400 
J 
C) 	• 

E. 300 
?• 
c = 
1 200 
.7( 
Ts 
12 100 

B 

To
ta

l H
ar

dn
es

s  
(m

g
/L

)  
C

al
ci

u
m

  H
ar

dn
es

s  
(m

g/
L)

  60- 

40 - 

20 

0 

Graph:1.6 

C 

JFMAMJJASONDJFMAMJJASON DJFMAMJ  

I 	 1996 	 I I 	 1997 	 I I-1998_ 

Months/Year 



T
o

ta
l 

S
o

li
d

s  
(m

g
IL

)  

Graph:1.7 

0 

T
ur

b
id

it
y  

(N
.T

.U
)  

50 

20 

10 
JFMAMJJASONDJFMAMJJASONDJFM AMJ  

I 

 

1996 	 1 I 

 

1997 	 I 1 1998_ 

   

    

Months/Year 



Graph:1.8 

P
ho

sp
ha

te
  (

m
g

/L
)  

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 
JFMAMJJASONDJFMAMJJASONDJFMAMJ 

 

1996 II 

 

1997 I I 1998 

      

       

Months/Year 



N
itr

a
te

  (
m

g
/L

)  
A

m
m

on
ic

a
l N

it
ro

g
en

  (
m

g
/L

)  

Graph:1.9 

JFMAMJJASONDJFMAMJJASONDJFMAMJ 

I 	 1996 	I I 	 1997 	 

   

1998 

    

Months/Year 



Chapter II 

PLANKTON COMMUNITY AND 
PRIMARY PRODUCTIVITY 



52 

INTRODUCTION 

Victor Hensen coined the term 'plankton' (Gr. Wandering or drifting) in 

1887 (Omori and Ikeda, 1984). Plankton denotes a group of organisms- either 

animals or plants, which passively float and drift with flow of tides, waves and 

currents. Based on nutrition, the plankton is categorised as plant plankton or 

phytoplankton and animal plankton or zooplankton. Thus planktonic community is 

a heterogeneous assemblage of tiny plants and animals suspended in aquatic 

systems. Freshwater constitutes one of the important aquatic biomes for these 

potential groups of which phytoplankton forms the major source of primary 

production, while zooplankton serves as an important principal link between 

primary producers and higher forms. 

In all the natural water systems, a complex web of climatic, 

physicochemical and biological factors are at work (Schowerbel,1980). 

Therefore, the diversity, production, growth, abundance and succession of 

plankton is dependent on the intricate interplay of environmental factors which in 

turn are modified by their life processes. Therefore, fundamental to the effective 

management of water quality, is an understanding of relationship between abiotic 

and biotic components of the aquatic environment. Water quality criteria for 

protection of biota is dependent upon knowledge of the biotic responses to the 

given changes in physicochemical environment and its inter/ intra species 

interactions. The plankton growth is shown to be variously affected by different 

environmental factors. 

Ellis (1937) showed that pH below 5 is broadly detrimental to the growth 

of algae, whereas the same between 5 - 8.5 has been shown to promote their 

growth (Robert et al., 1974). Schoenberg and Carlson (1984) were of the opinion 
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that the growth of green algae is accelerated at low pH. Tripathy and Pandey 

(1990) showed significant positive relation between bacillariophyceans with 

hardness and the chloride content of the water. They further suggested a 

possibility of better algal growth in alkaline waters. Unni (1993) reported that 

alkaline waters enhance the planktonic diversity. Zafer (1964) emphasised the 

importance of phosphorus in the production of diatoms. Munawar (1970) 

suggested that alkaline waters usually have higher nitrogen and phosphorus, 

while waters with low nitrogen and phosphorus support cyanophycean growth. 

Schnidler (1971) opined phosphorus to be the primary limiting nutrient in ponds 

and lakes. Vollenweider et al. (1980) opined that the phosphorus is the 

stimulating factor promoting algal biomass. 

Ahmed and Alireza (1991) reported an increase in zooplankton density 

in waters with high levels of dissolved oxygen and moderate pH. Rao and Durve 

(1992) noticed a peak rise in rotifer population coinciding with high temperatures 

of summer months at Rangasagar lake of Rajasthan. Thus on a broader 

perspective, specific hydrological and meteorological factors seem to regulate 

the growth and abundance of specific phytoplanktonic and zooplanktonic taxa, 

thereby ascribing them the indicator status. Therefore, the composition and the 

dominance of planktonic groups have been suggested to be of indicator value in 

earmarking the trophic status to the water bodies (Ilmavirta, 1980). 

Besides the role of physical and chemical parameters used in 

monitoring pollution status of aquatic bodies, biological monitoring and the use of 

planktons as indicators showed encouraging results. The application of biological 

data for assessing the water quality was first reported by Kolkwitz and Marsson 

(1908). Nygaard in 1949 established 5 indices to get meaningful evaluation of the 

extent of pollution viz., chlorophycean, cyanophycean, diatomacean, 
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euglenophycean and compound. These 5 indices represented the ranges of 

values established by Nygaard for Danish lakes, which are now used routinely as 

Nygaard's trophic state indices. From these values, the degree of eutrophication 

can be determined comparable to that obtained by analysis of physicochemical 

parameters. Certain planktons grow in polluted waters and their presence 

characterises the environment in which they live. Therefore, because of their 

tolerance of polluted environment they are treated as indicators. Palmer (1969) 

presented a comprehensive list of algal genera, based on which generic/ species 

indices can be calculated. The 8 listed genera with maximum tolerance to the 

organic pollution are-Euglena, Oscillatoria, Chlamydomanus, Chlorella, Navicula, 

Scenedesmus, Stegioclonium, Microcystis aruginosa (Sawyer, 1947 and Singh, 

1953), Euglena and Oscillatoria (Patrick, 1965) have been considered as the 

indicators of organic pollution. Oh the other hand the abundance of diatoms 

(Patrick,1965) and desmids (Pushpendra and Madhyastha, 1987) are known to 

signify clear waters and oligotrophy. Likewise the abundance of certain groups of 

zooplankton also has been attached with indicator significance. In the course of 

his studies on Japanese lakes, Kurasawa (1975) showed that Copepoda was the 

dominant group in the oligotrophic environment, while Cladocers/ Rotifers 

dominated in the eutrophic environment. Brachionus (Leentawar, 1980) and 

Rotifers (Mishra and Saksena, 1998) have been reported to be the indicators of 

polluted waters. 

Very often the knowledge of the environmental parameters favourable or 

hostile to the particular planktonic forms, and the food habits/ predator-prey 

relationships become handy for adopting biological control measures. High 

nutrients levels and acidic pH are known to favour green algae (Shapiro, 1973). 

Therefore, Shapiro et al. (1975) proposed reducing the pH with CO 2  addition or 



55 

artificial circulation to facilitate shift from recalcitrant blue-green algae to green 

algae, considered to be more palatable to zooplankton, thereby controlling the 

cyanophycean blooms. Another biological control measure suggested by Brooks 

(1965) was to reduce planktivorous fish, thereby promoting the population of 

large grazing zooplankton such as Daphnia which in turn will keep phytoplankton 

under control away from blooming ranges. Inter/ intra species competitions 

among the planktonic groups may contribute to a great degree towards the 

regulation of planktonic blooms. Hall et al. (1976) reported the preferential 

presence of algal cells in the diet of Cladocera. Infante and Riehl (1984) 

demonstrated the negative role of cyanophyceans on the zooplankton in the 

eutrophic lake, Velencia. They also showed the deleterious impact of Microcystis 

on the feeding mechanism of zooplankton and inhibition of movement in 

Cladocera by the filamentous cyanophyceans like Oscillatoria. Low fish densities 

were shown to increase the population of rotifers (Crosetti and Margaritora 1987) 

and cladocers (Post and McQueen, 1987). 

First attempt to measure planktotrophic production (primary productivity) 

in natural water bodies was made by Gaarder and Gran (1927) by determining 

oxygen production in light and darkened bottles. Since primary productivity of 

aquatic environment depends on photosynthetic activity of organisms, it has 

been used as a potential index of production for many diverse ecosystems of the 

world (Wetzel,1966). According to Goldman (1990) it is "the only best single 

interaction between biological, physical and chemical factors at work in a lake." 

Primary productivity is an important biological phenomenon in aquatic 

environment upon which the entire heterotrophic community depends either, 

directly or indirectly. Estimation of primary production of an ecosystem gives an 

understanding to estimate production at higher trophic levels. Steel (1974) stated 
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that it is the key to sustainable fishery potential. Further, as plankton forms an 

important component of fish food, the knowledge in its abundance, compositidn 

and seasonal variations is considered to be an essential prerequisite for 

successful fishery management (Abraham, 1980). - 

In this background, studies carried out on the phytoplankton and 

zooplankton of the 3 lakes- PL, CL and SML with reference to species diversity, 

community composition, temporal variations in their densities, if any, 

interrelationships, correlation with physicochemical and meteorological 

parameters and so also primary productivity profile are embodied in the present 

chapter. 



57 

MATERIALS AND METHODS 

A) Sample collection and Plankton analysis: 

For the purpose of phyto- and zooplankton analysis water samples were 

collected during mid of every month between 9 to 10 a.m. For this purpose, from 

every predetermined sampling station, 15 litres of subsurface water was drawn 

from a depth of about 10 cm., with the help of a wide mouthed plastic bucket. 

The water sample was first filtered through standard bolting nylon fabric with 

mesh size of 45 fpm to obtain zooplankton. The filtrate was filtered again through 

the nylobolt with mesh size of 25 p,m to obtain phytoplankton. No special 

attempts were made to collect and consider smaller organisms including 

nannoplankton which might have passed through the bolting fabric used. The 

concentrated phyto- and zooplankton were made to 100 ml sample each in 

storage plastic bottles and preserved with 5% Formaldehyde until further use. 

From the sample collected, phyto- and zooplankters were identified, as 

far as possible up to species level by using appropriate literature and taxonomic 

keys (Edmondson,1959; Needham and Needham,1962; Pennak,1978; 

Battish,1992). 

For the purpose of quantitative analysis, as none of the samples were 

dense and rich, after shaking the storage bottles well, 5 ml aliquot of the 

concentrate was siphoned at a time with a wide bore pipette. The aliquot was 

transferred to a petri plate and the plankton was enumerated under inverted 

microscope (Olympus make, Japan). The procedure was repeated thrice for 

every sample and the mean of the three counts was taken as the reading for the 

sample. The mean of all the samples with respect to a water body during any one 
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month was taken as the reading for the respective month. In case of filamentous 

algae a filament with 10 or more cells was considered as an individual/unit. 

B) Primary Productivity (Planktonic): 

In situ planktonic primary production was estimated by using traditional 

light and dark bottle technique of Gaarder and Gran as described by Trivedy et 

al.(1 987). For the purpose, B.O.D bottles of 300 ml capacity were used. Those 

which were painted black on external surface served as dark bottles. A pair of 

dark and light bottles each filled with the subsurface water were suspended with 

the help of buoys at the very depth of collection at every sampling spot. The in 

situ incubation was carried out for an hour each. Just prior to setting up of the 

bottles for incubation, the water from the respective spots was collected in 

another B.O.D bottle and fixed for oxygen. At the end of an hour, incubation was 

terminated hauling out the bottles and fixing the oxygen right on the field. All the 

bottles were transferred to the laboratory, and the oxygen content were 

determined by Winkler's titrimetric method with azide modification as per the 

procedure described earlier in chapter 1. The calculations were carried out as per 

the formulae shown below. 

Net Primary Productivity (N.P.P) = DI — Di 	02  in mg/L/hr 

h 

Gross Primary Productivity (G.P.P) = DI — Dd 	02  in mg/L/hr 

h 

Community respiration (C.R) 	= Di — Dd 	02  in mg/L/hr 

h 

Where, Di = Dissolved oxygen in initial bottle in mg/L 

DI = Dissolved oxygen in light bottle in mg/L 



59 

Dd= Dissolved oxygen in dark bottle in mg/L 

h = Duration of exposure in hours 

The oxygen volumes were then computed to carbon values by using a photo 

period of 12 hr as per the formulae given below. 

GPP/NPP/CR (g C/m 2/Day) = mg of 02/L X 1000 X 12 X 0.375. 

C) Species and Trophic State Indices: 

The species indices such as species diversity (H'), species evenness (J') 

and species richness (SR) with regard to phyto - and zooplankton were worked 

out as per the formulae shown below. 

a) Species diversity: (Pielou, 1975) 

H' = - E pi log e  pi 	(Pi is the proportion of the individuals belonging to i to 
 

i=1 	 species and S is the number of species). 

b) Species richness: (Margalef, 1968) 

S.R =  S-1 
	

(S is the number of species and N is the number 
In N 
	

of individuals in a collection). 

c) Species evenness: (Pileou, 1975) 

J' = 	H' 
	

(H' is the Shannon-Wiener index and S is the number 
In S 
	

of species). 

Nygaard's trophic state indices: 

The degree of oligotrophy and eutrophy from the consideration of 

species compliment rather than from nutrient levels was analysed by algal trophic 

state indices proposed initially by Thunmark (1945) and subsequently modified 
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by Nygaard (1949), as described by Rao (1993). Myxophycean /Cyanophycean, 

Chlorophycean and Diatom indices with the formulae and value limits shown 

below were made use for the purpose. 

Index 	Calculation 	 Oligotrophic Eutrophic 

Chlorophycean = Chlorococcales/Desmideae 0.0-0.7 0.2-0.9 

Cyanophycean = Cyanophyceae/Desmideae 0.0-0.4 0.1-9.0 

Diatom 	= Centric diatoms/Pennate diatoms 0.0-0.3 0.0-1.75 

As Euglenophyceans were extremely rare in their occurrence in the 

lakes under study, Euglenophycean and in turn the compound indices were not 

made use in the present context. 

Statistical Analysis: 

Statistical significance if any, in the seasonal variations of the planktonic 

densities and primary productivity was assesed by using Kruskall-Wallis test. 

The relationships between the planktonic communtities, their major 

groups primary productivity. and also physical and chemical parameters were 

analysed by using Pearson's correlation test. 
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OBSERVATIONS AND RESULTS 

Phytoplankton 

Community structure: 

The species of phytoplankton occurring in different lakes and their ranks 

of dominance with respect to the particular lake have been listed in table 2.1. 

Of the 3 lakes studied, PL was the richest with maximum number of 

phytoplanktonic species. Half of the 28 species of phytoplankters encountered at 

PL, were Chlorophyceans and 6 each belonged to Cyanophyceae and 

Bacillariophyceae. Two species of Euglenoids occurred only at PL. 

In terms of number of species of phytoplankton, CL with 20 species 

occupied an intermediate position between PL and SML. Of these 20 species, 9 

were Chlorophyceans, 7 were Bacillariophyceans and 4 were Cyanophyceans. 

SML was considerably poor in phytoplanktonic species diversity with only 

11species. Chlorophyceae and Bacillariophyceae were represented at SML by 4 

species each and Cyanophyceae by 3 species. 

Composition: 

Monthly variations among the major groups of phytoplanktons are 

presented in Graph:2.1. 

Ch!orophyceae 

Of the 3 major groups, Chlorophyceans contributed maximum to 

the phytoplankton in all the 3 lakes. Not only the group was represented by 

maximum number of species in all the 3 lakes, but also it turned out to be the 

principal contributor to the phytoplankton density. On biannual cumulative 
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average, Chlorophyceans attained a density of 52.40% at CL, 40.11% at SML 

and 36% at PL. 

Spirogyra lineata and Ankistrodesmus fulcatus were dominant members 

at both the lakes- PL as well as SML. S. lineata constituted 34.56% and 34.28% 

of the chlorophycean share at PL and SM L respectively. While, A. Fulcatus was 

next dominant member making up 10.73% and 26.28% of chlorophycean density 

respectively at PL and SML. But in terms of density at CL, the top two positions 

were occupied by Chlorella vulgatis and Closterium setacium respectively, 

making up 19.05% and 16.44% of chlorophycean density. 

Cyanophyceae: 

On biannual cumulative basis cyanophycean contribution was 

almost identical in all the three lakes ranging from 29.18% to 31.80%. However, it 

occupied discrete second position at CL, as bacillariophycean contribution in this 

lake was considerably low and only to the extent of 19.87%. The filamentous 

Cyanophycean, Osciltatoria formosa was the most dominant species in all the 3 

lakes representing a cyanophycean share of 57.80%, 53.50% and 48% at SML, 

CL and PL respectively. The next place in the group was acquired by different 

species such as Microcystis aeroginosa (26.90%) at CL, M. truncata (23.27%) at 

SML and Anabaena sp. (14.88%) at PL. 

Bacillariophyceae: 

On biannual consideration, Bacillariophyceans were almost on par 

with Cyanophyceans in their density at. PL as well as at SML with a respective 

share of 32.01% and 30. 48%. Only at CL, the group was the lowest contributor 

with a bare 19.87% representation. Nitzchia longissima was the prominent 

Bacillariophycean member at CL and PL with a group share of 19.15% and 
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20.85% respectively. At SML the first place was occupied by Tabellaria 

fenestrate (30.38%). The different species such as Fragillaria capucinia 

(23.56%), Astnonella formosa (19.10%) and Navicula tuscula (17.71%) took the 

cyanophycean second rank at SML, CL and PL respectively. 

The euglenoids were represented by 2 species. They occurred only at 

PL, that too sporadically. Therefore they are not considered in any of the 

comparative analysis, hereafter. 

Density variations and seasonality: 

The seasonal variations in the population densities of phytoplankton in 

different lakes are provided table 2.2 while the monthly variations in the densities 

of phytoplankton as a whole are depicted in graph 2.2. 

On a broader perspective, the phytoplankton density at SML was the 

richest ranging from 100 indi/L in January to 1650 indi/L in March. The density 

was poor at PL oscillating between 54 indi/L in October and 128 indi/L in May. 

The density at CL was in the intermediate ranges between SML and PL, 

fluctuating between 212 indi/L in May and 1459 indi/L in March. 

The phytoplankton as a whole showed a distinct seasonality in its 

density in all the 3 lakes being highest during summer. At PL, but for the distinct 

dip during post-monsoon, almost half as much as (62-88 ind/L) of other seasons, 

the phytoplanktonic density was broadly in the same limits all through the year 

ranging from 103-120 indi/L. 

At CL the phytoplanktonic density was perceptibly high ranging from 711 

to 855 indi/L in summer and post-monsoon limits were reasonably low amounting 

to 310-389 indi/L. The density during monsoon and winter was nearly identical 
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positioned between those of summer and post-monsoon ranging from 454-496 

indi/L. 

At SML, but for the noticeable higher ranges of phytoplankton density 

during summer with values ranging from 1140 to 1423 ind/L, density during the 

other seasons was nearly the same falling between 913-917 indi/L during the 

year 1996. During the second year of study, i.e. 1997, the situation was highly 

disturbed, wherein the density during post-monsoon was higher than that of 

summer of the year and, that during monsoon was too poor with bare 328 indi/L. 

Chlorophyceans in PL attained maximum density during summer 

ranging from 66.00 to 74.00 indi/L, followed by that during winter from 29.00 to 

32.00 indi/L, monsoon from 26.00 to 28.00 indi/L and post-monsoon from 10.00 

to 16.00 indi/L.Seasonal variations in the population of chlorophyceans through 

seasons were statistically significant (H=16.68,P<0.001). They correlated 

positively with atmospheric temperature (r= 0.46, P<0.01). 

In CL, also chlorophycean contribution was highest during summer 

ranging between 462.00 ini/L & 527.00 indi/L and lowest during monsoon ranging 

from 138.00 indi/L to 153.00 indi/L . During the year 1996 high summer values 

were followed by those of winter (284.00 indi /L) and post monsoon (138.00 

indi/L). During the year 1997 the summer values were followed by those of post-

monsoon (210.00 indi/L) and winter (193.00 indi/L). Chlorophycean density 

correlated positively with sunshine hours (r=0.36,P<0.05) and negatively with 

rainfall (r=0.41,P<0.05). Seasonal variations in chlorophycean members in CL 

were also statistically significant (H=7.87,P<0.05). 

In SML, chlorophycean contribution reached highest density during 

summer ranging between 750.00 indi/L and 917.00 indi/L . During the year 1996 

high summer levels were followed by those of monsoon (313.00 indi/L), post- 
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monsoon (225.00 indi/L) and winter (200.00 indi/L). During the year 1997 

summer values were followed by those of post-monsoon (250.00 indi/L), winter 

(133.00 indi/L) and monsoon (100.00 indi/L). They correlated positively with 

atmospheric temperature (r=0.60,P<0.01). Seasonality in chlorophycean 

population at SML was statistically significant (H=16.48,P<0.001). 

Cyanophycean members in PL acquired maximum density during 

monsoon with 38.00 to 48.00 indi/L followed by winter ranging from 32.00 to 

39.00 indi/L, post-monsoon ranging from 28.00 to 32.00 indi/L and from summer 

21.00 to 23.00 indi/L. It correlated negatively with atmospheric temperature (r= - 

0.40,P<0.05). 

In CL, cyanophyceans were at their maximum during monsoon ranging 

from 237.00 indi/L to 277.00 indi/L, followed by summer ranging between 157.00 

indi/L and 202.00 indi/L and post-monsoon ranging from 75.00 indi/L to 79.00 

indi/L. They were at their minimum during winter ranging from 38.00 indi/L to 

54.00 indi/L. They correlated negatively with sunshine hours (r=0.48,P<0.01) and 

atmospheric temperature (r = 0.43,P<0.05). Varaitions in Cyanophycean density 

through seasons was statistically significant (H=14.76,P<0.01). 

In SML during 1996 cyanophyceans had maximum density during 

monsoon (413.00 indi/L) followed by that during summer (350.00 indi/L) and 

post-monsoon (265.00 indi/L). But during the year 1997 the pattern was 

reversed. The maximum density attained during post-monsoon (400.00 indi/L) 

was followed by that during summer (317.00 indi/L) and monsoon (150.00 indi/L). 

However during both the years minimum density was in winter (267.00 indi/L - 

100.00 indi/L). 

Bacillariophycean contribution in PL did not follow a fixed pattern during 

the two years of study. The maximum contribution was either during' winter as 
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46.00 indi/L (1996-97) or during post-monsoon as 45.00 indi/L (1997). Seasonal 

fluctuations in Bacillariophyceans were also statistically significant 

(H=9.27,P<0.01). 

In CL, members of Bacillariophyceans reached a maximum density 

during winter (134.00 indi/L to 158.00 indi/L) followed by summer (92.00 indi/L to 

127.00 indi/L), post-monsoon (98.00 indi/L to 101.00 indi/L) and was lowest 

during monsoon (64.00 indi/L to 66.00 indi/L). They correlated negatively with 

rainfall (r= -0.58,P<0.01). 

In SML, Bacillariophyceans attained a maximum density during post-

monsoon ranging from 475.00 indi/L to 650.00 indi/L followed by that of winter 

reaching up to 450.00 indi/L, and monsoon ranging from 78.00 indi/L— 188.00 

indi/L. The density was minimum during summer ranging between 73.00 indi/L 

&157.00 indi/L. Bacillariophyceans also showed statistically (H=8.69,P<0.1) 

significant seasonal variations 

Thus a distinct seasonal distribution of the Chlorophyceae, 

Cyanophyceae and Bacillariophyceae was observed in PL, CL & SML waters. 

Species indices: 

The algal species indices are provided table 2.3. H' varied through the 

seasons in all the lakes. But the peak values were attained during different 

seasons in different water bodies. PL attained peak H' (0.88-0.91) during 

summer, while CL did so during post-monsoon (0.90-0.93) and SML during 

winter (0.94-0.96). 

The S.R reached it's peak during summer in all the 3 lakes, highest 

being at PL (3.79 & 4.13), followed by that of CL (2.00 & 2.15) and SML (1.11 & 

1.20). 
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J' was at it's best at SML, followed by CL and PL. The peak values were 

attained during post-monsoon at PL as well as CL. But, at SML it was either 

during monsoon or winter. 

Nygaard's indices: 

Nygaard's indices have been provided in table: 2.4. Under Nygaard's 

classification, all the water bodies taken in to account, on monthly basis, 

chlorophycean, cyanophycean and diatom indices ranged between 0.00-8.75, 

0.00-16.00 and 0.00-18.00 respectively. The lowest limit of chlorophycean index 

was encountered during post-monsoon in all the three lakes. At PL upto 1.00, in 

CL ranging between 0.65 to 1.70 and in SML it was highest ranging between 

1.25 — 1.50. 

But at SML during the monsoon and winter, of the first year of study, the 

cyanophycean index was never below 0.4, the upper limit of oligotrophy in any of 

the water bodies during any seasons. 

The diatom index was very often below 0.3, the upper limit of the 

oligotrophic state at PL. While it crossed the limit marginally at CL, occasionally 

during post-monsoon. The index was of 0 value, all through the study at SML 

because of absence of centric diatoms in the lake 

Correlations with the physicochemical parameters: 

Correlations of phytoplankton community with various physicochemical 

parameters at PL, CL & SML are presented in table: 2.5, 2.6 and 2.7 

respectively. 

The variations in the density of the phytoplankton showed statistically 

significant positive correlation with BOD at PL as well as SML. Besides, it's 
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positive correlations with PO 4  and FCO2  at PL and turbidity and conductivity at 

SML were also statistically significant. 

The variations in chlorophycean density showed statistically significant 

positive correlation with all the physicochemical parameters studied, except 

water temperature and DO at SML. It also was negatively correlated with pH in 

the lake. Cholorophyceans showed statistically significant correlation with 

conductivity, FCO 2 , BOD, TOC, TS, NO 3  and NH 4-N at PL while with FCO 2 , BOD, 

TOC and PO4  at CL. 

The cyanophycean population was positively correlated with pH and 

PO4 at PL; DO at CL and TS at SML. It exhibited negative correlation with 

alkalinity, TOC and pH at PL, CL and, SML respectively. 

Bacillariophycean population was negatively correlated with ambient 

temperature, water temperature, BOD and TS at PL; pH at CL; and with all the 

parameters at SML, wherein the negative correlation with water temperature was 

not statistically significant. It correlated positively with pH at SML, chlorides and 

PO4  at CL. 
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Zooplankton 

Community structure: 

The 3 major groups - Copepoda, Rotifera and Cladocera contributed to 

the zooplankton community in all the 3 lakes under study. The list of species 

occurring in the different lakes and their ranks of dominance with reference to 

biannual cumulative total is provided in table 2.8. 

PL was rich with 35 different species of zooplankters, while CL 

had 21 species and SML harboured only 19 species. The zooplankton at PL was 

constituted by 13 species of Rotifera, 8 species of Insecta, 7 species of 

Copepoda and a species each of Ostracoda, Nematoda and Gastrotricha. At CL, 

10 species of Rotifers, 4 species each of Copepodes and Cladocers, 2 of Insects 

and a lone species of Ostracode contributed to zooplankton. The zooplankton at 

SML consisted of 9 species of Rotifers, 4 species of Copepodes, 3 species of 

Cladocers, 2 species of Insects and a species of Ostracode. 

Composition: 

Monthly variations of major groups of zooplankton are presented in 

graph:2.3. 

Copepoda 

Of the 3 major groups of zooplankters - Copepoda, Rotifera and 

Cladocera, the first group dominated the zooplankton community in all the 3 

lakes attaining 52.21% at SML, 47.5% at PL and 37.03% at CL. The naupliar 

larvae constituted the major share of Copepodes reaching a limit of 40.72%, 

37.94% and 27.76% at PL, SML and CL respectively. The second position 
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among the Copepodes was taken by Phyllodiaptomus bland with a composition 

of 26.39% at PL, 36.87% at SML and 20.47% at CL. 

Rotifera 

With respect to their share in zooplankton the Rotifers occupied a 

distinct second place at PL as well as SML with a percentage of 30.26 and 32. 61 

respectively. But, they were on par with Cladocers at CL with a percentage share 

of 30.9. Amongst the Rotifers, Keratella tropica with 24.5% at SML and, 

Brachionus calyciflorus with 18.14% at PL and 16.82% at CL respectively, 

ranked first. Trichocera procellus occupied second place in all the 3 lakes. 

Cladocera 

Though the Cladocers occupied 3rd  place in terms their contribution with 

only 22.23% and 15.17% share at PL and SML, the group edged over the 

Rotifers at CL with a percentage of 32.05. Within Cladocers, Moina brachiata 

with 64% at SML, Daphnia obtuse with 33.86% at CL and 29.53% at PL were the 

dominant species. Chydorus ciliata with 26.89% at CL, 18.62% at SML and 

Lydgia ciliata with 16.77% at PL ranked second. 

Density variations and seasonality: 

The seasonal variations in the overall density of zooplanktons is 

provided in table: 2.9 and monthly variations in the density of zooplankters on 

whole is depicted in graph: 2.2. While density of zooplankters in relation to 

phytoplankters are depicted in Graph:2.3. 

Amongst the 3 lakes, the density of zooplankton at PL was the lowest. 

The monthly density ranged from 82 indi/L in October to 230 indi/L in June.The 

CL was richest in zooplankton density, with a range of 100 indi/L in June to 3820 
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indi/L in August. On this count SML occupied an intermediate status between CL 

and PL, the density ranging from 167 indi/L in June to 2039 indi/L in August. 

The zooplankton at CL showed sharp and steep spasmodic peaks with 

intervening but brief depressions. The highest peaks were during monsoon 

followed by those of post-monsoon and summer. During interphases between 

late summer/early monsoon, late monsoon/post-monsoon and midwinter the 

density was the least. At PL as well as at SML, unlike at CL the variations in 

zooplankton density were not sharp. At PL the highest density during monsoon 

was followed by those of summer and winter and was least during post-

monsoon. At SML the zooplankton density was higher during summer, followed 

by that during monsoon, winter and post-monsoon. The pattern was disturbed 

during the second year of study, i.e. 1997-98. 

In all the 3 lakes the pattern of zooplankton density curves followed 

closely those of phytoplankton and, the zooplankton density was generally higher 

than that of phytoplankton. At PL and SML there were no wider gaps between 

the density of zooplankton and that of phytoplankton, but at CL most of the times 

the zooplankton density was almost 2-3 times higher than that of phytoplankton. 

Copepode population at PL, was highest during monsoon (106 indi/L — 

113 indi/L) followed by winter (50.00 indi/L —52.00 indi/L),post-monsoon (41.00 

indi/L — 45.00 indi/L) and was lowest during summer (37.00 indi/L —41.00 indi/L). 

The seasonal variations in density was statistically significant (H=13.30,P<0.01) 

It correlated negatively with sunshine hours (r= - 0.52,P<0.01) and atmospheric 

temperature (r= -0.45,P<0.05) while positively with rainfall (r= 0.70,P<0.01). 

In CL, Copepodes showed maximum density during monsoon (962.00 

indi/L — 1287.00 indi/L). During the year 1996 monsoon levels were followed by 

those of post-monsoon (725.00 indi/L) winter (437.00 indi/L) and summer (383.00 
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indi/L). While in the year 1997 monsoon levels followed by those of winter 

(903.00 indi/L), post-monsoon (800.00 indi/L) and summer (517.00 indi/L). It 

correlated negatively with sunshine hours (r= -0.41, P<0.05). 

In the year 1996 in SML copepodes were in good number during 

monsoon (1170.00 indi/L) followed by that of summer (728.00 indi/L), post-

monsoon (475.00 indi/L) and were at minimum during winter (430.00 indi/L). 

While during the year 1997-98 they were abundant in winter (491.00 indi/L), post-

monsoon (450.00 indi/L), summer (373.00 indi/L) and were least in number 

during monsoon (307.00 indi/L). 

Rotifer population in PL, maximum during summer (81.00 indi/L - 83.00 

indi/L) followed by that of winter (44.00 indi/L - 48.00 indi/L), post-monsoon 

(26.00 indi/L - 30.00 indi/L) and was minimum during monsoon (16.00 indi/L - 

17.00 indi/L). It correlated positively with sunshine hours (r = 0.56,P<0.01) and 

negatively with rainfall (r= 0.53,P<0.01). The variations were statistically 

significant (H=15.94,P<0.001). 

In CL, they were abundant during summer (757.00 indi/L - 1150.00 

indi/L) followed by monsoon (616.00 indi/L - 812.00 indi/L), winter (538.00 indi/L) 

and were minimum during post-monsoon (250.00 indi/L - 370.00 indi/L). 

At SML during the year 1996 they were at their maximum during 

summer (763.00 indi/L) followed by winter (380.00 indi/L). The density levels 

reversed in the year 1997 with their maximum density during winter (475.00 

indi/L) followed by that of summer (409.00 indi/L). During post-monsoon the 

density ranged from 262.00 indi/L - 355.00 indi/L. And minimum density ranged 

from 62.00 indi/L - 175.00 indi/L during monsoon and correlated positively with 

sunshine hours (r=0.54,P<0.01) and atmospheric temperature (r = 0.48,P<0.01) 
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while negatively with rainfall (r = -0.51,P<0.01). The seasonal variations in rotifer 

density were statistically significant (H=15.93,P<0.01). 

Cladocerans in PL showed maximum density during post-monsoon 

(37.00 indi/L — 43.00 indi/L).During the year 1996 post-monsoon levels were 

followed by those of monsoon (33.00 indi/L), winter (31.00 indi/L) and were 

lowest during summer (26.00 indi/L). While in the year 1997 post-monsoon 

levels, unlike the year before were followed by those of winter (40.00 indi/L), 

monsoon (30.00 indi/L) and were lowest during summer (26.00 indi/L). The 

density variations were correlated positively with rainfall (r = 0.40,P<0.05). 

In CL, cladocerans were abundant during post-monsoon (775.00 indi/L — 

1000.00 indi/L) followed by monsoon (775.00 indi/L), winter (450.00 indi/L-467.00 

indi/L) and were in least strength during summer (400.00 indi/L-617.00 indi/L). 

The variations correlated positively with atmospheric temperature (r= 

0.37,P<0.01). 

Unlike at other two water bodies, at SML during the year 1996 the 

density of cladocerans were highest during winter (300.00 indi/L) followed by that 

of post-monsoon (272.00 indi/L). In the year 1997 the case was opposite, as it 

was highest during post-monsoon (335.00 indi/L) followed by that of winter 

(253.00 indi/L). The summer densities ranged between 102.00 indi/L &143.00 

indi/L During monsoon it was lowest ranging from 37.00 indi/L — 121.00 indi/L. 

They correlated with sunshine hours (r=0.45,P<0.05) and the variations in 

densities were statistically significant (H=9.69,P<.019). 

Therefore, like phytoplankton a distinct seasonal abundance was also 

observed in zooplanktons with Rotifers, Copepodes and Cladocerans dominating 

during summer, monsoon and post-monsoon respectively. 
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Species indices: 

The different species diversity indices pertaining to the zooplankton 

population at all the 3.lakes is provided in table: 2.10. 

The peak H' values of 0.90-0.92 were attained in PL, and 0.94-0.99 were 

attained at CL, during summer. The best S.R and J' were achieved during post-

monsoon at PL. Better range of SR coincided with that of H' in summer at CL, 

while in the lake the species evenness was at its best during post-monsoon. At 

SML, interestingly all the 3 species indices were at their best during winter. 

Correlations with the Physicochemical Parameters: 

The correlations of zooplankton with it's major components, 

phytoplankton and principal groups of phytoplankton and physico-chemical 

parameters are provided in table 2.5, 2.6 and 2.7. 

The total zooplankton showed highly significant statistical correlation 

with Copepods in all the 3 lakes. It also showed correlation with Rotifers at CL 

and SML and, Cladocers at CL only. The total zooplankton showed significant 

correlation with total phytoplankton at CL and SML. 

The Rotifers exhibited significant correlation with total phytoplankton and 

highly significant correlation with Chlorophyceae in all the 3 lakes. The group 

showed significant correlation with Cyanophyceae and Bacillariophyceae at CL 

but negative correlation with the latter at PL. 

Copepods showed positive correlation with Cyanophyceae at CL and 

negative correlation with Chlorophyceae at PL. 

Cladocers showed statistically significant positive correlation with 

Copepods, Rotifers and Cyanophyceans at CL. 
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Planktonic Primary Productivity 

Seasonal variations in primary productivity at PL, CL and SML are 

presented in table: 2.11 while its monthly variations are shown in graph: 2,6. 

Gross Primary Productivity (G.P.P): 

On biannual basis cumulative total of G.P.P at PL, CL and SML, were 

1.20, 1.59 and 1.82 mg of C m 2/day respectively. At PL, total G.P.P in the lake 

varied from 0.03 mg C m 2  /day (June) to 0.08 mg C m 2  /day (May). It was 

maximum during summer followed by that of winter, post-monsoon and was 

minimum during monsoon. It correlated positively with atmospheric temperature 

(r= 0.38,P<0.05) and negatively with rainfall (r= -0.50,P<0.01). 

In C.L., it varied from 0.040 mg C m 2  /day (July) to 0.170 mg C m 2  /day 

(November). Seasonally it remained highest during post-monsoon followed by 

that of summer, winter and was lowest during monsoon. It showed significant 

seasonal variations (H=16.80,P<0.001). It correlated negatively with rainfall (r= - 

0.60, P<0.01). 

In SML, G.P.P varied from 0.025 mg C m 2  /day (August) to 0.30 mg C 

m2  /day (August). It was highest during monsoon followed by that of summer. In 

the year 1996 monsoon and summer levels were followed by those of post-

monsoon and winter which were reversed during the year 1997. It correlated 

positively with rainfall (r=0.45,P<0.05) and negatively with sunshine hours (r= - 

0.43,P<0.05). 

Net Primary Productivity (N.P.P): 

The biannual cumulative percentage of N.P.P in PL, CL and SML were 

recorded as 65.72 %, 63.62 % & 52.35 % respectively. In PL. it varied from 
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0.020 mg C m 2  /day (June) — 0.065 mg C m 2  /day (February). N.P.P remained 

highest during summer followed by post-monsoon, winter and was lowest during 

post-monsoon. It correlated negatively with rainfall (r= -0.40,P<0.05). 

In C.L., it varied from 0.010 mg C m 2  /day (July) — 0.120 mg C m 2  /day 

(November). N.P.P was maximum during summer followed by that of post-

monsoon, winter and was lowest during monsoon. Statistically significant 

(H=17.43,P<0.001) seasonal variations at seasonal were observed in the lake . 

 correlating negatively with rainfall (r= 10.40,P<0.05). 

N.P.P in SML varied from 0.010 mg C m 2  /day (October) — 0.160 mg C 

m2  /day (June). Seasonally in the year 1996, N.P.P was highest during monsoon 

followed by summer, winter and was lowest during post-monsoon. While in the 

year 1997 it was highest during summer followed by winter, post-monsoon and 

was lowest during monsoon. 

Community Respiration (C.R): 

At biannual level cumulative percentage of C.R in PL, CL and SML were 

34.27 %, 36.37 % and 47.64 % respectively. C.R in PL varied from 0.01 mg C m 2 

 /day (June) — 0.030 mg C m2  /day (March). C.R also like G.P.P and N.P.P was 

highest during summer followed by that of monsoon, winter and was lowest 

during post-monsoon. It correlated negatively with rainfall (r= -0.44,P<0.05). 

In CL, it varied from 0.010 mg C m 2  /day (February) — 0.120 mg C m 2 

 /day (November). Total C.R was highest during post-monsoon and lowest during 

summer. In the year 1996 post-monsoon levels followed by those of monsoon 

and winter with a reversed pattern in the year 1997. C.R showed significant 

(H=11.20, P<0.001) seasonal variation. 
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In SML, C.R varied from 0.01 mg C m 2  /day (February) — 0.15 mg C m 2 

 /day (August). It was highest during monsoon. During the year 1996 the 

monsoon levels were followed by those of post-monsoon, winter and were lowest 

during summer. While in the year 1997 monsoon levels were followed by its 

lowest level during post-monsoon. C.R showed significant seasonal 

(H=8.20,P<0.05) variation and correlated positively with rainfall (r=0.58,P<0.01) 

and negatively with sunshine hours (r= -0.54,P<0.05) and atmospheric 

temperature (r= -0.48,P<0.01). 

G.P.P was significantly (F=4.66,P<0.05) high in S.M.L. unlike PL. and 

CL. 

Correlations with physicochemical parameters and Planktons: 

Net primary productivity had statistically highly significant correlation 

with gross primary productivity at all the 3 lakes. Besides, it significantly 

correlated with total phytoplankton and Chlorophyceae at CL and, Cyanophyceae 

and total zooplankton at SML. It correlated positively with Copepods at SML but 

negatively with them at PL. 

Community respiration was positively correlated with total 

phytoplankton, Chlorophyceae and Rotifers but negatively with Copepods and 

Cladocers at PL. It positively correlated with total zooplankton and Cladocers at 

CL and negatively correlated with Rotifers at SML. 

Gross primary productivity positively correlated with total phytoplankton, 

Chlorophyceae, Rotifers at PL. It correlated with Copepods at PL as well as at 

SML and, Cladocers at CL. 
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DISCUSSION 

Crosetti and Margaritora (1987) based on their two year long studies on 

cladoceran population in a chain of 29—ponds in central Italy, opined that larger 

ponds owing to their size and prolonged wet phase contain greater number of 

micro habitats both in space and time, and hence sustain higher species 

richness. Contrary to this opinion, in the present study, the smallest of the 3 

water bodies, PL harboured the largest number of phytoplanktonic and 

zooplanktonic species. While the largest, but a semi-permanent water body, the 

CL occupied a second place and, SML, a permanent water body with 

intermediate size had the least number of species. It is to be noted here that, 

human interference at PL is the least as it's water is not put to any kind of bulk 

use. Secondly, PL has the dense and diverse macrophytic vegetation, compared 

to the other two water bodies and, hence must be the repository of greater 

number of micro habitats. Therefore, the water bodies, irrespective to their size 

and duration of wet phase, may sustain higher planktonic species diversity, if 

bestowed with larger number of micro habitats. 

The same macrophytic vegetation responsible for promoting the rich 

planktonic species diversity seems to be working as a counter productive factor 

towards the phytoplanktonic density. The overall phytoplanktonic density was 

highest at SML which was practically devoid of submerged and floating 

hydrophytes in the water body proper. While the density was least at PL which 

was almost choked with luxuriant macrophytic vegetation. CL with reasonably 

good degree of macrophytic vegetation, supported intermediate levels of 

phytopanktonic density between that of SML and PL. At this juncture it may be 

pertinent to take note of findings by Kerekes and Freedman (1989) wherein 
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better primary production was observed in clear waters of Beaverskin lake of 

Canada compared to other two lakes studied, infested with macrophytes and 

humic substances. Increased phytoplankton was also reported by Stachowiz et 

a/. (1994) in response to decline in macrophytes leading to increased availability 

of nutrients. 

There have been diagonally opposite opinions as to the role played by 

the alkalinity towards the overall phytoplankton production. In Tucker's (1957) 

view, as alkaline water serves as the alternate source of carbon and facilitates 

ready uptake of phosphorus by the phytoplankton, promotes their production 

even if phosphates are available in traces. But, Jana (1979) recorded a negative 

correlation between phytoplankton density and bicarbonates in 2 tropical 

fishponds located in West Bengal. Likewise, paradigm suggested by Berman et 

a/. (1995) for a long term resilience, of phytoplankton in Lake Kinneret of Israel, is 

possibility of the high levels of pH, carbonate alkalinity and calcium 

concentrations acting as buffers to maintain low levels of biologically available 

soluble reactive phosphorus. Another recent study (Karmarkar et aL, 1994) 

showed greater influence of alkalinity and NO 3  on phytoplankton abundance in 

river Damodar. In the present study, of the three lakes, SML with the best 

phytoplanktonic density had higher ranges of total alkalinity, NO 3  and moderate 

phosphate content. The other two lakes with lesser phytoplankton had lower 

levels of alkalinity and NO 3. Even the highest levels of PO 4  in PL did not prove to 

be of any significance in this regard, as it had least phytoplankton density. Thus, 

the reduction in euphotic zone due to intense growth of hydrophytes and 

resultant reduction of NO 3  along with lower levels of alkalinity must have been 

collectively responsible for the least phytoplanktonic density at PL. Therefore, PL 

seems to be an N limited lake while CL a P limited one. 
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In all the 3 lakes currently studied, phytolplankton was abundant during 

summer, a season characterised by high temperatures long sunshine hours and, 

the lake water with higher alkalinity and nitrates. Generally the phosphates were 

also higher in the lakes during the season, but for the exceptional situation in the 

PL. Likewise, the phytoplankton density was lowest during post-monsoon, a 

season with relatively low temperatures, lesser sunshine and lake water with low 

alkalinity, lowest levels of nitrates and phosphates. During the first year of study 

only at SML, the phytoplankton, but for it's higher level during summer, did not 

vary much across other seasons and, was disturbed grossly during the second 

year. The disturbance during the second year could probably be due to changes 

set in motion by the desiltation carried, during late summer of the second year. 

Thus, the higher temperatures, longer sunshine hours, reduced volume of water 

and the resultant rise in alkalinity and nutrients, as discussed earlier appear to be 

collectively contributing to the phytoplankton abundance in summer in all the 

lakes. Reverse situation must be responsible for the reduced phytoplankton 

density during postmonsoon. It has been shown earlier by a series of studies 

(Ilmavirta,1979,1980) that seasonal course of phytoplankton production largely 

depended on water temperature and solar radiation rather than on nutrient 

concentrations in brown water lakes of Paajarvi in Finland. The independence of 

phytoplanktonic abundance from nutrient concentration is understandable in 

temperate humic lakes with higher levels of nutrients rather than the 

tropical/subtropical lakes, like the ones studied currently. 

Association of green algae with shallow waters has been reported by 

Happey-Wood (1988). Several workers (King,1970; Sreenivasan,1970; 

Pushpendra and Madhyastha,1987) in the past have reported the occurrence of 

shift from blue-green algae to green algae with decrease in pH. Further to this, 
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Chlorophyceans are shown to be favoured by high nutrients and acidic pH 

(Shapiro,1973). Shapiro et al. (1975) went a step ahead to recommend reduction 

in pH by artificial circulation/addition of CO 2  to shift blue-green algae to green 

algae, palatable to zooplankton, as a measure towards biological control of 

planktonic blooms. In this background, uniform dominance of Chlorophyceans 

during summer months in the lakes studied here is obvious, as shallowness is 

known to increase with advancing summer in these already shallow lakes with 

average depth not more than a meter. Further to this, all these lakes recorded 

higher values of FCO 2 , NO3 , TOC and, PO4  with the exception at PL in summer. 

The water in all these lakes was acidic being at lowest point of the range in 

summer. it is noteworthy that, Chlorophyceans in all the 3 lakes showed negative 

correlation with pH and positive correlation with FCO 2, TOC and BOD. 

Tailing (1976), through a series of experiments conducted on varoius 

species of algae showed effectively that the Cyanophyceans can utilise C at high 

pH, when most of it is available in the form of CO3/HCO 3. Mukherjee and 

Pankajakshi (1995) reported accelerated growth of blue-green algae under 

special circumstances of water being polluted by detergents, wherein, FCO 2  is 

known to be depleted because of it's conversion to carbonates and bicarbonates. 

The authors were also of the view that at moderate temperatures, even at lower 

equilibrium levels of FCO 2, the blue-green algae can thrive better than most of 

other algae. Welch et a/. (1978) emphasised the role of P in the growth of 

Cyanophyceans. During the course of present study, but for the disturbance in 

the second year at SML, blue-green algae were abundant in monsoon in all the 

lakes. Their densities were negatively correlated with atmospheric temperature 

and FCO2; and positively correlated with pH at PL as well as CL. Further the 

cyanophycean densities at PL showed statistically highly significant correlation 
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with PO4 . The water of the lakes under study showed relatively higher pH and 

lower CO2  values during monsoon season compared to summer and, water at PL 

registered also highest PO 4  values during the season. Thus, to a great degree, 

present observations as to the dominance of Cyanophyceans coinciding 

monsoon are in concurrence with views of earlier workers cited above. 

Bacillariophyceans were in higher limits in all the 3 lakes under study 

during post-monsoon or winter, the periods during which the turbidity levels were 

lowest and so also the water temperature. The observations are in agreement 

with the conclusions drawn by Tilman et a/. (1986) that the Diatoms prefer clear 

waters and lower temperatures. However, the present findings are at variance 

with those of Pierre (1968) that the Diatoms dominate in waters with high DO as 

the period did not record high DO content at 2 of the lakes studied but for SML. 

The succession profile of algae, with the dominance of Chlorophyceae, 

Cyanophyceae and Bacillariophyceae respectively during summer, monsoon and 

winter observed in all the lakes under study are similar to those of earlier 

observations (Sreenivasan et al., 1964; Ganapati and Sreenivasan, 1965) in the 

reservoirs of Madras state 

Under the scheme of Nygaard's algal indices, the chlorophycean index 

was never below the upper limit of eutrophy at PL and very rarely it was below 

the limit at. CL. Cyanophycean index at CL as well as PL was always in eutrophic 

range, more often crossing upper limit of eutrophy at PL than at CL. Diatom index 

also often crossed the limit of eutrophy at PL than at CL. 

At SML chlorophycean as well as cyanophycean indices were below the 

eutrophic range some times during monsoon and winter. But at times 

cyanophycean index crossed the eutrophic range at SML. Therefore, from a 

wholistic angle we may safely conclude that, on the basis of Nygaard's trophic 
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state indices, PL and CL fall in hypereutrophic and eutrophic category while SML 

is mesotrophic in nature. At this juncture, it may not be out of place to refer 

limnological study carried out by Ilmavirta (1980) on a chain of 35 humic lakes in 

Finland, wherein he clearly indicated that green algae dominated eutrophic lakes 

while bluegreen algae dominated mesotrophic ones. In the present context, all 

the 3 lakes not only had highest species diversity of green algae, but also best 

percentage composition of the group on biannual consideration. The blooms of 

blue-green algae have been considered to be the indicators of eutrophy 

(Hutchinson, 1967). Many workers (Verma et a/, 1978; Desai, 1987) have 

considered the dominance of Cyanophyceans as a sign of pollution and 

deterioration of water quality. In none of the water bodies studied here, 

Cyanophyceans were in blooms or outnumbered the Chlorophyceans, and hence 

the hypereutrophic and eutrophic status assigned to PL and CL need be viewed 

as the result of autocthonous reloading nutrients rather than due to allocthonous 

pollution. 

As in case of phytoplankton, PL supported considerably large number of 

zooplanktonic species, when compared to other two lakes. But, unlike in case of 

phytoplankton, the zooplanktonic density was highest at CL rather than at SML, 

which supported higher phytoplanktonic density. In all the 3 lakes the 

zooplankton density surpassed that of phytoplankton almost all through the year, 

but the former was running very close to the latter at PL and SML, while there 

was a substantial gap between the two at CL. According to the grazing theory 

(Kurasawa,1975). The findings indicate an enormous grazing pressure on the 

phytoplankton of CL but not it being of same degree at PL and SML. Thus, one 

more dimension seeming to be responsible for higher phytoplanktonic density at 

SML is the lower grazing pressure exerted by the zooplankton owing to it's lower 
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density coupled possibly with prevalence of omnivory rather than herbivory in the 

group. It is worthwhile to take note of abundance of Copepodes at SML, known 

for their raptorial omnivorous food habits crossing 50% mark of zooplanktonic 

density. Secondly, top to down control of phytoplankton because of sustained 

grazing pressure in the lakes under study is an encouraging sign indicating that 

the lakes are still far from dystrophication (Goe1,1997). 

Rotifers dominated the zooplanktonic domain during summer in all the 

lakes under study, and theft minimum density coincided with monsoon and post-

monsoon. They often showed statistically significant correlation with atmospheric 

temperature, sunshine and negative correlation with rainfall. Macrophytes, when 

allowed to decay, were shown to enhance the population of Rotifers in aquarium 

tanks (Hrback et al., 1961). According to Junk (1977) decaying macrophytes 

besides providing protection from predation also serve as the food resource 

directly or indirectly to Rotifers and hence promote their population. The view has 

been further substantiated by the laboratory experiments (Neil and Peacock, 

1980; Gilbert 1985), wherein it was proved that Rotifers can become abundant 

only at very high nutrient loading, as they are comparatively inferior to crustacean 

plankton because of their narrow food niches. The Rotifers are also known for 

their better reproductive potential (Gilbert,1985) which is reported to be 

dependent on temperature, besides food availability (Edmondson,1965). Thus, it 

is only logical that soaring temperatures of summer in the region, shrinking 

volume of lake waters leading to considerable decay of macrophytes, 

concentration of nutrients, ever increasing Chlorophyceans together must have 

provided congenial environment for growth and reproduction of Rotifers in the 

lakes under study, thereby resulting in their dominance in the season. The 

chlorophyceans appear to have a special significance for the Rotifer population, 
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as they showed statistically highly significant correlation in all the lakes under 

study, over and above their codominance during summer. Blue-green algae 

known to inhibit Rotifers (Hasler and Jones 1949) showed inverse relation in their 

density with Rotifers in these lakes. Summer, dominance of Rotifers in the lentic 

waters as observed in the present study has been reported earlier in tropical lotic 

waters by Varkey (1976). 

Zooplankton in general are known to avoid the blue-green algae 

because of their poor nutritional value, unmanageability and toxicity (Sorokin, 

1968; Webster and Peters, 1978; Porter and Orcutt, 1980). The Cyanophyceans, 

especially the large filamentous ones rather than small mucilaginous colonies are 

known to interfere greatly with zooplankton in general and Cladocers in 

particular, in more than one ways (Infante and Riehl, 1984). The filaments may 

immobilise the thoracic limbs and clog the food filtering apparatus, thereby 

reducing the food uptake (Hayward and Gallup, 1976; Maitland, 1978). The 

rejection movement of these filamentous material may result in loss of energy 

rendering less energy available for growth and reproduction (Porter et a/. 1983). 

Considering the multifaceted antagonism by the Cyanophyceans with Cladocers, 

the abundance of the latter during winter/post-monsoon, a period with relatively 

less population of blue-green algae in these lakes is only a natural consequence. 

But, there is a need for further carefully planned analysis as to the statistically 

positive correlation shown by Cladocers with Copepods and Cyanophyceans at 

CL. 

From the density angle, Copepoda was the dominant group in all the 

three lakes studied and were in abundance during monsoon. Generally, their 

density was minimum during summer. Similar monsoonal dominance of 

Copepodes has been reported earlier by Govind (1969) in Tungabhadra 
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reservoir. Interestingly the period of Copepod dominance during monsoon 

coincides with that of Cyanophyceans, which are not known to be conducive for 

zooplankton in general. But Infante and Riehl (1984) reported that detrimental 

effects of Cyanophyceans on zooplankton depends on form and strain of algae 

and their extreme abundance in the form of blooms. Their field and experimental 

records on tropical lake Valenica indicated that the filamentous Cyanophyceans 

with more nuisance value affect Copepods less than Cladocers. Secondly, Both 

Copepods and Cladocers are raptorial omnivores and in terms of food niches 

Copepods are found to be competitively inferior to Cladocers (Kinsely and 

Geller,1986) and hence Copepods may not be able to thrive better during the 

period of Cladoceran abundance. Similarly inverse relation has been reported 

between Copepods and Chlorophyceans, as cyclopoid Copepods do not ingest 

green algae (Lambert and Taylor,1985). Thus, it appears that the Copepods not 

only have adapted to monsoons, a time period free from the excessive 

competetion with Rotifers and Cladocers but also adapted well to attain 

abundance in these lakes during the period. 

Thus, like phytoplankton, zooplankton also showed a clear succession 

profile in the lakes studied with the dominance of Rotifera, Copepoda and 

Cladocera respectively during summer, monsoon and post-monsoon/winter. 

Maximum planktonic primary productivity at SML and minimum at PL, 

with intermediate state at CL, is in accordance with the total phytoplankton 

density profile in these lakes. A direct relation of primary productivity with 

alkalinity of waters observed in these lakes is also in confirmity with the similar 

findings by earlier workers (Sreenivasan, 1964; Sumitra, 1971). But, overall 

productivity rather was extremely low in these waters in comparison with that 

recorded in other tropical water bodies in south India (Khatri, 1984). The lower 
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range of phytoplanktonic densities, lower levels of nutrients such as NO 3  and 

PO4  and lower hardness values might be acting in tandem towards this state. 

According to Moyle (1949) and Wetzel (1966) soft waters suffer from low primary 

productivity. From seasonal consideration GPP was maximum during summer at 

PL, Monsoon at SML and post monsoon at CL. Taking in to account higher 

phytoplankton densities in all these lakes during summer, productivity profile did 

not go well with phytoplankton densities, at least at SML and CL. One obvious 

reason could be that, the numerical counts of phytoplankton adapted in the study 

might not be reflecting the actual biomass, in view of overall scantiness of 

phytoplankton in these lakes. Secondly, some other factors might be having 

overriding influence. It may be recalled here that GPP showed statistically 

significant correlation with Copepods at SML and Cladocers at CL, dominant 

zooplankters during monsoon and post-monsoon respectively. Both these groups 

being known for the raptorial omnivory, might be responsible for lesser grazing 

pressure on the phytoplankton during the seasons, influencing in upward trend in 

their biomass without it being perceptibly reflected in their numerical strength. 

However there is a further need for skillfully planned data to straighten the riddle. 

The NPP: GPP ratio was at it's best during summer at CL as well as at SML, but 

during post-monsoon at PL, coinciding with least community respiration during 

the seasons. The findings are logical, in view of relatively less abundant 

zooplankton during the seasons and are in agreement with similar reports in the 

waters of North India (Sharma and Dutta Munshi,1995) and South India 

(Sreenivasan,1972; Ganapati and Sreenivasan,1972). 

At PL, a lake with least human interference, the highest levels of GPP 

and species diversities of phytoplankton as well as Zooplankton coincided with 

one another during summer. While, at CL, where a sharp distinction between dry 
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and wet phases existed due to regulated water regime, GPP and phytoplankton 

species diversities were at their best during postmonsoon just after the filling in 

phase of the lake and, peak zooplankton species diversity succeeded during 

summer with a gap of a season. But at SML, where the water is under the bulk 

use, high GPP during monsoon was succeeded with a gap of a season by best 

phytoplankton species diversity during winter and was immediately followed by 

that of zooplankton during summer. Thus the best zooplankton species diversity 

either coincided with that of phytoplankton or succeeded it immediately or after a 

short lapse of a time. 



Table:2.1 

The Structural Composition of Phytoplanktonic Comminity  
in the waters of Pilar, Carambolim and Santa Monica Lakes 

during January 1996 to June 1998.  

S.NO: NAME OF SPECIES RANKS OF DOMINANCE 
PL 

(1-27) 
CL 

(1-20) 
SML 
(1-11) 

Chlorophyceae 
1 Ankistrodemus fulcatus 9 13 2 

2 Chlorella vulgaris - 2 - 
3 Chlorococccum 

infusionum 
16 - - 

4 Chlosterium setacium - - 3 
5 Chlosterium sp. - - - 
6 Coelastrum microsporum 24 - - 
7 Cosmarium 

margaritiferum 
26 - - 

8 Euastrum sp. 22 - - 
9 E. spinulosum 25 - - 
10 Microspora floccosa 20 - - 
11 Oocardium - 16 - 
12 Pandorina morum 17 6 - 
13 Pediastrum duplex 13 8 10 
14 P. tetras 21 - - 
15 Scenedesmus 

quadricauda 
23 7 - 

16 Selenastrum gacile 14 9 - 
17 Spirogyra lineata 2 3 

Cyanophyceae 
18 Anabaena sp. 7 14 - 
19 Aphanocapsa pulchara 19 - - 
20 Aphanotheca 

microscopica 
11 - - 

21 Chlorococcus tenax 18 - - 
22 Microsystis aeruginosa 8 5 11 
23 Microsterias truncata - 5 
24 Oscillatoria formosa 1 1 1 
25 Spirulina sp. - 17 - 

Contd--- 



S.NO: NAME OF SPECIES RANKS OF DOMINANCE 
PL 

(1-27) 
CL 

(1-20) 
SML 
(1-11) 

Bacillariophyceae 
26 Astrionella formosa - 12,  9 
27 Cyclotella stelligera 10 - - 
28 Fragilla fiS capucina - 11 8 
29 Navicula tuscula 4 20 - 
30 N. viridis 6 - - 
31 N. longissima 
32 N. plea - 15 - 
33 N. recta 12 19 - 
34 Sturastrum - - 7 
35 Synedra ulna 5 18 - 
36 Tabellafia sp. - 6 

Euglenophyceae 
37 Euglena oxyuris 27 - - 
38 E. pisciformes 27 - - 

Note: - = Absent 



Table:2.2 

Quanatitative variations in Phytoplankton through the  
seasons in Pilar, Carambolim and Santa Monica Lakes during 

March 1996 to May 1998.  

YEAR/ 
SEASONS 

PILAR 
LAKE 

CARAMBOLIM 
LAKE 

SANTA MONICA 
LAKE 

Mean ± SE (min,max) Mean ±S.E (min,max) Mean ±S.E (min,max) 

1996 
SUMMER 120.00 ± 1.00 853.00 ± 361.00 1423.00 ± 139.00 

(119.00,120) (212.00,1459.00) (1170.00,1650.00) 

MONSOON 103.00 ± 8.00 480.00 ± 49.00 913.00 ± 80.00 
(80.00,117.00) (39.00,675.00) (750.00,1050.00) 

POST- 62.00 ± 8.00 310.00 ± 35.00 965.00 ± 216.00 
MONSOON (54.00,70.00) (299.00,321.00) (750.00,118.00) 

WINTER 110.00 ±7.00 496.00 ± 65.00 917.00 ±132.00 
(95.00,119.00) (474.00,513.00) (650.00,1100.00) 

1997 
SUMMER 109.00 ± 3.00 855.00 ± 207.00 1140.00 ± 242.00 

(104.00,112.00) (453.00,1140.00) (850.00,1620.00) 

MONSOON 107.00 ± 6.00 454.00 ± 125.00 328.00 ± 77.00 
(88.00,116.00) (125.00,729.00) (100.00,430.00) 

POST- 88.00 ± 18.00 389.00 ± 50.00 1300.00 ± 150.00 
MONSOON (70.00,105.00) (339.00,439.00) (1150.00,1450.00) 

WINTER 106.00 ± 13.00 465.00 ± 80.00 683.00 ± 249.00 
(81.00,121.00) (317.00,589.00) (300.00,1150.00) 

1998 
SUMMER 118.00 ± 5.00 711.00 ± 239.00 1307.00 ± 

(111.00,128.00) (409.00,1181.00) (850.00,1450.00) 

Note: Phytoplankton density expressed as indi/L. 



Table:2.3 

Seasonal Variations in Species Indices of Phytoplankton 
Community at Pilar, Carambolim & Santa Monica Lakes 

(March 1996 to June 1998).  

LAKE/ 
INDEX 

SUMMER MONSOON POST- 
MONSOON 

WINTER SUMMER MONSOON POST- 
MONSOON 

WINTER SUMMER 

PL 
H' 0.88 0.82 0.72 0.78 0.91 0.76 0.84 0.84 0.80 

S.R 3.79 3.46 1.48 3.53 4.13 3.46 2.55 3.98 2.93 

J' 0.29 0.26 0.34 0.24 0.27 0.24 0.32 0.26 0.27 

CL 
H' 0.85 0.85 0.90 0.86 0.87 0.90 0.93 0.77 0.84 

S.R 2.15 1.75 1.55 1.77 2.00 1.86 1.76 1.80 1.82 

J' 0.30 0.32 0.37,  0.32 0.32 0.33 0.36 0.30 0.31 

SML 
H' 0.85 0.85 0.94 0.95 0.82 0.94 0.86 0.96 0.85 

S.R 1.20 0.85 1.18 1,13 1.11 0.97 0.55 0,78 1.08 

J' 0.35 0.40 0.40 0.41 0.37 0.42 0.53 0.50 0.36 



Table:2.4 

Seasonal Variations in Nygaard's Indices at 
Pilar, Carambolim and Santa Monica Lakes 

(March 1996 to June 1998).  

LAKE/ 
INDEX 

SUMMER MONSOON POST- 
MONSOON 

WINTER SUMMER MONSOON POST- 
MONSOON 

WINTER SUMMER 

PL 
Chlro. I 3.68 2.30 1.00 1.53 3.50 2.70 1.00 1.80 3.00 

Cyan. I 1.85 13.30 13.00 7.30 2.28 19.10 11.00 8.10 2.50 

Diat. I 0.08 0.05 0.60 0.67 0.45 . 	0.14 0.09 0.62 0.30 

CL 
Chlro. I 6.31 5.58 0.65 0.97 5.89 2.47 1.70 2.64 4.50 

Cyan. I 3.50 17.55 1.76 1.09 1.60 14.60 1.84 1.54 8.83 

Diat. I 0.14 0.06 0.37 0.21 0.00 0.08 0.35 0.08 0.00 

SML 
Chlro. I 3.28 0.00 1.25 0.00 1.27 3.50 1.50 0.33 3.81 

Cyan. I 0.95 0.00 2.65 . 0.00 2.80 6.00 8.00 1.66 1.90 

Diat. I - - - - - - - - -  

Note: Chlo. I = Chlorophycean Index, Cyan.I = Cyanophycean Index, 
Diat. I = Diatom Index 



Table:2.5 

Correlation Matrices of Plankton community with primary 
productivity and physico-chemisty of water at Pilar Lake  

Parameters Cladocere Rotifer Copepode Total 	Bacillario- Cyano- 	Chloro- 
Zoopl- phyceae 	phyceae phyceae 
ankton 

Total 
Phyto-
plankton 

CR •NPP GPP 

Air temp- -0.08 -0.01 0.25 0.23 -0.39* 0.10 0.22 0.11 0.12 -0.18 -0.90 

Water temp- 0.06 0.11 0.24 0.38* -0.52** 0.01 0.21 -0.05 0.07 -0.20 -0.13 

pH 0.05 -0.38* 0.40* 0.10 -0.05 0.45* -0.21 0.04 -0.03 -0.14 -0.25 

Conductivity -0.08 0.39* 0.14 0.51** -0.30 -0.26 0.46** 0.19 0.16 -0.13 0.05 

Turbidity 0.07 0.26 0.21 0.50** -0.27 -0.29 0.26 -0.08 0.05 -0.06 -0.03 

FCO2 -0.30 0.78** -0.46* 0.11 -0.35 -0.26 0.72** 0.50** 0.64** 0.34 0.54** 

DO 0.01 -0.18 0.14 -0.01 -0.22 0.30 -0.01 0.09 0.02 -0.26 -0.19 

Chloride 0.21 0.06 0.22 0.37* -0.20 -0.18 0.11 -0.14 -0.11 -0.09 0.12 

Alkalinity 0.14 0.43* -0.20 0.23 -0.17 -0.40* 0.33 -0.01 0.08 0.30 0.27 

BOD -0.16 0.66** -0.12 0.41* -0.40* -0.33 0.71** 0.39* 0.42* 0.15 0.29 

TOC -0.17 0,42* -0.03 0.28 -0.30 -0.01 0.43 0.35 0.44 0.14 0.30 

Ca.H 0.13 0.24 0.10 0.38* -0.02 0.02 0.22 0.30 -0.11 0.10 0.07 

T.H 0.12 0.28 0.23 0.55** -0.17 -0.11 0.25 0.12 -0.01 0.08 0.05 

T.S -0.12 0.57** -0.01  0.47** -0.47** -0.32 0.63* 0.25 0.35 -0.04 0.11 

PO4  -0.42* -0.22 0.23 0.11 0.21 0.69** -0.15 0.50** 0.18 -0.20 -0.07 

NO3 0.01 0.51** -0.01 0.47** -0.33 -0.33 0.60** 0.30 0.37 -0.07 0.09 

NH4 -0.05 0.40 -0.15 0.33 -0.35 -0.03 0.42* 0.28  0.20 -0.01 0.07 

GPP -0.28 0.53** -0.53** -0.18 -0.24 -0.11 0.42* 0.38** 0.27 0.91** 

NPP -0.11 0.35 -0.46* -0.20 -0.13 0.04 0.17 0.17 0.31 

CR -0.46** 0.59** -0.40* -0.58 -0.31 -0.11 0.68** 0.60** 

Total phyto- -0.45* 0.42* -0.25 -0.05. 0.04 0.27 0.56** 

Cholo-- -0.30 0.83** -0.37* 0.23 -0.54** -0.46** 

Cyano-- -0.0 -0.32 0.05 -0.27 0.09 

Bacillar-- 0.09 -0.60** 0.28 -0.20 

Tool zoop- 0.03 0.24 0.62** 

Copepodc 0.09 -0.54** 

Rotifer -0.23 

Note: Level of Significance: *= P<0.05, ** = P<0.01 



Table:2.6 

Correlation Matrices of Plankton community with primary 
productivity and physico-chemisty of water at 

Carambolim Lake 

Parameters Cladocere Rotifer 	Copepode Total 
Zoopl- 
ankton 

Bacillario- Cyano- 
phyceae 	phyceae 

Chloro- 
phyceae 

Total 
Phyto-
plankton 

CR NPP GPP 

Air temp- M.43* 0.01 -0.36 -0.31 -0.36 0.04 0.04 -0.02 0.62** -0.06 0.49** 

Water temp -0.19 0.06 -0.08 -0.07 -0.36 0.22 -0.07 -0.05 -0.35 -0.10 -0.34 

pH 0.17 -0.24 -0.27 0.01 0.43* 0.07 -0.32 -0.32 0.13 -0.33 -0.13 

Conductivity -0.12 0.17 -0.41 -0.10 -0.20 -0.06 0.16 0.06 -0.33 0.31 0.06 
Turbidity -0.26 0.33 -0.16 -0.17 0.23 -0.24 0.34 0.23 0.37* 0.26 -0.02 

FCO2 -0.12 0.09 -0.07 -0.09 0.26 -0.27 0.40* 0.28 -0.20 0.14 -0.15 

DO -0.18 -0.04 -0.22 -0.11 -0.28 0.48** 0.03 0.16 -0.36 -0.11 -0.32 

Chloride -0.01 0.23 -0.14 -0.23 -0.18 0.01 0.28 0.20 -0.27 0.31 0.09 

Alkalinity 0.06 0.10 -0.37* -0.11 -0.20 -0.06 0.13 0.04 0.08 0.06 0.20 

BOD -0.22 0.06 -0.33 -0.23 0.18 -0.34 0.47* 0.28 -0.34 0.40* 0.14 

TOC -0.19 0.16 -0.33 -0.16 0.30 M.42** 0.46* 0.27 -0.30 0.49* 0.18 

Ca.H -0.32 0.10 -0.24 • -0.19 0.37* -0.29 0.26 0.18 -0.25 0.44* 0.20 

T.H -0.33 0.10 -0.25 -0.20 0.24 -0.29 0.20 0.10 -0.30 0.28 0.09 

T.S -0.22 0.10 -0.34 -0.20 0.07 -0.23 0.30 0.17 0.51** 0.44* 0.02 

PO4  -0.16 0.20 -0.27 -0.10 0.39* -0.25 0.52** 0.41 -0.35 0.47* 0.13 

NO3 -0.11 0.39* . -0.30 -0.03 0.19 -0.19 0.27 0.19 -0.20 0.28 0.08 

NH4 -0.08 0.26 -0.17 -0.01 0.20 -0.17 0.35 0.26 -0.94 0.32 0.17 

GPP 0.45* 0.17 0.23 0.32 0.30 0.04 0.21 0.25 0.58** 0.72** 

NPP 0.13 0.34 0.07 0.19 0.34 0.05 0.39* 0.40* 0.42 

CR 0.58** -0.01 0.48** 0.42* 0.10 0.19 -0.26 -0.10 

Total phyto- 0.42 0.73** 0.24 0.51** 0.51** 0.43* 0.90** 

Chloro-- 0.25 0.57** -0.03 0.26 0.36* 0.06 

Cyano-- 0.48** 0.49** 0.61** 0.62** -0.01 

Bacillar- 0.16 0.38* 0.18 0.27 

Toal zoop- 0.90** 0.76** 0.91** 

Copepode 0.81** 0.50** 

Rotifer 0.53** 

Note: Level of Significance: *= P<0.05, ** = P<0.01 



Table:2.7 

Correlation Matrices of Plankton community with primary 
productivity and physico-chemisty of water at 

Santa Monica Lake  

Parameters Cladocere Rotifer Copepode Total 
Zoopl- 
ankton 

Bacillario- Cyano- 	Chloro- 
phyceae 	phyceae phyceae 

Total 
Phyto-
plankton 

CR NPP GPP 

Air temp- -0.43* -0.11 0.21 -0.06 -0.38* 0.17 0.41* 0.14 0.98 0.22 0.17 
Water temp- -0.30 -0.15 0.30 0.01 -0.19 0.18 0.28 0.17 0.34 0.23 0.31 
pH 0.38* -0.22 -0.06 0.07 0.47** -0.38* -0.70 -0.41 -0.16 -0.41* -0.31 
Conductivity -0.60* 0.34 0.01 0.22 -0.23 0.21 0.78** 0.56** -0.30 0.11 -0.10 
Turbidity -0.25 0.12 0.04 0.03 -0.47** 0.23 0.74** 0.38* 0.07 0.35 0.23 
FCO2  -0.05 -0.05 0.08 0.01 -0.32 0.20 0.59** 0.34 0.22 0.38* 0.33 
DO 0.32 0.47** -0.16 -0.33 0.51** 0.02 -0.20 0.18 -0.08 -0.34 -0.23 
Chloride -0.37* -0.11 0.05 -0.15 -0.43 0.15 0.44* 0.12 0.12 0.19 0.17 
Alkalinity -0.33 0.26 0.06 0.11 -0.55** 0.15 0.43* 0.04 0.31 0.44* 0.42* 
B.O.D -0.41* 0.28 0.13 0.15 -0.56** 0.35 0.74** 0.36* 0.07 0.45* 0.28 
T.O.0 -0.33 -0.05 -0.15 -0.24 -0.52** 0.07 0.45* 0.04 0.29 0.43* 0.40* 
Ca.H -0.37 0.26 0.06 0.11 0.57** 0.25 0.46* 0.09 0.18 0.39* 0.31 
T.H -0.46** 0.30 0.07 0.10 -0.54** 0.11 0.55* 0.12 -0.12 0.10 -0.01 

T.S 0.40** 0.15 0.16 0.09 -0.56** 0.36* 0.66* 0.30  0.19 0.51** 0.38* 

PO, -0.55** -0.03 0.09 -0.12 -0.58** 0.31 0.56** 0.18 0.34 0.47** 0.45 
NO3  -0.45* 0.33 0.05 0.12 -0.67** 0.19 0.73** 0.21 -0.07 0.30 0.12 
NH4  -0.60** 0.04 0.01 -0.14 0.69** 0.32 0.58** 0.14 0.26 0.44* 0.40* 
GPP -0.07 -0.22 0.46* 0.15 -0.17 0.29 -0.30 -0.20 0.91** 0.89** 

NPP -0.05 0.01 0.52** 0.37* -0.23 0.46* 0.26 0.24 0.63** 

CR -0.08 -0.41** 0.32 -0.08 -0.08 0.08 -0.30 -0.26 

Total phyto- 0.18 0.36* 0.24 0.47** 0.28. 0.59** 0.69** 

Chloro-- -0.27 0.48** 0.15 0.35 0.39* 0.37** 

Cyano-- -0.16 0.18 0.17 0.19 -0.15 

Bacillar- 0.70** -0.15 0.07 0.16 

Toal zoop- 0.24 0.65** 0.69** 

Copepode -0.01 0.01 

Rotifer -0.08 

Note: Level of Significance: *= P<0.05, ** = P<0.01 



Table :2.8 

The Structural Composition of Zooplanktonic Community in 
the waters of Pilar, Carambolim and Santa Monica Lakes  

during January 1996 to June 1998.  

S.NO: NAME OF SPECIES RANKS OF DOMINANCE 
PL 

(1-34) 
CL 

(1-20) 
SML 
(1-19) 

Copepoda 
1 Bryocampus hiemalis - - 18 
2 Cyclops bicuspidatus thomsi 2 3 2 
3 Mesocyclops leukarti 3 4 - 
4 Naupliar larva 1 1 1 
5 Phyllodiaptomous thomsi 4 8 3 

Rotifera 
6 Brachionus angularis - 20 
7 B. calyciflorus 11 9 11 
8 B. caudatus 16 6 8 
9 B. falcatus - 16 - 
10 B. folicaulus 9 - - 
11 B.quadridentatus 15 - 7 
12 Cephallodella auriculata 17 - 9 
13 Euchlonis sp. 20 - - 
14 Filina longiseta 23 14 14 
15 F. terminalis 10 - - 
16 Keratella tropica - 12 5 
17 Lecane ploensis 25 15 - 
18 Lepadella ovalis 22 - - 
19 L . patela 19 - - 
20 Monostylla bulla 6 16 13 
21 Phylodina species - 18 - 
22 Polyathra sp. 14 - - 
23 Trichocera porcellus 7 11 15 
24 T. simils - - 6 

Contd--- 



S.NO: NAME OF SPECIES RANKS OF DOMINANCE 
PL 

(1-34) 
CL 

(1-20) 
SML 

(1-19) 
25 Biaptura affinis - 10 - 
26 B. longiseta 21 - - 
27 Colurella obtusa - - 12 
28 Chydorous ciliatus 12 - 10 
29 Daphnia carinata 18 5 - 

30 D. obtusa 5 - - 
31 Lydgia ciliata 8 2 - 
32 Moina brachiata 13 7 4 
33 Anapheles sp. - - 17 

34 Baetis hiemalis 30 - - 
35 Campodeiform larva 33 - - 
36 Chironnomus larva 32 - 16 
36 Hydrachna 29 - - 
38 Neoplea striata 24 - - 
39 Notonecta 28 19 - 
40 Pentanura larva 34 - - 
41 Rhithrogena 26 - 

Ostracoda 
42 Cypris sp. 27 17 19 
43 Nematoda 31 - - 

Gastrotricha 
44 Chaetonotus sp. 34 - - 

Note: - = Absent 



Table:2.9 

Quanatitative variations in Zooplankton through the seasons 
in Pilar, Carambolim and Santa Monica Lakes during 

March 1996 to May 1998.  

YEAR/ 
SEASONS 

PILAR 
LAKE 

CARAMBOLIM 
LAKE 

SANTA MONICA 
LAKE 

Mean ± SE (min,max) Mean ± S.E(min,max) Mean ± S.E (min,max) 

1996 
SUMMER 147.33 ± 24.48 1540.00 ± 691.36 1616.67 ± 212.30 

(99.00,165.00) (435.00,2810.00) (1372.00,2039.00) 

MONSOON 156.00 ± 32.07 2353.75 ± 796.09 1465.75 ± 122.23 
(76.00,230.00) (100.00, 3740.00) (1215.00,1749.00) 

POST- 104.50 ± 22.56 1870.00 ± 822.45 1103.00 ± 343.02 
MONSOON (82.00,127.00) (1050.00,2690.00) (761.00,1445.00) 

WINTER 131.00 ± 24.61 1425.00 ± 523.83 1110.00 ± 70.12 
(95.00,178.00) (600.00,2390.00) (1036.00,1250.00) 

1997 
SUMMER 147.33± 16.00 1965.00 ± 860.73 833.67 ± 52.89 

(118.00,173.00) (260.00,3010.00) (792.00,975.00) 

MONSOON 160.00 ± 22.30 2875.00 ± 891.95 407.75 ± 54.65 
(98.00,202.00) (200.00,3820.00) (26.00,516.00) 

POST- 119.00 ± 0.02 2050.00 ± 702.09 1047.50 ± 77.73 
MONSOON (113.00,125.00) (1350.00, 2750.00) (970.00,1125.00) 

WINTER 134.00 ± 17.16 1953.33 ± 654.74 1219.33 ± 186.46 
(109.00,167.00) (1250.00,3260.00) (901.00,1546.00) 

1998 
SUMMER 139.00 ± 7.00 211.67 ± 812.90 1542.67 ± 183.59 

(125.00,146.00) (550.00,3270.00) (1206.00,1837.00) 

Note: Zooplankton density expressed as indi/L. 



Table:2.10 

Seasonal Variations in Species Indices of Zooplankton 
Community at Pilar, Carambolim & Santa Monica Lakes 

(March 1996 to June 1998).  

LAKE/ 
INDEX 

SUMMER MONSOON POST- 
MONSOON 

WINTER SUMMER MONSOON POST- 
MONSOON 

WINTER SUMMER 

PL 
H' 0.90 0.78 0.86 0.78 0.92 0.74 0.88 0.82 0.77 

S.R 3.14 3.26 2.99 3.21 3.24 2.94 3.90 3.26 3.25 

J ' 0.30 0.25 0.30 0.26 0.30 0.24 0.28 0.27 0.25 

CL 
H' 0.99 0.91 0.91 0.92 0.94 0.92 0.81 0.86 0.95 

S.R 1.77 1.52 1.33 L44 1.61 L39 1.09 1.57 1.82 

J' 0.35 0.33 0.36. 0.35 0.34 0.34 0.35 0.34 0.33 

SML 
H' 0.88 0.70 0.73 0.93 0.90 0.81 0.92 0.92 0.87 

S.R 1.40 1.15 1.29 1.46 1.46 0.94 1.04 1.50 1.31 

J' 0.34 0.29 0.30 . 	0.37 0.35 0.35 0.38 0.41 0.35 



Table:2.11 

Quanatitative variations in Primary Productivity through the 
seasons in Pilar, Carambolim and Santa Monica Lakes during 

March 1996 to May 1998.  

YEAR/ 
SEASONS 

PILAR LAKE CARAMBOLIM LAKE SANTA MONICA LAKE 

Mean ±S.E (min,max) Mean ±S.E (min,max) Mean ±S.E (min,max) 
GPP NPP CR GPP NPP CR GPP  NPP CR 

1996 
SUMMER 0.060 ± 0.012 0.037 ± 0.010 0.023 ± 0.003 0.082 ± 0.004 0.070 ± 0.006 0.012 ± 0.004 0.059 ± 0.006 0.045 ± 0.003 0.014 ± 0.003 

(0.040,0.080) (0.010,0.050) (0.010,0.030) (0.075,0.090) (0.060,0.070) (0.0100.020) (0.010,0.070) (0.040,0.050) (0.010,0.020) 

MONSOON 0.038 ± 0.002 0.020 ± 0.000 0.018 ± 0.003 0.045 ± 0.017 0.018 ± 0.008 0.028 ± 0.010 0.193 ± 0.056 0.010 ± 0.032 0.093 ± 0.025 
(0.020) (0.020) (0.010,0.020) (0.000,0.080) (0.000,0.030) (0.0000.050) (0.090,0.280) (0.040,0.150) (0.050,0.150) 

POST- 0.045 ± 0.000 0.035 ± 0.000 0.010 ± 0.000 0.100 ± 0.000 0.045 ± 0.005 0.055 ± 0.005 0.048 ± 0.018 0.018 ± 0.008 0.030 ± 0.010 
MONSOON (0.040) (0.040) (0.010) (0.010) (0.040,0.050) (0.0500.060) (0.030,0.065) (0.010,0.025) 0.020,0.040) 

WINTER 0.048 ± 0.007 0.032 ± 0.006 0.017 ± 0.003 0.065 ± 0.003 0.045 ± 0.009 0.020 ± 0.006 0.047 ± 0.003 0.023 ± 0.003 0.023 ± 0.003 
(0.043,0.062) (0.023,0.042) (0.010,0.020) (0.061,0.071) (0.031,0.061) (0.010,0.030) (0.040,0.050) (0.0200.030) 0.020,0.030) 

1997 

SUMMER 0.063 ± 0.010 0.037 ± 0.007 0.027 ± 0.003 0.078 ± 0.007 0.067 ± 0.003 0.012 ± 0.004 0.062 ± 0.013 0.045 ± 0.012 0.017 ± 0.010 
(0.050,0.080) (0.030,0.050) (0.020,0.030) (0.065,0.090) (0.060,0.070) (0.005,0.020) (0.040;0.050) (0.020,0.060) (0.001,0.030) 

MONSOON 0.038 ± 0.004 0.025 ± 0.003 0.013 ± 0.004 0.043 ± 0.014 0.018 ± 0.006 0.025 ± 0.009 0.066 ± 0.030 0.015 ± 0.012 0.051 ± 0.027 
(0.030,0.050) (0.020,0.030) (0.002,0.020) (0.000,0.060) (0.000,0.030) (0.000,0.040) (0.025,0.150) (0.010,0.020) (0.015,0.037) 

POST- 0.041 ± 0.021 0.030 ± 0.02 0.011 ± 0.000 0.105 ± 0.025 0.060 ± 0.006 0.045 ± 0.005 0.041 ± 0.011 0.026 ± 0.006 0.015 ± 0.005 
MONSOON (0.020,0.061) (0.010,0.050) (0.010,0.011) (0.120,0.170) (0.000,0.120) (0.040,0.050) (0.030,0.052) (0.020,0.032) (0.010,0.020) 

WINTER 0.040 ± 0.006 0.027 ± 0.007 0.013 ± 0.003 0.063 ± 0.003 0.037 ± 0.007 0.027 ± 0.010 0.046 ± 0.007 0.030 ± 0.011 0.017 ± 0.003 
(0.030,0.050) (0.020,0.040) (0.010,0.020) (0.060,0.070) (0.030,0.050) (0.010,0.040) (0.037,0.060) (0.017,0.050) (0.010,0.020) 

1998 

SUMMER 0.063 ± 0.010 0.023 ± 0.007 0.027 ± 0.003 0.073 ± 0.007 0.053 ± 0.007 0.020 ± 0.000 0.055 ± 0.006 0.048 ± 0.002 0.007 ± 0.005 
(0.050,0.080) (0.030,0.050) (0.020,0.030) (0.060,0.080) (0.040,0.060) (0.020) (0.048,0.067) (0.040,0.050) (0.001,0.017) 



Graphs 2.1 to 2.6 : The comparative profile of plankton and planktonic primary 
productivity in the waters of PL. CL and SML in the form of 
monthly variations from January 1996 to June 1998 as listed 
below : 

Graph 2.1 : Density of phytoplankton 

Graph 2.2 : Density of zooplankton 

Graph 2.3 : Comparison between densities of phytoplankton and zooplankton 

Graph 2.4 : Comparison amongst the densities of 3 major phyplanktonic groups- 
Chlorophyceae, Bacillariophyceae and Cyanophyceae. 

Graph 2.5 : The densities of 3 major groups of zooplankton- Copepoda, Rotifera 
and Cladocera 

Graph 2.6 : Net primary productivity and community respiration as analysed by 
light and dark bottle technique. 
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Chapter III 

BENTHOS 
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INTRODUCTION 

Benthic community along with its substratum constitutes an 

indispensable and inseparable component in the cyclic dynamism of any aquatic 

ecosystem. Autotrophs and heterotrophs from the water column stretching 

across littoral, planktonic and nektonic domain, on their death, sink to the bottom 

and become the trophic inputs to the benthic system. Decay and the putrefaction 

of these organisms, brought about by saprobic benthos lead to the formation of 

detritus that provides the nourishment to the benthic detritivores. Biochemical 

processes on the residual detritus results in to the release of nutrients in the form 

of NH3 , NO2 , NO3  and PO4  setting forth the cyclic process. The retention or 

resuspension of nutrients into the overlying water column depends on the 

physicochemical processes, pumping action of some of the rooted macrophytes 

(Best, 1983) and bioturbations owing to the activities of benthic organisms. On 

the other hand the excreta of the benthic animals also adds to the nutrients in the 

system (Tatrai, 1986). Thus one of the major components of benthos- the benthic 

macroinvertebrates provide important link between the primary production and 

the higher trophic levels (Odum, 1975; Schell and Kerekes, 1989). 

Sediment texture in the form of grain size, and composition as to the 

levels of 3 main ingredients- sand, silt and clay, not only have a significant 

influence on the water percolation/ retention, levels of nutrients, but also on the 

nature and extent of macrobenthic community. The physical processes such as 

currents, turbulence and wave actions caused by monsoonal torrents may alter 

the sediment composition in favour of sand (Reish, 1979; Srivastava and Singh, 

1996). Similarly, accelerated death and decay of organisms, especially 

macrophytes owing to decrease of water volume result in augmentation of silt 
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(Mohanty and Das, 1982; Agrawal et al., 1993). The tranquil and still waters are 

known to promote siltation process enhancing the clay content of sediment 

(Srivastava and Singh, 1996). 

The nutrient status of sediment depends on the amount of organic 

matter laid down in it (Wilson et al., 1993), which in turn influences the quantity of 

organic carbon, phosphates and nitrates. Composition of sediment may also play 

a decisive role on the nature of nutrients. The clay fraction, because of small 

particle size, and large adsorption surface is seen as the store for organic matter 

and organic carbon (Hutchinson, 1957; Nelson et al., 1990 and Agrawal et al., 

1993). A good number of studies have shown the importance of clay as the 

reservoir of phosphates in the freshwater lakes (Hartner, 1968; Williams et al., 

1971; Hendricks and Silvey, 1973). Ammonical nitrogen is the principal form of 

mineral nitrogen in the sediments arising out of degradation of organic matter 

and also due to excretory inputs from the benthic macroinvertebrates (Mohanty, 

1969; Murty and Singh,1978 and Tatrai, 1982), which is oxidised at a slow pace 

because of water logged state. 

The sediments are inhabited by a variety of macroinvertebrates-

principally annelids, arthropods and molluscs, all of which interact in some way or 

the other with their substratum (Brinkhurst, 1974). For any particular organism, 

the nature of this interaction is determined by the manner in which food is 

obtained (trophic type), mobility of the organism and where, in relation to 

sediment water interface, life activities are carried on. Like marine benthos, 

freshwater forms are also known to adopt different food habits such as 

suspension feeding, deposit feeding, browsing, carnivory, scavenging and 

parasitism. Primarily because of these varied food habits, different animal 

interactions such as amensalism, competition and mutualism are reported to 
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exist in the benthic community which lead to modulations altering their structure 

and abundance (Brinkhurst, 1974). The distribution of organisms are governed 

by numerous abiotic and biotic factors. The stream velocity in lotic waters, type of 

substrate and decomposition of leaf litter have been shown to affect the 

distribution of benthic invertebrates (Rabeni and Minshall, 1977; Reice, 1980). 

Organisms influence substratum properties and in turn the sediment properties 

influence the distribution and abundance of benthos. Grain size of sediment was 

found to be more important than nutrients as a regulator of populations of 

chironomids (Cummins and Lauff, 1969) and polychaetes (Reish, 1979). High 

clay content which is conducive to tube building process, thereby providing 

projection from predators have been shown to promote chironomid population. 

Likewise, polychaetes are shown to prefer silty sediments to very fine and fine 

sands (Reish, 1963). Similarly multifarious antagonism is reported to exist 

between chironomids and annelids which is known to have a check on the 

population of the latter (Brinkhurst and Kennedy, 1965). Predator pressure by 

animals like beetles (Batzer et al., 1997) and demersal fishes and dabbling ducks 

(Euliss and Grodhaus, 1987; Batzer et al., 1993) may also keep benthic 

populations like chironomids under check. 

Gut content studies on many fishes have revealed the key role by the 

benthos on their nutrition (Jhingran, 1975). In boreal wetlands sighting of fishes 

have been taken as cue for macroinvertebrate abundance (mallory et al., 1994). 

A study on biomonitoring programme of the food chains in the small lakes under 

the influence of acid rains in Canada, revealed that benthic fauna was abundant 

in fishless lakes than those with fish, owing to differential predation pressure 

(McNicol et al., 1995). Thus macroinvertebrates are considered to play a major 

role in functioning of aquatic ecosystem, and form an important link in the food 
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chain as they form the bulk of the food of fishes (Jhingran, 1975; Gupta et al., 

1998). 

. Benthic macroinvertebrates also constitute an important component of 

food of many waterfowl, especially migratory ones, during breeding period and 

phase preparatory to the migratory journey. Importance of invertebrates in 

supplying the necessary rich protein food for egg production in laying hen (Maher 

and Carpenter, 1984) and also growth of juveniles (Erickson, 1978) has been 

emphasised. They also reported that breeding time of waterfowl in Sweden 

coincided with peak emergence of chironomids. 

Associations of macroinvertebrate species or community have been 

extensively studied in biomonitoring of water quality, as water pollution is known 

to cause alteration in the structure of macrobenthic community (Patrick, 1949; 

Brinkhurst, 1974; Metcaffe, 1989). Use of benthic organisms in evaluating effect 

of pollution has been favoured by many biologists because, organisms on or 

within the substratum reflect the environmental condition of water prior to the 

time of sampling, whereas the analysis of water mass for plankton will 

comparatively reflect the condition only at the time of sampling. Though for quite 

some time pollution indicator species concept was in vogue and benthic animals 

like chironomids and oligochaetes were identified with polluted waters 

(Wiedehalm,1980 Mahadevan and Krishnaswamy, 1984; Gupta et al., 1988) 

some other studies (Reish, 1979; Srivastava and Singh, 1996) which were more 

comprehensive and were based on wide spectrum ecological analysis have not 

been fully supportive of the concept. 

In view of the paramount significance attached to benthos in a 

limnological endeavour, as evident in the ongoing passages, the chapter includes 

the studies carried out on the composition, diversity and seasonal variations of 
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benthic macroinvertebrates at PL, CL and SML in relation to temporal profile of . 

the substratum in the form of sediment texture and nutrients. 
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MATERIALS AND METHODS 

Sampling Method: 

For analysing the texture, nutrients of sediment and also the benthic 

fauna, the sediment samples were collected at monthly intervals from 

predetermined sampling stations at all the three lakes, by adopting Holme and 

McIntyre (1971) core sampling method. For the purpose, a core (30 cm long X 5 

cm diameter) of acrylic make was pushed to a depth of 10 cm in to the lake bed 

in knee deep water, and samples were scooped. At every sampling spot 5 core 

samples each were collected at random from a m 2  area. The samples were 

stored in polythene bags till further use. A sample each for analysing texture and 

nutrients were stored separately. The remaining samples meant for analysing 

fauna were pooled in the same bag and immediately fixed/preserved with 10% 

formaldehyde containing Rose Bengal stain, in field itself. Further analysis of 

samples were carried out in the laboratory as per the details provided below. 

Analysis of Texture: 

Sediment texture in terms of relative amount of sand, silt and clay was 

estimated by following International Pipette Method as described by Briggs 

(1977). An aliquot of 20g of oven dried sediment was stirred in water in a 

measuring cylinder to make it to 500 ml, to which 2-3 drops of Teepol was added. 

Immediately after stirring a sample of 10 ml was pipetted out in to a petridish of 

known initial weight, which was labelled A. The procedure was repeated after 

3minutes and 10 seconds to collect sample B, and after 8 hours and 10 minutes 

to collect sample C. After drying in oven, the contents in all the 3 petri dishes 
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were weighed. Based on these data the percentages of various components of 

sediment were calculated by utilising the following formulae. 

50 (A-B) *100 	% of coarse silt 

50 (B-C) *100 	% of fine and medium silt 

50 (C) *100 	% of clay 

Where W is the weight of the sediment sample used for the purpose. Sum of the 

3 fractions subtracted from 100 gave the percentage of sand. 

Analysis of Nutrients: 

The three nutrients of ecological significance; phosphate phosphorus, 

ammonical nitrogen and organic carbon from the sediment were analysed by 

adopting the procedures described by Trivedy et a/. (1987) as per the details 

given below. 

Phosphorus: 

Available phosphate phosphorus in a gram of oven dried sediment was 

leeched by treating it with 200 ml of 0.002N H 2504 . After thorough stirring the 

suspension was filtered through Watman filter paper (50 No.). The concentration 

of P in filtrate was determined spectrophotometrically as described earlier for 

water analysis in chapter I. The concentration of P in the sediment was 

calculated by employing the formula shown below. 

Available P (mg/100 g) = mq of P/L in soil solution*200  *100 

Sample volume 
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Ammonical Nitrogen: 

Ammonical Nitrogen was estimated by using micro-Kjeldal distillation 

assembly. Sediment fraction of 10 g was taken in 300 ml Kjeldal flask to which 20 

g digestion catalyst, 35 ml of conc. H 2504  and adequate distil water were added. 

The contents were heated at low temperature for about 30 minutes, until frothing 

stopped and the contents turned to light yellow to green. After the digest was 

cooled, 100 ml of distil water was added and, the supernatant was collected to 

which 100 ml of 40% NaOH was added. This was again subjected to heating/ 

distillation and the condensate was collected in a beaker containing 25 ml of 

boric acid and mixed indicator. The mixed indicator in condensate turned green 

due to ammonia released from the distillation unit in to the beaker. The 

condensate was titrated with 0.02 N H 2504  till colour changed to light brown to 

pink. A blank with distil water using other chemicals in the same quantities was 

also run. The calculations were made as follows; 

N (mg/100 g)= (Sample-Blank) volume of 0.02 N H 2SO4 *1.4  *100 

Wt of soil sample 

Organic Carbon: 

The organic carbon was determined by using Walkley and Black 

method. A gram of oven dried sediment was taken in a 500 ml conical flask to 

which 10 ml of 1 N K2Cr207 and 20 ml of H2504 were added. After gentle mixing, 

the mixture was allowed to stand for 30 minutes and was later diluted with 200 ml 

of distil water. To this 10m1 of phosphoric acid and a ml of diphenalamine 

indicators were added. Colour changed to bluish purple. The residual, unutilised 

K2Cr2O7 was then titrated against 0.05 N ferrous ammonium sulphate. 

Calculations were made as follows; 
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Organic carbon (mg/100 g) = V, - V2 *0.003 * 100 

W 

Where V 1 = Volume of K2Cr2O7  

V2 = Volume of ferrous ammonium sulphate solution 

W = Wt of soil sample. 

Benthic Macroinvertebrates: 

The sediment samples collected and fixed in the field as described 

earlier were subjected to sorting and isolation after 48 hours of fixation, followed 

by preservation of fauna in 5% formaldehyde. Based on the size of the fauna 

available, as assessed during pilot studies, sieves of mesh size of 0.3 mm and 

0.25 mm were used to isolate macro- and meiofauna respectively, as against 

0.5mm and 0.062 mm suggested by Holme and McIntyre (1971). The isolated 

fauna was identified using the appropriate literature (Needham and Needham, 

1962; Pennak, 1978; Edmondson,1959). 

Statistical analysis: 

Seasonal variations in textural condition, sediment nutrients and benthic 

macroinvertebrates were confirmed by using Kruskal-Wallis test. While the 

variations amongst the lakes with respect to above mentioned parameters were 

analysed by One-Way ANOVA test. The relationships of macroinvertebrate 

densities with sediment texture, sediment nutrients, physico-chemical parameters 

of water and weather parameters were analysed by using Pearsons correlation 

test. 



98 

OBSERVATIONS AND RESULTS 

Texture of Sediment: 

In all the 3 lakes sand constituted the major component of the 

sediment. On biannual basis, percentage of sand in the sediment was 91.80, 

90.19 and 87.43 at CL, PL and SML respectively. The percentage of silt at PL 

and CL was almost identical being 6.31 and 6.15, but at SML it was relatively 

poor being only 4.20. Average percentage of clay in the sediment of SML was 

highest being 7.96, but was almost half of it at PL being 4.42, and was least at 

CL being only 2.98. 

Seasonal variations: 

The monthly variations in the sediment texture are depicted in graph 3.1, 

while those on seasonal basis are provided in table 3.1. 

In all the 3 lakes the sand content was recorded to be highest during 

monsoons, the percentages ranging from 92.71 at SML to 95.96 at PL. Post-

monsoon levels were very close to those of monsoon. The sand content during 

winter and summer was the lowest and in identical ranges, falling between 

81.24% at SML and 86.60% at PL. The seasonal variations in the sand content in 

all the 3 lakes were statistically significant (PL: H=20.33, P<0:01; CL: H=14.26, 

P<0.01; SML: H= 19.27, P<0.0.1). 

The silt content in the sediment was highest during summer in all the 3 

lakes. The difference between the levels of silt during summer and the other 

seasons was very sharp at PL as well as CL, wherein summer percentage 

ranged between 11.08 to 12.32 while that during other seasons ranged from 2.16 

to 6.54. Comparatively, the sediment at SML had only 5-6% silt during summer 
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and, was not much different from that during winter. However, the silt content at 

SML during summer/ winter was relatively higher considering it's percentage of 

1.5 to 3.75 during monsoon/ post-monsoon. The seasonal variations in the silt 

content were statistically significant (PL: H=19.08, P<0.01; CL: H= 16.96, 

P<0.01; SML: H= 12.01, P<0.01). 

The clay content was highest during winter in all the 3 lakes, ranging 

from 6.16% at CL to 11.66% at SML. Thus the clay content in the sediment of PL 

as well as SML were almost twice that of CL. In all the lakes, it was least during 

monsoon ranging between 0.93% at PL to 3.25% at SML. Even during summer, 

sediment at SML contained higher levels of clay nearing it's winter values in the 

lake. Thu.s compared to other two lakes the sediment of SML had higher range of 

clay all through the year. Like the other two components of sediment, the clay 

also exhibited statistically significant seasonal variations through the years (PL: 

H= 18.62, P<0.01; CL: H= 16.33, P<0.01; SML: H= 20.06, P<0.01). 

Nutrients in the sediment: 

The monthly fluctuations in the PO 4- P (P), NH 4- N (N), and total organic 

carbon (TOC) in the sediment of PL, CL and SML are depicted in graph 3.2, 3.3 

and 3.4 while their seasonal changes are provided in table 3.2. 

Irrespective of seasons, on biannual basis the P of sediment in all the 3 

lakes was in close ranges. It was maximum at SML being 2.37% while was 

minimum at PL being only 1.28%. Similarly, N was also highest at SML being 

4.13%, but it was least in the sediment of CL being 1.28%. The sediment at CL 

was exceptionally rich in TOC with 26.12%, followed by considerably poor levels 

at SML and PL having 2.05% and 1.72% respectively. 
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P in the sediment of all the 3 lakes showed a distinct but uniform 

seasonality, highest values being during summer, followed by those of winter, 

post-monsoon and lowest values being those of monsoon. At PL, it ranged from 

0.005 mg/100g in monsoon to 0.024 mg/100g in summer. At CL, the range was 

from 0.003 mg/100g in monsoon to 0.04 mg/100g in summer. At SML, though the 

upper limit was less than that of CL, the over all values of P were in higher limits 

ranging from 0.016 mg/100g in monsoon to 0.032 mg/100g in summer. The 

seasonal variations in the sediment P in all the 3 lakes were statistically 

significant (PL: H= 9.25, P<0.01; CL: H= 23.29, P<0.01; SML: H= 10.93, P<0.01). 

N levels in the sediment in all the lakes showed distinct seasonality, but 

the patterns were not identical amongst the lakes. Sediment N was at it's peak in 

summer at PL reaching up to 0.031mg/ 100g and least values were attained 

during post-monsoon reaching a limit of 0.005mg/100g. At CL, situation was 

exactly opposite to that at PL. N levels were highest during post-monsoon being 

0.23mg/100g and the lowest values were during summer being 0.009mg/100g. 

At SML, like PL, N levels were higher during summer reaching up to 

0.096mg/100g, and were lower during monsoon falling up to 0.01mg/100g. The 

variations through the different seasons were statistically significant at all the 3 

lakes (PL: H= 18, P<0.01; CL: H= 9.78, P<0.01; SML: H= 20.73, P<0.01). 

The TOC content of the sediment also showed a definite seasonal 

cyclicity at all the 3 lakes, but in finer details the cycles differed from lake to lake. 

At PL, TOC levels in the sediment ranged from 0.005mg/100g during post-

monsoon to 0.034mg/100g during summer. The cyclicity at CL and SML were 

identical with peak values during winter and the least levels being during 

monsoon. But the levels attained at CL were exceptionally higher being 0.6 

mg/100g, almost 12 times than that reached at SML, which were only up to 
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0.047mg/100g. Like the other two nutrients the variations in TOC of sediment 

through the seasons were also statistically significant (PL: H=20.18, P<0.01;CL: 

H= 19.94, P<0.01;SML: H= 20.73, P<0.01). 

On biannual basis, the ratio of N:P was unusually high at SML (17:1) 

followed by that at PL (1:1) and CL (0.7:1). With regard to C:P and C:N ratios the 

lakes followed the identical sequence. The ratio of C:N was exceptionally high at 

CL (20:1) when compared with those at PL (1.22:1) and SML (0.5:1). Similarly, 

C:P ratio was considerably higher at CL (14:1) than that at PL (1.3:1) and SML 

(0.9:1). 

Benthic Macroinvertebrates: 

Community structure and composition: 

The community structure along with the rank of dominance acquired by 

various species of benthic macroinvertebrates at the respective lakes has been 

provided in the table 3.3. 

The benthic macroinvertebrate community at PL was most diverse of the 

3 lakes, with a total of 10 species. Their systematic break up was 6 species of 

insects, 2 species of annelids and a species each of nematode and copepod. 

The benthos at SML was represented by 7 species, consisting of 2 species each 

of annelids, insects and copepods and, a species of nematode. From diversity 

angle, the benthic community of CL was very poor with only 3 species, a species 

each of annelid, insect and a nematode. 

On the basis of biannual cumulative total, Dytiscus (Insecta), Bristle 

worm (Polychaeta) and Chironomous larva (Insecta) dominated the benthos of 

PL, CL and SML respectively. While chironomids constituted 81.82% of benthos 

at SML, bristle worms and Dytiscus contributed to 69.38% and 35.84% of the 
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community at CL and PL respectively. The second rank was occupied by bristle 

worms at PL (35.54%) and SML (11.90%) while that at CL was occupied by 

nematodes (30.61%). 

Seasonality: 

The variations in the population density of benthic fauna through 

seasons at all the 3 lakes is provided in table 3.4. The monthly fluctuations in the 

total benthic population and that of dominant species is depicted in graph 3.5. 

By the criteria adopted in the study, the benthic fauna was primarily 

constituted by the macrofauna, as meiofauna was encountered rarely during the 

study period. The density of macroinvertebrates at PL as well as at CL was 

relatively poor compared with that of SML. At PL, it ranged from 8 U/m 2  in June 

to 41U/m 2  in May. On seasonal basis, the density was maximum during summer 

and minimum during monsoon, but the variations through seasons were not 

marked. The dominant species, the coleopteran beetle, Dytiscus also followed 

the similar pattern with two extremes- a maximum of 9-10 U/m 2  during summer 

and a minimum of none to 2U/m 2  during monsoon. 

At CL as well as at SML, unlike at PL, density of the total benthic 

community fluctuated between the two extremes - from complete non-existence 

to reasonably dense or highly dense state. At CL, it oscillated between the total 

absence in May to 203U/m 2  in February. On seasonal basis, the minimum 

density of 3U/m 2  during monsoon rose sharply through post-monsoon and 

attained a peak number up to 83U/m 2  in winter and declined gradually through 

summer. The dominant species, the bristle worm also followed the similar pattern 

with a minimum density of 3U/m 2  in monsoon to a peak density of 51 U/m 2  during 

winter. 
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At SML, the benthic macrofauna showed extreme fluctuations. From a 

complete absence or a modest density of 53-251U/m 2  during monsoon/ post-

monsoon it rose to a good density of 1020-1198U/m 2  during winter and, reached 

a peak of 1208-1778U/m 2  during summer, but the winter and summer densities 

were in close ranges. Chironomid, the dominant species also followed the similar 

pattern, with a total non-existence or a modest 10U/m 2  during monsoon/ 

postmonsoon they rose to a peak density of 927-1782U/m 2  during winter. The 

summer densities of 1204-1238U/m2 were in close ranges of winter density. 

Species Indices: (Table 3.5) 

Though PL had maximum number of species in benthic fauna, H' was 

maximum at CL, followed by that at CL and was least at SML. At PL, H' as well 

as J' were at the peak levels during monsoon, but SR was at it's best during 

summer. All the 3 indices- H', J' and SR were at their best during winter at CL 

and during summer at SML, with isolated exceptions in J'. 

Correlations: 

The bivariate correlations of total benthic community and the population 

of predominant species of the respective lake, with the sediment constituents, 

sediment nutrients and the physico-chemical parameters of overlying water are 

provided in table 3.6. 

The total benthos and the population of Dytiscus showed statistically 

significant positive correlation with the total organic carbon of sediment and, 

conductivity, FCO 2 , alkalinity, BOD, TOC and NH 4-N of overlying water. Besides, 

the population of Dytiscus correlated positively with silt, and NH 4-N and 

negatively with the sand content of the sediment. 
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The total benthic fauna and the population of bristle worms correlated 

positively with TOC of sediment and FCO 2  of water at CL. Bristle worm 

population showed positive correlation with Ca-H and NO 3, while negative 

correlation with pH of overlying water. 

At SML, the total benthic macroinvertebrates and the population of 

chironomids correlated positively with clay content while negatively with sand 

content as well as DO of overlying water. 
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DISCUSSION 

The sediment of all the three lakes can be categorised as sandy, as 

sand was the major constituent all through the year surpassing 80% mark. 

However, based on the next predominant component, sediment of SML can be 

classified as loamy sand, while that at PL and CL as silty sand. Reish (1979) 

observed that heavy river runoffs from rains or spring thaws can alter sediment 

characteristics by deposition of new sediments or resuspension of existing ones. 

In consonance with this view, Srivastava and Singh (1996) while studying 

population dynamics of chironomids in relation to abiotic factors, in two stretches 

of river Ganges, noticed that at Balia, the region with swift river flow, sand 

content was higher and, at Buxar, with sluggish river, flow silt and clay content 

were higher. Though these observations pertained to lotic environs, similar 

influences of torrential rains of the region can not be ruled out on the lakes under 

study, as they practically passed through semi lentict lotic phases during 

monsoon. The PL and SML, though are enclosed lakes, receive a large quantum 

of surface runoff during the rainy season, while CL gets transformed in to a 

transient lotic state due to wide opening of the sluice gates prior to the onset of 

monsoon. Therefore, the increased sand content in the sediment of all the three 

lakes without exception must be due to the new sediment load brought in by the 

surface runoffs and the local disturbances caused by the rains. 

Silt is primarily a product of partial decomposition of organic matter of 

plant and animal origin. Generally the water logged soils are deficient in oxygen 

because of the pore spaces filled with water. On account of this limited supply of 

oxygen to saprobic organisms, the rapid decomposition of organic matter is 

decreased resulting in to high concentration of silt (Mohanty and Dash, 1982). 
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Agrawal et a/. (1993) recorded increased organic matter in the sediment of the 

Sagar Lake during pre-monsoon and so also during monsoon. They opined that 

the increased organic matter during pre-monsoon was because of decomposition 

of algae and parts of macrophytes, while its increase during monsoon was owing 

to allocthonous input. During the course of present investigation high percentage 

of silt was recorded in all the lakes during summer. It may be recalled that 

extensive hydrophytic vegetation at PL as well as CL was found dying and 

decaying during summer owing to depleting water column, and as reported in the 

1 st  chapter, the overlying waters of all the lakes had lesser DO levels during 

summer. Therefore, it is evident that the increased silt in these lakes is due to 

autocthonous input rather than the allocthonous inflow. Relatively poor quantity 

of silt at SML is also understandable, in view of near total absence of submerged, 

floating and rooted floating aquatic plants in the lake. Even the chances of 

contribution to silt by emergent Polygonum in the littoral section of the lake are 

prevented due to the summer clearance of weeds by cutting and burning adopted 

as the management practice by the industry. It is also worth noting here that, 

SML harbours a strong benthic community consisting of chironomids, which are 

known for their detritivory besides varied trophic habits adopted by its different 

species (Monakov, 1972 and Cummins, 1973). Thus, lesser quantum of silt 

produced owing to lesser hydrophytic vegetation at SML might have been further 

reduced due to continuous clearance by the detritivory of chironomids, abundant 

during summer/ winter. 

The clay particles being less than 2µm in size remain suspended in 

water for longer periods and the settlement is promoted only when the turbulence 

is least and waters are tranquil. Srivastava and Singh (1996), as referred earlier 

recorded higher clay content at Buxar than at Balia the stations within 35 km 
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stretch of river Ganges, which they attributed to sluggishness of water current at 

the former station. In all the lakes under investigation, the clay content was 

highest during post-monsoon/ winter, when waters are still and tranquil facilitating 

incessant sedimentation. The least levels of day at CL amongst three lakes must 

be due to annual transient lotic phase of the lake accompanied by monsoonal 

torrents completely dislodging previous years clay deposits. Secondly, SML as 

well as PL though are identically stable lentic systems, higher levels of clay at 

SML may be due to ;1) Waters of SML were free from obstructional hydrophytes 

which might have otherwise interfered with free clay sedimentation to the bottom. 

2) Relatively poor foraging activity of water fowl at SML, which otherwise might 

have caused turbations desisting the sedimentation process. 3) Large benthic 

population of SML consisting predominantly chironomids. It may be noted here 

that, McLachlan and McLachlan (1976) recorded the influence of chironomids on 

altering the particle size and increasing the coarse as well as fine particles by 

making or destroying fecal pellets and pseudofeces. 

According to Wilson et a/. (1993) the nutrient status of the sediment 

depends on the amount of organic matter laid down. Generally the water logged 

state renders the sediment deficient in oxygen, in turn decreasing rapid 

decomposition and mineralisation process of organic matter, resulting in it's 

accumulation and higher concentration (Hutchinson, 1957; Agrawal et al., 1993). 

Textural configuration of the sediment will also influence the organic carbon 

content. The clay fraction, because of small particle size and large adsorption 

surface is seen as the store for organic matter. Therefore, higher the clay 

content, larger the store of the organic matter, and more likely that it is retained 

until it's decomposition (Oades, 1989; Nelson et a/., 1990). Probably one of the 

most important factors that might be responsible for the degree of organic and 
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carbon content in the sediment is the composition and the activities of the benthic 

fauna. Detritivores like chironomids and annelids will not only be responsible for 

depletion of detritus by their foraging behaviour, but also for enhancing its 

decomposition owing to bioturbation, as a result of their burrowing and feeding 

habits (McCall,1979; Reish,1979). Thus it is evident that the organic carbon 

content is a result and reflection of multitude of factors. In this background, the 

high levels of organic carbon in the sediment of CL, despite the lowest clay 

content, must be because of enormous autocthonous input of silt by dying and 

decaying macrophytic community on one hand and, the rate of clearance by 

relatively less dense macrobenthos, not matching the rate of siltation on the 

other. On the contrary, at SML, the poor organic carbon content is because of ; 

1) the poor siltation rate due to poor quantum of submerged and floating 

hydrophytes. 2) Extensive clearance by the strong chironomid community 

through their detritivory, besides promotion of decomposition by bioturbation. 

The arguments are further supported by the higher N:P and lower C:N 

as well as C:P ratios at SML compared to those at CL. The lower content of 

organic carbon at PL, despite a rich hydrophytic community and poor detritivore 

component of benthos is also obvious. In this lake the siltation rate itself must be 

at a low pace because of relatively lower rate of death and decay, even during 

summer, as the lake is not subjected to annual draw down of water. 

Sediment has been considered to be the largest reservoir of phosphorus 

in the freshwater lakes (Frink,1969; Williams et al., 1971; Hendricks and Silvey, 

1973). A good number of studies have shown importance of clay as the sediment 

fraction capable of binding phosphorus (Jitts,1959; Hartner, 1968; Li et al., 1972). 

It was also shown that submergence of air/ oven dried soil results in increase of 

available phosphorus only in light textured soils and not in clay soils (Savant et 
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al., 1970). Sediment of Lake Mulwala, rich in clay was shown to absorb up to 

1000 mg/ kg phosphate phosphorus from overlying water in 11 days in a 

laboratory experiment (Hart et al., 1976), thereby impressively depicting the 

affinity of clay for phosphorus. In this background it is self explanatory that the 

sediment at SML contained relatively higher levels of phosphorus due to it's high 

clay content compared to the other two lakes studied. One more probable reason 

for it's higher levels could be due to it's lesser utility owing to lack of especially 

rooted submerged and submerged plants. 

Ammonical nitrogen is the dominant form of mineral nitrogen in water 

logged soils (Abhichandani and Patnaik, 1958; Mohanty, 1969 and Murty and 

Singh,1978). It is primarily due to stoppage of oxidation of organic matter at NH 3 

 stage because of absence of 02  in the sediment. Murty and Singh (1978) found 

that denitrification increased with increased presence of organic matter. On the 

other hand, though for considerable time, ammonia excretion by bottom fauna 

was considered to be of minor significance, the direct measurements carriedout 

in microcosms in laboratory proved that chironomid larvae produced significant 

amount of ammonia through excretion (Tatrai, 1982). A twenty fold rise in 

process was also shown in response to the rise in water temperature above 20°C 

Sediment disturbance by mechanical mixing along with the metabolic excretion 

by chironomids and other macroinvertebrates such as oligochaetes have also 

been considered to be contributing to the ammonical nitrogen pool of the 

sediment (Henriksen et al., 1973; Tatrai, 1986). In the present study, the 

sediment at SML containing lesser amount of decomposing silt contained higher 

amount of NH 4- N, while that at CL and PL with higher degree of silt contained 

lesser amount of nitrogen. It may be noted here that the SML had more dense 

population of chironomids than PL, and CL lacked them completely. Further, the 
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higher levels of NH 4- N during winter/ summer at SML, during summer at PL and, 

during postmonsoon/ winter at CL very well coincided with peak densities of 

macroinvertebrates. All these facts collectively corroborate well with the earlier 

studies (Henricksen, 1983; Tatrai, 1982, 1986) to indicate that the metabolic 

excretion and the mechanical disturbance by benthic macrofauna, over and 

above decomposition of organic matter in the lake must be the primary 

contributors to the ammonical nitrogen in the sediments of freshwater lakes. 

As PL topped the three lakes with respect to maximum species diversity 

of phyto- and zooplankton, so did it with reference to benthic macroinvertebrates. 

Once again the extensive and diverse hydrophytic vegetation must be the 

causative factor providing the wide range of niches hosting the large number of 

benthic species. In the course of a study on Tungabhadra reservoir, the role of 

vegetation in increasing number of benthic communities has already been 

emphasised by David et al. (1969) which was reaffirmed by Shrivastava and 

Desai (1997). Though no lake under study, harboured less than three species in 

benthic community, every lake exhibited a dominance of a single species over all 

others, based on which, PL, CL and SML can very well be categorised as 

Dytiscus type, Polychaete type and chironomid type respectively. 

In a way, it is very much surprising that chironomids, a group known for 

detritivory (Vodopich and Cowel1,1984; Batzer et a1.,1997) , deriving their 

nutritional trequirements primarily from organic rich sediment was extensively 

represented at SML having the sediment with least silt and, was not sighted at all 

at CL with highest silt/ organic carbon. The answer for this apparently unusual 

enigma need be sought in textural difference of these lakes, polyphagus diverse 

feeding habit of different species of chironomids and, interspecific conflicts the 

Chironomus has with other members of the community. According to Cummins 
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and Lauff (1969), grain size of sediment is more important than nutrient as a 

regulator of chironomid population. High clay content, which can be bound 

effectively in tube building process, thereby providing more efective protection 

from it's predators is shown to promote Chironomus population (Coull and 

Be11,1979). Secondly, chironomid as a group is known to adopt varied feeding 

strategies such as suspension feeding on plankton, browsing on recently settled 

plankton or filamentous algae, carnivory, scavenging besides principal mode of 

deposit feeding, depending on prevailing conditions (Monakov,1972; Cummins, 

1973). Thirdly, as the chironomids live in upper few centimeters of sediment 

(Ford, 1967), are bound to be under check by invertebrate predators such as 

beetles (Batzer et al., 1997) and vertebrate predators such as demersal fishes 

and dabbling ducks (Euliss and Grodhaus,1987; Batzer et al., 1993). In view of 

afore said facts, the relatively high clay content of the sediment, near total lack of 

predator pressure because of absence of predator beetle Dytiscus and demersal 

benthophagus fish (to be reported in chapter V) must be collectively responsible 

for enormous population of chironomids at SML. The increased Chironomus 

population during winter characterised by diatom population, indicates that they 

may be subsisting on the settling diatoms during the season as reported by 

others (Kajak and Warda,1968; Lindegaard and Jonasson, 1979; 

Ramussen,1984) elsewhere. Going by the same argument, the least 

concentration of clay in the sediment of CL, existance of predator beetle 

Dytiscus, benthophagus fish such as catfishes and, intense foraging activity of 

dabbling water fowl in the lake might be acting in unison to counter the 

settlement of chironomid at CL. 

According to Reish (1979) the particle size of the sediment is perhaps 

the single most important ecological factor influencing distribution of polychaete 
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annelids. Based on a study at Bahia de San Quentin, California, it was shown 

that majority of the benthic polychaetes preferred silty sediments to very fine or 

fine sands (Reish, 1963). Secondly a regular antagonism is reported between the 

burrowing annelids and chironomids in more than one ways (Brinkhurst, 1974). 

1) The encounter and severy of annelids by chironomids is common due to their 

brisk burrowing habits using prolegs and mouthparts. 2) Surface feeding and 

burrowing by chironomids is supposed to interfere with the process of respiration 

in benthic annelids, and 3) Chironomids are suspected to secrete toxic 

metabolites. 

Thus, a negative correlation has been shown between chironomids and 

annelids, especially, tubificids (Jonasson and Thorhague, 1972). Therefore it is 

but natural that the sediment at CL with highest silt content amongst the lakes 

studied, and the small population of chironomids is populated with considerable 

density of Bristle worms. Likewise, the benthos of SML with clay based sediment 

texture and a strong population of chironomids exceeding 80% limit, supports 

only a minor population of Bristle worms. 

Several workers have shown a correlation of Dytiscus with macrophytic 

vegetation and the low pH (Friday 1987; Schell and Kerekes,1989). In eight lakes 

of Canada, Schell and Kerekes (1989) reported the dominance of Dytiscus 

population, which according to them was an indication of fishless condition. 

Among the three lakes studied currently, the PL not only have better and diverse 

hydrophytic vegetation but also had the lowest pH. Further, fish population at PL 

was the least. Therefore, dominance of Dytiscus population at PL and it's 

increase during summer, characterised by the further drop in pH is only a natural 

consequence. 
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The use of benthic organisms in evaluating the effect of organic pollution 

has been favoured by many biologists, because the organisms on or within the 

substratum are expected to reflect the environmental conditions of the location 

prior to the time of sampling (Reish, 1979). It is strongly believed that increase in 

density of isolated one or two species is an indication of pollution in the 

environment which has favoured the growth of the pollutant tolerant species over 

the pollutant sensitive forms, thereby eradicating them (Jhingran et al., 1989; Roy 

and Datta Munshi,1995). Rao et a/. (1987), Verma and Dalela (1975), and 

Augustine and Diwan (1991) reported indicator value of chironomid larvae. Das 

and Handique (1998) showed correlation between chironomus population and 

the nutrients such as NO 3 , PO4 , SO4  and, BOD and considered them as the 

indicators of eutrophication. On the contrary, Srivastava and Singh (1996) 

observed that " Late months of summer and entire monsoon, were not conducive 

for colonisation as the river was highly polluted and water current was aggressive 

owing to inundation" in the course of their study on chironomids in River Ganga. 

Further they also registered significant negative correlation of chironomid 

population with BOD, COD and also total solids. Though, for quite some time 

chironomids were branded as detritus feeders, umpteen number of recent 

studies have shown their exercising more than one type of foraging modes 

(Johnson, 1985,1987). Corollary to this, many workers (Kajak and Rybak, 1966; 

Hilsenhoff and Narf,1968) reported negative correlation between population 

densities of a predator chironomid species Procladius culciformes and highly 

organic sediments. It has also been shown experimentally that population of P. 

culciformes did not increase on addition of organic matter, unless the population 

of prey species was increased (Kajak,1977). In the present study also the 

sediment at SML with least silt and less of organic carbon supported a benthic 
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fauna constituted by over 80% chironomids, while the sediment at CL, which was 

rich in both silt and organic carbon had no chironomid population at all. In view of 

these facts,, it is important to note that utmost care and restraint need be 

exercised while ascribing the pollution status to any water body based on 

indicator species concept, as the population of so called indicator species is also 

regulated by the interplay of many abiotic and biotic factors and, especially in the 

benthic forms the grain size of the sediment seems to play an overriding role in 

the matter (Vodopich and Cowell, 1984; Srivastava and Singh, 1996). It may also 

be noted that the very concept of indicator species has gone in to rough weather 

time and again, ever since it was introduced by Kolkwitz and Marsson (1908) for 

freshwater organisms (Reish, 1979). 



Table: 3.1 

Seasonal Variations in Percentage Composition of Sediment 
Texture at Pilar, Carambolim & Santa Monica Lakes 

(March 1996 to June 1998).  

BAR/ 
:ASONS 

PILAR 
LAKE 

Mean± S.E (max,min) 

CARAMBOLIM 
LAKE 

Mean± S.E (max,min) 

SANTA MONICA 
LAKE 

Mean± S.E (max,min) 

Sand Silt Clay Sand Silt Clay Sand Silt Clay 
)6 
114MER 86.46 ± 1.76 12.06 	± 1.88 2.58 ± 0.17 86.78 ± 1.12 11.08 ± 0.74 1.86 ± 0.46 83.96 ± 0.96 6.00 ± 2.00 10.37 ± 0.18 

(83.00,88.78) (9.16,15.60) (2.20,2.84) (85.00,89.00) (1.00,2.60) (1.00,2.60) (82.36,86.00) (2.00,8.00) (10.00,11.00) 

DNSOON 95.96 ± 0.66 2.16 ± 0.31 1.72 ± 0.47 95.92 ± 1.93 3.00 ± 1.00 1.44 ± 0.86 93.27 ± 1.24 2.55 ± 0.32 4.62 ± 0.74 
(94.60,97.74) (1.50,3.00) (0.90,3.08) (90.12,98.00) (2.00,6.00) (0.30,4.00) (90.00,95.70) (2.00,3.20) (3.00,6.50) 

1ST- 91.76± 	1.31 5.50 ± 0.46 4.20 ± 0.30 93.86 ± 0.13 3.00± 0.00 4.25 ± 0.25 87.50 ± 2.50 3.75 ± 0.25 8.75 ± 1.25 
DNSOON (90.45,93.08) (5.04,5.96) (3.90,4.50) (93.73,94.00) (3.00) (4.00,4.25) (85.00,90.00) (3.50,4.00) (7.50,10.00) 

ENTER 86.60 ± 1.30 3.90 ± 1.32 11.54 ± 2.30 93.10 ± 2.66 4.33 ± 2.18 6.16 ± 0.72 83.10 ± 1.45 4.93 ± 0.96 11.66 ± 1.20 
(84.16,88.60) 2.04,6.50) (8.30,16.00) (87.78,95.76) (0.00,7.00) (5.00,7.50) (80.25,85.00) (3.00,6.00) (10.00,14.00) 

97 

MAIER 85.38 ± 1.45 12.32 ± 2.22 3.89 ± 0.96 87.22 ± 0.16 11.22 ± 0.65 1.98 ± 0.29 85.39 ± 2.70 5.00 ± 1.73 10.16 ± 1.01 
(82.48,86.88) (8.30,15.98) (2.64,5.80) (87.00,87.55) (10.32,12.50) (1.40,2.14) (80.00,88.52 (2.00,8.00) (8.50,12.00) 

ONSOON 95.36 ± 0.62 3.75 ± 0.44 0.93 ± 0.44 93.92 ± 1.43 3.45 ± 0.56 1.60 ± 0.54 92.71 ± 0.93 2.00 ± 0.00 3.25 ± 1.10 
(94.28,96.76) (2.48,4.60) (0.00,2.11) (89.68,96.00) (2.32,5.00) (0.00,2.40) (90.40,95.00) (2.00) (0.00,5.00) 

)ST- 88.74 ± 0.42 4.25 ± 0.14 9.37 ± 0.41 92.62 ± 1.86 3.75 ± 1.25 5.85 ± 0.85 87.90 ± 2.10 1.50 ± 0.50 7.50 ± 0.50 
ONSOON (88.32,89.16) (3.50,5.00) (8.96,9.78) (92.27,92.98) (3.50,4.00) (5.00,6.70) (85.80,90.00) (1.00,2.00) (7.00,8.00) 

INTER 86.14 ± 1.19 4.42 ± 0.71 10.44 ± 1.27 88.10 ± 2.30 6.54 ± 2.25 6.50 ± 1.50 81.24 ± 0.82 6.00 ± 1.00 11.00 ± 0.57 
(84.32,85.72) (3.00,5.00) (8.00,12.32) (88.56,92.00) (2.40,10.14) (5.50,8.00) (80.40,82.88) (4.00,7.00) (10.00,12.00) 

98 

JMMER 81.04 ± 2.81 15.00 ± 0.63 5.97 ± 2.62 90.01 ± 1.39 8.14 ± 1.16 2.53 ± 0.77 84.60 ± 2.17 5.00 ± 0.57 11.00 ±1.52 
(76.00,85.72) (14.24,16.24) (2.00,10.92) (87.24,91.60) (6.14,10.18) (1.00,3.50) (80.40,87.67) (4.00,6.00) (9.00,14.00) 
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Table:3.3 

The Structural Composition of Macroinvertebte Community 
in Pilar, Carambolim and Santa Monica Lakes  

during January 1996 to June 1998.  

S.NO: NAME OF SPECIES RANKS OF DOMINANCE 
PL CL SIVIL 

Annelida 
1 Bristle worm 2 1 2 
2 Cheatogaster 9 - - 
3 Sebella - - 4 
4 Nematoda 3 2 3 

Insecta - - - 
5 Columbetus fuscus 4 - - 

6 Chironomus larva 3 - 1 

7 Dytiscus 1 3 - 

8 Hydrophilus piceus 5 - - 
9 Ilybius fuliginosus 7 - - 
10 lsotoma palustris 6 - - 

11 Palpomia tibialis - - - 
12 Paraponyx stagnalis -  -  	4  

Harpacticoid copepode 
13  Briandla hamondi 8 - - 

14 Tabanidae - - 4 

Note: - = Absent 



Table: 3.4 

Qunatitative variations in Macroinvertebrates through the 
seasons in the sediment of Pilar, Carambolim and Santa 

Monica Lakes during March 1996 to May 1998.  

YEAR/ 
SEASONS 

PILAR 
LAKE 

CARAMBOLIM 
LAKE 

SANTA MONICA 
LAKE 

Mean±S.E (max, min) Mean±S.E (max,min) Mean± S.E (max,min) 

1996 
SUMMER 34.70 ± 2.76 61.67 ± 30.64 1777.80 ± 1345.00 

(28.00,41.00) (0.00,144.30) (280.46,4458.58) 

MONSOON 18.00 ± 4.10 2.62 ± 2.62 250.70 ± 150.70 
(14.00,29.00) (0.00,10.50) (0.00,1002.80) 

POST- 15.00 ± 1.00 49.76 ± 1.25 53.08 ± 53.00 
MONSOON (14.00,16.00) (48.00,51.00) (0.00,106.20) 

WINTER 27.70 ± 2.03 83.84 ± 61.50 1020.00 ± 1010.00 
(24.00,31.00) (0.00,203.50) (0.00,3038.00) 

1997 
SUMMER 28.00 ± 5.20 30.30 ± 20.93 1208.00 ± 1209.00 

(21.00,38.00) (0.00, 70.40) (0.00,3624.00) 

MONSOON 20.00 ± 2.70 3.17 ± 1.17 0.0 	± 0.00 
(12.00,24.00) (0.00,12.71) (0.00, 0.00) 

POST- 21.00 ± 13.00 38.04 ± 38.15 0.0 	± 0.00 
MONSOON (8.00,33.00) (0.00, 76.07) (0.00, 0.00) 

WINTER 23.70 ± 4.92 61.97 ± 45.65 1198.00 ± 1200 
(15.00,32.00) (0.00,150.90) (0.00,3595.00) 

1998 
SUMMER 29.66 ± 4.92 55.56 ± 18.13 1640.33 ± 784.73 

(20.00,36.00) (20.43,80.71) (485.70,3136.00) 

Note: Macroinvertebrate density expressed as indi/m2. 



Table:3.5 

Seasonal Variations in Species Indices of Benthic  
Community at Pilar, Carambolim & Santa Monica Lake 

Sediments (March 1996 to June 1998).  

LAKE/ 
INDEX 

SUMMER MONSON POST- 
MONSON 

WINTR SUMMER MONSON POST- 
MONSON 

WINTER SUMMER 

PL 
H' 0.32 0.93 0.68 0.56 0.53 0.99 0.77 0.61 0.00 
S.R 1.57 1.48 1.32 0.84 1.53 1.52 1.39 1.36 0.00 
J' 0.29 0.47 0.37 0.40 0.36 0.71 0.42 0.50 0.00 
CL 
H' 0.90 0.00 0.93 1.90 0.00 0.00 0.93 1.12 0.92 

S.R 0.19 0.00 0.18 0.21 0.20 0.00 0.19 0.23 0.19 
J' 1.05 0.00 1.42 1.38 0.00 0.00 1.62 1.34 1.32 

SML 
H' 0.76 0.52 0.70 0.50 0.63 0.00 0.00 0.57 0.67 

S.R 0.46 0.28 0.21 0.37 0.24 0.00 0.00 0.24 0.33 

J' 0.32 0.69 1.10 0.36 0.57 0.00 0.00 0.51 0.60 



Table:3.6 

Correlation Matrices of Benthic Macoinvertebates with  
sediment texture, nutrients and Physico-chemical parameters 

of water at Pilar, Carambolim and Santa Monica Lakes  

PARAMETERS PILAR LAKE 	CARAMBOLIM LAKE SANTA MONICA LAKE 

Total 
Benthic 
fauna 

Dytisucus Total 
sp. 	Benthic 

fauna 

Bristle 
Worm 

Total 
Benthic 
fauna 

Chironomus . 

sp. 

Sand -0.27 -0.51** -0.39 -0.33 -0.41* -0.44* 

Silt 0.32 0.52** 0.34 0.25 0.35 0.42* 

Clay -0.03 0.05 0.17 0.34 0.48** 0.49* 

Sediment -P 0.15 -0.09 0.42* 0.22 0.17 0.41 

-N 0.29 0.36* -0.17 -0.09 0.17 0.09 

-C 0.44** 0.57** 0.51** 0.53** 0.35 0.13 

Water temp 0.35 -0.10 -0.26 -0.25 -0.28 -0.28 

loll -0.32 -0.18 -0.33 -0.41* 0.12 0.06 

Conductivity 0.56** 0.69** -0.20 -0.12 -0.03 -0.01 

Turbidity 0.55** 0.16 0.09 0.21 -0.29 -0.22 

FCO2 	- 0.75** 0.62** 0.40* 0.46* -0.42* -0.33 

DO 0.008 -0.35 -0.29 -0.31 -0.48** -0.51** 

Chloride 0.47** 0.03 -0.24 -0.11 -0.31 -0.29 

Alkalinity 0.52** 0.56** -0.12 0.009 0.04 0.11 

BOD 0.80** 0.53** -0.07 0.07 -0.02 0.05 

TOC 0.49** 0.47** 0.17 0.32 -0.12 -0.03 

Ca.H 0.31 0.22 0.35 0.46* -0.01 0.05 

T.H 0.51** 0.28 0.29 0.29 -0.01 -0.03 

T.S 0.77** 0.29 0.25 0.30 -0.17 -0.07 

PO4 -0.15 -0.10 0.14 0.20 -0.32 -0.24 

NO3 0.86** 0.24 0.21 0.47* 0.10 0.08 

NHL-N 0.59** 0.41* -0.01 0.22 -0.08 -0.02 

Chlorophyceae 0.57** 0.62** 0.55** 0.08 0.08 -0.51** 

Cyanophyceae -0.30 -0.41* -0.31 -0.23 -0.14 -0.19 

Bacillariophyceae -0.11 -0.34 0.38* 0.07 -0.17 0.50** 

Copepoda 	0.45* -0.15 -0.11 -0.04 -0.27 -0.06 

Rotifera -0.33 0.46* 0.22 0.19 0.49** 0.16 

Cladocera -0.21 0.62** -0.05 0.35 -0.05 0.40* 

Note: Level of significance; ** = P<0.01, * = P<0.05, 



Graph 3.1 : The monthly changes in the percentage configuration of sediment in 
terms of sand, silt and clay in the 3 lakes- PL, CL and SML from 
January 1996 to June 1998. 



^ ^ 1 0 0 % 

S
e

di
m

en
t  

T
ex

tu
re

  (
%

)  

75% 

50% 

25% 

1 0 0 % 

0% 	 

Graph:3.1 
PL 

❑ Sand 

❑ Silt 

1:1 C ay 

	E 	 

S
e

d
im

e
n

t  
T

ex
tu

re
  (

%
)  

75% - 

50% - 

25% - 

0% 

CL 

Ulm 

SML 

J FMAMJJA 

1996 

SONDJ 

	I 	I 	 

r 	 r 	r 

FMAMJJ ASO 

1997  

r 
	

Fir  

N D J F M A M J 

I I 1998_ 

100% - 

75% - 

50% 

25% -I 

0% 

S
e

di
m

en
t  

T
ex

tu
re

  (
%

)  

Months/Year 



Graphs 3.2 to 3. 4 : The comparative profile of monthly changes in the nutrient 
levels in the sediments of PL, CL and SML from January 
1996 to June 1998 as listed below: 

Graph 3.2 : Phosphorus 

Graph 3.3 : Ammonical nitrogen 

Graph 3.4 : Organic carbon 

Graph 3.5 : The monthly changes in the densities of total benthic 
macroinvertebrates and that of predominant organisms in the 
sediments of PL, CL and SML from January 1996 to June 1998. 



P
ho

sp
ho

ru
s  

( m
g

/1
00

 g
  o

f s
o

il)
  

Graph:3.2 

PL 
-0- CL 

SML 

JFMAMJJASONDJFMAMJJASONDJFMAMJ 

	 1996 	 I I 	 1997 	 I I 	1998_ 

Months/Year 



A
m

m
o

n
ic

a
l N

itr
og

en
  (

m
g

/1
0

0 
g  

o
f s

o
il)

  

Graph:3.3 

PL 

-0- CL 

SML 

JFMAMJJASONDJFMAMJJASONDJFMAMJ 

	 1996 	 

 

I 	 1997 	 

 

1 1 	1998_ 

  

Months/Year 



Graph:3.4 

PL 

—0-- CL 

SML 

O
rg

an
ic

  C
ar

bo
n  

(m
g

/1
00

  g
  o

f s
o

il)
  0.750 - 

0.600-a 

0.450 - 

0.300 - 

0.150 - 

0.000 
JFMAMJJASONDJFMAMJJASONDJFMAMJ 

	 1996 	 I I 	 1997 	 I I 	1998_ 

Months/Year 



M
ac

ro
in

v
er

te
b

ra
te

s  
(i

n
d
i/

m
2)

 
M

ac
ro

in
v

e
rt

e
b
ra

te
s  

(i
n

d
i/

m
2)

  

250 

200 

150 

100 

50 

0 

M
a
cr

o
in

v
e
rt

e
b

ra
te

s  
(i

n
d
i/

m
2)

 

PL 	 Graph:3.5 

- Bristle worm 

—0— Total 

CL 

SML 

 

1996 	I I 	 1997 	 

Months/Year 

 

I I 	1998_ 

  

   



Chapter IV 

MACROPHYTES AND FISHERY 
POTENTIAL 
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INTRODUCTION 

The term "aquatic macrophytes" refers to macroscopic vegetation, 

including macro algae, mosses, ferns and angiosperms that grow in aquatic and 

wetland habitats (Kleine and Ward, 1982). Based on their attachment to the 

bottom they are classified in to 3 categories, namely rhizophytes, haptophytes 

and pleustophytes (Best, 1983). Haptophytes are attached to, but do not 

penetrate, the substratum. They are therefore mainly limited to the bulk medium 

as nutrient source. Pleustophytes occur freely floating and obtain their nutrients 

in soluble form from ambient water through their shoots and often their roots. On 

the basis of the location with reference to the water column, and the link with the 

substratum, macrophytes are also categorised as submerged, rooted 

submerged, free floating, rooted with floating leaves and emergent types (Gopal 

et al., 1978). 

Macrophytes distributed widely in tropical and subtropical aquatic 

systems are one of the prime producer group of the water bodies that receive 

radiant energy from the sun and convert it in to chemical energy in the form of 

food, upon which most of the aquatic life depends. Therefore, a balance between 

biomass of macrophytes and consumers is essential to maintain the stability of 

the aquatic ecosystem. According to Varshney and Razoska (1973) majority of 

the water bodies, in accordance with the fertility rate are partly or wholly covered 

by a few species of macrophytes, which are integral part of the freshwater 

ecosystems that play a number of diverse functions in determining the overall 

structure and functions of the system. But unlike the phytoplankton, in the past, 

the role of macrophytes in the aquatic ecosystems has been largely ignored and 

hence their studies have been limited (Kaul et al., 1978). 
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Generally confined to the shallow zones of aquatic system macrophytes 

contribute to the primary productivity to a great degree and accelerate 

eutrophication (Adonia and Yadav, 1985). Macrophytes are centres of community 

life in shallow lakes wherein invertebrates, fishes and water fowl forage, seek 

cover and breed (Kikuchi and Peres, 1977; Pandit, 1993). The complex trophic 

relationships and gut content analysis have shown the macrophytes as the 

principal source of energy in food chain of fish, water fowl and other animals 

constituting 27-100 % of the total food volume (Kaul and Handoo, 1993). In some 

areas macrophytes play a role in providing suitable redox conditions for 

denitrifying bacteria and also as a supplementary source of carbon. Nitrification 

of macrophytic detritus (Howard-Williams et a/., 1983) provides a NO 3-N source 

from particulate material for denitrification. By creating barriers to water flow, 

macrophytes cause dispersion and a decrease in water velocity. This is closely 

coupled with increasing nutrient metabolism by sediments and microflora. One of 

the macrophytic groups, the emergent plants are also of aesthetic value. 

There have been attempts to correlate macrophytes with pollution status 

of water bodies. Melzer (1976) preferred type species as the indicators of trophic 

status. He considered Utncularia as an indicator for moderate pollution and 

Ceratophyllum for heavily polluted waters. While, Kohler and Labus (1981) 

preferred the use of collective number of species as bio-indicators of trophic 

status of aquatic ecosystem. 

According to Haslem (1978) growth and distribution of macrophytes are 

determined by complex physical, chemical and biological factors. Kaul et al. 

(1978) reported that the sediment in the two different lakes in Kashmir, identically 

rich in organic matter led to two diverse macrophytic configuration, wherein one 

had dominance of submergents while in the other the rooted plants with floating 
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leaves grew better. Among the varied factors affecting the distribution of 

submerged macrophytes water depth (Swindale and Curtis, 1957; Spence, 1967) 

and turbidity (Sculthorpe, 1967) are reported to be extremely important. The 

wetland plants are found between low and high water marks, whereas the 

emergents and rooted plants with floating leaves are confined to shallow littoral 

belts. Thus a spatial segregation exists amongst the groups of macrophytes. But, 

the submergents, as they are found in deeper regions of the water bodies, 

compete with the other group of primary producers- the phytoplankton for space, 

light and nutrients (Jupp and Spence, 1977; Best, 1983). An inverse relation 

between plankton production, nutrients and macrophytes is a known 

phenomenon (Mulligan and Baranowski, 1969). High levels of nitrogen and 

phosphorus are shown to result in to best growth of plankton, whereas their low 

levels promote high yield of vascular plants (Nirmal Kumar, 1993). This 

interesting inverse relation between the phytoplankton and the macrophytes, 

particularly the submergents leading to "alternative equilibrium" has been made 

use by the ecosystem managers to exercise biological control measures to 

control either of the groups promoting the other as per the need (Engel, 1987; 

Stachowicz et al., 1994; Weisner et al, 1997). 

As most of the macroinvertebrate diversity in the form of insect larvae 

and microcrustaceans is found in association with macrophytes, young fishes 

prefer the dense vegetation to seek cover and to forage (Engel, 1988). A good 

number of fishes also graze on the shoots of macrophytes (van Donk and Otte, 

1996). However, water bodies infested with extensive macrophytic growth are not 

considered as the areas of good fishery potential (Jhingran, 1980). The non-

airbreathing fishes avoid the thick vegetation due to lower levels of DO, and large 
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bodied fishes avoid the locations because of hindrance it causes for their free 

movement (Ajit Kumar and Mittal, 1992). 

On the other hand fishes profoundly influence aquatic communities by 

modifying nutrient cycling, primary productivity. They also influence composition 

and seasonal abundance of phytoplankton, aquatic invertebrates and submerged 

macrophytes (Bouffard and Hanson, 1997). Benthivore fish may facilitate 

regeneration of nutrients from sediments by mechanical mixing process (Keen 

and Gangliardi, 1981). Recent reports indicate that phosphorus and ammonia 

excretion by fish may exceed external loading and inputs from the other trophic 

levels thereby stimulating plankton production (Paulson, 1980; Kraft, 1993). 

Certain fishes reduce submerged macrophytes indirectly by increasing turbidity 

through resuspension of sediment and also directly by their consumption (King 

and Hunt, 1967; Crivelli, 1983). 

Aquatic macrophytes are of significance to the life of waterfowl from 

multiple angles. Many of the waterfowl are herbivorous and feed extensively on 

submerged macrophytes (Lodge, 1991). Secondly most of the 

macroinvertebrates preferred in the feed of the waterfowl are closely associated 

with aquatic macrophytes (Engel, 1988). Dietary reliance on the aquatic 

invertebrates by the waterfowl probably is a year round phenomenon (Bouffard 

and Hanson, 1997). The invertebrates may be important food items of the birds, 

especially migratory ones, during moult (Du Bowy, 1985), during migration 

(Nilsson, 1972; Anderson, 1986) and also on wintering grounds (Euliss and 

Grodhaus, 1987; Thompson et al., 1992). Macrophytes provide the birds with 

cover, shelter and also breeding platforms (Pandit, 1993). Though macrophytes 

are of special significance to the life of waterfowl, the degree of their expanse is 

in no way less significant. Many studies (Weller, 1981; Batzer and Resh, 1992) 



119 

have shown that emergent plant cover and open waters in equal proportion 

enhance the macroinvertebrate densities and are also preferred by most of the 

ducks. 

There has been difference of opinion as to the direct impact of bird 

grazing on the macrophyte biomass (Jupp and Spence, 1977; Wolff et al., 1976). 

But it is known that the deleterious influence of waterfowl grazing on the biomass 

of macrophytes is substantial, as the amount of plants pulled out and destroyed 

by the birds during the process is considerable compared to the actual amount 

consumed (Bergund et al., 1963 and Kiorbe, 1980). Though there are good 

number of piscivorous waterfowl, the fish in general are said to degrade the 

quality of waterfowl habitat (Bouffard and Hanson, 1997). As there is a good deal 

of dietary overlap of fishes and waterfowl alike in the form of their dependence on 

the macroinvertebrates, the breeding waterfowl are known to avoid the lakes with 

fish, to do away with the competetion (McNicol et al., 1995). 

Because of the well-knit interaction between macrophytes with plankton 

on one hand, and with macroinvertebrates, fishes and waterfowl on the other as 

elaborated in the preceding passages, the biodiversity of macrophytes, 

predominant contribution to the standing biomass and the fishery potential of the 

three lakes were subjected to detailed scrutiny, findings of which are embodied in 

the present chapter. 
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MATERIALS AND METHODS 

Study of Macrophytes : 

All the different types of macrophytes - floating, rooted floating, 

submerged, emergent and the littoral mesophytes were collected at regular 

intervals and identified using appropriate taxonomic literature and identification 

keys (Rao, 1985 and Cook, 1996). 

For the purpose of assessing the standing biomass, the species 

predominantly contributing to it and to ascertain the variations through seasons, if 

any, quadrate method as described by Trivedi et a/. (1987) was employed. 

During the 2nd  week of every month, at predetermined sampling stations a pair of 

1m * 1m quadrates were laid in the sub littoral zone. All the plants within each 

quadrate were carefully scooped out and kept separately. An the plants of a 

quadrate were rinsed in the lake water to free from adhered mud, blotted with 

coarse absorbent paper and weighed on a' field balance to the nearest 10 g. 

They were mixed up and an aliquot was weighed separately to take it to the 

laboratory and record the dry weight, which was further extrapolated to the entire 

weight of plants from the quadrate. 

From the 2nd  quadrate at every sampling station the plants scooped out 

were segregated in to the species, washed, drained, blotted and weighed to 

decide the predominant species. All the plants of the predominant species were 

taken to the laboratory in a polythene bag, dried at 80 °  C. in the oven for 

assessing the biomass. Mean readings of all the stations of a water body during 

any month were taken as the values for the respective month. The procedure 

was repeated at monthly intervals at all the lakes. 
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Fish diversity and the fishery Potential: 

The fishes were caught at random with a cast net, different species 

collected were identified by using the suitable taxonomic literature (Day,1967; 

Talwar and Jhingran, 1991). As CL is a semi permanent lake, it was more of a 

stream during late summer/ early monsoon. During the period it contained only 

juvenile fishes. Hence, operation of the cast net and the catch of juveniles was 

neither possible, nor advisable. Secondly as during every impoundment season 

the fishing rights of the CL are leased to private parties experimental fishing 

operations are not permitted on routine basis. On the other hand normal fishing 

operations do not exist in PL as well as at SML. At PL the non- existence of 

fishing operations is possibly because the catch is generally poor and the net 

operations are difficult due to extensive growth of hydrophytes. The water is clear 

at SML, but fishing operations are not encouraged by its industrial owners/ 

management. Because of all these impediments, and for the sake of uniformity 

the studies on the fishery potential in these lakes were confined to only once a 

season during winter and summer of each year. 

Fish samplings were carried out with the help of a cast net of 3m radius. 

The effective radius of the net during operations was adjudged to be 1.41 m and 

hence the fishing area covered by the net was 6.24 m 2. For the purpose of 

assessing the fishery potential, during December/ January (winter) and April/ 

May (summer) fish was caught with 10 random throws of cast net in different 

parts of the lake on a single day. For the purpose, the services of an expert 

professional fisherman were drawn. The catch of every throw was weighed on a 

field balance. Around 10 -15 specimen of predominant species from each catch 

were measured and weighed individually to know the mean size range of the 
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species and the catch in general. The mean weight of 10 throws was calculated 

by considering 30% catcheability coefficient, which was further extrapolated to 

the total lake area and fish biomass is expressed as kg / ha. 

Statistical analysis: 

The seasonality, if any was statistically assessed by using Kruskal - 

Wallis test. The relationships between macrophyte biomass and the weather 

parameters, physico- chemical parameters of water, plankton and benthos were 

analysed by using Pearson correlation test. 



123 

OBSERVATIONS AND RESULTS 

Macrophytes  

Community structure, composition and spatial distribution: 

The table 4.1 provides the list of macrophytes occurring in the 3 lakes. 

In terms of diversity and extent of vegetation of aquatic macrophytic flora, PL and 

CL were on par with each other. CL had 13 species belonging to 9 families, 

whereas, PL had 11 species representing 8 families. SML was relatively poor 

with only 5 species of plants belonging to 5 different families. 

Highest monthly standing biomass of macrophyte was registered at CL 

and lowest was from PL. The ratio of covered surface area by aquatic vegetation 

to clear water at CL and PL were approximately 70:30 and 80:20 respectively. 

The reverse was true at SML. with 80% of the area being that of open water. The 

littoral belts of PL as well as SML were dominated by the wetland plants-

Portulaca oleracea and Polygonum glabrum respectively. Except for extensive 

patchy stands of P. glabrum in the littoral zones of SML, other 4 species 

encountered were of negligible consequence, due to their sporadic and sparse 

presence. On biannual perspective, nearly half (48.97%) of the macrophytic 

biomass at PL was contributed by P. oleracea. The other 2 dominant aquatic 

plants at PL were sumergent Hydrilla verticillata and Utricularia aurea confined to 

deeper central region contributing to 24.48% each. Nymphea stellate, the rooted 

plant with floating leaves, spread across the lake was the most dominant species 

at CL representing 67% of the total macrophytic biomass. The emergent wild 

paddy, Oryza rufipogon grew luxuriently in the sublittoral belts on all the sides of 

CL, except eastern bank. It was in a thick stand in the northern edge of the lake, 



124 

the maximum sward length reaching up to a meter. The plant constituted 15.46% 

of the biomass. H. verticilleta was restricted to deeper central region of CL and 

contributed to 12.46% of the plant biomass. 

Community dynamics: 

The seasonal variations in the standing biomass of total aquatic 

macrophytes in all the 3 lakes is provided in table 4.2, while the monthly 

variations in it and the biomass of predominant contributor are depicted in graph 

4.1 and 4.2 respectively. The total hydrophytic biomass at PL did not vary much 

amongst the 3 seasons- monsoon, post monsoon and summer, oscillating within 

a narrow range of 2.47 - 2.98 kg/m 2 . Only during winter there was a substantial 

reduction in the standing biomass, reaching to a low of 1.46 kg/m 2. However, in 

terms of the plants that contributed predominantly to the biomass there was a 

definite seasonality. The most dominant P. oleracea largely contributed to the 

biomass during late winter to early monsoon cutting across summer. The range 

was between 1 - 3.3 kg/ m2. The intervening phase of midmonsoon to early 

winter was dominated by the 2 submergent hydrophytes - H verticillata and U 

aurea. alternating with each other. Biomass of U aurea during its predominance 

ranged between a kg to 3.6 kg/m2 , while that of H verticillata ranged between 1.9-

3.4 kg/m 2 . 

A well defined cyclicity was noticeable in the total standing biomass of 

macrophytes at CL through the seasons. It was at its minimum during summer 

reaching to a low of 0.57 kg/m 2 . It rose to a moderate level of 1.57 to 1.7 kg/m 2 

 during monsoon, but shot up glaringly during post-monsoon and winter reaching 

to a high of 2.87 to 2.05 kg/m 2. Though there did not appear to be a distinct and 

definite pattern of predominant contributor to the biomass in terms of seasons, N. 
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stellate dominated during post monsoon to early summer with a predominant 

weight range of a kg to 4.7 kg/m 2 .A brief mid monsoon phase was dominated by 

the wild paddy - 0. rufipogon ranging between 1.2 to 2.8 kg/m 2. Likewise the 

dominance of H. verticillata was confined to a period of 2-3 months during late 

monsoon and early winter. 

At SML, the macrophyte biomass represented by a sole wetland 

species, P. glabrum exhibited a definite seasonality. It oscillated between a 

minimum of 0.33 kg/m2  during summer to 3.85 kg /m 2  during post monsoon. The 

seasonality in the biomass at SML was statistically significant (H= 12.22; P< 

0.01). 

Correlations: 

The correlation between the biomass of aquatic macrophytes and that of 

most dominant macrophyte with the physico-chemical properties of water, 

phytoplanktonic groups, zooplanktonic groups and benthic macroinvertebrates is 

provided in the table 4.3. 

The macrophytic biomass at PL correlated positively with atmospheric 

temperature and DO, while it's negative correlation with chloride content, calcium 

hardness of water, rotifers and cladocers was statistically significant. The 

biomass of most dominant macrophyte P. oleracea, in addition to atmospheric 

temperature showed positive correlation with water temperature, conductivity, 

turbidity, free carbon dioxide, biochemical oxygen demand, total organic carbon, 

total solids, nitrates and ammonical nitrogen of water. It's negative correlation 

with humidity and water level was statistically significant. 

At CL, the biomass of the aquatic macrophytes was correlated positively 

with water level, bacillareophyceans, total zooplankton, rotifers and cladocers; 
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while it's negative correlation with wind speed, water temperature, dissolved 

oxygen, was significant. The most dominant species of macrophyte at CL, N. 

Stellate, besides it's positive correlation with water level, and negative correlation 

with wind speed also showed significant correlation with water temperature. 

The biomass of P. glabrum, the only species that contributed to the 

macrophyte community at SML, correlated positively with water temperature, 

total hardness, cyanophyceans and rotifers. But the biomass of the plant showed 

statistically significant negative correlation with rainfall and a host of physico-

chemical parameters of water such as pH, conductivity, turbidity, dissolved 

oxygen, chloride concentration, alkalinity, biochemical oxygen demand, total 

organic carbon, calcium hardness, total solids, phosphates, nitrates and 

ammonical nitrogen. 
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Fish Diversity And Fishery Potential 

The species of teleosts occurring and, the predominant species 

occupying first three positions in the three lakes has been provided in table 4.4. 

Composition: 

The fish diversity in general was extremely poor with only 3-4 

species of fish occurring in each lake. The minor carps belonging to family 

Cyprinidae were the most common members in all the 3 lakes under study. The 3 

cyprinid species - Rasbora rasbora, R. daniconius, and Barbus amphibius were 

the only fishes occurring at PL. Of the 4 species of fish that occurred at CL, 2 

were cyprinids and 2 were siluroids belonging to family Bagaridae. At SML 2 

cyprinids and a cichlid- Etroplus suratensis constituted the fish fauna. 

Size range: 

The mean weights and size ranges of common species of fishes 

occurring in 3 lakes has been provided in table 4.5. 

Fishes at CL were much larger in size than those at PL and SML. The 

mean weight of the fishes at PL, irrespective of seasons and the species was 

50g. with mean length of 9 cm and body depth of 2.5 cm. The weight and size 

range of fishes at CL and SML were not much different from each other. The 

fishes at CL, were with mean body length of 5.9 cm, body depth of 1.7 cm and 

mean weight of 18 g, whereas, those from SML were 4.8 cm long, 1,9 cm deep 

and weighed 14 g on an average. All the 3 species prominent at PL - B. 

amphibius, R. rasbora and Megalops cyprinoides were in the largest size range, 

mean weight of them being 40g, 30g and 85g respectively. B. amphibius, 

common in all the 3 lakes was relatively smaller in size at CL as well as SML 
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weighing only 10-15g compared to considerably higher weight of 40g attained at 

PL by the same species. R. rasbora which occurred at PL as well as at SML, 

reached much higher weight of 30g at PL when compared to mean weight of 

hardly 3 g at SML. 

Fishery potential: 

Comparative data on fishery potential on total consideration and in 

terms of per unit area for all the 3 lakes is provided in table 4.6. Though from 

totalitarian angle the fishery potential of CL was highest, it did not vary much 

from that of SML in terms of per unit area. While the fish catch ranged from 20.52 

- 34.89 kg/ha at SML, it was in the range of 24.03 - 31.89 kg/ha at CL. The 

differences were not perceptible between the catches during summer and winter 

in both the lakes. Despite the best size and weight of the fishes at PL, the overall 

fishery potential of the lake was extremely poor ranging from 0.96 - 6.41 kg/ha. 

There was also a definite difference between the catches during summer and 

winter at PL. The summer catch ranged from 0.96 - 3.57 kg/ha, while that of 

winter was 12.12 - 14.55 kg/ha. 
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DISCUSSION 

In tropics and subtropics bright sunshine, long day light hours with least 

fluctuations in day length through seasons, higher atmospheric temperature and 

the excessive rainfall together promote luxuriant macrophytic vegetation in the 

water bodies. All along the prolonged spells of monsoon of the region, the 

voluminous surface runoffs lead to sustained allocthonous replenishments of 

nutrients in these aquatic ecosystems. Similarly, the evapotranspiration 

estimated to be six times that of loss of water by mere surface evaporation leads 

to marked depletion of water column, culminating in death and decay of exposed 

vegetation resulting in autocthonous recycling of nutrients (Timmer and Welden, 

1967; Gopal et al., 1978). Therefore, once the aquatic vegetation takes the 

foothold in any tropical or subtropical water body, uninterrupted nutrient recycling 

sustains enormous standing plant biomass without much fluctuations. Hence, 

Westlake (1967) opined that attempts to look for seasonal minima and maxima in 

aquatic macrophytic vegetation in tropical/ subtropical waters is a futile exercise. 

Of the lakes under study, the opinion of Westlake goes well with the macrophytic 

vegetation of PL indicating reduction of biomass for brief periods coinciding with 

early monsoon and midwinter. On the contrary, there was a drastic reduction in 

the standing biomass at CL as well as at SML which need be viewed in different 

contexts. At CL, fill in and draw down water regime rendered the water body to a 

semipermanent type, naturally imposing the limitations on the standing biomass 

of the hydrophytes. While at SML, the aquatic vegetation was predominantly of 

littoral mesophytic nature, obviously undergoing withering and drying out phase 

during late summer due to receding water column. Therefore, a stable standing 

biomass of aquatic macrophytes can only be a reality in those tropical/ 
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subtropical water bodies, falling in permanent category and at the same time 

harbouring diverse plant communities. 

At PL as well as SML littoral plants not only dominated the plant 

community but also contributed to the plant biomass to a great degree. It may 

have to be noted here that, unlike at CL, the grazing pressure by the stray cattle 

non-existent at SML and minimum at PL, promoted uninterrupted growth of the 

littoral flora. But at CL, where grazing pressure was enormous, growth of the 

littoral plants was negligible, but at the same time, emergents like wild paddy 

grew extensively. In view of the overlapping needs such as substratum for 

anchorage, nutrient dependability from sediment etc. the exclusion of true 

emergents by littoral mesophytes such as P. oleracea and P. glabrum or vice 

versa is but natural. As emergents in general are known for their higher 

production rate compared to other aquatic plant communities (Kaul et al., 1978) 

the significant contribution to the biomass by the littoral macrophytes such as P. 

oleracea at PL, P. glabrum at SML and the emergent 0. rufipogon at CL is self 

explanatory. 

The gradient of the lake bottom and the depth of water column are 

considered to be some of the important physical attributes that decide the nature 

of hydrophytic community (Spence, 1967; Chambers, 1987). The increase in the 

water depth leads to decrease in emergent plants and concomitant increase in 

submergents (Kowalczewski and Wasilewski,1966). In the course of present 

study, the submergents like H. vetticillata and U. aurea were abundant in PL for a 

considerably long period from midmonsoon to early summer, which declined 

further till early monsoon. Though these submergents were also found in CL, 

they were predominant only for a short period of 2-3 months during late monsoon 

and early winter. The submergents were practically absent at SML. Compared to 
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CL, PL is a deeper lake with least rooted floating hydrophytes, whereas CL being 

a shallow lake harboured a good population of N. stellata, a rooted macrophyte 

with floating leaves. Though a direct competition can not be expected between 

rooted floating plants and submergents, the immediate source of nutrients being 

different, the growth of submergents may still be impeded by rooted floating 

plants curtailing the light penetrating the water column. Thus the brief period 

between initiation of filling in phase and the establishment of stands of N. stellata 

was dominated by submergents at CL, whereas at PL, scarce rooted floating 

vegetation seem to have facilitated the growth of submergent plants on an 

extensive scale. 

Often an increase in herbivorous birds was noticed in locales where 

submerged macrophyte community was restored (Hanson and Butler, 1990; 

Schutten et al., 1994). There has been difference of opinions as to the top down 

effect of herbivory of birds on the standing biomass of submergent macrophytes 

(Wolff et al., 1976; Jupp and Spence, 1977). However, many a times the impact 

of water fowl on the submerged macrophytes is noted to be more than due to 

actual consumption, as many of the water fowl are known to tear up much larger 

quantities of submergents than they actually consume (Bergund et al., 1963; 

Anderson and Low,1976). Therefore one of the causative factors for the loss of 

prominent position held by submergents at PL, during late winter to late summer 

could be the impact of intensive feeding bouts of Cotton teals on them during the 

period. Coots, besides being voracious feeders on submergents are known to 

resort to pulling and destroying the whole plants (Kiorboe, 1980). Further 

Sondergaard et al. (1996) with the help of in situ experiments demonstrated that 

waterfowl may suppress macrophytic biomass in lakes with a low abundance of 

submergents. Therefore one of the causes for restriction of dominant contributory 
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status held by submergents at CL for a brief period during post monsoon and 

early winter could be the invasion of the lake by the flocks of coots sometimes 

numbering up to 500 strong by midwinter. 

Jupp et al. (1974) opined that increased densities of phytoplankton 

developed as a result of cultural eutrophication of water since sixties, had 

reduced light penetration and restricted macrophytes to shallow wave exposed 

shores in Scottish lochs. Further, the addition of nutrients to the lakes, thereby 

stimulation of production of phytoplankton and periphyton was professed as a 

biological control measure to check the growth of macrophytes (Johnstone 

1983). Such a control was suggested to be achieved because of various factors 

such as light attenuation (Philips et al., 1978), competetion for CO 2  (Allen and 

Spence,1981) or for 0 2  (Kadono, 1978). While reviewing the literature on 

macrophytic primary production in the Indian freshwater ecosystems, Gopal 

(1978) highlighted the fact that in deep lakes and reservoirs, the macrophytes are 

mostly submerged types and are confined to the margins. In the light of these 

facts, apparently the higher depth and the phytoplankton densities seem to be 

causative factors for near total absence of true aquatic macrophytes at SML. But, 

it may be recalled that, as far as the nutrient levels in the water column of SML 

are concerned, they were within the moderate limits, falling between their ranges 

at PL and CL without any probable room for planktonic blooms. Hence, the effort 

to sort out the riddle of cause and effect may end up in the lack of macrophytes 

being the cause for increased phytoplankton at SML rather than the sequence of 

events operating in a direction other way round.. It is pertinent to note here that 

the regular desiltation of the lake undertaken by the industry might have turned 

out to be the hindrance towards the settlement and establishment of true 

macrophytic vegetation in the lake. 
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Though, P. oleracea abundant during summer contributed largely to the 

macrophytic biomass at PL, the positive correlation shown by the total biomass 

with DO, which is high during monsoon and the negative correlation with the 

parameters such as chloride content, hardness and the rotifer density known to 

be higher during summer are the indicators as to the substantial contribution by 

the other macrophytes such as H. verticillata and U. aurea to overall biomass 

through the year. Likewise, the positive correlation of the macrophytic biomass at 

CL with water level, total zooplankton, rotifers and cladocers, the parameters on 

the rise during winter or early summer and, negative correlation with DO, wind 

speed etc., pronounced during monsoon is obvious, in view of the fact that, due 

to semipermanent nature of the water body, the increased plant biomass is 

expected after the water column is relatively stable coinciding with postmonsoon, 

winter and early summer. Similarly, the plant biomass at SML which was solely 

contributed by littoral P. glabrum, abundant during post-monsoon and winter, 

showed negative correlation with most of the water parameters which are 

generally on the higher side during summer/ monsoon such as BOD, TOC, 

hardness and DO. 

The plant nutrients, especially nitrogen and phosphorus play an 

important role in eutrophication in water bodies. Phosphorus has frequently been 

considered as the limiting factor for the production of plant biomass in inland 

waters (Schindler,1978; Slater and Boag,1978). During the present study, SML 

with moderate levels of PO 4  and NO3  had the best phytoplankton density, 

whereas highest level of PO 4  and the low level of NO 3  at PL supported minimum 

phytoplankton density. Likewise, moderate levels of PO 4  and very low levels of 

NO3  at CL could sustain relatively low levels of phytoplankton density. It may be 

noted here that , the high level of PO 4  in the waters of PL were despite the 
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abundant submergent macrophytes. Therefore it may be concluded that PL is an 

N limited lake. 

A comparative study on the distribution of different macrophytic 

communities in the lakes of Scotland by Spence (1967) could not draw any 

relationship between the species distribution and the soil type. However, the 

study indicated the better growth of submergents in the organic rich soils. 

Interestingly a later study came forth with diametrically opposite findings with 

respect to two lakes of Kashmir (Kaul et al., 1978). The study reported a better 

growth of submergents in Dal lake possessing organic rich sediments. On the 

contrary, the same study showed that the higher silt content of Hoakersar lake 

promoting rooted floating leaved species was detrimental to the establishment of 

submerged plants. In the course of present study, though PL as well as CL were 

having nearly same levels of silt content, the former behaved like Dal lake and 

the latter like Hoakersar. It is important to note here that the gradient of the lake 

bottom and the depth profile of the two lakes are distinctly different. PL has a 

deep water column with relatively steep gradient whereas CL has a uniformly 

shallow basin but for the median water course. Secondly oscillation in the water 

column are less drastic at PL but not at CL. Therefore, it may be concluded that 

in the lakes with silt rich sediment, growth promotion of rooted floating or 

submergent plant community has a bearing on whether the lake has a shallow 

basin with less stable water column or a deeper gradient with more stable water 

column. 

Submerged macrophytes are known to provide a good habitat and 

shelter for aquatic invertebrates and fishes (Cover and Harre1,1978; Dvorak and 

Best, 1982). But at the same time the antagonistic effects of submergents on the 

fish population are also not uncommon (Pennak,1973). Non air breathing fishes 
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are known to avoid thick hydrophytic vegetation due to low DO, while large 

bodied fishes- air breathers or non air breathers avoid these habitats which 

hinder their easy movements (Ajit kumar and Mittel, 1992). Amongst the lakes 

under study, of those with better fish catch, SML had near total lack of aquatic 

flora and CL had minimum submergents for a brief period. On the other hand PL, 

the lake with maximum submergent plant population had the least fish catch. As 

most of the fish species encountered in these lakes being planktivorous 

cyprinids, the negative impact of submergents on fishery potential could be 

construed to be an indirect one countering planktonic production. It may be 

recalled that phytoplankton density was high at SML and Zooplankton density 

was high at CL, while both of them were to a least degree at PL. 

Though the fish catch at PL was not good, the size of the fish from the 

lake was considerably larger than that at CL and SML. The smaller size of the 

fish at CL is to be viewed in the background of programmed impoundment and 

drawdown of the lake every year, thereby providing a restricted period of about 6-

7 months of growth before the total fish harvest. In contrast, as PL is a 

permanent water body without any routine fishing activity, the fish population is 

stabilised and has a potential for complete growth and hence their large size. 

However, though SML is also a permanent water body without any routine fishing 

activity, piscivory by it's strong cormorant population, at least during heronry 

phase and the substantial crocodile population (Whiteker, 1991) must be 

responsible for the smaller size of the fish in the lake. 

Submerged macrophytes provide habitat for aquatic macroinvertebrates 

(Cover and Harrel, 1978; Dvorak and Best, 1982). Fish are often major 

determinants of aquatic invertebrate abundance including benthic and littoral 

macroinvertebrates (Power, 1990; Martin et al., 1992). Foraging by waterfowl is 
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another factor regulating the population of aquatic invertebrates, as the reliance 

on them by waterfowl could be a widespread phenomenon covering molt (Du 

Bowy, 1985), migration (Nilsson, 1972; Taylor, 1978) and life on wintering 

grounds (Miller 1987 and Thomson et al., 1992). Naturally, at SML with 

macrophytic vegetation not worthy of mention, supporting least foraging activity 

of waterfowl, and harbouring only planktivorous/ herbivorous fish species had a 

large population of benthic macroinvertebrates, manifold higher than other two 

lakes. Whereas, PL with best submergent macrophytic population, supporting 

reasonable foraging activity of waterfowl and lacking in benthophagus fish had 

least macroinvertebrate fauna. On the other hand, CL with limited submergents, 

predominant benthivorous catfish population and extensive waterfowl foraging 

showed moderate benthic fauna. Therefore, more than extensiveness of the 

submergent plant population, the degree of foraging pressure by bottom feeding 

fishes and waterfowl seem to determine the quantum of benthic 

macroinvertebrates. 

Restriction of plant cover to 50% of the area of lakes is considered to be 

a positive step towards improvement of waterfowl habitats, as a mixture of open 

water and plant cover are known to enhance the habitat quality (Weller, 1981). 

Such a restriction is achieved either by mowing of vegetation (Rollins, 1981) or 

by increasing the water depth (Weller,1981). These practices are shown to 

promote densities of benthic chironomid midges, dytiscid beetle larvae and other 

macroinvertebrates important in waterfowl diet (Connelly and Chesemore,1980; 

Euliss and Grodhaus, 1987). More interesting part of the management practice is 

the resulting reduction in the population of mosquito larvae (Batzer and Resh, 

1992). SML, one of the currently studied lakes, which was not patronised by duck 

species on any perceptible scale was wanting in true aquatic plants whereas on 
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the other hand the plant cover at PL and CL was considerably more than 50% 

limit. Surprisingly, there was not a single instance of sighting of mosquito larvae 

in any of the 3 lakes studied, despite of the prolonged observations at regular 

intervals spread over 2 1/2 years. The observations are all the more important as 

the state of Goa has been experiencing substantial mosquito menace and 

outbreaks of malaria including that by Plasmodium falciparum. It appears that the 

layer of Cythyl alcohol spread over the water surface of SML to check the water 

loss by surface evaporation might be responsible for checking the mosquito 

larvae despite minimum waterfowl activity in the lake. While the intense waterfowl 

activity might be proving as deterrent for mosquito breeding at PL and CL. 

Secondly the annual drawdown practised at CL might also be aiding the 

prevention of mosquito breeding as observed earlier in Minneapolis wetland 

(Batzer and Resh 1992) wherein, mosquitoes which disappeared immediately 

after drawdown did not reappear until 4 years post drawdown. Therefore, it is felt 

that reduction of plant cover at CL and PL, and establishment of the same, at 

least in a part at SML may improve the waterfowl habitat quality of the lakes. 

Secondly, if appropriate management measures could be adapted in the 

stagnant water bodies to convert them in waterfowl friendly habitats mosquito 

menace of the state also could be brought under control. 



Table:4.1 

The Structural Composition of Macrophytes Community in 
Waters of Pilar, Carambolim and Santa Monica Lakes 

during January 1996 to June 1998.  

S.NO: 
	

FAMILY/ SPECIES 	 RANKS OF DOMINANCE 
PL 	CL SML 

Salviniaceae 
1 	Azolla pinnata (free floating) 

Cyperaceae 
2 	Cyperus iria (emergent) 
3 	Scirpus sp. (emergent) 

Ceratophyllaceae 
4 	Cerattophyllum demersum (submergent) 

Pontederitaceae 
5 	Hydrilla verticilata (submergent) 	 2 	3 

Nympheaceae 
6 	Nelumbo nucifera (rooted floating) 

Nymphea stellata (rooted floating) 
Menyanthaceae 

7 	Nymphoides indica (rooted floating) 
8 	Nymphoides cristata (rooted floating) 

Poaceae 
9 	Oryza rufipogon (emergent) 	 2 

Polygonaceae 
11 	Polygonum glabrum (emergent) 	 1 

Portulaceae 
12 	Portulaca oleracea (rooted floating) 	 1 

Trapaceae 
13 	Trapa natans 

Lentibulariaceae 
14 	Utricularia aurea (submergent) 	 3 
15 	Utricularia exoleta (submergent) 

Note: 1/2/3= Predominant species sampled, + = species present, = species 
not present. 



Table:4.2 

Quantitative variations in Macrophyte Biomass/m 2  through 
seasons in the waters of Pilar, Carambolim and Santa Monica 

Lakes during 
March 1996 to May 1998.  

YEAR/ 
SEASONS 

PILAR 
LAKE 

CARAMBOLLM 
LAKE 

SANTA MONICA 
LAKE 

1996 Mean ± S.E (min,max) Mean ± SE (min,max) Mean ±S.E (min,max) 

SUMMER 2.98 ± 0.46 0.64 ± 0.00 1.26 ± 0.08 
(2.40,3.90) (0.00,1.94) (0.00,2.00) 

MONSOON 2.96 ± 0.47 1.57 ± 0.42 1.85 ± 0.084 
(1.50,3.00) (0.00, 2.89) (0. 00, 3.80) 

POST- 2.85 ± 0.01 3.10 ± 0.70 3.85 ± 0.07 
MONSOON (2.75, 2.95) (2.40, 3.80) (3.69, 3. 75) 

WINTER 1.46 ± 0.33 3.48 ± 0.70 2.13 ± 0.52 
(2. 23,4.67) (2. 23,4. 67) (1.10,2.90) 

1997 
SUMMER 2.85 ± 0.46 0.66 ± 0.00 0.33 ± 0.00 

(2. 65, 3.27) (0. 00, 2.00) (3.00, 3.50) 

MONSOON 2.75 ± 0.60 1.70 ± 0.32 1.62 ± 0.16 
(/. 00, 3.59) (1. 00, 2.28) (0.00, 3.48) 

POST- 2.47 ± 0.27 4.05 ± 0.15 3.35 ± 0.26 
MONSOON (2. 20, 2. 74) (3.90,4.21) (3.10, 3.60) 

WINTER 1.47 ± 0.18 2.87 ± 0.42 2.53 ± 0.19 
(1.24,1. 85) (2 15, 3.62) (2. 20, 2.90) 

1998 . 

SUMMER 2.50 ± 0.18 0.57 ± 0.00 0.93 ± 0.31 
(2.20, 2.90) (0. 00,1.60) (0.00,1.80) 



Table:4.3 
Correlation between the biomass of macrophytes and that of the 

most dominant macrophytes with physico-chemical parameters of 
water, sediment nutrients and densities of planktonic and benthic 

groups at PL, CL and SML (January 1996 - June 1998)  

PARAMETERS PILAR 
LAKE 

Total macrophyte 
Biomass 

Portulaca 
oleracea 

CARAMBOLIM 
LAKE 

Total macrophyte 
Biomass 

Nymphea 
stellata 

SANTA 
MONICA 
LAKE 
Polygonum 
glabrum 

Sunshine hours -0.31 0.23 0.21 0.33 0.08 
Wind Speed 0.21 -0.06 -0.43* -0.43* -0.33 
Atmospheric temperature 0,48** 0.37* -0.06 0.26 -0.15 
Rainfall -0.03 -0.26 -0.34 -0.32 -0.39* 
Humidity 0.17 -0.39* 0.19 -0.12 0.26 
Water level 0.04 -0.56** 0.81** 0.46* -0.07 
Water temperature 0.30 0.43* -0.60** 0.53** 0.80** 
pH -0.05 -0.36 -0.07 -0.09 -0.61** 
Conductivity -0.16 0.47** -0.33 -0.16 -0.71" 
Turbidity -0.13 0.49** -0.27 -0.18 -0.64** 
Fco2  0.07 0.60** 0.35 0.17 0.28 
DO 0.36* -0.06 -0.52** -0.30 -0.60" 
Chloride -0.39*  0.32 -0.29 -0.17 -0.65** 
Alkalinity -0.18 0.36* -0.13 0.01 -0.76** 
BOD -0.10 0.65** 0.05 0.04 -0.72** 
TOC 0.08 0.43* 0.23 0.13 -0.70** 
Ca.H -0.62**  0.03 0.23 0.17 -0.53' 

T.H -0.50** 0.24 0.09 0.09 0.77' 

T.S -0.02 0.60** -0.13 -0.02 -0.73** 

PO, 0.05 -0.19 0.16 0.04 -0.76** 

No, -0.06 0.60** -0.14 -0.13 -0.78" 

NH., -0.01 0.38* 0.11 -0.04 -0.51" 

Total phytoplankton 0.08 0.27 -0.08 -0.03 -0.15 

Chlorophyceac 0.05 -0.08 -0.01 0.08 -0.20 

Cyanophyceae 0.28 -0.32 -0.12 -0.23 0.50** 

Bacillariophyecae -0.29 0.26 0.45* 0.07 -0.06 

Total zooplankton -0.07 0.25 0.40* 0.21 0.17 

Copepoda 0.14 -0.11 -0.01 -0.04 0.16 
Rotifera -0.54**  0.05 0.44* 0.19 0.40* 

Cladocera -0.37 *  0.15 0.54** 0.35 -0.06 

Total benthic fauna -0.33 -0.12 0.18 0.20 -0.01 

Dytiscus sp -0.35 -0.25 - - - 

Bristle worm - 0.22 0.28 - 

Chironomid larvae - 0.38 
SedimentPhosphorus -0.21 0.20 -0.10 -0.08 -0.19 
Sediment Nitrogen 0.35 0.31 0.57** 0.53' -0.16 
Sediment carbon -0.08 -0.08 0.40* 0.40* -0.13 

Note: Level of significance; ** = P<0.01, *= P<0.05 



Table:4.4 

The Structural Composition of Fish Community in 
Waters of Pilar, Carambolim and Santa Monica Lakes 

during January 1996 to June 1998.  

S.NO: FAMILY/ SPECIES RANKS OF DOMINANCE 
PL CL SML 

Bagaridae 
1 Aorichthys seenghala  

Heteropneuses fossilis 
- 
- 

+ 
1 

- 
- 2 

Cichlidae 
3 Etroplus suratensis - - 3 

Cyprinidae 
4 Barbus amphibius 2 2 2 

5 Megalops  cyprinoides  	 3  
+ 3 

- 
- 6 Rasbora daniconius 

7 R. rasbora 1 - 1 

Note: + = Present, - = Absent 



Table:4.5 

Composition of fish community at PL, CL and SML with 
respect to its Morphological features  

Lake Name of Species Average Body weight 
(g) 

Body length 
(cm) 

Body Width 
(cm) 

(Mean ±S.E, min, max) (Mean ±S.E, min, max) (Mean ±S.E, min„max) 

PL Barbus amphiblus 40.00 ± 2.00 (30.00,43.00) 4.6 ± 0.00 (5.40,9.30) 2.00 ± 0.03 (1.50,2.30) 

Rasbora rasbora 30.00 ± 1.00 (22.00,32.00) 4.0 ± 0.02 (6.70,10.60) 1.80 ± 0.02 (2.00,2.60) 

Megalops cyprinoides 85.00 ± 4.00 (50.00,90.00) 17.0 ± 0.01 15.00,22.00) 3.20 ± 0.02 (2.20,4.50) 

50.00 ± 3.00 (40.00,57.00) 90.00 ± 1.45 (10.00, 15.00) 2.50 ± 3.50 (2.10, 3.30) 

CL Barbus amphibius 10.00 ± 0.02 (8.00,12.00) 5.30 ± 1.00 (7.10,17.50) 1.50 ± 1.00 (1.00, 2.80) 

Rasbora daniconius 15.00 ± 0.01 (13.00, 17.00) 6.30 ± 0.01 (5.50,6.90) 1.90 ± 0.01 (1.00,2.10) 

Heteropneutislbssdis 20.00 ± 0.01 (19.00, 22.00) 6.70 ± 0.02 (8.30,9.50) .2.10 ± 1.00 (2.00,2.30) 

18.00 ± 2.00 (10.00, 19.00) 5.90 ± 1.50 (7.40, 12.00) 1.70 ± 1.00 (1.10,2.50) 

SML Barbus amphibius 15.00 ± 0.01 (12.00, 16.00) 6.00 ± 0.01 (5.80,7.80) 2.00 ± 0.01 (1.00,2.10) 

Rasbora rasbora 3.00 ± 0.02 (2.00, 4.00) 4.4 ± 1.00 (4.30,6.40) 1.20 ± 1.00 (1.50,1.70) 

Etroplus sinens IS' 20.00 ± 0.01 (18.00, 23.00) 6.40 ± 0.15 (6.10,8.30) 2.30 ± 0.02 (1.90,2.70) 

14.00 ± 2.57 (11.30, 16.00) 4.80 ± 1.00 (5.70,7.10) 1.90 ± 2.00 (1.00,2.00) 



Graph 4.1 : The comparative profile of the monthly changes in the aquatic/ 
wetland macrophytic biomass at PL, CL and SML from January 
1996 to June 1998. 

Graph 4.2 : The monthly changes in the biomass of the aquatic/ wetland 
macrophytes predominant during the respective months. 
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INTRODUCTION 

The literature is studded with varied definitions for wetlands (Cowardin 

et at., 1979; Vijayan, 1986). According to the definition adopted at Ramsar 

Convention in 1971, a large number of freshwater bodies in tropics and 

subtropics fall in the category of wetlands. Only some of the large and deep 

multipurpose man made reservoirs may be the exceptions. 

In fact, the concept of wetlands had its genesis in the United States, 

some time in the late sixties wherein commercially enterprising farmers and 

ranchers flooded their post-harvest fields with a shallow sheet c5f water to attract 

the waterfowl to promote game hunting (Baldassare and Bolen, 1994). The 

practice in controlled and legalised form was endorsed by the Federal 

Government of U.S.A, as it generated the state revenue through duck stamps. 

Before long it was realised that the system had limited sustainability, as the fields 

which were flooded continuously over a period of 3 years had lesser productivity 

and attracted diminished waterfowl flocks. The phenomenon turned out to be an 

eye opener for ecologists, and a new ecosystem in the form of 'wetland' with 

discrete status between aquatic and terrestrial systems got recognised. 

The scientific inquiry over last few decades in the functioning and 

intrigues of newly identified ecosystem brought to the fore the immense values of 

the system in the form of areas of flood control, re-chargers of aquifers, 

regulators of water quality, ideal sites for aquaculture, rich repositories of 

biological and genetic diversities apart from being undisputed waterfowl habitats 

(Ramakrishna, 1990). Wetlands occupy an estimated 6% of the worlds land 

surface (Vijayan, 1986). But, progressive loss of wetlands owing to ever 

increasing needs of burgeoning human population and its unmindful greed has 
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been going on unabated even to this date. According to an estimate (Maltby, 

1986) even in a developped country like U. S. A. 87% of the wetlands were lost 

to agriculture and it continued at an. alarming rate of 1,85,000 ha/ yr. Likewise, 

the natural wetlands of the Mediterranean are estimated to be reduced to 10-20 

% of the original area in the past few centuries (Fasola and Ruiz, 1996). The 

threats to the wetlands of India that are estimated to be around 25,84,266 ha 

spread over different geographical areas are not of any lesser magnitude 

(Ramakrishna, 1990). 

Amidst this disturbing trend, the Ramsar convention held in Iran was not 

only an important milestone in emphasising the values of wetlands and 

promoting their conservation on international scale, but was also instrumental in 

identifying them as primarily the waterfowl habitats. Birds in general and 

waterfowl in particular, despite being categorised as completely dependent, less 

dependent and opportunistic users of the habitat (Vijayan, 1986) are inseparable 

faunistic component of the wetland ecosystem. Martinez (1993) impressively 

outlined the multifarious significance of birds in aquatic environment as 1) 

Consumers at different levels of trophic chain. 2) Suppliers of organic matter, 

especially at the gregarious roosting sites and nesting colonies. 3)Transporters/ 

Interchangers of materials between aquatic and terrestrial environment. 4) 

Modifiers of environment through utilisation of aquatic macrophytes and 

bioturbation of sediment during feeding and locomotion. 5) Causal transporters of 

living organisms including pathogens across distant geographical areas. 

In addition, as waterfowl are generally at higher trophic levels, at or near 

the top of the most of the wetland food chains, and are highly susceptible to 

wetland contaminants and disturbance alike, they are supposed to be good 

indicators of general condition of wetland ecosystems (Kushlan, 1992). 



140 

Therefore, Martinez (1993) rightly considered them as the one of the 

most significant faunal components of the aquatic environment which directly or 

indirectly participated in the general dynamics of the system. In view of the 

pivotal role of the birds in aquatic systems, he lamented that "...However, in most 

handbooks on limnology the role of birds and their importance is neglected, they 

being generally considered as foreign or occasional faunistic components". 

Since Ramsar Convention, the geared up research outputs centered 

around the wetlands and waterfowl have also brought to light controversies and 

diagonally opposite views regarding the interdependent interrelationships 

amongst the biotic constituents of the wetlands . 

For instance,there are different opinions as to the impacts of herbivory 

by waterfowl on the aquatic macrophytes and the influence of the process on the 

dynamics of the system. The quantum of macrophyte biomass consumed by the 

waterfowl is considered to be small (Berglund et al., 1963; Wolff et al., 1976), or 

significant (Jupp and Spence, 1977) or considerable (Reicholf,1973). Kiorboe 

(1980) estimated the amount of macrophytes consumed to be 30% of the annual 

production. Inspite of this heavy grazing pressure, the authors could not detect its 

perceptible influence, as most of the grazing occurred during autumn, when 

plants were drying dying off, and little occurred during growing season. On the 

other hand, the birds like coot and mute swan are not only known to consume a 

good deal of macrophytic biomass, but also destroy sizeable quantum by pulling 

out the plants in feeding process. Thus the feeding and associated activities of 

these birds has been shown to reduce the growth of macrophytes through field 

based exclosion experiments (van Donk and Otte, 1996). It is further suggested 

that the macrophyte herbivory by birds and fishes may affect the internal balance 

amongst the autotrophic components favouring the phytoplankton growth, 
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unleashing the whole chain of boomeranging effect on bird ecology (Hanson et 

al., 1987; Lodge, 1991). 

Aquatic bodies were primarily considered to be the abodes of fishery 

resources from time immemorial, and their recognition as the waterfowl habitat 

has only been a subsequent one. The general logic and rationale naturally, 

considered the fishes to enhance the quality of waterfowl habitat rather than act 

adversely, as many of the bird species are known to be piscivores. Thus, Vijayan 

(1986) enlisted fishing as one of the ecological factors affecting the wetland 

quality. He further stated that the limited fishing in the areas could be 

permissible, while overfishing and related disturbance could deteriorate the 

habitat, perticularly depleting the food resource for the fish eating birds. Contrary 

to this, the studies of late have shown that, keeping aside the needs of a few fish 

eating bird species, the fishes are to be considered as competitors for the 

waterfowl at large. A recent review by Bouffard and Hanson (1997) has 

elaborated as to how the fishes, mainly introduced and so also native to the 

habitats may affect the quality of the waterfowl habitats in more than one way. In 

the words of author "...fishes may reduce the suitability of the aquatic habitat for 

other vertebrates directly through predation and competition and indirectly 

through complex influences on aquatic communities. Direct overlap between 

certain fish and waterfowl is high; both groups prefer large bodied invertebrates 

as prey. Our literature review indicates that competition occurs in a variety of 

aquatic habitats and may limit the duck productivity. Fish probably are able to 

exploit aquatic invertebrates more effectively than waterfowl foraging success 

and may cause water fowl to abandon traditional foraging sites". McNicol with his 

colleagues, through series of their studies (Bendel and McNicol,1987; McNicol et 

al., 1993, 1997) on Canadian lakes have also shown, as to how the waterfowl in 
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in the region have been preferring to feed and raise their broods in the lakes 

without fishes. In an noteworthy study, Hanson and Butler (1994) sketched the 

dramatic events through time in a large shallow lake, Cristina in USA, as a result 

of food web manipulation through fish removal. The lake was said to be a 

historically important feeding area for migratory diving ducks. A decade before 

the removal of fishes, the submerged macrophytes and benthic 

macroinvertebrates were found to be less and waterfowl use was negligible. But, 

subsequent to the fish removal the lake regained the water transparency, 

macrophyte density and in turn macroinvertebrates and the dramatic increase in 

the migratory diving ducks within a 3 year period, since manipulation. 

In India most of the work on wetland birds is concentrated around a 

handful of larger wetlands like Keoladeo National Park at Bharatpur, Chilka Lake 

in Orissa, Pulicat Lake in Andhra Pradesh and Tamilnadu, and Harike in Punjab 

(Rao et al., 1987). Of these most extensively worked out area is Keoladeo 

National Park by Vijayan and his associates, while rest of the information is of 

fragmentary nature (Vijayan, 1986 and Ramakrishna, 1990). As flight is the 

primary mode of locomotion in birds and distance is not a real limitation on their 

dispersal, they do use smaller and widely spread apart satellite water bodies 

besides the major ones to meet their needs. Therefore, the need for lesser 

known water bodies was stressed by the editors of Directory of Indian Wetlands 

(Hussain and De Roy, 1993). 

As elaborated in preface and study area sections of this thesis, laying of 

tracks of a mega railway project by the side of CL was concomitantly in progress 

with the initiation of the present study. Serious doubts were expressed as to its 

impact on the traditional use of the habitat by the avifauna (Sardesai et al., 

1995). 
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In this background it was visualised that the detailed scientific 

information on avifauna is indispensable to understand the state of art situation of 

a wetland and, for any worthwhile management plan to be effective towards its 

conservation or habitat enhancement. Therefore, one of the prime goals of the 

present work was to study the population dynamics of the birds at 3 lakes- PL, 

CL and SML in the form of their residential/ migratory status, arrival- departure 

schedules, food and feeding habits, habitat utility, breeding habits, inter/ intra 

species co-operation and conflicts. The chapter includes the information on these 

counts on the avifauna of the 3 lakes under study. 
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MATERIALS AND METHODS 

Survey: 

Before the actual commencement of census, all the three lake areas 

were visited at random intervals during various time 'of the day - morning, 

afternoon and evening, birds sighted in the locality were identified by using 

appropriate field and pictorial guides (Ali,1979; Woodcock, 1980; All and Ripley, 

1983; Bhushan et a/., 1993; Grewal, 1995) besides the Compact Handbook by 

Ali and Ripley (1983), monumental reference on the subject. Thus, a preliminary 

baseline checklist of birds for every lake area was raised, which was made use 

for the census. During every census the new species sighted were added to the 

respective checklist to update the same for further use 

The census was conducted by total count method, which was feasible at 

all the 3 lakes as, i) the lakes were accessible from all the sides either because 

there existed motorable roads, or earthen embankments, or foot trails beaten by 

cowboys all around the lakes, ii) the tall emergent vegetation whenever present, 

was confined to the edges only in restricted belts, without obliterating the vision 

across the lakes, iii) besides, along with a pair of 8x * 50 binoculars, a powerful 

field scope (15-45*60) was also used for the purpose. 

As PL and SML were relatively smaller in size, the census could be 

carried out from 1-2 vantage points. Only at CL, because of it's large size, the 

lake had to be divided arbitrarily in to sectors by utilising, the obvious landmarks 

on the banks or some transitional landmarks inside the lake, and total count was 

to be made from 4-5 vantage points. During 3rd  week of every month the census 

was carried out on a single day at each lake, at monthly intervals. Initially, for few 

months besides the regular count during 8:00 to10:00 a.m., a repeat count was 
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conducted from 4:00 — 6:00 p.m. to check for the difference, if any. As no 

perceptible difference was noticed between the two counts on a day in any of the 

lakes, the counts were confined to morning sessions only. To take into account 

the terrestrial bird species and their population utilising the lake area, the census 

at the lake proper always preceded with a census in the immediate surroundings 

of the lake by walking along a prefixed trail at an uniform speed. To account for 

the utility of the sites by the nocturnal roosters, at all the 3 lakes, observations 

were carried out from dawn to commencement of actual census and also from 

sunset to dusk. It was realised soon, that PL and CL are not utilised as night 

roosts by any of the bird species, whereas, SML was a predominant nocturnal 

roosting site for a good number of species. Secondly, often the exodus of some 

species in the morning and its influx in the evening differed significantly. 

Therefore, at SML, all through the study, on the census day, besides the actual 

census from 8:00-10:00 a.m., outgoing birds from dawn to the commencement of 

census and the incoming birds from sunset to dusk were counted and the 

maximum number of any night roosting species between the 2 counts on the 

same day was considered as the count of the respective species for further 

analysis. 

Every lake was intensively studied for a day following the day of census 

for assessing the other ecological interactions / factors such as the site utility by 

the different species for various activities, spatial distribution / preferences if any, 

obvious intra / inter specific co-operation and conflicts etc. Whenever a majority 

of individuals were found indulged in to any activity like resting or feeding etc., 

the site was considered to be used by the species, for the purpose. If the 

population was found involved in more than one activity, the site was considered 

for all those activities by the species concerned. Whenever the population of a 
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species was found mostly involved in comfort activity or sleep and not in feeding, 

the species was considered to use the place for resting, rather than diurnal 

roosting. With regard to breeding activity, besides those species involved in 

heronry participation, other species were considered to be breeding, in the area, 

only when either nests or the parents with fledglings were noticed in the locality. 

During the breeding period, the heronry at SML was studied for 2 days 

in the 2 nd  week of every month, for the sake of convenience, making room for all 

other studies covered along the present course of work. However, whenever 

opportunities permitted, even during the frequent visits to the site for other 

purposes such as water/ sediment sample collections, bird census etc., 

noteworthy observations were recorded. As the major heronry segments were 

surrounded by water during the peak activity, observations from close quarters, 

routinely were difficult and, hence observations were carried out with the help of 

binoculars and spot-scope from a distance. However, once in a while, during 

later part of the heronry activity, as the water surrounding the heronry receded, 

and the approach was easier, it was studied from close quarters regarding the 

spacing of nests, location of the nesting platforms etc. Once the nests were 

deserted, the nesting materials were collected to identify and ascertain the type 

of plant material used for nesting. Because of stringent wildlife regulations in the 

state, and possible harm that might have been caused to the breeding activity, 

invasive techniques on wider scale were not adopted to study the heronry. 

Statistical analysis: 

The species indices such as species diversity (H'), species richness 

(S.R) and species uniformity (J') of avifauna in the lakes through seasons were 

worked out by the procedures and formulae explained in chapter H. The influence 
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of weather parameters, hydrobiological parameters, aquatic vegetation and 

macroinvertebrate fauna were worked out on the basis of bivariate analysis, as 

described in chapter I. 
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OBSERVATIONS AND RESULTS 

The checklist of birds along with their residential status, habitat utility, 

feeding habits and the ranks of dominance with respect to the respective lake is 

provided in table 5.1. 

Community structure and habitat utilisation: (Table 5.2) 

On the basis of biannual cumulative total, SML harboured the maximum 

number of bird species totalling 141. Of these, 93 species of terrestrial birds 

contributed to only 6.43% population and 48 species of aquatic birds made up 

the 93.56% population. CL was only second to SML in terms of bird species 

diversity with 92 species. Of these, 54 species of land birds constituted 1.51% of 

the population and 38 species of aquatic birds constituted rest of 98.50% 

population. With regard to avian species diversity, PL occupied the lowest rank 

with only 67 species, of which 36 land based species represented 6.43% of the 

population while the rest was constituted by 31 aquatic species. The Cotton Teal, 

Nettapus coromandelianus (97.41%), Lesser Whistling Teal, Dendrocygna 

javanica (5.67%) and Pond Heron, Ardea cineria (5.44%) were the most 

dominant aquatic species of birds at PL in terms of their population. Likewise, 

Pintail Duck, Anas acuta (78.54%), Lesser Whistling Teal (28.35%), and Cattle 

Egret, Bubulcus ibis (12.44%) were the top ranking species at CL. The dominant 

positions were occupied by Little Cormorant, Phalacrocorax niger (50.46%), 

Lesser Whistling Teal (29.03%) and Little Egret, Egretta garzetta (25.89%) at 

SML. 

Swimmers/divers like Lesser Whistling Teals and Little Cormorants 

totalling to 7 species shared major portion of aquatic bird population up to 59.83 
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in SML. And Pintail Ducks, Lesser Whistling Teals and Coots etc. made up a 

large part of aquatic bird population at CL amounting to 77.68%. Similarly, nearly 

same share of aquatic population of 83.84% was acquired by the group 

represented by Cotton Teals and others in PL. Waders like storks, herons and 

egrets totalling to 32 species contributed up to 39.77% of aquatic bird population 

at SML. In CL as well as at PL they were of relatively lesser magnitude with a 

small represent6tion of 15.25% and 22.23% respectively. In all the 3 lakes the 

skimmers like terns and kingfishers formed a dismally small population of less 

than a percent. 

Activity related utility of the lakes: 

All the 27 species of aquatic birds sighted at PL were found to utilise the 

site for feeding activity. There were no indication that any of them used the site 

for diurnal resting or nocturnal roosting. Of the 38 species of aquatic birds at CL, 

28 utilised the site largely for feeding. A small population of only 7 species, 

especially the large waders like Open billed Storks, and White necked Storks 

used it for resting/ basking purpose. It was also not used as the roosting site by 

any of these aquatic birds. A sizeable population of aquatic birds reaching up to 

68.78% representing the species like Little Cormorants, Little Egrets, Open billed 

Storks and White necked Storks used SML as the nocturnal roosting site. A good 

number of aquatic species totalling to 18, like Lesser Whistling Teals, White 

necked Storks making up to a population of 9.70% used the lake as the resting 

site. A population of 26.51% representing 17 aquatic bird species used the lake 

as feeding ground. 
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Lake support in terms of feeding habits of birds: (Table 5.2) 

Among the aquatic birds, the piscivores like Little Cormorants, Little 

egrets and herons formed the dominant group at SML consisting 51.98% of the 

population. Insectivores with 11 species occupied 2n d  position with 33.71% 

population. Herbivores formed relatively a smaller proportion of the population 

with 12.04%. Whereas, herbivores like Pintail Ducks, Lesser Whistling Teals, 

Coots and Moorhens at CL and; Cotton Teals, Lesser Whistling Teals and Pintail 

Ducks at PL constituted the major portion of the aquatic birds reaching to almost 

identical levels of 84.37% and 83.75% respectively. Piscivores and insectivores 

were also in the similar ranges at both these lakes falling within 6-7% limit and 

9% limit respectively. 

Migratory water fowl and seasonal variations in the 
population count of birds: 

A comparative picture as to the variations in the population count of 

birds in the 3 lakes through the seasons has been provided in Table 5.3 and the 

monthly picture of the same is depicted in Graph 5.1. 

At PL the population varied from a minimum of 8 individuals in July to a 

maximum of 476 individuals in March. A Small population of 26-50 individuals 

during monsoon rose gradually through post-monsoon and reached a peak 

during late winter/ early summer. In terms of seasonal mean bird population, 

difference between winter and summer at PL was not sharp. At CL, population 

intensity of birds ranged from a poor 19 individuals in September to 9703 

individual strong in February. From a seasonal angle, the small population of 60- 
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481 individuals during monsoon/ post-monsoon, shot up to monthly average of 

5602 individuals in winter and, precipitated back to less than half of winter 

population during summer. At SML, population of birds oscillated between 154 

individuals in January to 3742 individuals in December. On seasonal basis 

reasonably large population of 722-783 individuals during monsoon, reached a 

peak during post-monsoon/ early winter by doubling or tripling and fell back 

gradually through winter to attain another peak during midsummer. Thus the bird 

population at SML exhibited a bimodal trend. 

The changes in the population of 3 predominant species of migratory 

birds each at PL, CL and SML are depicted in Graph 5.2, 5.3 and 5.4 

respectively. At PL the major portion (86%) of the migratory bird population was 

formed by Cotton Teals (Fig:5.1), the rest being shared by Lesser Whistling 

Teals (4.8%), female Pintails (3.8%), Blue Winged Teals (2.2%), Coots (2%) and 

Gadwals (0.8%) (Fig:5.2). The Cotton Teal population started building in to the 

lake gradually from October/ November onwards reaching a peak in February/ 

March and reducing through April/ May. A small number of stray individuals, 

within 10 were observed all through the year except during June. The population 

of other migratory birds at PL was too small to picturise any definite trend in their 

population. In Cotton Teals the sex ratio did not show a definite trend. During 

1996-97 females outnumbered males marginally and during 1997-98 the 

situation was reversed. The Cotton Teals were confined to central deeper region 

of the lake and were found busy in feeding uninterruptedly all through the day. 

The only activity other than feeding they indulged in was the frequent aggressive 

takeoffs above the lake in circular or zigzag pattern. They were never sighted 

coming into the lake or going out of the lake, even during the earliest/ latest 

observations on any day. However, just after dusk, noisy takeoff by the flock was 
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heard and calls faded away resulting in to a dead lull in the area, possibly 

indicating their movement out of the lake for night roost. 

Among the winter visitors at CL, Pintails (67.13%), Lesser Whistling 

teals (27.71%), Coots (Fig:5.3; 3.83%) and Blue Winged Teals (0.70%) were 

predominant ones. Stray sightings of other 7 species were recorded at the site. 

Pintails started arriving at the lake by December/January and reached the peak 

by February and receded through March/ April. Stray sightings numbering around 

10 were recorded till mid-monsoon. During both the years when 2 complete 

winter seasons were scanned, on seasonal cumulative total basis, female 

population was substantially more than that of male; during the second year it 

being more than double. 

In terms of initial arrivals, the second dominant species, the Lesser 

Whistling teal differed in schedules from year to year. During winter of 1995 -96 

they arrived only by February, during 1996-97 they had arrived by December and 

during 1996-97 their arrival was advanced by another month i.e. in November. 

They reached the peak by February and started reducing in their population from 

March. Interestingly during all the 3 winters under observation during the study, 

they were completely absent in April, but reappeared in small numbers in May 

only to go away by next month. Like Pintails, stray sightings of Lesser Whistling 

teals were also made during monsoon and post-monsoon months 

The influx of Coot, the 3r d  dominant species varied from year to year as 

in case of Lesser Whistling Teals. During the 1st  winter they arrived only in 

February, while during 2' winter they were sighted by January and during 3rd 

winter they appeared on the scene by November. But the major population 

stayed for a short period of 2 months during January/ February. 
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The Pintails and Lesser Whistling Teals were found entering the lake 

from the northern end before sunrise. On reaching the lake, they hovered in the 

air for some time, before breaking in to smaller flocks and descend in to the lake. 

Late in the evening the departure also had a set pattern. At sunset, they rose 

high in the air, in small flocks, merged and then flew out of the site. Arrivals and 

departures were very noisy. Attempts were made to track their route and 

nocturnal destinations. Many small flocks were found to adopt a course along the 

banks of Mandovi river, some of them crossed it over to Chorao island. Likewise, 

some of the flocks of these birds were sighted along the banks of Zuari river, at 

Bambolim, Hollanth, Dona Paula and Bogmalo beaches. But their nocturnal 

settlements could not be confirmed. 

In CL birds showed some kind of spatial distribution. Year after year, 

male Pintails were confined to northern end of the lake which was relatively less 

disturbed and also had tall wild paddy. Lesser Whistling teals were spread 

throughout the lake. Female Pintails and Lesser Whistling Teals were actively 

engaged in feeding during morning and evening hours. Feeding activity in male 

Pintails was not pronounced. 

At SML, migratory bird population was represented primarily by Lesser 

Whistling Teals (Fig:5.4; 77.81%). White necked Stork (8.34 °AD), Open billed 

Stork, Anastomus oscitans (5.28%), Spoonbill, Platealea leucarodea (2.43%) and 

Lesser Adjutant Stork, Leptopilos javanicus (1.85%) were other members of 

migratory population adoring the lake (Figs: 5.5 to 5.9). Open billed- and White 

necked- Storks entered the lake by December/ January. Lesser Adjutant Storks 

and Lesser Whistling Teals were little late to arrive by January/ February and 

March respectively. Storks stayed on the lake till May, but Lesser Whistling Teals 

left the lake a month early. 
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Lesser Whistling teals were never found feeding in the lake, they were 

only resting/ sleeping. All the storks were found to roost on a tall silk cotton, 

Bombax ciba tree during night. They left the site at sunrise from the northeast 

direction of the lake, possibly to the feeding grounds. They returned during noon, 

only to leave back in the afternoon for feeding. During their diurnal stay storks 

were generally found to bask in the sun or indulge in food search movements in 

the vegetation of Polygonum glabrum. But their efforts did not seem to have 

yielded any results in terms of food procurement. Attempts to track the feeding 

grounds of the storks revealed that most of them fed in the surrounding paddy 

fields and exposed mudflats of Chorao and Diwar islands. Though they entered 

and left the lake in flock, they were solitary on feeding grounds. 

The Gross Comparison of Avifauna during the year 1996 and 
1997. (Table: 5.4): 

The year 1996 was an year of intensive construction activities centered 

around alignment of new tracks of Konkan Railways. By the beginning of the year 

1997 intensity of construction work had come to an end, and trial runs of engine 

and bogies were on, which led to the regular schedules from the mid of the year. 

Therefore, it was considered to be worthwhile to have a gross comparison of the 

avifauna of these two years to know possible impact of the new project in the 

area. There was more than two fold and three fold rise in the cumulative total 

birds in general and of principal winter visitors respectively, during the year 1997, 

when compared to those of the year 1996. Similarly the cumulative total of Pintail 

ducks and Lesser Whistling Teals showed almost 5 fold and 2 fold rise 

respectively during the year 1997. However there was 50 % fall in the count of 

Coots. 
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Breeding: 

During 1997 in August a family of Indian Moorhen, Gallinula chloropus 

with three chicks was sighted at PL. During the same month, three grown up 

chicks of Purple Moorhen, Porphyrio porphyrio were found in the lake. During 

September, an adult Pheasant- tailed Jacana, Hydrophasianus chirurgus 

accompanied by a chick, and two families Bronze winged Jacana, Metopidius 

indicus, each with pair of adults and three chicks were observed in the lake. 

During the period, a nest of Bronze winged Jacana with a clutch of three eggs 

was sighted in the Portulaca patch. Likewise in 1997 during August two families 

of Indian Moorhen with three chicks each and during September a family of 

Phesant tailed Jacana with three chicks, and two families of bronze winged 

Jacana with two chicks each were encountered at CL. As in case of PL, five 

slightly grownup chicks of Purple Moorhen were seen strolling around during 

August at CL. 

An active heronry was sighted at SML. The five species of birds- Little 

Cormorants, Little Egrets, Cattle egrets, Purple Heron and Darters utilised the 

heronry as a communal breeding site. 

Location and orientation of the heronry: 

The heronry was primarily concentrated in the western sector of the 

lake. A tree stand each in the West (Fig:5.10) and southwest constituted the 

principal heronry sites besides a bush on a tiny island in the centre of the sector. 

Though, the tree stands constituting the principal heronry sites were on the 

edges of the lake, during most of the active heronry period, the stands were 

surrounded by water due to heavy precipitation and flooding of the lake. At the 
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major heronry sites, the nests were oriented on gradually sloping eastern face of 

the canopy facing the lake. 

Nesting platforms and nesting material: 

The western tree stand consisted of mostly wild trees such as Ficus 

racemosa, Dalbergia. sympathetica, Alstonia scholaris and Strabulus asper. The 

southwest stand was a mixed assemblage of wild and cultivated plants such as 

Polyalthea longifolia, Bridelia stipularis, B. spinosa, Bougainvillaea sp., Carissa 

caranda, Grewia microcos etc. Merrimia vilifolia and 1pomea sp. was observed to 

be common climber among the canopy of nesting trees. In expansion stage, the 

isolated trees of Peltophorum ferrugineum (Fig:5.11) were used as nesting 

platforms. 

All the principal sites of heronries were shared by all the 5 species of 

birds involved in communal breeding in the locality. Neither any horizontal/ 

spatial segregation nor any kind of definite vertical stratification by the 

participating species was obvious. Nest placement was completely at random but 

compact in distribution. The minimum distance between the two adjacent nests 

was around a meter. 

The nests of egrets, cormorants and darters looked alike. The nests 

were generally placed at fork points, where a few subsidiary branches originated 

from the major twig. They were shallow platforms of twigs arranged irregularly 

with the live branches of trees bordering the nest or even piercing through it. The 

nesting material consisted of the twigs of the vegetation available around such as 

P. ferrugineum, Acacia nilotica, C. caranda, Bougainvillaea sp. etc. The nests of 

Purple Heron were slightly different as they were generally decorated with fresh 

leaves and flowers of P. ferrugineum and Bougainvillaea sp. 
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Initiation and duration of the heronry: 

The relative duration of breeding activity of different species participating 

heronry is shown in Graph 5.5. 

All the five species of birds arrived at heronry site in June. Little Egrets 

were found to arrive a little earlier and start settling, but were generally 

overpowered by the large flocks of aggressive Little Cormorants and were 

displaced. Thus the egrets though arrived earlier could only occupy leftover 

spaces unoccupied by cormorants. Such competetion/ conflicts for occupying the 

nesting spots were not noticed among other participants. The breeding activity 

almost lasted for eight months from June to January. 

All the participant species were found actively indulged in courting 

behaviour and busy in building the nests in June. By late July the nests of all the 

species except those of Darters were with nestlings. Nestlings of Darters could 

be seen by August. During both the years, the culmination of heronry activity in 

Purple Heron and Little Egrets were uniform lasting till November and December 

respectively. The heronry activity of Darter and Little Cormorants which 

terminated in October and December respectively during the year 1996 got 

extended by a month each during 1997. But in Cattle Egret, the heronry activity 

which went up to November during 1996 got culminated a month earlier during 

next year. 

Nesting intensity and Expansion: 

The comparative details regarding nesting intensity, during the 2 years of 

study are provided in Table 5.5. 

There was a rise in the number of nests of Purple Heron and Little 

Cormorants during the second year, to the tune of 33.34% and 23.50% 
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respectively, and a reduction in the nesting intensity of Little Egret by 25% over 

that of previous year. The changes in the nesting rate of Darter and Cattle Egrets 

was glaring, as there was a rise of 60% in the former and a fall of 71.42% in the 

latter. Taking in to account the total nests in the heronry the number during the 

2nd  year was marginally less than that during the 1s` year, though nesting sites 

were spread out by additional colonisation of two trees of P. ferrugiana, one in 

the northern end of the western sector and the other in the southern end of 

eastern sector, occupied only by Little Cormorants and Purple Herons. 

Night Heron breeding: 

On the southeast edge of the lake, in a thick vegetation formed by F. 

racemosa tree and climbers with broad leaves such as Dioscorea, Smilax etc., a 

small colony of the Night Heron, Nycticorax nycticorax roosted during the year 

1996.They also bred there as nests and nestlings were sighted. During the 

succeeding summer, the vegetation was partially cleared 'by the garden 

department of the industry and the Night Herons completely deserted the site. 

Redwattled Lapwing was also found to breed at SML as evidenced by 

it's nests sighted on the earthen embankments of the lake. Thus in all seven 

aquatic bird species were found to utilise SML as the breeding ground. During 

the fag end of their stay at SML, the Lesser adjutant Storks and also Grey herons 

were found to occupy strategic canopy locations on the tall trees in the area, 

collect nesting material and involve in nesting exercise. But these initial attempts 

did not culminate in to the actual breeding process. 

Species indices: Table 5.6 

The species diversity (H') and species richness (S.R) were at their best at 

PL during post-monsoon, while species uniformity (J') was at the peak levels 
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during monsoon. At the other 2 lakes, S.R was at its best in summer, whereas, H' 

and J' were in higher ranges during monsoon at SML and, post- monsoon at CL. 

Correlations: 

The values and the level of statistical significance regarding the positive 

or negative correlations showed by the population of total/ aquatic bird 

community and that of predominant bird species at each lake with the weather 

parameters, water characteristics, macrophytes and benthic community are 

provided in Tables: 5.7, 5.8 and 5.9. The total bird community, aquatic bird 

population and the population of Cotton Teals at PL showed statistically 

significant positive correlation with sunshine hours, biomass of Portulaca 

oleracea, population of Dytiscus beetle, FCO2  and Ca.H of water. Whereas they 

showed negative correlation with wind speed, rainfall, humidity and atmospheric/ 

water temperature. 

Total/ aquatic birds and Pintail Ducks indicated statistically significant 

positive correlation with population of benthic macroinvertebrates and that of 

bristle worms at CL. They also showed negative correlation with wind speed as 

at PL. 

The total and aquatic bird community and the population of predominant 

bird species, Little Cormorant at SML exhibited significant correlation with 

biomass of Polygonum glabrum and Ca.H of water. They were negatively 

correlated with T.O.C, NO3  and NH4-N of water. 
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DISCUSSION 

The definition adopted by Ramsar convention in 1971 described 

wetlands as the "areas of marshes, fens, peatlands of water, whether natural or 

artificial, permanent or temporary with the water that is static or flowing, fresh, 

brackish or salt including the areas of marine water, depth of which at low tides 

does not exceed six meter." Wetlands have earned varied definitions from 

different authors and forums (Vijayan,1986; Hussain and DeRoy,1993). Pivotal 

point of all these definitions is the shallowness of water column, though it is 

prescribed to be within 6 meters by Ramsar convention. Going by the essentials 

of the definitions in vogue, it can be safely concluded that the lakes studied 

currently fit in the category of wetlands without any reservation. Cowardin et al. 

(1979) defined wetlands as lands of transition between terrestrial and aquatic 

systems wherein water table is usually at or near surface or the land is covered 

by shallow water. Therefore it is natural to expect sizeable component of 

terrestrial birds in the wetland environs. Vijayan (1986) while reviewing the 

subject, categorised the wetland birds as completely dependant on wetlands, 

less dependant and opportunistic users. Ramakrishna (1990) registered 46% of 

species at Chilka lake as the terrestrial birds. The percentage of terrestrial bird 

species recorded at PL and CL in the range of 60 is moderately higher, and 69% 

of terrestrial bird species at SML is glaring in comparison with that at Chilka. 

These differences are to be viewed in the background of facts listed below.1)The 

species percentage calculation referred above at Chilka lake was based on the 

data confined to migratory season, whereas the current study is based on the 

data procured during all the seasons across prolonged duration of over 2 years. 

2) All the lakes studied currently are relatively smaller in size compared to Chilka 
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lake which is a Ramsar site with a vast expanse and water spread. 3)The water 

bodies studied presently being small in size, the immediate surroundings were in 

contiguity with the terrestrial ecosystems with varied degree of vegetation. The 

vegetation at SML was a thick forest patch comprising of wild and cultivated, 

flowering and fruiting trees, while that at PL was moderate with mostly cultivated 

trees like cashew and mango; and the vegetation in the perimeter of CL was 

sparse. 

Though, the terrestrial bird component at all the 3 lakes ranged from 60-

69% in terms of species diversity; from population angle it did not exceed. 10% 

limit. Therefore, it appears that the terrestrial bird component in terms of species 

diversity and population density may be dependent on the size of the water body 

and the nature of land area in immediate contiguity. 

Resting and feeding are considered to be the two prominent activities of 

wintering birds (Hepp,1982). The diet of aquatic birds is known to change with it's 

availability, time, age and even sex (Sudgen, 1969; Swanson and Meyer, 1973). 

Accordingly non-breeding wintering fowl are reported to feed mainly on aquatic 

plants meeting their energy needs, when compared to breeding water fowl and 

young ones which largely depended on protein rich diet comprised of macro-

invertebrates (Swanson et al, 1979; Tamisier and Boudouresque,1994). Further, 

there are many reports indicating the extensive use of submerged and emergent 

plant community with their vegetative parts, seeds, nutlets and tubers as food by 

variety of water birds (Shah and Quadri,1986; Baldassare and Bolen. 1994; 

Malhotra et a1.,1996). Therefore, it is but natural that PL with luxurient submerged 

plants like Hydrilla verticillata and Utricularia aurea almost all through the year 

and; CL with the same species growing well during late winter, besides Nymphea 

and Oryza have been made use primarily as feeding grounds by over 80% of 
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water bird community predominantly represented by swimming / diving 

herbivores such as Pintails, Lesser Whistling Teals and Cotton Teals. 

Abdulali (1962) reported that the Cotton Teals, which were rare in 

Maharashtra till 1940 had well established in the state by 1960. He also showed 

some kind of association of the bird with weedy patches. During the course of 

present study, a good number of them were found confined to PL. They were 

also engaged in uninterrupted feeding action in the centre of the lake, known to 

harbour luxuriant submerged hydrophytes such as Hydrilla verticillata and 

Utricularia aurea. The growth of these plants which was extensive during 

monsoon / post-monsoon, was kept under check during winter / summer, when 

the only dominant species of the bird in the lake was the Cotton Teal. It may 

therefore, very well be taken as the circumstantial evidence to presume that the 

teals feed on these macrophytes. Further the lengthy non-stop diurnal feeding 

activity of teal in the tiny undisturbed lake is parallel with similar observation by 

Paulus (1984) in Gadwalls in Central Louisiana. Paulus is of the opinion that the 

leafy vegetative parts of submerged aquatic macrophytes have more fibre and 

water content rather than nutrients, which results in to prolonged feeding bouts in 

birds subsisting on them, and if undisturbed the feeding activity increases. 

Surprisingly, but for the stray sightings of Cotton Teals at CL, the major 

population was concentrated at PL year after year. This site fidelity was despite 

the fact that CL was a larger water body, almost in the neighbourhood of PL 

having nearly similar hydrophytic species including H. verticillata and U. aurea. 

The plausible reasons for this differential distribution could be due to; 

Firstly, the submerged macrophytes like Hydrilla and Utricularia at CL 

were not as abundant as at PL. Their abundance at CL was restricted to a short 

period of February / March, and not all through the year, probably due to 
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complete drawdown of the water during midsummer, as a part of highly regulated 

water regime of the lake. Thus sustained choice food supply was not guaranteed 

during the entire stay of the local migrant at CL. 

Secondly, if Cotton Teals were to winter at CL, after the midsummer 

drawdown of water, they had to look for alternate site for their residual period of 

stay till departure, as done by Lesser Whistling Teals, or cut short their stay as 

resorted by Pintails. 

Thirdly, the overcrowded conditions prevailing at CL might not be 

tolerable to the Cotton Teals, though no interspecific conflicts between the bird 

and others were noticed any time. According to Hoffmann (1987) Garganey, 

Pintail and Wigeon are the 3 most common waterfowl migrating in to the country. 

Of these the Pintails and, the local migrant, Lesser Whistling Teal were the 

prominent inhabitants at CL. In America, where licensed game hunting is 

common, the wintering Pintails were found to arrive before sunrise, congregate in 

undisturbed protected, artificially flooded post-harvest paddy fields during day 

time, and disperse to surrounding agricultural fields at night for foraging 

(Tamisier, 1976; Rave and Cordes, 1992). Arrival departure patterns and 

schedules of Pintails as well as of Lesser Whistling Teals were'similar to those 

reported earlier in America. But, they were found busy in feeding during whole 

day except for noon hours amidst Nymphea stands, unlike mere diurnal roosting 

in American context. While amongst male Pintails confined to shallow water belt 

with emergent Oryza diurnal feeding was only to a moderate degree. In view of 

these facts, one possibility is that the active feeding at the lake by most of the 

population of these birds is only a supplementation to it's main nocturnal feeding 

in the Rabi paddy fields in the flood plains of Mandovi and Zuari rivers. It may be 

recalled here that, smaller groups of these birds as a result of split in the major 
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flocks, were observed after sunset flying along the course of these two rivers. It 

may also be noted here that the increased diurnal feeding in the bird preparatory 

to spring migration has been reported earlier elsewhere (Tamisier,1976). The 

other possibility is that the large flocks of these birds feel insecure in the easily 

accessible open lake during nighttime, and hence go to safer nocturnal roosting 

sites in the neighbourhood in smaller groups. Further studies are needed to 

ascertain the possibilities. 

Van der Ven (1983) described Southern Indian Subcontinent as the 

minor wintering ground of Coot, Fulica atra, as sizeable population of the species 

was not occurring in peninsular India and Sri Lanka, while the major population 

wintered in Pakistan and Northern India. The findings were confirmed by 

Perennou and Santharam (1990), during their extensive survey along the South 

Coromandel coast of India. But the bird visited CL in good number, sometimes 

crossing a strength of over 500. However, it's stay was for a brief period of 2 

months during January-February or February-March. The period coincided with 

the extensive growth of submerged Macrophyte, Hydrilla in the lake. In this 

context it may be noted that the Coot is known to feed on vegetable matter in 

general such as shoots and seeds of aquatic plants and also at times on small 

fish and invertebrates (Ali and Ripley, 1993). The bird was found to feed on the 

leaves and bulbous petiole of free floating noxious weed, the water hyacinth in 

the lakes around Delhi (Urfi,1993). But, Hydrilla has been considered to be the 

choice food of the bird (Montalbano et al., 1979), which has been further 

confirmed by exclosion experiments in field trials (Essler, 1989). 

CL, largest of the 3 lakes studied, not only had a better species diversity 

of aquatic birds, but also supported a large population of herbivorous birds. 

There are apparently opposing views as to better bird diversity in any locality. 
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The assemblage of larger number and diverse bird species according to Pianka 

(1974) is an indication of less species competition due to diverse niche 

requirements, whereas according to Wallace and Malhan (1975) this is an 

indication of similar type of food requirements by different bird species. Though 

CL supports a large population of herbivorous birds, a closer look will reveal that 

they are different from one another in terms of their finer food requirements. The 

male Pintails remained segregated in a location rich in tall emergent Oryza in 

shallow margins of the lake, which probably provided them nutrient rich food 

along with better cover and protection. It may be relevant to note here 

that,bewick's Swans in Gloucestshire were also shown to choose spots with tall 

sward length owing to their large biomass and better protein content (Ress, 

1990). Similarly, the Coots though known to be herbivorous, are choosy of 

Hydrilla, if available, and also consume macroinvertebrates brought to surface by 

the activity of other diving birds. On the other hand, Moorhen, the surface forager 

is known to derive the benefit of food brought to surface by the agitative feeding 

habit of the Coot in its association (Malhotra et al., 1996). The female Pintails 

and Lesser Whistling Teals were found to be actively feeding even on leaves and 

flowers of Nymphea in the central zone of the lake. Diving movements of the 

birds like Pintails and Lesser Whistling Teals might be dislodging the benthic 

macroinvertebrates, thereby making them available to the birds such as Bronze-

and Pheasant tailed - Jacanas and Coots in their association, which could be one 

of the reasons for their depletion during winter. Thus, the finer niche variations 

within the broadly herbivorous species of birds at CL, coupled with broad based 

interspecific interactions in the form of commensalism appear to be the key 

'factors contributing to better species diversity along with their abundance in the 

lake. Another factor responsible for the large species diversity and the 
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aggregation of a large bird population in a place could also be the advantage 

derived by the foraging in flocks in terms of increasing the foraging efficiency of 

individuals spending less time for vigilance, yet decreasing their risk of predation 

(Amat and Rilla, 1994). It may be noted that, though the harassment of birds, 

especially the Pintails by raptors were observed routinely at CL, as reported in 

the paddy fields of Louisiana and Californea (Rave and Cordes, 1993), natural 

predations were extremely rare, but for a singular instance of a Purple Moorhen 

captured by a Marsh Harrier recorded during the entire course of study. 

Disparity in the sex ratio in the wintering populations of ducks is a 

worldwide phenomenon (Johnsgaard and Buss,1956; Alford and Bolen,1977 and 

Alexander,1983). There are various theories explaining the reasons for disparity. 

According to Oring and Lank (1982) it is due to behavioural dominance of one 

sex over the other, male displacing the female by aggression. While Hepp and 

Hair (1984) considered it to be the result of delay in pairing process. Some others 

(Alford and Bolen 1977 and Owen and Dix, 1986) opine that movement of 

smaller sized females to warmer localities of farther south to overcome the cold 

results in the imbalance. At CL, the imbalance in the sex ratio with a female bias 

in the Pintail was consistent during both the years. Secondly the male population, 

smaller in number was confined to an isolated niche in the lake without any room 

for intraspecific intersexual aggression / conflicts or without any signs of pairing 

during their stay in the lake. Contrary to the observations in the course of present 

study, Bhupathy et al. (1997) recorded male biased sex ratio at Keoladeo 

National Park in the colder northern ranges of the country. Taking into account all 

these facts collectively, late pairing and the preference of the female sex to the 

warmer south together appear to be the factors responsible for the female biased 

sex ratio in the Pintails at CL. But, year to year inconsistency in the sex ratio of 
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Cotton Teals is perplexing. The study over a longer period, coupled with 

information on the distribution in the northern and southern areas in relation to 

Goa within the migratory zone of the bird, may throw some light on the aspect. 

Unlike PL and CL, the SML supported a large contingent of piscivorous 

birds such as Little Cormorant, Little Egret, Purple Heron and Grey Heron; and 

considerably small proportion of herbivores. Further, the herbivores, primarily 

represented by Lesser Whistling Teals thronged the lake for a short period of a 

couple of months during February - March or March - April. This influx coincided 

with continuously depleting water column at CL which was the predominant 

wintering site of the bird in the area. During this short stay they were never found 

feeding in the site. Exclusion of herbivores from SML and disuse by those visiting 

it for a short period, naturally is a consequence of near total lack of submerged 

hydrophytes in the lake. The root cause for such a scenario must be the 

periodical large scale desiltation carried out by the industry. The management 

practice must be dislodging the subsoil vegetative / reproductive propagules of 

hydrophytes and not allowing them to settle / establish at all. The lake supported 

a good quatum of fish. But a small section of major piscivorous community of the 

lake, mainly waders only were found actively feeding. The larger component of 

this group in the form of Little Cormorants used the resource sparingly, mostly 

during active heronry phase. Though, the Little Cormorant is a clear water diving 

bird, under utility of the resource could be due to the fact that depth of the lake is 

not within the congenial limit of the bird. The view is further substantiated by the 

fact that the bird fed more often in the shallow western sector than deeper 

eastern sector. Thus SML is primarily utilised by the birds as roosting and resting 

place rather than a feeding place. 
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The pre-eminence of SML from the point of avian ecology is because it 

hosts an active heronry. To best of my knowledge, this is the first heronry on 

record in this part of the country. It in fact, missed the recent compilation on the 

subject by Subramanya (1996), as it went on record concomitantly (Walla and 

Shanbhag, 1996). At this juncture it is worth probing, as to why an active heronry 

is going strong year after year at SML but not at other two lakes currently 

studied, though they happen to be better feeding grounds and also have huge 

trees in the neighbourhood to serve as nesting platforms. At SML, all the tree 

stands as well as the isolated trees made use for the heronry remain surrounded 

by the water during most part of the heronry activity coinciding with monsoon and 

post-monsoon. Secondly, the protection the breeding birds get is foolproof as the 

heronry is located within the industrial premises, having an vigilant industrial 

security, besides complete lack of human interference owing to ecologically 

sensitive industrial management. It is also important to note that, though SML 

itself might not be meeting feeding needs of breeding birds, the site is 

surrounded by ample foraging grounds in the form of paddy fields, the estuaries 

of Mandovi and Zuari rivers, in addition to PL and CL. 

Colonial breeding is known to occur in 61 families of birds (Lack,1978) 

and is more common among Ardeids (Krebs,1978). Subramanya (1996) while 

reviewing the literature on heronries elucidated that 26 species are active in 

communal breeding in Indian context, of which Little Cormorant, Night Heron, 

Pond Heron, Cattle Egret and Little egret are most common. At SML all the afore 

cited species along with Purple Heron and Darter except for Pond Heron were 

involved in colonial breeding. Burger (1978) gave a heronry classification based 

on the structure of vegetation. Subsequently, Singh et al. (1988) evolved an 

updated version on the basis of 5 sets of characters. They also described 36 
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subtypes of heronries ascribing different abbreviations, formulated by the 

combinations of initial one or two alphabets drawn from alternative choices of 

characteristics. The principal characters and alternate choices considered for the 

purpose were; 

1) Location of heronry - In asociation (A) with human inhabitation or Free (F) from 

it. 2) Physiognomy of heronry - Compact (C) or Loose (L). 3) Platform vegetation 

- Made up of bushes and reeds (R) or trees (T). 4) Nature of vegetation - 

Homogenous (Ho) made up of a single species or heterogenous (He) made up of 

more than one species. 5) And composition of breeding species - Mixed (M) with 

more than one species of birds breeding together or pure (P) with single species 

breeding in isolation. 

According to these criteria described, the heronry at SML broadly fitted 

in to ACTHeM category with a minor modification with an addition of the letter I' 

to account for subcolonies of isolated trees away from one another by more than 

20 metres, limit prescribed by the classifiers. Thus the heronry at SML could be 

described as ALCTHeM type. 

Fasola and Allen (1992), on the basis of their study on 36 Italian 

heronries, proposed that nesting herons align and stratify themselves vertically in 

direct relation to their body length, with larger species occupying the higher 

levels. This was attributed mainly to the arrival times and, to aggressive 

dominance by larger species. In contrast at SML no such stratification was 

obvious among the breeding participants and the observation is in confirmity with 

that of Burger and Gochfeld (1990). 

The Little Cormorants, the dominant nesting species of the heronry, was 

seen at ease with other nesting species including Egrets during active heronry 

phase and so also while roosting. They have been earlier reported to involve in 



170 

co-operative fishing with Little Egrets elsewhere (Pandey,1958). But the cordiality 

was not the same during the initial phase of the heronry at SML. Though, the 

Little Cormorants arrived on the site later than the Egrets, were found to 

overpower them and occupy places of choice, leaving the Egrets to be satisfied 

with left over nesting spots. The conflict did not go beyond the starting phase of 

the heronry. During second year of study, Lithe Cormorants established 2 more 

subcolonies, one was exclusive and, the other was shared with Purple Herons. 

The drastic fall in the nesting pairs of Cattle and Lithe Egrets during the year 

coincided with increase in the nests of Lithe Cormorants and so also those of 

Darters and Purple Herons. Despite additional subcolonies during second year, 

the overall total number of nests of all species put together did not differ 

significantly from that of the previous year. Therefore if we consider that the 

overall nesting potential of the heronry is fixed within a limit, the fall in the 

breeding activity of egrets during the second year seems to have a bearing on 

the conflicts they had with Little Cormorants, as no conflicts of egrets with other 

species in the colony were perceived any time. 

Night Heron is reported to breed in southern peninsular India during 

monsoon (Ali,1979). The heron has been reported to participate in communal 

breeding with other birds in over 100 sites in India (Subramanya,1996). But at 

SML the night heron bred during winter in an isolated subcolony away from major 

segment of the heronry. The vegetation was a stand of trees covered by dense 

foliage as reported earlier elsewhere (Soni, 1991). The isolation could be a self 

imposed one as it's breeding did not coincide with that of other species but for 

the fringe overlap. The desertion of the site and suspension of breeding during 

succeeding years could be owing to the disturbance inflicted on the nesting spot, 
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as Night Heron is known to be a sensitive species vacating the site at slightest 

provocation (Subramanya, 1996) 

As of today all the heronries of Lesser Adjutant storks are concentrated 

in Assam in the North - East zone of the country. Though the bird was once 

known to breed as far in the south as Kerala (Baker, 1935), only recent report of 

it having bred any where outside Assam, is at Bhitar Kanika Wildlife Sanctuary in 

Orissa, not very far from Assam (Pandey,1993). Therefore it will be interesting to 

see if the initial attempts of the bird to breed at SML meet with success in near 

future. Another bird, that has been showing sure signs of breeding attempts at 

SML is the Grey Heron. In vertical stratification the bird is known to take 

advantage over Purple Heron, and hence even if they are found to breed 

together in a common heronry, they are more often found isolated in subcolonies 

(Fasola and Alleri, 1992). The cluster analysis of 360 heronries of India by 

Subramanya also revealed an isolation of these 2 species. Therefore it is not 

clear as to if, in any way the breeding success of Purple Heron at SML is an 

hinderance for that of Grey Heron. One most plausible reason for their backing 

out from breeding at SML could be their small sized population at the site. 

The species diversity index of birds was at it's best during post-monsoon 

at PL as well as at CL. The period happens to be little after filling in stage at CL, 

supporting newly sprouted macrophyte vegetation. The bird population at the 

lake during the period is mostly of resident species besides a small population of 

migratory ones, which is in very early stage of influx. Similarly at PL, during post-

monsoon the resident population starts building up due to subsidence of rough 

weather of monsoon phase. Migratory species also start trickling in, but it will be 

some time before the bird population gets totally imbalanced in favour of 

migrants. Thus in the lakes such as PL and CL, supporting a good proportion of 
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migrant population, the H' is at it's best during the early phase of migratory influx, 

before the imbalance sets in. At SML, the existence of heronry seems to make all 

the difference, as H' is at it's best during monsoon unlike at other two lakes. 

During monsoon the lake has a balanced "captive" population of breeding birds 

besides other residents. Unlike at PL and CL, the migratory birds do not promote 

H' at SML, as they visit the lake during winter / mid summer in consolidated 

packs, instead of building up gradually. 

Relatively poor population of the birs in general and that of principal 

winter visiting waterfowl during the year 1996, when the area was in a din of 

construction activities with rumbling trucks, earth movers, tippers, labourers, and 

the incessant clouds of dust suspended in the air, can only be a natural 

phenomenon to be expected. But the 2-5 fold rise in their number during the very 

next year, when the heavy construction work came to a halt, and skeletal train 

services started rolling on the track is an indication of the fact that the birds had 

recovered from the disturbance of the previous year and train services did not 

affect them adversely. One serious doubt to this analysis could be that, whether 

these changes in the avifauna were in normal course of interannual variations. 

Even though we do not have any long term quantitative data on birds of the lake 

extending fom much before the railway alignment work took off for comparison, 

the glaring difference in the quantitative picture of the avifauna during 2 

consecutive years is an evidence enough to come to a logical conclusion that the 

construction work did affect the birds, which were not probably disturbed so 

much by the routine train services. It may be recalled that, a study (Baxter, 1994) 

on the ecology of egret colonies in New South Wales recorded an active heronry 

in the neighbourhood of a railway track, on which suburban trains ran regularly 

barely 15 m away from the nesting egrets. By now birds must have learnt to 
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coexist with changing modern times! Another factor that we cannot brush aside 

with regard to CL is the commendable precautionary measures adopted by the 

railways to declare the area as the no hooting zone and also establishment of 

buffer zone by adopting to social forestation of the embankment facing the lake 

to screen the birds from the likely disturbance, 

Total and aquatic bird population and so also the predominant species 

showed positive correlation with the biomass of the emergent macrophytes, 

Polygonum glabrum and Portulaca oleracea. at SML and PL respectively. As 

there were no clear indications of extensive utility of these plants by any of the 

bird species of the area under reference, more than any biological significance, 

these correlations seem to be, because of independent parallel events. The 

positive correlation of birds with calcium hardness of water in all the 3 lakes was 

similar to that observed by Savard et al. (1994), but their negative correlation with 

NO3  and NH4-N at SML was contrary to that observed by the authors. At this 

juncture it may be apt to take note of apprehensions expressed by Savard et al. 

(1994) based on elaborate statistical analysis on the correlations with the birds 

and physicochemical parameters of 112 ponds in British Columbia. The authors 

were explicit about the limitations of such correlative studies on interpretations 

and biological significance, and emphasised the need for experimental approach 

to the bird habitat studies. 



Table: 5.1 

A Systmatic List of Birds with their Status and Abundance in 
Pilar, Carambolim and Santa Monica Lakes  

S.no: Order/Familly/Speeies Common 
name 

Ranks of Dominance Resident status, Habit/Habitat, Feeding habitat 

	 (1-32) 
PL CL 

(1-42) 
SML 

(1-59) 	  
PL CL SML 

Pod icip itiformes/Podieipidae 

1 Podiceps ridicollis Dabchick 12 16 R/ A-S&D/ I R/ A-S&D/ I 

Pelecaniformes/F'halacrocoracidae 

2 Plialacrocorar ficscicollis Indian Shag - 42 - RJ A-S&D/ P 

3 P. niger Little 
cormorant 

11 13 1 RJ A-S&D/ P RJ A-S&D/ P RI A-S&D/ P 

4 Anhinja rut a Darter - - 9 RJ A-S&D/ P 

Ciconiformes/Ardeidae 

5 Ardea cinerea Grey heron 9 23 13 R/ A-W/ P R/ A-W/ P RJ A-W/ P 

6 A. purpura Purple heron - 23 5 R/ A-W/ P R/ A-W/ P 

7 A. grayii Pond heron 3 4 12 R/ A-W/ P RJ A-W/ P RJ A-W/ P 

8 Bubulcus ibis Cattle egret 15 3 4 R/ A-W/ I R/ A-W/ I RJ A-W/ I 

9 Ardeola alba Large egret 31 21 14 R/ A-W/ I RJ A-W/ I RJ A-W/ I 

10 Egrella nilennedia Median egret 18 42 R/ A-W/ I RJ A-WI I 

11 E.garzelta Little egret 6 7 3 R/ A-W/ P R/ A-W/ P R/ A-W/ P 

12 E. gularis Reef heron - 42 - R/ A-W/ I 

13 Aryclicorat nyclicorar Night heron - - 27 R/ A-W/ I 

14 Ixobiychns Ci111161117011iCUS Chestnut 
bittern 

28 - 53 LM/ A-W/ C LM/ A-W/ C 

15 1. Sinensis Yellow bittern - - 58 LM/ A-W/ C 

Cieonidae 

16 Nlycieria leucocephala Painted stork - - 46 LM/ A-W/ C 

17 Anaslonnis ()sedans Openbilled 
stork 

- 19 7 LM/ A-W/ C LM/ A-W/ C 

18 Ciconia episcopus Whitene eked. 
stork 

- 22 6 LM/ A-W/ C LM/ A-W/ C 

19 C. ciconia White stork - 58 LM/ A-W/ C 

20 LepioptilosiOVOI7iCIIS Lesser 
adjutant stork 

- 40 28 LM/ A-W/ C LM/ A-W/ C 

Threskirnithidae 

21 Threskironis aelhiopica White ibis - 37 46 LM/ A-W/ C LM/ A-W/ C 

22 Psendibis papillosa Black ibis - - 59 LM/ A-W/ C 

23 Plateola leucardia Spponbill - - 17 LM/ A-W/ C 

Anseriformes/Anatidae 

24 Dendrocygna jovanica 1 ,esser 
Whistling 
Teal 

2 2 2 LM/ A-S&D/1-1 LM/ A-S&D/ 1- LM/ A-S&D/I -1 

25 Anas actlict Pintail 4 1 DM/ A-S&D/ H DM/ A-S&D/ H 

Contd---- 



S.no: Order/Familly/Speeies Common 
name 

Ranks )1'Dominanee Resident status, Habit/Habitat, Feeding habitat 

PL 
(1-32) 

CL 
(1-42) 

SML 
(1-59) 

PL CL SML 

26 A. strepera Gadwall 17 - 1..M/ A-S&D/ II 

27 A. querquedu/a Garganey 7 12 49 DM/ A-S&D/ H DM/ A-S&D/ H DM/ A-S&D/1-1 

28 A. clyptea Shoveller 28 DM/ A-S&D/ H 

29 Nettapus coromandiliaus Cotton Teal 1 .14 58 LM/ A-S&D/ H LM/ A-S&D/ H LM/ A-S&D/H 

30 Sark-idiomis melanotos Nakta 36 	' 50 LW A-S&D/ H LM/ A-S&D/H 

Falconiformes/Accipitridae 

31 Elanus 	 n leus 131ack winged 
kite 

- 55 LW A-S&D/H 

32 Milvus migrans Pariah kite 27 20 39 R/ T/ C R/ T/ C R/ T/ C 

33 Haliastur indta Brahminy kite 28 34 32 R/ T/ C R/ T/ C R/ T/ C 

34 Accipiter badius Indian shikra - 58 R/ T/ C 

35 Butastur leesa White eye 

buzzard 

- 59 LM/ T/ C 

36 Haliastur leucogaster White bellied 

sea eagle 

- - 58 RI A-SKI P 

37 H. leucocyphus Pallas fishing 

eagle 

- 41 58 R/ T/ C R/ A-SK/ P 

38 Circus 17117CIOCUrliUS Marsh harrier 30 42 55 R/ T/ C R/ T/ C R/ T/ C 

39 Spilornis cheela Crested 

serpent eagle 

59 LM/ T/ C 

40 Spizaetus cirritalus Crested hawk 

eagle 

- - 59 R/ T/ C 

GaIliformes 

41 Perdicula asiatica Jungle bush 

quail 

- - 29 R/ T/ I 

42 Pavo cristatus Indian 

peafowl 

- - 52 R/ T/ C 

Gruiformes/Rallidae 

43 Aniouromis phoenicurus White 

breasted 

waterhen 

20 37 33 R/ A-W/H R/ A-W/ H R/A-W/ H 

44 Gallinula ch/oropus Indian 
moorhen 

8 11 - R/ A-WI H 12/ A-W/ H 

45 Porplryrio porphyrio Purple 	, 

Moorhen 

14 5 26 R/ A-W/ H R/ A-W/ H R/A-W/H 

46 Fu lica atm Coot 9 6 - LW A-S&D/ H LM/ A-S&D/ H 

Charadriformes/Charadridae 

47 Hydrophasianus chirurgus Pheasant 

tailed jacana 

13 9 - R/ A-W/ H R/ A-WI I-I 

48 Mettopidins indices Bronze 

winged jacana 

5 8 - R/ A-W/1-1 R/ A-WI I-I 

49 Vanellus indices Red wattled 
lapwing 

28 27 21 R/ A-W/ 1 R/ A-W/ I R/ A-W/ I 

50 1,:tualabaricus Yellow 

wattled 
lapwing 

31 - - RI A-WI I 

51 Choradrius &this Little ringed 

plover 

27 - 48 LM/ A-W/ I LM/ A-W/ I 

52 C. (2/mm0/lams Kentish 

plover 

30 - 58 LM/ A-W/ I LW A-W/ I 

53 Tringa !Wapitis Red shank 31 39 52 LM/ A-W/ I LM/ A-W/ I LM/ A-W/ I 

54 T. nebularea Green shank 31 43 LM/ A-WI I DM/ A-WI I 

55 T. glareola Wood 

sandpiper  
- 32 58 DM/ A-W/I R/ A-WI I 

Contd--- 



S.no: Order/Familly/Specics Common 
name 

Ranks of Dominance Resident status, Habit/Habitat, Feeding habitat 

PL 

(1-32) 
CL 

(1-42) 
SML 

(1-59) 
PL CL SML 

56 T. stagnalis Marsh 
sandpiper 

59 R/ A-W/ I 

57 T hypolencos Common 
sandpiper 

31 38 52 R/ A-W/1 R/ A-W/ I R/ A-W/ I 

58 Cediciris tniman 1.itilc stint - - 58 LM/ A-WI I 

Recurvirostridae 

59 Ilimantopus himantophns 131ack winged 
stilt 

- 41 22 LM/ A-W/ 1 LM/ A-WI I 

60 Recurvirostriclae auesetta Avocet - 59 LM/ A-W/ I 

La ridae 

61 Locus ridibundus Brown headed 
gull 

- - 57 LM/ A-SKI P 

62 L. brunnicephalus Black headed 
gull 

- 26 58 R/ A-SKIP R/ A-SKIP 

63 Ge loc ke lidon ni lo fica Gullbilled 
tem 

- - 59 R/ A-SKIP 

64 Sterns aurantia River tem 23 30 34 R/ A-SKIP R/ A-SKIP R/ A-SK/ P 

Columbiformes/Columbidac 

65 Treron phaehicoptera Common 
green pigoen 

32 - 58 R./ T/17  R/T/F 

66 Columba Livia 13lue rock 
pigeon 

- + + R/ T/ F R/ T/ F 

67 Streptopilia chinensis Spotted dove 23 38 23 12./ T/ F R/ T/ F R/ '17 F 

68 Chalcophaps indica • Emerald dove - 59 R/ TI F 

Psittaciformes/Psittacidae 

69 Psittacula krameri Rose ringed
parakeet 

- 42 42 R/ T/ F R/ T/ F 

70 P. cyanocephala Blossom 
headed 
parakeet 

- 41 50 R/ TI F R./ TI F 

71 P. columboides Blue winged 
parakeet 

- 41 59 R/T/F R/T/F 

72  Loricu/us vernalis Lorikeet - - 59 R/ T/ F 

CuculiformeslCuculidac 

73 Ettdynamys scolopaceae Koel 29 37 36 R/ T/ F R/ T/ I R/ T/ I 

74 Phadytes viridirostrus Small 
greenbilled 
rnalkhona 

42 59 LM/ T/ I LM/ T/ I 

75 Centropus sinensis Coucal - 41 41 R/ T/ I R/ T/ I 

Strigiformes/Strigidae 

76 Athene brama Spotted owlet - - 59 R/ T/ I 

Apodiformes/Apodidae 

77 Apus affinis House swill - - 55 R/ T/ I 

Coraciformes/Aleedinidae 

78 Coyle rudis Lesser pied 
kingfisher 

23 39 43 R/ A- SK/ P R/ A- SK/ P R/ A- SKI P 

79 Alcedo (mins Small blue 
Kingfisher 

23 35 44 RJ A- SK/ P RJ A- SK/ P R/ A- SK/ P 

80 Pelargopsis capensis Storkbillcd 
kingfisher 

- 43 50 RI A- SK/ P 12/ A- SK/ P 

81 I lalcyon capensis White 
breasted 
kingfisher 

25 33 40 12/ A- SKI P R/ A- SK/ P 12/ A- SK/ P 

Contd--- 



S.n o : 0 rd e r/Fam illy/Species Common 

name 

Ranks of Dominance Resident status, Habit/Habitat, Feeding habitat 

PL 

(1-32) 
CL 

(1-42) 
SML 

(1-59) 
PL CL SML 

82 H. pileasla Black capped 
kingfisher 

- 43 58 R/ A- SKI P R/ A- SK/ P 	. 

Meropidac 

83 Meropus phillipinus Blue tailed 
bee eater 

. 28 25 48 12/ T/ I R/ T/ I RI TI I 

84 M leschenautti Chestnut 
headed bee 
eater 

23 36 . 	54 RI T/ I R/ T/ I R/ T/ I 

85 M. orientalis Small green 
bee eater 

16 17 24 R/ T/ I R/ T/ I R/ T/ I 

Coracidae 

86 Coracias bengha/ensis Blue jay 59 LM/ T/ I 

Upupidae 

87 Upupa epops Hoopoe - - 59 LM/ T/ I 

Pisciformes/Capitonidae 

88 Megalama zeylonica Large green 
barbet 

32 42 56 R/ T/ F R/ T/ F R/T/F 

89 Al. haemocephala Copper smith 30 40 45 R/ T/ F R/ T/ F R/ V F 

Piceidae 

90 Micropternus brachyttrus Rufous 
woodpecker 

- - 59 LW T/ I 

91 Dinopium benghalense Lesser 
Goldenbacked 
woodpecker 

- - 52 R/ T /I 

92 Picoides maharanensis Maharatta 
woodpecker 

- 59 RI T/ I 

Passeriformes/Psittidac 

93 Pitta Drachyura Indian pitta - - 59 R/ T/ I 

Alaudidae 

94 Galerida cristata Crested lark - 43 43 R/ V-  I R/ T/ I 

Hi run dinidae 

95 Hirundo concolor Dusky crag
martin 

- - 51 R/ T/ I 

96 H. smithi Wire tailed 
swallow 

19 23 52 R/ T/ I R/ T/ I 12/ T/ I 

97 H. claurica Red rumped 
swallow 

- 10 15 R/ T/ I R/ T/ I 

98 Latina excubitor Grey shrike - 42 57 R/ T/ I R/ T/ I 

99 L. excubitor Bay backed 
shrike 

- - 	41 R/ T/ I 

100 L. chirurgusschach Rufous shrike 31 40 52 R/ T/ I RI TI I R/ T/ I 

101 L. cr:slala Brown shrike - 59 R/ T/ I 

102 Artumus fuscus Ashy swallow 
shrike 

41 57 R/ T/ I R/ T/ I 

0 riolidae 

103 Oriohts xanthartuts Golden oriole - 45 LW T/ I 

104 0. aria/us Black headed 
oriole 

- - 35 LW T/ I 

Contd--- 



S.no: Order/Familly/Species Common 
name 

Ranks of Dominance Resident status, Habit/Habitat, Feeding habitat 

PL 
(1-32) 

CL 
(1-42) 

SML 
(1-59) 

PL CL SML 

Dicruridae 

105 Dicrurus adsimilis Black drongo 29 33 31 R./ T/ I. R/ T/ I R/ T/ I 
106 D. caerulescens White bellied 

drongo 
- 58 R/ T/ I 

107 D. paradiseus Racket tailed 
drongo 

32 41 55 R/ T/ I R/ T/ I R/ T/ I 

Sturnidae 

108 Sinnuis pagaodanun Brahminy
myna 

- 40 30 LM/ T/ F LM/ T/ F 

109 S. roseus Rosy pa ster - 29 19 DM T/ F DM/ T/ F 

110 Acridotheres tristis Common 
myna. 

24 28 16 R/ T/ I R/ T/ I R/ T/ I 

111 A. fitscus Jungle myna 10 15 31 R/ T/ I RIM R/ T/ I 

Cory idae 

112 Dendrociita vagabunda Indian tree pie 30 38 35 R/ T/ I R/ T/ I R/ T/ I 

113 Corvus splendens House crow + + + R/ T/ C R/ T/ C R/ T/ C 

Cam pephagidae 

114 Coracina novachallandiae Indian Large 
Cuckoo shrike 

- - 59 R/ T/ I 

115 Pericrocathiis flannnens Scarlet 
minivet  

- - 59 LM/ T/ I 

Irenidae . 

116 Aegithina triphia Lora - - 43 R/ T/ I 

Pycnonotidae 

117 Pvcnonotusjocosus Red 
whiskered 
bulbul 

27 38 10 R/ T/ I R/ T/ I R/ T/ I 

118 P. cafer Red vented 
bulbul 

24 33 11 R/ T/ I R/.T/ I R/ T/ I 

119 P. leutealus White browed 
bulbul 

28 - 53 RI TY I . R/ T/ I 

120 C. aurifrons Green bulbul - - 59 R/ T/ I 

121 Hypsipetes indicus Yellow 
browed bulbul 

- 58 R/ T/ I 

Muscicapidae 

122 litrdoides striates Jungle 
babbler 

21 36 31 R/ T/ I R/ T/ I R/ T/ I 

123 Rhipidura aureola White browed 
fantail 
flycather 

- 59 RI TI I 

124 R. albticodis White spotted 
fantail 
flycatcher 

- - 57 R/ T/ I 

125 Terpsiphone paradisi Paradise 
flycatcher 

32 40 57 R/ T/ I R/ T/ I R/ T/ I 

126 Copsychus malabaricus Shama - - 59 R/ T/ I 

127 Prinia subflava Ashy wren
warbler 

- - 37 12/ T/ 1 

128 1'. socialis Indian wren 
wamler 

- 42 55 R/ T/ I R/ T/ I 

129 Acrocephala agricola 131y th' s reed 
warbler 

- - 59 R/ T/ I 

Contd--- 



S.no: Order/Familly/Species Common 
name 

Ranks of Dominance Resident status, Habit/Habitat, Feeding habitat 

PL 
(1-32) 

CL 
(142) 

SML 
(1-5) 

PL CL SML 

130 Orthotonus sutorius Tailor bird 32 42 59 R/ T/ I R/ T/ I R/ T/ I 

131 Phylloscopus callybila 	. Brown 
chiffchaff 

- - 55 R/ T/ I 

Turnidae 

132 Saricoloidesfulicala Magpie robin 23 41 23 R/ T/ I R/ T/ I R/ T/ I 

133 Copsychus saularis Indian robin 28 32 38 R/ T/ I R/ T/ I R/ T/ I 

134 Zooethera citrina White 
throated 
groundthrush 

- - 56 R/ T/ I 

135 Myiophonus horsfieldii Malabar 
whistling 
thrush 

- - 58 R/ TR 

Pa rinae 

136 Pants xanthogenvs Yellow 
cheecked tit 

- - 58 RI TI I 

Sittidac 

137 Sitta cartahea Chestnut 
bellied 
nuthatch 

- - 56 R/ T/ 1 

Motaei II i dae 

138 Andrus novasselandiae Indian pipit 26 3 I 54 R/ T/ I RI T/ I R/ T/ I 

139 Molacilla jlava Yellow 
wagtail 

31 42 59 R/ T/ 1 R/ T/ I R/ T/ I 

140 M. caspica Grey wagtail 32 42 59 LM/ T/ I LM/ T/ I LM/ T/ I 

141 .M. alba White wagtail 31 42 59 LM/ T/ I LM/ T/ I LM/ T/ I 

142 Al. rnaderaspiensis Large pied 
wagtail 

22 26 25 LM/ T/ I 1,M/ TI I LM/ T/ I 

Dicaeidac 

143 Dicaecum ervihrorhynchos TickelPs 
flower pecker 

30 - 43 R/ 17 F R/ T/ F 

144 D. agile Thickbilled 
flower pecker 

41 54 R/T/F R/ T/ F 

Ncctarinidae 

145 Neciarina asiatica Purple 
sunbird 

28 41 47 R/ T/ I R/ T/ I R/ T/ I 

146 N. zeylonica Purple 
rumped 
sunbird 

32 41 40 R/ T/ I R/ T/ I RJ T/ I 

147 Aethopyga spioraja Yellow 
backed 
sunbird 

- - 58 R/ T/ I 

Ploceidac 

148 Passer domesticus House 
sparrow 

+ + + R/ T/ I R/ T/ I R/ T/ I 

149 Pteronia xanthocallis Yellow 
throated 
sparrow 

- - 59 LM/ T/ I 

150 Ploceus phi/ippinus l3aya weaver 18 8 RI T/ I R/ T/ I 

151 Lonchura malabarica White 
throated 
munia 

- 26 20 R/ T/ I R/ T/ I 

Contd--- 



S.no: Order/F'iunilly/Species Common 
name 

Ranks of Dominance Resident status, Habit/Habitat, Feeding habitat 

PL 
(1-32) 

CL 
(1-42) 

SML 
(1-59) 

PL CL SML 

152 L. striata White backed 
munia 

- 29 18 R/ T/ I RJ T/ I 

153 L. puncinlota Spotted munia 37 59 R/ T/ I RJ T/ I 

154 L. malacca Blach headed 
munia 

41 R/ T/ I 

Note: 

Residential status:- R=Resident, DM= Distant migrant, LM=Local migrant. 

Habit/Habitat:- A-W= Aquatic wader, A-S&D= Aquatic swimmer & Divers, 
A-SK= Aquatic skimmers, T= Terrestrial. 

Feeding type:- H= Herbivore, 1=- • Insectivore, P=Piscivore, F=Frugivore, 
C= Carnivore. 

+ = Counts not maintained. 



Table:5.2. 

Percentage Distribution of Bird Community with special  
reference to their habitat, feeding habit and activity at Pilar, 

Carambolim and Santa Monica Lake from 
Jan 1996 to Dec1997.  

BIRD COMMUNITY PL CL SML 
Habit /Habitat /Food 
Habits: 

Terrestrial 06.43% (36) 01.51% (54) 06.43% (93) 
Aquatic 94.38% (31) 98.50% (38) 93.56% (48) 

Waders 15.25% (19) 22.23% (20) 39.77% (32) 
Swimmers/Divers 83.34% (8) 77.68% (9) 59.83% (7) 
Skimmers 00.89% (4) 00.07% (6) 00.39% (9) 

Insectivores 9.64 % (8) 08.67% (4) 33.71% (11) 
Herbivores 83.75 % (10)  

06.18% (8) 
84.37% (12) 
06.76% (11) 

12.04% (4) 
51.98% (17) Piscivores 

Carnivores 00.16% (1) 00.19% (4) 02.25% (12) 

Note: Figures in parenthesis represent total number of species. 



Table:5.3 

Qunatitative variations in Avifauna through the seasons in 
Pilar, Carambolim and Santa Monica Lakes during 

March 1996 to May 1998.  

YEAR / 
SEASONS 

PILAR 
LAKE 

CARAMBOLIM 
LAKE 

SANTA MONICA 
LAKE 

Meant S.E (max,min) Meant S.E (max,min) Mean+ S.E (max,min) 

1996 
SUMMER 272.00 ± 106.00 1821.00 ± 746:00 1097.00 ± 226.00 

(61.00,386.00) (1016.00,3309.00) (775.00,1532.00) 

MONSOON 26.00 ± 7.00 148.00 ± 91.00 722.00 ± 162.00 
(8.00,38.00) (19.00,416.00) (337.00,1136.00) 

POST- 77.00 ± 7.50 60.00 ± 4.00 1616 ± 149.00 
MONSOON (70.00,85.00) (56.00, 64.00) (1608.00,1624.00) 

WINTER 258.00 ± 60.00 4751.00 ±2764.00 1045.00 ± 78.00 
(163.00,370.00) (164.00,9703.00) (489.00,740.00) 

1997 
SUMMER 300.00 ± 71.00 2402.00 ± 1091.00 1172.00 ± 317.00 

(180.00,427.00) (1152.00,4574.00) (695.00,1812.00) 

MONSOON 50.00 ± 22.00 226.00 ± 85.00 783.00 ± 335.00 
(30.00,120.00) (34.00,446.00) (765.00,1387.00) 

POST- 89.00 ± 28.00 481.00 ± 400.00 2724.00 ± 50.00 
MONSOON (66.00,112.00) (82.00, 880.00) (1806.00,3642.00) 

WINTER 342.70 ± 11.00 5602.00 ± 1483.00 1777.00 ± 267.00 
(163.00,418.00) (2960.00,8084.00) (783.00,3742.00) 

1998 
SUMMER 295.00 ± 115.00 1234.00 ± 276.00 1425.00 ± 587.00 

(82.00,476.00) (909.00,1784.00) (415.00,2265.00) 

Note: Avifauna density is expressed as total no: of individuals. 



Table: 5.4 

A Comparative Status of Avifauna during the two years of 
study (1996 and 1997) at Carambolim Lake.  

AVIFAUNA 
(Cumulative Total) 

1996 1997 PERCENTAGE 
CHANGE 

TOTAL 11,623 26,117 
(22.00) 

+ 225 

WATERFOWL 11,318 25,590 
(8.00) 

+ 126 

WINTER VISITORS 

Pintail 3,449 15,187 + 340 
Lesser Whistling Teal 2,736 4,957 + 81 
Coot 718 347 - 52 

Note: The numbers in parenthesis indicates the number of additional species of 
birds newly sighted during the year. 



Table: 5.5. 

Nesting Intensity in the Heronry during the two years of 
Study (1996 and 1997) at Santa Monica Lake  

NESTING BIRDS 
SPECIES 

NUMBER OF NESTS PERCENTAGE 
CHANGE 

1996 1997 

DARTER 5.00 13.00 + 160.00 

LITTLE CORMORANT 85.00 105.00 + 023.50 

LITTLE EGRET 80.00 60.00 + 025.00 

PURPLE HERON 18.00 24.00 + 033.33 

CATTLE EGRET 35.00 10.00 - 071.42 



Table:5.6 

Seasonal Variations in Species Indices of Bird Community at 
Pilar, Carambolim and Santa Monica Lake 

(March 1996 to June 1998).  

LAKE/ 
INDEX 

SUMMER MONSON POST- 
MONSOON 

WINTER SUMMER MONSOON POST- 
MONSOON 

WINTER SUMMER 

PL 
H' 0.50 0.46 0.73 0.30 0.50 0.38 0.65 0.33 0.60 
S.R 4.30 3.90 4.40 3.76 3.82 2.90 4.57 3.60 4.86 
J' 0.13 0.19 0.14 0.08 0.10 0.20 0.16 0.09 0.16 

CL 
H' 0.42 0.72 0.92 0.37 0.48 0.63 0.73 0.31 0.43 

S.R 5.22 4.31 4.01 3.51 6.17 5.17 5.22 5.05 4.56 
J' 0.11 0.04 0.30 0.09 0.13 0.20 0.18 0.08 0.12 

SML 
H' 0.40 0.50 0.44 0.41 0.35 0.40 0.20 0.21 0.48 

S.R 9.13 6.80 5.25 9.43 10.06 7.08 5.92 0.89 7.84 
J' 0.09 0.12 0.11 0.09 0.08 0.09 0.05 0.04 0.11 



Table:5.7 

Correlation Matrices of Avifauna with Climate, vegetation, 
Benthos and Physico-chemistry of water at Pilar Lake.  

Parameters Total Avifauna Total Aquatic 
birds 

Cotton Teal 

Sunshine hours 0.63** 0.62** 0.60** 
Wind speed -0.40* -0.40* -0.39* 
Atms temp 0.41* 0.38* 0.34 
Rainfall -0.55** -0.55** -0.54** 
Humidity -0.46* -0.43* -0.39* 
Water level 0.14 0.16 0.20 
Total Macrophyte -0.21 -0.19 -0.18 
Portulaca oleracea 0.36* 0.36* 0.59* 
Utricularia aurea -0.27 -0.26 -0.32 
Hydrilla verticillata 0.48* -0.32 -0.31 
Benthic invertebrates 0.28 0.26 0.24 
Dystiscus sp. 0.60** 0.58** 0.55* 
Water temp -0.41* -0.42* 0.44* 

pH -0.23 -0.21 -0.19 
Conductivity 0.02 -0.17 0.06 
Turbidity -0.10 -0.14 -0.19 
FC 02 0.43* 0.40* 0.38* 
DO -0.39* -0.37* -0.35 
Chloride 0.03 0.02 -0.03 
Alkalinity 0.17 0.13 0.08 
BOD 0.30 0.26 0.23 
TOC -0.12 -0.02 -0.06 
Ca.H 0.48** 0.47** 0.44* 
T.H. 0.05 0.02 -0.02 
T.S 0.07 0.04 0.005 
PO4 -0.22 -0.24 -0.19 
NO3  0.29 0.26 0.23 
NH4-N -0.1 6 -0.20 -0.25 

Note: Level of significance ** = P<0.01, * = P<0.05 



Table:5.8 

Correlation Matrices of Avifauna with Climate, vegetation,  
Benthos and Physico-chemistry of water at CarambolimLake. 

Parameters Total Avifauna Total Aquatic 
birds 	' 

Pintail duck 

Sunshine Hours 0.46* 0.32 0.38* 
Wind speed -0.54** -0.067** -0.50** 
Atms temp 0.14 0.01 0.06 
Rainfall -0.34 -0.23 -0.32 
Humidity -0.30 -0.22 -0.15 
Water level 0.28 0.21 0.87** 
Total Macrophyte 0.16 0.02 0.31 
Oryza rufipogon 0.15 0.11 0.18 
Nymphea stellata -0.13 -0.06 -0.23 
Hydrilla verticillata -0.22 -0.08 -0.34 
Benthic invertebrates 0.75** 0.74** 0.67** 
Polychaete 0.60** 0.64** 0.58** 
Water temp -0.22 -0.08 -0.22 
pH -0.23 -0.12 -0.23 
Conductivity -0.08 -0.09 -0.08 
Turbidity 0.12 0.10 0.12 
FC 02 0.26 0.34 0.26 
DO -0.34 -0.21 -0.34 

Chloride -0.11 -0.11 -0.11 

Alkalinity -0.21 -0.13 -0.21 
BOD 0.23 0.13 0.23 

TOC 0.37* 0.40* 0.37* 
Ca.H 0.15 0.23 0.15 
T.H 0.17 0.23 0.17 
T.S 0.34 0.24 0.34 
PO4  0.45* 0.32 0.45* 
NO3  0.23 0.12 0.23 
NH4-N 0.17 0.15 0.17 

Note: Level of significance * = P<0.01, * = P<0.05 



Table:5.9 

Correlation Matrices of Avifauna with Climate, vegetation, 
Benthos and Physico-chemistry of water at 

Santa Monica Lake.  

P arameters Total Avifauna Total Aquatic 
birds 

Little Cormorant 

Sunshine hours 0.22 0.20 0.12 
Wind speed -0.21 -0.22 -0.23 
Atms temp 0.26 0.25 0.09 
Rainfall -0.34 -0.32 -0.20 
Humidity -0.09 -0.05 0.10 
Water level 0.28 0.31 0.31 
Polygonum glabrum 0.38* 0.38* 0.48** 
Benthic invertebrates -0.33 -0.32 -0.30 
Chironomid larvae -0.34 -0.32 -0.27 
Water temp -0.10 -0.13 -0.45* 

PH 0.22 0.24 -0.23 
Conductivity 0.05 0.02 0.45** 
Turbidity -0.10 -0.13 -0.22 
FC 02 -0.02 -0.04 -0.40* 
DO 0.54** 0.53** -0.12 
Chloride -0.27 -0.26 0.62** 
Alkalinity -0.35 -0.38* -0.32 
BOD -0.33 -0.38* -0.59** 
TOC -0.35 -0.38* -0.50** 
Ca.H -0.37* -0.38* -0.55** 
T.H -0.27 -0.30 -0.51** 
T.S -0.30 -0.32 -0.58** 
PO4  -0.31 -0.32 -0.51** 
NO3  -0.37* -0.39* -0.63** 
NH4-N -0.53** -0.55* -0.66** 

Note: Level of significance * *= P<0.01, * = P<0.05 



Graph 5.1 : The monthly changes in the bird population at PL, CL and SML 
during January 1996 to June 1998. 

Graph 5.2 : Monthly variations in the population of the 3 dominant winter visiting 
bird species- Cotton teals, Lesser whistling teals and Pintail ducks at 
PL from January 1996 to June 1998. 

Graph 5.3 : Monthly variations in the population of the 3 dominant winter visiting 
bird species- Pintail ducks, Lesser whistling teals and Coots at CL 
from January 1996 to June 1998. 

Graph 5.4 : Monthly variations in the population of 3 dominant species of winter 
visiting bird species - Lesser whistling teals, White necked storks 
and Open billed storks at SML from January 1996 to June, 1998. 

Graph 5.5 : The comparative picture of duration of the breeding phase of six 
species of birds breeding at SML during the 2 consecutive years 
1996 and 1997. 
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Fig:5.1 



Fig 5.2 : An individual each of second dominant local migrant at PL, the Lesser 
whistling teal, and a rare winter visitor to the lake, the Blue winged teal 
are seen resting. 

Fig 5.3 : A small flock of Coots, the third dominant winter visitor at CL, are 
generally confined to central region of the lake with open waters with 
relatively less emergent/ floating macrophytes. 
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Fig:5.3 



Fig 5.4 : A large flock of Lesser whistling teals resting at SML during early 
summer. The birds which are the second dominant species of winter 
visitors at CL, deserts the lake with depleting water column in early 
summer and are found resting at SML before their return journey. 

Fig 5.5 : A lone White ibis, a rare winter visitor at SML, amidst a flock of White 
necked storks engaged in leisure activities of basking and preening. A 
lone Cattle egret also can be seen at the water edge. 
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Fig 5.6 : A flock of Open billed storks back from their feeding rounds preparing to 
roost at SML. 

Fig 5.7 : A small group of Spoon bills at SML, which are generally found actively 
feeding at the site. 
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Fig: 5.6 

Fig:5.7 



Fig 5.8 : A Trio of Lesser adjutant storks at SML. A good number of them utilise 
the lake site as the resting and the roosting ground. 

Fig 5.9 : A solitary Painted stork along with a few White necked storks on the soil 
bar extending in to the sector A of SML. The bird is a rare winter visitor 
to the lake. 



Fig: 5.8 

Fig:5.9 



Fig 5.10 The Canopy of trees forming the major heronry site by the edge of the 
sector B of SML. It caters to the breeding needs of five species of birds. 

Fig 5.11 Little Cormorants and the Purple herons nesting on the Pettophomm 
ferrugineum at SML. These isolated trees are used as nesting platforms, 
whenever there is an added pressure on the main heronry site. 





SUMMARY 
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In view of total lack of comprehensive and long term limnological studies 

on limited freshwater resources of the small state of Goa, and the prerequisite 

information indispensable for proactive management of these resources already 

buckling under demophoric pressures rather than "hands-off' protection, the 

present work was undertaken. Of the 3 water bodies chosen for the study, the 

Pilar Lake (PL) is the smallest natural multipurpose village tank with barely 3.34 

ha of waterspread. The other 2 namely Carambolim Lake (CL) and the Santa 

Monica Lake (SML) are the manmade lakes. Of these CL is the largest semi-

permanent minor irrigation tank with a central water spread of 40 ha, surrounded 

by a wetland of 40 ha which was in jeopardy due to a mega rail alignment 

supposed to pass through its center. SML is a lake of intermediate size with 

surface area of 8.85 ha within the industrial premise of a multinational firm, water 

of which is put to industrial utility. It also harboured the only communal mixed 

heronry of the region. The limnological work carried out in the course of present 

study concentrated around 5 principal areas - physicochemical characteristics of 

water, plankton and primary productivity, sediment and benthos, macrophytes 

and fishes, and waterfowl has been presented in 5 separate chapters. 

Chapter-I 

1) The chapter deals with the comparative profile of 3 water bodies- PL, CL and 

SML with respect to physicochemical characteristics of water such as 

temperature, pH, conductivity, turbidity, total solids, FCO 2, DO, chloride 

concentration, total alkalinity, hardness, nutrients such as organic carbon, 

ammonical nitrogen nitrates and phosphates. Seasonal variations in these 

characters and the influence of meteorological parameters such as atmospheric 

temperature, sunshine hours, wind speed and rainfall on them were assessed by 

appropriate statistical methods. 
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2) Except for few specific interseasonal/ interlake variations, most of the 

parameters showed peak values during summer/ early monsoon and least values 

during post-monsoon/ winter. Only DO and pH were the exceptions to this 

general pattern, wherein they were at their peak during monsoon and at their 

lowest values during summer/ winter. The reduction in the volume of water during 

summer due to excessive evapotranspiration, increase in its volume during 

monsoon due to inflow of water and the consequential events seemed to be the 

prime causes for these seasonal variations. Within the broad regulatory frame, 

interlake variations were principally due to the lake specific water regime. 

3) Perceptibly high levels of chlorides at SML could be due to seepage of salt 

water in its basin because of its position within the estuarine backwater limits of 

the Banastari river. Likewise, peak values of phosphates at PL may be due to the 

surface runoff bringing in the residual matter from the nearby crematorium. 

4) Going by the degree and the pattern of overall physicochemical parameters, 

especially the key factors such as BOD, TOC, FCO 2, DO and nutrients, 

considerably higher values at PL signified it to be hypereutrophic, moderately 

high values indicated CL to be eutrophic and relatively low values at SML 

categorised it to be a mesotrophic lake. Neither the level of peak values nor the 

seasonal pattern of any of the above parameters indicated any overt pollution of 

exogenous nature. 

Chapter-II 

1) The second chapter embodies the studies on phytoplankton and zooplankton 

of the 3 lakes- PL, CL and SML with regard to their species diversity, community 

composition, temporal variations in their densities, if any, interrelationships, 

correlation with environmental parameters and the planktonic primary 

productivity. 
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2) PL, the smallest of the lakes investigated, showed the maximum species 

diversity harbouring 28 out of 38 species of phytoplanktors, and 35 out of 44 

species of zooplanktons with reference to the overall species recorded in the 

course of study. The diverse ecological microhabitats provided by rich aquatic 

macrophytes and the totally enclosed ecosystem with least human interference 

seem to be the causal factors for the best diversity at PL. In terms of composition 

the Chlorophyceans and Copepods dominated phytoplankton and zooplankton 

respectively in all the lakes. As to the second and third place amongst the other 

major groups there were interlake variations. 

3) Contrary to the picture emerging out of species diversity, maximum densities 

of phytoplankton and zooplankton were encountered at SML and CL 

respectively. PL which had the best diversity had the least density of both the 

types of planktons. The near total absence of true aquatic macrophytes, high 

levels of alkalinity and nitrates at SML seem to have favoured better 

phytoplankton density. On the other hand, higher macrophytic density at PL and 

lower PO4  levels at CL appear to have checked the phytoplanktonic densities in 

these lakes. Therefore it may be concluded that PL is a N-limited lake while CL is 

a P-Iimited.one. 

4) In all the lakes, phytoplankton was abundant during summer, a season 

characterised by high temperature, long sunshine hours and water with higher 

alkalinity and nitrates. The phytoplankton density was lowest in all the water 

bodies during the post-monsoon, a season with relatively low temperatures, 

lesser sunshine, low alkalinity, lowest levels of nitrates and phosphates. 

5) All the lakes showed a season based succession in predominance of major 

planktonic groups. Rotifer abundance coincided with Chlorophyceans in summer. 

Cyanophyceans and copepodes showed parallel peaks during monsoon, while 
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the rise of Bacillariophyceans and Cladocers were concomitant during 

postmonsoon/ winter. 

6) The zooplankton density curves in all the lakes were higher than that of 

phytoplankton, which is a clear sign of their being far from the threat of 

phytoplanktonic blooms and possible dystrophication. Though in all the lakes 

phytoplankton was perfectly under the control of grazing pressure of 

zooplankton, the pressure was perceptibly higher at CL unlike at PL and SML. 

7) In general primary production in these lakes was extremely poor in 

comparison with that recorded for the water bodies in the southern India. The 

maximum primary productivity at SML and minimum at PL was in accordance 

with the total phytoplanktonic density profile in these lakes. But the time frame of 

highest planktonic primary productivity varied amongst the lakes. It was at its 

best during summer, monsoon and post-monsoon at PL, SML and CL 

respectively. Taking into account higher phytoplankton densities in all the lakes 

during summer, seasonal productivity profile did not go well with it, at least at CL 

and SML. One obvious reason could be that, the numerical counts of 

phytoplankton adopted in the study might not have reflected the actual biomass, 

in view of the overall scantiness of the phytoplankton in these lakes. 

8) Under the scheme of Nygaards trophic state indices, taking in to account the 

values of Chlorophycean as well as Cyanophycean indices, from a wholistic 

angle PL and CL fitted in hyper eutrophic and eutrophic category respectively, 

while SML was mesotrophic in nature. 
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Chapter-III 

1) The chapter covers the studies carried out on the composition, diversity and 

seasonal variations of benthic macroinvertebrates at PL, CL and SML in relation 

to temporal profile of the substratum in the form of sediment texture and the 

principal nutrients - organic carbon, NH 4-N and PO4-P. 

2) The sediment at SML all through was of loamy-sand in nature, while it was of 

silty-sand type at PL and CL. The fine composition varied through seasons. In all 

the lakes, sand was on the rise during monsoon, while silt and day were on the 

higher side during summer and post-monsoon/ winter respectively. The silt and 

TOC levels were maximum at CL and minimum at SML. The large scale death 

and decay of macrophytes and relatively low rate of clearance by less dense 

detritivore macrofauna seem to have contributed for the higher levels of silt and 

TOC at CL. Similarly poor macrophytic flora, and hence less autocthonous inputs 

coupled with increased clearance rate owing to strong detritivore chironomid 

component must have been the causative factors for the minimum levels of TOC 

at SML. 

3) The species diversity of macroinvertebrates was at its best at PL while their 

density was highest at SML. Though 2-3 species dominated the benthos in all the 

lakes, one of them was most dominant, based on which the benthos of PL, CL 

and SML could be categorised as Dytiscus, polychaete and chironomid type 

respectively. 

4) The predominance of restricted number of species as observed in the study, 

is generally considered as the tell tale sign of pollution. But, none of the water 

bodies under investigation had any indication of overt pollution of exogenous 

nature. Further the study also recorded that many other factors such as the grain 

size of sediment, macrophytic biomass, existence/ nonexistence of predatory 
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pressure might have had the overriding effect on the development of scenario. 

Therefore it is opined that, utmost caution need be exercised before applying 

indicator species concept and drawing conclusions as to the pollution status of 

any water body. 

Chapter-1V 

1) The aquatic/ wetland macrophytes, their diversity, composition, dominance, 

variation in standing biomass through seasons at all the 3 lakes on comparative 

basis is dealt in the chapter. In addition the chapter also looks in to the species 

diversity of teleost fishes, their relative dominance and fishery potential of these 

lakes. 

2) PL had diverse macrophytic flora representing 12 species belonging to 8 

families, wherein the wetland plant Portulaca oleracea, submergents- Hydrilla 

verticillata and Utricularia aurea dominated the group in that order. CL had 13 

species belonging to 9 families, of which rooted plant with floating leaves, 

Nymphea stellata, emergent wild rice, Oryza rufipogon and submergent H. 

verticillata dominated the aquatic macroflora. On the other extreme SML was 

relatively poor in species diversity of aquatic plants with only 5 species belonging 

to 5 different families. The littoral Polygonum glabrum was the dominant plant 

and other species not contributing substantially to the biomass. 

3) PL showed relatively stable biomass through the seasons except the 

marginal reduction during winter. Biomass of flora was pronounced during post-

monsoon/ winter at CL, which decreased during monsoon and reached lowest 

limit during summer. The biomass of aquatic flora depicted a distinct seasonality 

at SML, wherein it was maximum during post-monsoon, which steadily 

decreased through winter and monsoon reaching the lowest range during 

summer. 
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4) In terms of species diversity of fishes, all the 3 lakes were extremely poor 

with only 3-4 species in every one of them. Planktivorous cyprinids dominated PL 

as well as SML, while benthophagus bagarids dominated CL. Fishery potential 

was very low at PL, possibly because of extreme clogging of the lake by 

submergents. Almost total lack of truly aquatic flora and resultant boost to the 

phytoplanktonic growth at SML must be responsible for the best fishery potential 

at SML. 

5) The fairly balanced and diverse hydrophytic vegetation, reasonably good 

planktonic diversity owing to open water surface, adequate benthic 

macroinvertebrates, and resultant support of planktivorous and benthivorous fish 

must have been working in unison to sustain rich waterfowl population at CL in 

the form of primarily herbivorous ducks, insectivorous rails and piscivorous 

herons etc. 

Chapter-V 

1) The chapter deals with the information on the population dynamics of birds at 

PL, CL and SML with reference to their residential/ migratory status, arrival-

departure schedules, food and feeding habits, habitat utility, breeding, inter/ intra 

species co-operation and conflicts. 

2) The lake environs supported 60-69% of terrestrial bird species contributing up 

to only 10% of the population, while 90% of the population was that of waterfowl. 

Thickly vegetated waters of PL and CL supported a good number of herbivores, 

whereas clear waters of SML harboured large population of piscivores. From a 

utilitarian perspective, PL and CL were used to a great degree as foraging/ 

diurnal resting sites, while SML was utilised predominantly breeding/ nocturnal 

roosting site by the birds. 
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3) Communal breeding colony shared by Little cormorants, Little egrets, Cattle 

egrets, Purple herons, Darters and Night herons happens to be the only 

communal mixed heronry known to exist in the region, and reported for the first 

time by the author (Walia and Shanbhag, 1996 and Lainer, 1999). The breeding 

performance of egrets in the colony was hinged on the degree of confrontation 

they had with Little cormorants at the time of nesting. Night herons were not 

consistent in patronising the area. In view of limited/ restricted breeding of Lesser 

adjutant storks and Grey herons in the Indian subcontinent, their unsuccessful 

attempts to breed in the site are of interest. The foolproof security/ protection the 

birds get in the area, in the form of industrial security could probably be one of 

the prime promoting factors for their communal breeding in the premise. 

4) The Pintail ducks, Lesser whistling teals, Cotton Teals and Coots were the 

principal winter visitors of the lakes. Less of crowding and abundance of choice 

food reserves in the form of Hydrilla and Utricularia all along the wintering period 

could be responsible for the confinement of Cotton teals to PL. CL appears to be 

utilised by Pintails and Lesser whistling teals as diurnal resting and 

supplementary feeding site. Coots can be considered as opportunistic passage 

migrants at CL due to their brief stay for couple of months, making use of Hydrilla 

and benthic polychaetes abundant during the period. 

5) Glaringly higher cumulative count for avifauna in general, waterfowl, and two 

of the three principal winter visitors-Pintail ducks and Lesser whistling teals 

during the year 1997 when compared to that during the previous year, amounts 

to indicate that the Konkan Railway track laying activities when at their peak did 

disturb the avifauna of the lake considerably. However, the impact was 

successfully recovered after the hectic building activities came to a halt. The 

routine running of train services does not seem to have the undue effect of any 
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kind, which may be because of precautionary measures adopted by the railway 

authorities in the form of declaring the area as the no hooting zone, and the 

establishment of the vegetation on the banks of the dike facing the lake to act as 

a buffer filtering the noise and visual disturbance. 



CONCLUSIONS AND 
RECOMMENDATIONS 
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The gross conclusions that can be drawn from the present study and the 

recommendations that emanate from them are; 

1) All the 3 lakes are rich repositories of aquatic biodiversity which need be 

protected and enhanced. As the techniques adopted in the current study were 

not totally from the angle of enumeration of biodiversity, some of the smaller/ 

minute flora and fauna might have escaped the recording. Therefore more than 

one techniques of collecting/ trapping may have to be adopted to enumerate the 

biodiversity of these lakes to plug the lacunae that might have crept in the course 

of present ecological study. 

2) Unlike at SML, there doesn't seem to exist any practice of desiltation at CL 

and PL. It is felt that they also need to be desilted in a phased manner retaining 

the existing gradient, at intervals of 3-5 years such that the natural aging can be 

countered and their life can be prolonged. The embankments at CL are plagued 

with breaches which need be bolstered. Provision of diversion pools/ ditches on 

either side of the central water course at .CL may help to retain bare minimum 

level of water during annual draw down, facilitating the birds, especially late to 

depart migrants. 

3) CL and PL are excessively choked with weeds. Therefore on experimental 

scale biological control measures can be exercised such as introduction of the 

Grass carp, Ctenopharyngodon idella and the impact can be studied. 

4) PL and CL are faced with encroachment problems. Therefore measures need 

be taken to prevent the same by providing a buffer zone of over 100 m along the 

contour of these lakes. 

5) PL and CL experience extensive human interference. Therefore, the foolproof 

protection need be provided to these wetlands and the water birds patronising 
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them, by the statutory organs of the state administration so that these nature 

reserves last long enough for the benefit of posterity. 
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