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· INTRODUCfiON 

There has been an alarming increase in the degradation of water quality in 

recent 'years .. Whereas the domestic wastes, treated· or untreated,_ and the indus

trial effluents, are di~ectly discharged into the rivers; all surface waterbodies 

receive with the runoff from their catchments a variety of organic and inorganic 

substances which impinge on the water quality. These various inputs cause 
·. . . 

changes in t_he physical and chemical as well as biological chaiacteristics of the. 

waterbodies. A major change brought about by organic pollution, is the lowering . . . . . 

of dissolved oxygen level which sets in a 5eries of other chemical and bio

logical changes,· and ultimately affects the whole aquatic· community. 

Enrichment of the water with nutrients, released during decomposition of 

organic matter. or entering directly, is another major problem of most common 

·occurrence which affects directly the flora and fauna of the aquatic ~.osysten:s. 

Initially, the mitrient enrichinent accelerates the growth of certain · planktonic 
. . 

algal species and hence, · increases productivity of the ·water_ body. · This is 

comrn.only termed as eutrophication. ~xce£sive eutrophication· however, often 

· results in a decline of the biotic community . 
. . 

· The biotic community of an· aquatic system normally comprises of the 

planktonic organisms which include the phytoplankton (producers), zooplankton 

(consumers) as well as the bacteria (decomposers). Other organisms include 

the bottom dwelling invertebrates (benthos) . and fish. The .zooplankton 

eomprise mostly of micro-crustaceans (Oadocera and Copepoda) and Rotifera, 

Zooplankton occupy a· central position in the aquatic. food . chains between the 

autotrophs and other heterotrophs. They play an important role in both the 
. . . . ' 

grazing and. detritus food chains; they feed on phytoplankton or detritus 
' 

(including bacteria) and in tum they are the major source of food fo~ various 
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plahlct:ivot"?us fish. Thus the zooplankton directly control the ·ecosystem. 

properties such as production and nutrient cycling. 

During the past one hundred years or so, there. have been numerous studies 

of zooplankton covering various aspects of their biology and ecology in 

different parts of the world (see Hutchinson· 1967, Wetzcl 1983). It is obServed 

. that in general, inqeasing eutrophication of waterbodies also . alters the . 

zooplapkton communities (BroOks 1969, Hall et al. 1970, O'Brien, and de 

Noyelles 1974). In an oligotrophic system, the grazing food chain is dominated by 
~ . . 

smailer and edible phytoplankton. As the phytoplankton. communities become 

. composed. of partly inedible .species (blooms of large Cyanophyta and Dino

flagellates) and greater detritus levels lead to increased bacterial populatio~, 

the resultant change in the food supply. causes· a shift in zooplankton 

community structure. This is mani- .fested in· their species composition, 

biorrui.ss and life strategies, mainly due to enhanced· p~tio~ pressure by 

increase in planktivorous .fish and invertebrate pre- dators which selectively feed 

. on . large bodied zooplankton.. These food chain relationships of 

Zooplankton with the' phytoplankton on one hand and the fish and other 

invertebrates on the other, have been emphasiserl in recent studies o~ ~oration .. 
of freshwaters through biomanipulation (Shapiro et al. 1975, Shapiro 1980, 

Benndorf 1988, van Dorik and Gulati 1988 and Gulati et al. -1990).· 

Obviously, an understanding of the nature of zooplankton community, its 

· dynamics and interactions with phytoplankton and· other biota at different 

levels of eutrophication and pollution is essential to developing appropriate 

· strategies for mariagement of freshwater resoUI"Ces: In India, there exists a large 

bulk of published information on the zo~plankton of different water bodies 

from different parts of the country. Brief reviews of . these · reports · (Michael 

1980, Gulati and Wurtz.;Schulz 1980) indicate that studies on the cause effect 

relationships bet- ween the zooplankton comniunity and habitat. factors, the· 
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interactions among diff-erent zo6plankton, and between zooplankton and 

phytoplankton, and the role of zooplankton in ecosystem processes have rarely 

been made in India. 

With these large lacunae in our knowledge of zooplankton in mind, studies 

on zooplankton dynamics in relation to levels of pollution and the phytoplankton 

community have been planned. It is proposed to investigate the temporal 

changes in the phyto- and zooplankton communities in several temporary and 

permanent water bodies, to study under laboratory conditions the feeding 

behaviour of impor.;tant zooplankton species, and to study the effects of 

manipulating the zooplankton community on the phytoplankton community. 

As a first step towards the planned study, a detailed review of the literature 

on the subject, particularly in India, has heen undertaken. A survey in and 

around Delhi ~ been made to select the waterbodies and preliminary 

experiments have been conducted to standardise the methodology of culturing 

algae and zoo-plankton, and of feeding of zooplankton. This dissertation 

includes the review and these exploratory studies conducted during the period 

August 1990-April1991. 
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UTERATURE REVIEW 

The extensive literature on zooplankton $pans a wide spectrum of fields: 

from their systematics and geographical distribution· to spatial and temporal 

variations in the composition of zooplankton community in different 

• waterbodies, vertical migration, reproductive biology and population dynamics, 

food and feeding behaviourp predation, production and responses to various 

physical and chemical factors of the environment (Wetzel1983,). These studies 

can be grouped into three major categories: 
I 

a) Distribution and species diversity 

b) Reproductive biology 

c) General ecology 

DISTRIBUTION AND SPECIES DIVERSITY 

There is a large amount of literature on systematics and distnbution of species of 

various small and large groups of zooplankton in different parts of the world, 

and several general monographs are available for the Rotifera, Qadocera and 

Copepoda (Brooks 1959, Wilson and Yeatman 1959, Ruttner-Kolisko 1974). In 

the tropics also, mostly fragmentary data has been brought together at least on a 

national basis in Asia, Africa and South America (see Dussart et al. 1984). 

In the tropical water bodies, research on zooplankton has been directed 

mainly towards describing species, systematics, and zoogeography (Nilssen 

1984) but even then they are lagging behind studies in North temperate zone. A 

·brief review of the literature on the systematics, distribution and ecology of 
I 

tropical freshwater zoo-plankton on a global scale has been attempted · by 

Dussart et al. (1984). They have sumnia.rized the widely scattered literature 
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with comments. Some general distribution patterns are visible. The present 

understanding of species composition indicates a lower diversity as the 

Equator is reached (Fernando 1980a, b). It has been suggested that the 

density and species composition .. is largely influenced by rainfall and 

temperature, as well as by the drastic fluctuations in the water level (Fernando 

and Rajapaksha 1983). Other factors also play a significant role. For example, in 

the tropics, Daphnia is represented by only six of a total of fiftY species and its . 

total occurrence is very low. The posstble reasons for it could be fish predation 

or indirect effects of temperature via. food type, feeding efficiency, fecundity, 

metabolic . rate, gamogenesis and similar factors (Fernando et al. 1987). 

In India large number of taxonomic studies have been concentrated on small 

portions of the country. The dominant rooplankton of Indian freshwaters 

~ong .t~ the genera Kerate/la., Brachionus, Asplan~ Euchlanis 

(Rotifera), Daphnia, Ceriodaphnia., Glydorus, Alona (Oa.docera) and · 

Mesocydops, Cydops, Diaptoinus, Aca.n.thodiaptomus (Copepods). A perusal of 

the literature shows that vast areas are still untouched. This is specially true 

for protozoa which have been almost totally ignored. Although many 

liinnological studies have been conducted, the distnbution pattern is not clear 

due to a paucity of taxonomical data which leads to incomplete and often wrong 

identification. 

The Indian Cladocera have been reviewed· with emphasis on their 

taxonomy in a monograph by Michael and Sharma (1988). The planktonic 

copepods of freshwater ecosystems have been described by Sehgal (1983). 

Other unportant works on copepopds taxonomy are by Khan (1981), Reddiah 

(1964), Reddy (1988), Sewell (1934, 1951) and Silas (1971). Rotifer 

taxonomy . has attracted the attention of a number of researchers who have 

described rotifers from different regions of the country. A synopsis of 

taxonomic studies on Indian Rotatoria has been prepared by Sharma and 
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Michael (1980). The rotifers of North India have been descnbed by Arora 

(1962, 1963, 1964, 1966), Vasisht and Baitish (1969, 1970, 1971, 1972), Das and 

Akhtar (1976), Sarma (1988) and Nayar (1965, 1968). In Southern India, 

Dhanapathi (1974, 1976), Naidu (1967), Pasha (1961) have contributed to the 

systematics of rotifers. Sharma (1988) has described the lecanid rotifers of North 

East India. 

Generally the zooplankton community in most freshwaters is constituted by 
.. 

five to eight dominant species and several rarer forms (Goldman and Home 

1983), a phenomenon observed in Indian freshwaters also. The high altitude lakes 

in India are oligotrophic and poor in species diversity and biomass (Zutshi et 

al. 1980). In these lakes Keratella cocblearis, Asplanc/ma priodonf14 

Anuraeopsis Iissa, Dia-phanosoma brachyururil, Daphnia pulex, Sida crysfBlina, 

Ceriodaphma reticulaf14 Alona rectangula, Cydops vidnus and Mesocydops 

Jeukarti are prominent taxa. 

The zooplankton fauna of-some of the large reservoirs used for hydropower 

generation, fish production, irrigation and drinking water supply have been 

studied; for example, Amravathi (Sreenivasan 1965) Sath.anur and Krishnagiri 

(Sreenivasan 1968), Aliyar (Sreenivasan 1970), Ajwa (Jayandougar 1980), 

H11~in Sagar (Ghosh and George 1989) and several reservoirs in central India 

(Unni 1985), The zooplankton fauna are poor in diversity and abundance as 

these major reservoirs were at a lower trophic state. It consists mainly of rotifers, 

few species of cladocera ( Olydoros spbaericus, Ceriodaphnia comuf14 · 

Daphnia carina~ India-Jona gBI1Jlfll1tii, Moina dubia, Sida sp.) and copepods 

( Mesocydops Jeukarti and species of ADodiaptomus., Heliodiaptomus 8Ild 

Neodiaptomus). 

The species diversity and composition in freshwaters is directly linked to 

. the trophic state. Total zooplankton biomass generally increases with increasing 

trophic state and in accompanied both by species and group replacements ~thin 
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cladocera and copepods, the macrozooplankton. There lS an increase in the 

importance of microzooplankton consisting of rotifers. and ciliated protozoans 

(Bays and Crisman 1983). 

Most of the freshwater bodies in Ind.i~ are polluted with varying levels of 

nutrient enrichment. In almost all the aquatic habitats, rotifera dominate the 

species list with more than fifty percent of the zooplankton species belonging to 

this group. 

REPRODUCTIVE BIOLOGY 
~I 

The growth, reproduction and life cycle of most freshwater zooplankton 

have been extenSively investigated in the temperate regions. Rotifers and most 

cladocerans reproduce by diploid female parthenogenesis .for many generations 

during the main growing season. Environmental stress conditions like 

reduction in temperature, food availability and overcrowding induce the 

· · production of haploid males and female by meiosis. The rates of growth and 

development of instars in cladocera are directly proportional to temperature. 

Increased food supply increases the rate of population development by 

increasing the number of eggs per brood or ·fecundity (Wetzel1983). 

In India, biology of some cladocera like Daphnia carinata 

(Navaneetha- krishnan and Michael 1971, Murugan and Venkatra.man 19TI), 

Daphnia /um-ho/17i(Sharma et al. 1984), Daphnia Jongispina (Sharma and Pant 

1987) Simeo-cephafus·acutirostris (Murugan and Sivaramakrishnan 1973. and 

Murugan 1977), Ceriodaphnia comuta (Murugan . 1975a), Moina micrura 

(Murugan 1975b) have been studied. Different species of the saine genus 

show similarity in develop-ment pattern and differ mainly in the duration of 

different stages of· their life cycles which in turn is influenced by the 

environmental temperature. 
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The number of instars in Daphnia l:arinttta increases from nine at 35 oc to 

·sixteen at 15 oc (Venkatraman and Job 1980) and the duration of an instar from 

twenty four hours at 35 oc to 125 hours at 13 oc. The shorter development 

time in the tropics Iriay be vie'Yed as a mechanism to build 'up the population 

before. unfavourable environmental conditions set ia The only report on the 
' ' 

biology of a rotifer, Bmchionus pllfulus, is by . Sarma (1988). 

Jana and Pal (1985a,b) have studied the effect of different culture media on 

the · relative growth and egg productio~ in Daphnia carinata and Moina. 
. . 

mict'UI'lL They found that the growth ~te was highest . in .a medium 
. . . 

containing organic subs-tances like MadhuCIJ indiCIJ oilcake .. The population 

. groWth in most media exhibits an unimodal curve. 

The general trend in Indiari studies has been towards short temi studies as 

a result O,f 'Yhich various changes in the ecosystem cannot be followed over a 

period of time so as to be. of predictive value. A holistic approach to imderstand 

the func-tioDing of the ecosystem and the . various ecological processes has 

been lacking as workers have concentrated on isolated components. The rivers 
" . . 

which are the life line of the country are yet to be studied and majority of the 

limnological work has been confined to smaller ponds and lakes mainly due to 

resource constraints. 

POPULATION DYNAMICS 

The seasonality is not universally the same, nor is it the . same for~ the groups 

of zooplankton. The classical bimodal pattern of seasonal succession most 

commonly found in the temperate zone, is not evident in the tropics. 

The population dynamics of planktonic rotifers is complex and genera- · 

lisations can't be made. In the temperate regions perennial species occur .that • 

exhi-bit maxima in early summer and the cold stenoth~ species develop 

maxima in winter and early spring. This seasonal succession is cle8rlty guided 
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by temperature, food quality and quantity (Wetzel 1983). Oadocerans differ 

amongst _species in their population dynamics.. Some species are perenrual and 

tide over winter in low population densities as parthenogenetic females and they 

exhtbit one or more irregular max:ima: The aestival species exhibit have a distinct 

diapause and develop ma.xin1a in the spring ·and summer. The life cycle of· 

freshwater cyclopoid copepods has a period. of .growth followed by a period of 

diapause induced by changes in temperature, photoperiod, reduced food avail.:. 
.. 

ability, low dissolved . oxygen levels and increase in predation pressure. In 

temperate regions diapause varies from lake to lake whereas in the tropics resting 

stages have not been observed. 

The zoopiankton standing crop in most Indian waters shows a cyclic pattern 

in its seasonal succession ~th two or ·more peaks. The peak populations have 

· been recorded at different times of the year in different water bodi~, In the 

Kashmir lakes, rotifers peaked in September and copepods were maximum in: 

January and April (Kundangai and Zutshi 1985). 

In the subtropical Kumaon lakes, Sharma and Pant (1984) report a 

bimodal pattern. In the Nainitallake the summer peak was shared by rotifers 

and copepods and the autumn peak ·comprised exclusively of copepods. 

In a freshwater swamp in Bihar (Nasar 1983), rotifers exhtbited two peaks, 

one in December dominated by Brachionus qwulridentatus, KerateOa tropica 

and · Filinia mo~ and the other in June dominated by Brachionus 

a.ngularis and ~lachna sp. Oadocera peaked in December and were 

dominated by · Simocepb.Blus elizabethae and Daphnia· pulex. Copepod peaks 

were observed in December and August, both dominated by Diaptomus blanci. 

George (1969) reported rotifer peaks in April and February and Oadoceran 

peaks from January to April. 

There are also a few studies of population dynamics of individual species. 

S~ and Pant (1987) have reported that ·DilJ1hnil1 Jongispina has a bimodal . 
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growth curve with maxima in summer and autumn. ~ the May peak, birth 

rates and growth rates remain high and the death rate remains low. The 

September peak coincides with the highest birth, growth and death rates. They 

accounted these high rate by the death of juveniles whiGh fell easy prey to fry 

and finger-lings. Murugan (1989) studied the population dynamics of Moina. 

micrura in. a eutrophic pond. The population maxima in March was found to 

be due to increase in mean brood size, rise in water temperature and reduction 

in, egg development time. 

DIURNAL MIGRATIONS 

Most of the zooplankton exlubit marked diurnal migration through the water 

column in response to light regimes. Most of the species migrate upwards to 

more superficial regions as darkness approaches and return to the deeper areas 

at dawn. Its adaptive significance lies poSSibly in avoidance of predatioJ 'by fish 

which are often visual feeders. · 

The investigation of diel migration has received some attention of Indian 

workers (Michael1964, George 1961, Saha et al. 197~, Saxena and Bhaskaran 

1981, Verma 1967, Nasar 1978, Kumar et al. 1978, Krishnamurthy and 

VISWeshwara 1965, Khan et al. 1970, Jana 1974, Bxpedith et al. 1989 and Dey 

and Lahon 1988). These authors have reported the concentration of 

moplankton in the surface layers of water during night and their descent to the 

deeper strata during the daytime. The migration is shown to be influenced by 

the photoperiod and the seasonal changes have been reported in the pattern of 

vertical migration. 
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GENERAL ECOLOGICAL STUDIES 

The . ecology of zooplankton in the tropics and subtropics is poorly known in . 

spite of a great increase in studies on zooplankton in the tropics. 

PRODUCTION . . 
The production rates· of specific population of zooplankton refer to the net 

productivity . or the sum of all biomass produced in ·growth, mclud.ing 

gametes and exuviae of moulting minus. ritaintenance losses from respiration 

and and excretion. The maimer in which production rates of a specific 

population are estimated depends upon the particular life cycle, reproductive 

ch.aract~cs and generation .times (Wetzel 1983). A complete review of 

zooplankton production studies has been made as a part of .IBP Synthesis by 

Morgan ·et aL (1980). The data on the tropical aquatic systems is scanty. In 

general, positive correlation exists between the rates of production of 

:roOplankton arid phytoplankton. Much of the autotrophic production is not 

unlired by herbivorous zoo.plankton, but instead enters the detrital pathway. 

Efficiency of assimilation of ingested food is higher in juvenile stage5 than in the 

adults. 

In India zoopl~onic production has received very little attention. V ass and 

:l;utshi (1983) who computed zooplankton biomass in Dal lake in Kashmir 

repOrted that on an yearly basis, the average biomass is 4.1 g dry wt/m2. 

. However production rates have not been estimated in any study. 

FOOD AND FEEDING RELATIONSHIPS 

Zooplankton can be . grouped into herbivores which graze on 

phytoplankton and carnivores which· predate on other zooplankton ... The 

herbivores are usually filter feeders whereas the canuvores ai-e · raptorial 
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feeders. The productivity of filter feeding zooplankton is usWilly higher than 

that of predacious zooplankton. 

The feeding behaviour of ciadocera and copepods has been investigated 

intensively in the north tempemte water bodies. These studies are devoted 

mainly to the effectiveness of food ingestion and assimil~tion by . these animals 

· and also to the effect of consumption on the food population. Filtration of 

water to remove particulate organic matter is the dominant mode by which most' 

cladocerans collect and ingest food. In terms of energy or mass flow, ingestion 

represents the greatest of all interactions between an animal and its environment . 

(Peters 1984). The feeding studies besides giving qualitative and quantitative 

information about zooplank-ton and phytoplankton, are also useful in 

understanding the energy flow, mineral cycling and competition among various 

zooplankton. The feeding studies can be used also to predict (a) the future 

density and composition of phytoplankton community or (b) the amount of 

zooplankton production available to fish, leading in tum to the prediction about 
' 

fish stocks. 

Feeding rate or ingestion rate is a measure of mass or energy flow into the 

animal expressed as cells ingested per individual per unit time. Grazing rate or 

. filtration rate is the volume of food suspension from which a zooplankton would 

have to remove all cells in a limited time to provide its measured ingestion rate. 

The feeding rate is a product of graxing ra,te and food concentration. 

. Feeding and grazing methods have been reviewed by Peters (1984). He has 

discussed the pros and cons of the various methods, conditions for usage and 

factors affecting the feeding rates. . A number of studies indicate that the 

feeding rate stabilises or decreases as the concentration of the food particles . . 

increases. Feeding rate is constant ·above the incipient limiting concentration 

of food. Above this concentration, the rate of movement of the thoracic 

appendages that collect the food decreases <W:etzel1983). 
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Filtering rates have been found to increase with increasing body length 

and temperature till a given point after which it decreases. A positive 

correlation exists between the body size and the size of the particles ingested. 

A large amount of literature exists on the kind of food, effect of various 

environmental factors on feeding rates, selectivity of feeding and assimilation 

~ciencies of various various zooplankton. 

Among all cladocera, Daphnia speci~ have been the focus of most 

investigations on the feeding and nutrition. Daphnia has an importan~ role in 

lake ecosystem and if it is free from predation, it is instrumental in controlling 

phytoplankton biomass by grazing. ·Peak Daphnia biom.asses cause predictable 

. clear water phases during seasonal succession in many lakes (Lampert et aL 

1986). The vast literature on feeding by Daphnia in the temperate zones 

covering all the aspects such as kind of food, filtering rate in different specieS, 

factors affecting filtering rates and consumption of blue green algae, has been 

reviewed by Lampert (1987). · 

In India very few studies on the food and feeding rates of zooplankton 

have been done. Some general observations on food and feeding habits of a few 

crustaCea were made by Khan (1984) and Vasish.t and Sharma (1986). Singh 

(1972) studied food and feeding of Rhinediaptomus indicus, a herbivore 

zooplaDkton. He demonstrated increased feeding at night on the basis of diurnal 

variation of food in the gut. Royan(l976) made studies on the gut contents of 

Leptoscherie/la mlllluraiensis, a branchiopod . 

ZOOPLANKTON AND POLLUTION 
~· 

Pollution can be of two major types, one when the pollutant is toxic and results 

in the mortality of the organisms with only the tolerant species surviving, and 

the other when the pollutant causes nutrient enrichment lemiing to the 

development of phytoplankton bloom, change in predator abundances and 
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other physico-chemical conditions. There would be a .consequent change in 

~oplankton composition, biomass and life strategies. The total zooplankton 

biomass increases with lake productivity and is accomp~ed both by species 

and group replacements within the Oadocera ahd Copepoda - the macrozoo

plankton; and there is an increase in microzooplankton population consist

ing of rotifers and ciliate protozoa. 

With the increase in trophic levels, the importance of planktivomus fish 

increases. Since they are size selective predators, the larger herbivorous 

Oadocerans fall prey to them. The impact of cyclopoid predation in eutro

phic lakes has been demonstrated to be more important than fish predation 

(Gliwicz et al. 1978). Inter- and intraspecific competition between different 

sized herbivores over available $e range of food (phytoplankton), may alter 

the size and structure of zooplankton communities. Inhibiti~n of filtering 

rates through mechanical interference associated with filamentous and colonial 

· blue green algae, as well as· chemical antagonism due to the toxic substances 

produced by them can decrease the abundance of zooplankton, particularly 

Oadocerans in eutrophic lakes. The micmzooplankton have a greater depen

dence on bacteria as a food source. The maintenance of these populations· . 
requires bacterial concentration which are found in eutrophic water bodies 

only. Thus microzooplankton in general and ciliated protozoans in particular 

display a strong positive relationship with increasing trophic state (Bays and 

Crisman 1983). 

In India some studies have been made to correlate the zooplankton 

abundance to the trophic status of the water bodies. However, to ·use zoo

plankton as bioindicators of water pollution, the most suitable zooplankton 

·species need to be identified. This requires detailed taxonomic studies and the 

pollutants involved along with the biotic and abiotic components of the eco

system affected are to be taken into account. A review of the studies on zoo-
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• ·plankton as indicators of water quality shows rotifers to be the common indi

cators of eutiophieation (Arora 1966, Mahajan 1981, Saxena 1987). Arora (1966) 

. pointed out that Brachionus angulans, Brachionus calyciflorus, Filima longi- · 

sefll, Filima tenninalis are forms occurring predominantly in . polluted waters. 

Billgr,ami et. al. (1985) reported that Kerateii4 cochleari~ Brachionus plicatiiJs,. · 

and Filinia spare common rotifer indicators. Sarnpath et al. (1979) charac

terised the Cauvery river into saprobic and polysaprobic zones at sewage and 

distillery outfalls on the basis of a pronounced Rotatona rotaria population. 

· Monostyla hamata and Monostyla buD a were found in clean water zone whil~ . 

Brachionus angularis and Brachionus calyciDorus were observed' iD. mildly· 

polluted zones. 

The use of zooplankton as bioassays in pollution studies has b~n practiCed 

widely throughout the world. Daphnia magna has been most· coirunonly used in · 

these studies. In India also so~e studies have been made. Kh.angarot et al. (1987, 

1989) have studied toxicity of various metals to Daphnia magna. Rae; and 

·Sarma (1986, 1990) have reoported the interaction of food density and .DDT . 
concentration on the population dynamics and structure of a rotifer Brachionus 

patulus. The effect of changes in food level and toxicity of cadmium to 

cladoceran species has been studied by Chandini (1988, 1989). Toxicity of 

petroleum pollutants (Panigrahi et al. 1989), endosulfan and carbaryl 
' 

(Krishna and Otockalingam 1989) on various zooplankton has also been 

studied. 

BIOMANIPULATION 

~e concept of biomanipulation is b~ on experimental manipulation of 

planktonic communities which can help. restore eutrophic lakes. ·The various 

biomanipulation studies have beeri reviewed by Gophen. (1990) and Shapiro 

(1990). Eutrophication i~ not just a simple interaction between the nutrients and 
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algae but leads to a complex change in the ·whole ecosystem and in most cases 

the results are not well understood. The success of biomanipulation depends 

upon a large number of factors which have to be well understood to use food 

web controls: 

1. The nutrient and other physical conditions causing abundance of inedible blue 

green and green algae, their toxicity ·and correlations between different types 

of blue greens, 

2. Various interactions within the zooplankton community (like competition) and 

with organisms at a higher trophic levels (e.g., predation), 

3. The tipper limit of the external and internal phosphorous load which should 
.,.. ·~ 

not exceed if foods web manipulations are to be successful, 

4. Various ways to maintain an optimum density of zooplanktivorous fish 

which also control other invertebrate predators of zooplankton. and 

5. Alternative approaches to increase herbivorous zooplankton. viz. creation 

of various kinds of refuges safe from predators like a macrophyte refuge. 
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FIELD STUDIES 

. 
An exploratory survey was made of several temporary and permanent ponds in 

and around Delhi to list the common zooplankton taxa occurring soon after the 

rainy season and to examine these shallow water bodies for basic physico

chemical characteristics. 

STUDY AREA 

Delhi (280 12'-280 53' N latitude and 760 50'-770 23'E longitude), lies on the 

west bank of river Yam una, although a major part of this metropolitan city also 

sprawls on the east bank (Fig. 1). Oimatically Delhi lies in the subtropical 

semiarid zone of northern India. It has an extreme climate with a severe summer 

and relatively mild winter. The maximum mean monthly temperature approa

ches 45.2 oc during the Summer (May-June) and the monthly mean minimum 

during the winter is 7.50C. The average annual rainfall is 600 mm and most of 

it falls in the monsoon season (July to September). There is a large variation in 

rainfall in different years; it ranges from less than 300 mm to above 1200 nun. 

All waterbodies, both lotic and lentic, in and around Delhi are in various 

stages of eutrophication as they receive domestic waste and urban runoff. Most of 

the standing waterbodies are stagnant pools in roadside depressions which get 

filled with drainage water as well as rain water. The average depth of th~ 

waterbodies is less than one meter. 

SAMPLING SITES 

Five permanent and.four temporary ponds were sampled during the study. Sites 

1 to 5 were permanent ponds and sites 6 to 9 were temporary. Their location and 

salient features are as follows: 
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Figo 1.. Map of a part of Delhi showing some of the 

sampling sites marked •. The numbers correspond to 

those mentioned in the text. 
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Site 1: This shallow pond is situated on the road side near the Nizamuddin 

Bridge off the Ring road. It received domestic waste water from the adjacent 

slums. The pond was covered by a dense Microcystis bloom. 

Site 2: This pond is located on the road side near the tum from Delhi-Dadri 

road towards Mohan Nagar, and isclose to V a.ishali housing colony. The pond 

water was very clear. It was more than one meter deep on its southeastern side 

and very shallow on northern side. There was no apparent phytoplankton 

growth and only a few very small (1-2 um) chlorococcales could be observed. A 

few patches of Lemna and Spirodela also occurred. The pond received drainage 

water and runoff from the surrounding fields. 

This pond, hereinafter referred to as Va.ishali pond, was sampled more 

frequently, and its water chemistry studied in more detail because of its certain 

· interesting features. 

Site 3: This large oxbow pop.d is at the far end of the bund, in the floodplain of 

river Hindon. The phytoplankton consisted of Chlorococcales. It was very 

rich in macrophytes, particularly lotus ( Nelumbo nucifera), water hyacinth (Eich

hornia crassipeS), Hydrilla vertidllata, CeratophyDum, PotJHnogeton, Vallisneria, 

Wolftia microscopica, and Spirodela polyrhiza. · 

Site 4: This pond is situated on the east bank of the river Yam una on the rod 

leading to Sonia Vihar. It had a large stand of Phragmitesand Salvinia.. 

Site 5: This pond is located near site 4, oil the other side of the road. It often gets 

connected to the river. This pond is overgrown with aquatic macrophytes

Salvinia molesta, Eichhomia crassipes and Vallisnena spimlis. 

Site 6: This pond is situated about 1/2 km away from site 2. The water was 

dark in colour and it did not have any phytoplankton. A portion of the water 

body was covered with Eicbhomia crassipes. 
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Site 7: This pond is situated opposite to the Hindon Air Base. It was recetvmg 

domestic wastewater from the surrounding village, and was like a sewage 

lagoon. There was no phyto-plankton or macrophyte growth. 

Site 8: This pond situated near Pasaunda village had abundant growth of 

Volvox which imparted a green colour to .the water. Some members of 

Euglenophyceae were also noted. There was no macrophyte growth. 

Site 9: This pond is situated on the Wazirabad-Ghaziabad road near DLF 

Tower. There was no macrophyte growth. Volvox and some other small green 

. algae were observed. 

METHODSOFSAMPUNG 

Water samples were collected by hand from. the surface only in one litre 

polythene bottles. Water samples were stored in the laboratory in a refrigerator 

at about 10 oc until further analysis. 

Physico-chemical Parameters 

DO, temperature, pH, conductivity of the water were measured in the field 

on-site with the help of portabie probes (Schott Gerate: pH CG 818, temperature 

and DO: CG 867 and conductivity: CG 857). 

Methods descnboo by APHA (1985), Fresenius et al. (1988) and Trivedi and 

Goel (1984) were followed for the chemical analysis. Nitrate- nitrogen was esti

mated spectrophotometrically following sodium salicylate reduction method. 

Inorganic phosphorous was assessed spectrophotometrically by the stannous

molybdate method. Total hardness, calcium and magnesium were determined 

complexometrically by the EDT A titration method. Chloride was estimated 

titrimetriaclly using silver nitrate. Sodium and potassium were determined by 

Atomic Absorption Spectrophotometer. 



\Y) 

~ 

21 

Zooplankton Estimation 

Zooplankton were sampled by a plankton net having a mesh size of 10 urn. 

It was hauled from bottom to top. The depth samples at site 2 (Vaishali pond) 

were collected using a sampler designed on the siphon mechanism. The quanti

tative samples ware carried in 250 mi polythene jars whereas other samples for 

zoolpankton culture were carried in large plastic jars filled with filtered pond 

water. The zooplankton were separated from larger invertebrate organisms u.ilder 

the binocular microscope and then preserved in 4 % sucrose-fonnalin solution. 

For quantitative estimates, the samples were adjusted to known volumes 

~ RESULTS 
\ 
,~ The data in Table 1 show that various ponds surveyed during September 1990 

did not differ much in their water temperature (28 to 30 oc ) and pH ( 6.43 - 7. 70) 

but exhibited large variation in the dissolved oxygen (DO) content and 

conductivity. The differences in the DO content (measured in ~y morning 

hours only) may be due to the differences in the level of organic pollution and the 

development of algal blooms. High conductivity of water ( 4500 us and 5300 us) 

in two permanent ponds at sites 2 and 3 could be attributed to high salinity of 

soils in their catchment as evident from thick white salt encrustations on the soil 

surface. 

The distnbution of various zooplankton taxa in the sampled ponds is 

given in Table 2. Copepoda is represented by only one genus Mesocydopswhich 

occurs abundantly in all water bodies. Among the eight taxa of Rotifera, 

Brnchionus is the most common genus, followed by Keratella and Monostyla.. 

CJris.s~oet"~ . 
5Cf3·1 (2.8) 

-!112.7 
e.~ 
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Table 1. Physical and chemical characteristics of the field sites during 

September 1990. 

Site Temperature pH Conductivity Diss.o2 
oc uS mgiL 

1 '113.1 6.43 868 0.7 

2 '113.3 7.52 4500 1.9 

3 28.1 7.31 5300 11.2 

4 30.1 6.70 367 10.7 

5 29.4 6.64 371 4.9 

6 28.4 6.75 1069 0.9 

7 29.4 7.11 947 1.4 

8 29.5 -6.85 410 4.4 

9 29.8 6.61 362 6.6 



Table ,z. Zooplankton recorded from different ponds around Delhi during September 1990 

Taxa Sites 
1 2 3 4 5 6 7 8 9 

Cladocera 
Daphnia sp. - - ++ - - - + ++ 
Daphnia magna - +++ 
Ceriodaphnia :>P: ++ - ++ + 
Moina sp. + - + 
Chydorus sp. + + + 
Alona sp. +· - + 

Copepoda 
t·!lesocyclops sp. ·+·t- ++ ++ + t- -+ + ++ ++ + 

Rotifera 
Brach ion ur. sp. ++ - + ·+ + ++ + 
B. angularis + + 
B. q uadriden ta tus - + + 
Kera tell a sp. + ++ ++ ++ + 
Jol!onostyla sp. + + + + + + 
r,ilinia sp. - + + 
Platyias sp. + + 
Her:arthra sp. + 

()stracoda ++ +·+ ·t 

N 
VJ 
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- Table 3. Density of zooplankton (no. per liter) in Vaishali pond during March 

and April 1991 

Sampling Organisms 17 March 1991 4 April 1991 

Point Surface Bottom Surface Bottom 

Daphnia 213 136 6 8 

A Mesocydops 220 240 5 30 

Daphnia 703 240 60 2 

B Mesocydops 123 0 100 24 

Daphnia 552 20 10 0 

c Mesocydops 228 10 5 12 

Daphnia 190 6 

D Mesocydops 57 5 

- denotes that the water was very shallow and hence, only one sample was taken. 
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Table 4. Physicochemical characteristics of water in V aishali pond 

Sampling points 

Parameters 

Conductivity (mS) 

DO (mg!L) 

pH 

Temperature oC 

Tot. Hardness (mg!L) 

Calcium (mg!L) 

Magnesium (mg/L) 

Chlorides (mg,tL) 

Potassium (ug/L) 

Sodium (ug/L) 

N~-N (ug/L) 

PO~P (mg!L) . 

Date of Sampling . 

17 March 1991 4 April 1991 

ABC DABC 

3.89 3.85 3.85 3.85 4.14 4.25 4.24 

4.5 6.7 6.8 6.0 1.9 3.6 2.8 

6.66 6.85 6.75 7.50 7.91 6.96 7.46 

20.0 19.9 20.8 20.5 24.3 25.1 25.3 

654 662 662 662 720 710 730 

326 284 144 144 222 220 211 

328 284 144 144 40 39 49 

220 217 216 219 241 250 254 

41.7 ·38.8 35.8 33.7 30.5 31.2 33.6 

799 781 836 695 690 685 710 

3 3 3 3 1.1 1.7 1.7 

0.23 0.24 0.16 0.37 0.1 0.1 0.08 

D 

423 

3.1 

7.51 

25.3 

720 

207 

49 

237. 

33.1 

709 

1.7 

0.1 
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Ostrarods were found only in some permanent ponds. Oadocera, represented by 
' six taxa, were relatively less abundant. Daphnia and Cerioda.phnia were more 
I 

common taxa. 

futerestingly, the Vaishali Pond (site 2) had a very dense population of 

Daphnia magna Straus· (Table 3) which was identified by its post-abdominal 

feature. It needs to be noted here that this species is common in temperate regions 

though it also occurs in subtropics (CH. Fernando, personal communication). 

Daphnia magna has not been reported from India since its collection by Brehm 

(1936, 1953) from .Kashntir and Bijapur (see Michael and Sharma 1988). Thus, 

the present survey yielded a new record for Delhi. 

In view of the interesting find of D. magna and thefact that it was selected 

for feeding experiments, the water in the pond was analysed in some detail again 

in March and April1991. The data (Table 4) show that the water had relatively 

low nitrate-N and phosphat~P concentration whereas it was rich in calcium, 

magnesium, sodium and potassium. Towards April, the free-floating .duckweed 

Lernna paudcostata developed rapidly and the zooplankton density declined 

sharply (fable 3). The water analysis showed an increase in temperature, pH, 

conductivity and total hardness whereas sodium, potassium, nitrogen and 

phosphorus concentrations decreased to a small extent. The decline in 

zooplankton population appeared to be influenced more by the growth of 

duckweeds than the changes in water chemistry. 
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LABORATORY STUDIES 

Some preliminary experiments were carried out in the laboratory on the feeding 

of Daphnia magna, with a view to standardise the meth~ology and to examine 

the.effects of food concentration, animal size and density on the filtering rate of 

Daphnia l1l1lgl1IL This involved the culturing of food org~sm, Chlore/la, 

(Chlorophyceae), culturing of Daphnia magna, preparation of algal suspensions 

with different food density, selection of appropriate sized organisms and feeding 

trials. 

.AL(}AL CULTURES 

QJloreOa was grown in inorganic media. Two different media, Chu ,10 (Chu 

1942) and KL (Kuhl-Lorenzon 1964), whose composition is given below, were 

tried. OUoreDa grew better in KL mediwn, and hence this was finally used to 

culture it. 

CompOsition of Chu-10 and KL media for algal culture. 

Salt (mg/L) Trace elements (ug/L) 

Chu10 KL ChulO KL 

K2HP04 10 H3B04 61 

KHzP04 900 Naz-EDTA 9300 

KN03 1000 FeCI3.6HzO BOO 

Na2HP04 280 FeS04.7HzO 6900 

Na2C03 20 CuS04.SH20 3 

MgS04.mzo. 25 250 (NH4)2Mo704 12 

eaa2.H20 25 MnS04 169 

CaN03.4HzO 40 ZnS04 287 

pH 6.5-7 6.8 
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Fig. 2. Chamber for cultur~~ algae. 

A -Light source, B -Aerator pump, C -Silicon tube, o·- Algal culture, 

and E- Cardboard chamber-lined inside with aLuminium foil 

B 

N 
00 
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For culturing algae, one and two litre corneal flasks were used. The culture 

assembly consisted of a conical flask with a glass capillary tube inserted through 

the cotton plug for aeration. Silicon tubing was used to connect the capillary 

tub~ to the areator and a cotton air filter was inserted in the middle to stop the 

passage of particulates into the medium. The whole apparatus, along with the 

medium minus the aerator, was. autoclaved at 1.5 kg!cm2 for 15 minutes; 

Small cardboard boxes were used to fabricate a cUlture chamber (Fig. 2). The 

boxes were lined from inside with aluminium foil and illumination was provided 

by a 60 Watt incandescent lamp from outside. Chiarella grew very well at room 

temperature of 20 to 30 oc. 
Subculturing was done every third day under sterile condition. 

ZOOPLANKTON CULTURES 

Daphnia magna was grown in glass aquaria in dechlorinated tap water. Some 

of them were cultured in 250 ml and 500 ml beakerS also. About" 15 individuals 

were placed in a 250 ml beaker and 25 in 500 ml beakers. Unicellular algae 

QlloreDa sp. (1-3 urn) were added as food. These animals were kept at room 

temperature (20 to 25 OC) throughout the duration of the study. When the 

temperature increased above 25-28 oc, the animals were kept in an air condi

tionded room maintained at around 20 oc. They were kept in diffused light 

and the culture was aerated every day for two to three hours. The organisms 

were subcultured weekly. The organisms started growing to smaller size when 

dechlorinated water with very low conductivity was used. To rectify this pond 

water filtered through Whatman filter paper no. 1 was used. It yielded larger 

sized animals. 
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FEEDING EXPERIMENTS 

The feeding experiments involve the following steps. 

1. Preparation of algal suspension 

One litre algal cUlture was centrifuged at 3000 r.p.m. for ten 'minutes and all 

the eells were harvest~. and resuspended in Z5 ml of fresh sterile medium. A 

. standard suspension of algae. thus prepared was ~ to prepar~ diffemt 

concentrations of food by dilution with dechlorinated tap water. 

2. Preparation of organisms 

The orga.trisms were poured in a.Petri dish. A lamp placed near the coiner 

of the dish ~as used to attract these organisms. They were separated under . a 

stereo _microscope using a· dropper and fine brush. These organisms were 

starved for abOut 30 minutes before being transferred to the experimental 

food concentration. 

3. Feeding .trials 

For feeding experiments, the cell coUnt method (d. Peters i984) was 

followed. Algal suspensions of desired food concentration (no. of cells per ml) 

were prepared in 500-nu beakers. Sev~ replicates of each food denSity were 

taken. . A kno~ number of similar sized organistits were transferred. to each 

beaker. Precaution was taken not to add any water to these beakerS. 

The beakers were wrapped with brown paper and covered from top . to 

create darkness so that the algal cells may not grow in number. They were left 

undisturbed for two hours for feeding by the organisms. For each experiment 

· controls sets with the algal suspension without the animals were also taken. All 

. experiments were made in the laboratory where the w~ temperature during 

the feeding varied between 24.5 ~d 24.8 o C: 
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, 4. FIXing of organisms 

After feeding, the animals from each beaker were seperated and fixed in 

sucrose form.alin mixture. The body length of these organisms was m~ 

using an ocular micrometer. 
. . 

5. Coun~g of cells. 

The cell density was measured before and after· the exposure for required 

time. The suSpensions were stirred thoroughly and three to four drops from 

each beaker were counted in a haemocytometer. All the four hundred squares 

were counted. 

6. Calculation of filtering rates 

· The filtering rates were calculated using the Gaul d.'s equation : 

G = V . (l.n Co - Ln 0) It N 

where, · G = Filtering rate in m.l/ aninial I unit time. 

V = Vollime of the sUspension, m1. 

t = Length of time the animals 'Yeie allowed to feed, hr. 

N · = Number of amimals in the solution. 

Co = Initial cell concentration, number per ml 

· a = Fmal cell concentration, number per m1 

The feeding rate (F) is calCulated as the product of filtering rate and food 

concentration (G x Co). 
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EXPERIMENTAL CONDffiONS 

Following three experiments were conducted: 

a. Effect of Food Concentration: Five food density levels ranging from 4 x toS 

to 20 x 1 os were taken, and the number of organisms was kept constant. The food 

density. could not be kept coristant in all experiments as dilutions were made from 

different algal concentrates. 

b. Effect of Crowding: To study the effect of crowding of feeding organisms, 

two experiments were made on different dates with 20 and 35 organisms per 250 

ml algal suspension. 

c. Effect of Organism Size: In another set of _experiment, organisms mresuring 

only one mm in body length were used in place of normal 2-mm sized organisms. 

RESULTS 

The data on filtering rates in the three experiments are given in Fig. 3 and those 

on the feeding rate are given in Fig. 4. 

In experiment a, the filtering rate increased. from a food concentration of 

5.5 x lOS to 9.5 x 105 cells/ml and decreased later upto a density of 12.5 x 1oS 

cells/ml. However, it increased again at a higher density 16.5 x 105 cells!ml. The 

feeding rate increased steadily with increasing food concentration. 

In experiment b, with a higher density of organisms, both the filtering and 

feeding rates were very much lowered. The filtering rate increase from 4.5 x 

105 to 8.5 x toS eells!ml, and decreased thereafter at higher food concentration. 

In experiment c, the smaller sized organisms filtered the food at a lower 

rate and the overall feeding rates remained low. The filtering rate decreased from 

5 x toS to 9 x toS cells/ml, increased at 15.9 x 10s cell/ml density and again 

declined at a higher density. The feeding rate increased only upto a food con

centration of 16 x toS cell/ml. 
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DISCUSSION 

Numerous feeding studies on woplankton, particularly Daphnia have shown that 

the ingestion tate increases with increasing food concentration until an incipient 

limiting level (ILL) is reached (Mcmahon & Rigler 1965, 1967, Kersting & Leeuw 

1976, and Hayward & Gallup 1976). At this point the animals pass from a 

concentration at which feeding rate is constant to one in which filtering rate is 

constant. This change occurs normally between 1 and 10 ppm of food (Peters 

1984). At densities above the ILL the animals control the ingestion rate by 

rejecting extra food from the food groove with the abdominal claw (Porter et aL 

1982). The filtering rate decreases above the ILL because the high concentration 

of food hinders the movement of the appendages that collect the food 

The ingestion and filtering rates are usually dependent upn the body size 

{Bums & Rigler 1967, De Matt 1982). An increase of the filtering rate is expected 

with the square of the body length which is proportional to the area of filtering 

limbs. Larger particles are rejected by smaller organisms which have finer filters 

to retain efficiently smaller particles. 

The results obtained in the present study do not indicate the standard 

curve though a lowering in the filtering rate is observed with the smaller size and 

at lower densities of ~e organisms. Since the experiments could not be made 

under controlled environments, a number of other factors could affect the result 

as discussed in detail by Lampert (1987). 

One of the major limitations of the present study could be the choice of 

method used. Cell counting method is the oldest method for estimating .gnmng 

and ingestion rates. It is based on the observed changes in the number of cells 

counted before and after a suitable period of exposure to feeding animals. It is a 

less expensive, but time consuming method which is useful to study feeding rates 

in suspensions of mixed species and in natural waters.' Problems arising from 
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sedimention of algal ~lis during the feeding and in representative counts are 

partly circumvented by proper designing of the experiments. 

Most of the recent feeding studies have, however, employed the radiotracer 

method which allows for a greater degree of accuracy, short exposure times, use 

of single ·animals and very low concentrations of food algae. This method can 

also be conveniently used for field studies. The main drawback of this method 

is that it cannot be used for long-term feeding and diel rhyth.In studies. It also 

requires very carefull handling. Further studies are planned to be made using this 

method. 
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SUMMARY 

The objective of this study was to review the Indian literature on< freshwater . 

zooplankton and make some preliminary field and laboratory studies which 

. would lead to long-term studies. An effort was made to standardise the 

methodology of culturing algae and zooplankton, and of feeding of 

zooplankton. 

The review reveals many lacunae in our knowledge of freshwater 

zooplankton as most studies are descriptive and concerned only with the 

distribution of zooplankton in different water bodies. Studies on the ecological 

responses to various habitat factors and the interactions among different 

organisms, and the~ role in the ecosystem functioning are almost totally 

lacking. Their role in restoration of eutrophic wa:ter bodies is yet to be known. 

A survey of a few permanent and temporary water bodies in and 

around Delhi, most of which are organically polluted, showed an abundance 
"' 

of the Rotifera. Mesocydops (Copepoda) was found in all waterbodies. 

Daphnia magna found in one of the ponds is the first record of this species 

from this area. 

Preliminary experiments on the filtering and feeding rates of Daphnia 

magna showed that in larger sized organisms (2mm long) the feeding rate 

increased with an increase in food concentration· whereas m the smaller 

organisms, the filtering rate decreased. Crowding (upto 35 organisms per 250 

ml volume) affected the filtering rate but the results did not indicate clear 

trend. Thecell count method, one of the oldest and common methods used in 

feeding studies, does not yield satisfactory and reproducible results. Efforts 

will be made to improve the method and use the radiot:racer method in future 

studies. 

• 
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